


NOW GET SCOPE, COUNTER
AND DMM INPUT ALL AT ONCE

THROUGH ONE PROBE!
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_______Gated .frequeney measurement. - Delay time measurement- Delay- Channel 1 de volts measu re-- - - -
B sweep trigge ring during the time from the start of A sweep to ment. The average dc cornpo-
intensified port ion of the A sweep. the start of the B sweep is mea- nent of a waveform is measured
Intensified portion frequency is sured with crys tal accuracy. directly through channel 1with
measured with the counter/timer/ direct digital fluorescent readout.
DMM.

TheTek2236combines
100MHz, dualtimebase
scope capability with
counter/timer/DMM
functions integrated into
itsvertical, horizontal
andtrigger systems. For
the same effort it takes to
display a waveform you
can obtain digital readout
of frequency, period,
width, totalized events,
delaytime and .:i-time to
accuracies of 0.001%.

The same probe is
used to provide input for the
CRT display and the digital
measurement system,
resulting in easy set-up,
greater measurementconfi­
dence and reduced circuit
loading. Probe tip volts can
also be measured through
the Ch 1 input.

Precision measurements
at thetouch ofa button.
Auto-ranging frequency,
period, width and gated
measurements are push­
button-simple. And the 2236
offers an independent float­
ing 5000 count, auto-rang­
ing multimeter with side
inputs for DC voltage mea-

Bandwidth
No of Channels
Max. Sweep Speed
Digital
Readout
Features

Timing Meas.
Accuracy
Trigger Modes

Weight
Price
Warranty

100 MHz
2 + Trig. View
5 ns/div
Direct Ch 1 Voltage Meas. 0.5% DC; 2.0%

AC RMS
Resistance: .oin to 200 Megfl
ContinuitylTemp: Audible/COor FO
Totalizing Counter:- 1counts to 8,000.000
Direct Freq. Meas: 100 MHz to 0.001% acc .
Period , Width Meas: 10 ns with 10 ps max.

resolution
.001% (delay and ~-t ime with readout)

pop Auto, Norm, TV Field, TV Line, Single
Sweep

7.3 kg (16.2 Ib)
$2650
3-year including CRT(plus optional service

plans to 5 years)

surements to 0.1 %.
A built-in, auto-ranging

ohmmeter provides
resistance measurements
from 0.010 to 2GO-as
well as audible continuity.
Automatic diode/junction
detection and operator
promptsserveto simplify
set-up and enhance
confidence in your
measurements.

The 2236: scope,
counter, timer, DMM
plusa 3-year warranty

-all for just$2,650.
Contact yournearest dis­
tributor or call Tek toll-free.
Technical personnel on our
direct-line will answeryour
questions and expedite
delivery. Orders include
probes, 30-day free trial and
serviceworldwide.

Call Tekdirect:
1-800-433-2323 for
video tape or literature,

1-800-426-2200 for
application assistance or
ordering information.

In Oregon, call collect:
1-627-2200

COM MITTED TO EXCELLENCE

Copyright © 1986. Tektronix. Inc . All rights reserved . TIA-797
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BUILD ,.111
43 IN·CIRCUIT DIGITAL·IC TESTER

A computerized tester for TIL IC's
Bill Green

107 ELECTRONIC COMBINATION LOCK
An electronic lock that's opened with an electronic key.
Paul Renton

,.ECBNOLOIY
49 THE BLUE BOX AND MA BELL

Pirates on the telephone lines.
Herb Friedman, Communications Editor

57 SPECIAL SECTION: SURFACE MOUNT TECHNOLOGY
An introduction to the packaging revolution
Forrest Mims, III

113 POOR MAN'S STORAGE SCOPE
Give your standard scope the power of more complex instruments.
Duke Bernard

109 UNDERSTANDING DATA SHEETS OF RF POWER
TRANSISTORS
What data sheet parameters mean, and how they're derived.
Norman E. Dye, Motorola Semiconductor Products

115 TESTING SEMICONDUCTORS
Op-amp AC parameters.
TJ Byers
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THE DECEMBER ISSUE
IS ON SALE

NOVEMBER 3

Troubleshooting a complex piece
of electronics equipment is seldom
easy. But when the circuit contains a
number of IC 's , all soldered securely
to a PC board, it can become a
nightmare. This month we'll present
a digital IC tester that can assess
the condition of an IC, in circuit or
out. What's more, it can be built at a
very reasonable cost. The story be­
gins on page' 43.

Also this month, our special sec­
tion on Surface Mount Technology
focuses on one of the most impor­
tant advances in component pack­
aging . Written by noted author
Forrest Mims, III, the special sec-
t ion begins on page 57 .

BUILD A DIGITAL IC TESTER
Part 2 shows you how to program and use the tester.

BUILD THE MACRO·SCRUBBER
Stabilize Macrovision-encoded videotapes for best viewi~g .

ALL ABOUT STRAIN GAGES
What they are and how th ey are used.
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All about disk storage.
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As a servic e to readers. RADIO-ELECTRONICS publishes available plans or information relating to new sworthy products.
tech niques and sc ient ific and technological developments. Because of possible var iances in the quality and condition of
materials and wo rkmanship used by readers. RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
funct ion ing of read e r-built projects based upon or from plans or information pub lished in this magazi ne .

Sinc e some of the equ ipme nt and circuitry described in RADIO -ELECTRONICS may relate to or be covered by U.S. pate nts .
RADIO -ELECTRONICS disclaims any liabil ity for the infr ingeme nt of such pate nts by th e making. using. or selling of any suc h
equipment or c ircui try . and suggests that anyone interested in such pro jects consult a patent attorney.

RADIO·ELECTRONICS,lISS N 003 3· 7 8 6 2 ) N ovember 19 87. Publishe d monthly by Gemsback Pub lications. Inc .•500·
B Bi-County Bou levard. Farmingdale. NY 11735 Seco nd-Class Postage paid at Farmi ngda le. NY and additional mai ling offices.
Secon d-Class mail registration No. 9242 authorized at Toronto, Canada. One-year subscription rate U.S.A. and possessions
$16.97. Canada $22 .97 . all othe r countries $25 .97 . All subscription orders payable in U.S.A. funds on ly. via international postal
money order or check drawn on a U.S.A. bank . Single copies $2 .25 . c 1987 by Gemsback Publi cations. Inc . All rights reserved.
Print ed in U.S.A.

POSTMASTER, Please send address changes to RADIO·ELECTRONICS. Subscript ion Dept.. Box 55115. Boulder. CO
80321·5115.
A stamped self-a ddressed envelope must accompany all submitted manuscripts andlor artwork or pho tographs if their return is
desir ed should they be rejec ted. We di sclaim any respo ns ibil ity for the loss or damage of manuscri pts andlo r artwork or
phot ographs wh ile in our posses sion or ot herwise.

Radio·Electronics is indexed in
Applied Science & Technology Index
and Readers Guide to Periodical Liter­
ature .
Microfilm & Microfiche editions are
available. Contact circul at ion dep art .
ment for deta ils.

Advertising Sales Offices listed
on page 152.
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$54.95

OR VISIT OUR RETAIL STORE
1256 SOUTH BASCOM AVE.

SAN JOSE, CA. (408) 947-8881
CIRCLE 59 ON FREE INFORMATION CARD

Autoranging. pen style design for the ultimate in portability and
ease of use. Custom 80 pin LSI chip increases reliability . Audible
continuity tester and data hold feature for added convenience.
Case. test leads and batterios included .

.. Basic DC accuracy: plus or minus 1%
• DC voltage : 2v - 50Ov. autoranging
• AC voltage : 2v - 500v. autorang ing
.. Resistance: 2k ohms - 2M ohms.

8utoranging
• Fully over-load protected
• Input impedance: 11M ohm
• 162 x 28 x 17mm. weighs 75 grams

DPM·1000
3.5 DIGIT PROBE TYPE DMM

2 YEAR
WARRANTY

ON ALL
MODELS

Wide bendwidth and exceptional 1mV I DIV sensitivity
make the Model 3500 a powerful diagnostic tool for
engineers or technicians. Delayed triggering allows any
portion of 8 wavefonn to be isolated and expanded for
closer inspection. Variable Holdotf makes possible the
stable viewing of complex waveforms.

• lJIb quality compensated 10X probes included
.. Delayed and single sweep modes
.. Z Axis intensity modulation
• X·Y operation • Bright 5" CRT • TV Sync filter

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCILLOSCOPE

COPYRIGHT 1986 JDR MICRODEVICES
THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JDR MICRODEVICES.

JDR INSTRUMENTS IS A TRADEMARK OF JDR MICRODEVICES.

MODEL 2000 $349.95
20 MHz DUAL TRACE OSCILLOSCOPE

!;

ii~iiii~~~~~~~~~~1 Model 2000 combines useful features and exactingquality . Frequency calculation and phase measure-
ment are quick and easy in the X·Y Mode. SaMce
technicians will appreciate the TV Sync circuitry for
viewing TV·V and TV·H as well as accurate synchroni ­
zation of the Video Signal. Blanking Pedestals . VITS
and Verticle/Horizontal sync pulses.

• lJIb quality compensated 10X probes included
* Built-in component t8S1:er
• 110/220 Volt operation
• X·Y operation • Bright 5" CRT • TV Sync filter

ORDER TOLL FREE=I:J~J~~J1~s~~~~lS 800·538·5000
(408) 866-6200. FAX (408) 378-8927. Telex 171-110



HAT'S NEWS
Solar-powered cars to race across Australia

Travelling robot to work in
radiation-hardened Ie lab

The new Radiat ion Hardene d
In tegrated Circu it (RH IC) faci l ity
nearin g comp letion at Sandia Na­
ti on al Laboratori es, Alb uq uerq ue,
NM, will be the f irst U .S. research
lab to use a robot in the enti re
p rodu cti o n process. Th e n ew
ro bot w il l trave l RHIC's 300-foot
lon g clean roo m's center.ais le. ac­
cessing 22 specialized process ing
bays (actu ally small clea n roo ms)
that can be ente red from th at aisle.

Passing the bays, it w ill hom e in
on selected wo rk -in-p rogress sta­
tion s and pick up the plastic cas­
settes (small boxes) ho used th ere,
movin g them to ot her process ing
bays. The robot follows a refl ectiv e
tape track laid on floors through
th e 12,500-foot clean -roo m area ,
and co nstantly rece ives rout ing in­
structions from t he facility's com­
puterized wafe r-fabr icat ion ope r­
ati ng system.

"Other wafe r-fabricat io n l in es
have used robots," says a Sandia
spokesman, "but they have been
confined to spec if ic work statio ns.
The case is the same as that fo r the
highl y acclaimed robots that wo rk
alo ng modern automobile assem­
bly lin es."

Advantages of the new system
in clu de red uct io n of po ll ut ion
possibili t ies d ue to great ly re­
du ced hum an handling and to
more gent le hand lin g due to spe­
cial force-se nsing capab ilit ies bu ilt
into the robot. The latt er makes
make sure th at the robot is using
the right amou nt of ene rgy in pick ­
ing up and sett ing down the cas­
settes entrusted to it.

The RH IC is the latest majo r ad­
dition to Sandia's Center for Radi a­
t ion -Harde ned M icroe lectron ics.
The Center designs and builds mi­
croc ircu its that conti nue to oper­
ate even after rece iving high doses
of radiat io n fo r use in nuclea r­
weapon, space, and satellite ap­
plicat io ns. R-E

A Magnaquench te chnol o gy
high-efficiency elec t ric motor has
been t ested at 92% eff ic ie ncy.
Standa rd elect ric mo tors of com­
parabl e size run at o nly 75-85%
effic iency. In practi cal te rms , it
mean s that an 8- po u n d
Magnaquench motor can produce
two horsepower con tinu ou sly at
4000 rpm , whi ch is abou t 30-40%
more ho rsepower than compara­
ble-size presentl y-avail abl e co m­
mercial moto rs.

In d esignin g and racin g th e
Sunreycer, GM expec ts to develop
and demon st rate expe rtise in sev­
eral advanced technologies with
practical automo t ive applicat io ns.
Those incl ude lightweight struc ­
tures and mater ial s, low -sp eed
aerodynamics and high-effi ciency
batt eri es, electric motors, and so­
lar cells and panels.

THEMAGNAQUfNCH MOTOR to be used in
the solar-powered car is unu sually small. Dr.
Nady Boules, section manager at GMRL's
Electrical and Electronics Engineering Dept.,
is holding the motor's rotor in his right hand,
and the motor housing in his left.

THE SOLAR-POWERED CAR's space frame
and chassis gets its first te st drive in Califor­
nia. Dr. Alec Brooks of AeroVironme nt, Inc. ,
is checkin g its rigidit y, handling and suspen­
sion. The lightweight spaceframe, mad e of
aluminum tubing, will be come a sleek, high­
tech racer when covered by its integral bod y,
cano py and solar panel s.

Gen eral M otors is entering a
1,950-mil e trans-Au stralia motor
race open only to solar-powered
ca rs. Th e race , sc he d u le d for
November 1, may att ract up to 25
ent ries. It will start from Darwin ,
o n Au stralia 's north co ast, and
fini sh at Adelaid e, on th e south
coast, about six days later. Th e
team with each car mu st be self­
suffici ent , carryin g all it s water,
food , and su pp l ies, and mu st
camp overnight at th e end of each
day's driving.

The GM car, nam ed th e GM Sun­
raycer, run s ent i re ly on sto rage
batteri es powered by th e car 's so­
lar syste m and uses a new high­
efficiency mo to r from GM's labs
that uses low-friction bearings and
Magnaquench magnets. A Magna­
qu en ch ma gn et is a su p e r­
st rength, rare-earth , i ro n-based
permanent magnet that may revo­
lutionize th e fi eld of elect ro nics
because it makes possible electric
motors having more power, hi gher
energy eff ic iency, and smalle r size
and w ei gh t than motors made
usin g co nvent io nal technology.
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TAKE ANY ONE OF THESE HANDBOOKS
FOR ONLY $1495 VAL~1~.~:;TO

- when you join the ELECTRONICS AND
CONTROL ENGINEERS' BOOK CLUB®

5

z
~
m
:s:
OJ
m
JJ

MODERN ELECTRONIC CIRCUITS
REFERENCE MANUAL
By J. T. Markus
.1,264 pages, 3,666 circuit diagrams

Publishers Price $82.50

Edited by D.G. Fink and H.W. Beaty
• 2,248 pages, 1,863 illustrations and tables

Publisher'sPrice $86.50

ANTENNA ENGINEERING
HANDBOOK, Second Edition

Edited by R. C. Johnson and H. Jasik .
.1,408 pages, 946 illustrations
Publishers Price $110.00

STANDARD HANDBOOK FOR
ELECTRICAL ENGINEERS,

Twelfth Edition

• your one source for engineering books from over
100 different publishers

• the latest and best information in your field
• discounts of up to 40% off publishers' list prices

4 reasons to join today!
1. Best and newest books from ALL pub­
lishers! Books are selected from awide
range ofpublishers byexpert editors and
consultants to give you continuing access to
the best and latest books inyour field .
2. Big savings! Build your library and save
money, too! Savings range up to 40% off
publishers' list prices .
3. Bonus books! You will immediately begin
to participate inourBonus Book Plan that
allows you savings up to 70% offthe pub­
lishers' prices ofmany professional and
general interest books!
4. Convenience! 14-16 times ayear (about
once every 3-4 weeks) you receive the Club
Bulletin FREE. It fully describes the Main
Selection and alternate selections . Adated
Reply Card is included. If you want the Main
Selection , you simply do nothing - it will be
shipped automatically. If you want an alter­
nate selection - or no book atall- you
simply indicate it on the Reply Card and re­
turn it bythe date specified . You will have at
least 10 days to decide . If, because of late
delivery ofthe Bulletin you receive aMain
Selection you donot want , you may return it
forcredit atthe Club 'sexpense .
As aClub member you agree only to the
purchase ofthree additional books during
your firstyear of membership. Membership

FOR FASTER SERVICE IN ENROLUNG CALL TOLL FREE may be discontinued byeither you orthe
1-800-2-MCGRAW Club atany time after you have purchased

the three additional books.

r--------------------~
I

McGraw-Hili Book Clubs I wish to order the following book: I
Electronics and Control Engineers' Book Club®
P.O. Box 582 0 STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS

I Hightstown, NJ 08520-9959 (209/758) I
o MODERN ELECTRONIC CIRCUITS REFERENCE MANUAL

I
Please enroll me as a member of the Electronics (404/461) I
and Control Engine ers' Book Club®and send
me the book I have chosen for only $14.95, plus 0 ANTENNA ENGINEERING HANDBOOK (322/910)

I local tax, postage, and handling . I agree to pur- I
chase a minimum of three additional books dur- Signature _

ing my first year as outlined under the Club plan Name II described in this ad. Membership in the club is
cancellable by me or McGraw-Hili any time after Address/Apt. # ----.::.-- _

I the three book purchase requirement has been I
fulfilled . A shipping and handling charge is City/State /Zip _

~dd=a:p=s. ~~;;Ub:CC:by=.:rg:yt:em:ore;;oo;ta;r~i~1.I
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DAVID LACHENBRUCH,
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• SVHS and the Multi-Port. A new
compatibility h eadache may be in the works for
cable, with the intro duction of Super VHS
r ecor ders. Just when the cable industry thought
it had solved its compatibility problems, along
comes Super VHS (SVHS) which is at least partly
incompatible with the new Multi-Port standard
(Radio-El e ct r onics , April 1987). Multi-Port was
developed over four years by an engineering
committee representing receiver manufacturers
and 'cable systems. It involves a 21-conductor
connector to be built in to future TV sets ( a few
already have it ) that, in effect, will eliminate the
need for external cable-tuning and -decoding
boxes and make it possible to use a TV set's
remote con tr ol system to tune all channels,
including scrambled ones. The Multi-Port was
also designed to accommodate all TV
attachments, including VCR's, videodisc players ,
and home computers. It includes video and RGB
inputs-s-but not Y and C (luminance and color)
inputs. Although SVHS recorders have video
outputs, a better picture results from using Y/C
connectors, and new TV sets designed for use
with SVHS r ecorders have special Y/C inputs. The
committee that developed the Multi-Port is n ow
meeting on the subject of SVHS, and one proposal
is that the RGB input be made optional and
r eplaceable by Y/C. Disgruntled com mitt ee
members say that if the Japanese had taken a
more active r ole in the committee's engineering
work, the problem would n ever have occurred.

• F CC l ooks at H DTV. Responding to requests
by 58 broadcaster groups, the FCChas open ed a
"com pr eh en sive inquiry" in to advanced
television systems, particularly High-Definition
TV (HDTV). Among issues to be explor ed are the
proposed specifications and characteristics of
advan ced televis ion syst ems, timetables, public
int erest in bett er t elevision systems, an d the
effect on existing TV systems. Because many of
the proposals for HDTV r equire using m ore than
the bandwidth of a single present channel, the
FCC has frozen new proposed applications for TV
channels in 30 of the largest markets. For

example, some proposed compatible HDTV
systems would transmit s tandard 525-line
pictures on existing channels, using all or part of
a separate ch annel for additional information to
make up a picture with m ore horizontal lines and
a wider aspect r atio.

Meanwhile, Home Box Office has started a
campaign to encourage development of HDTV
cable service. Because cable h as no sh or tage of
channels, HBO feels that cable h as an edge over
broadcasters in supplying HDTv, because it can
assign wideband channels for HDTV while
continuing to broadcast standar d TV signals over
other channels. HBO urged cable interests to
avoid "the sam e kin d of incompatibility problems
we as an industry experienced with cable-ready
TV's, connection of VCR's t o the cable drop, and
delivery oLster eo."

• Flickerless 3 -D disc. The Japanes e are
r elen t less in their pursuit of 3-D television. JVC
and Sharp both demonstrated 3-D videodiscs
recently at the American Consumer Electr onics
Show. That syst em u sed elect ronically con tr olled
LCD eyeglasses connected to the TV set by a wir e.
The system permitted each eye to see an
alter nate field of the picture, reducing th e
number of fields seen by each eye from the
normal 60 to 30. The result was that the system
suffered fr om a pron ounced "flicker ".

Now Sanyo an d J apan 's NHK (J apan
Broadcasting Co.) have come up with a new
version of the system that eliminates the flicker.
Based on a lase r videodisc, the syste m uses time
compression t o double the number of fields to 120
per secon d, lettin g each eye see 60 cycles, which
is above the thresh old of flicker. The system
maintains full ve r tical resolution by using 4:1
interlace, letting each eye see a ful l 525 scanning
lines . It also eliminat es the wire connection for
the eyeglasses by using an infrared wireless
system. Of course, all that elaborate engin eer ing
is going to cost. The 3-D disc system, including a
30-inch color monit or, will cost almost $7,000, so
the J apanese believe its first u ses will be in
commer cial and industr ial applications. R-E
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Bearcat® 800XLT-RA
List pr ice$499.95/CE prlce$289.95/SPECIAL
1:Z-Band, 40 Channel • No-crystal s c an n er
Priority control. Search/Scan. AC/DC
Bands: 29-54, 118-174, 406-51 2, 806-91 2 MHz.
The Uniden 800 XLT receives 40 channels in two banks.
Scans 15 channels per second. Size 9'14" x4Y2' x 12'12 ."

OTHER RADIOS AND ACCESSORIES
Panaaonlc RF-2600·RA Shortwavereceiver $179.95
RD55-RAUniden Visor mount Radar Detector $98.95
RD9-RAUniden" Passport" sizeRadar Detector $169.95

• NEWI BC70XLT-RAB earcat 20 channelscanner $168.95
BC 140-RA Bearcat 10 channel scanner $92.95
BC 145XL-RA Bearcat 16 channel scanner . . $98.95
BC 175XL-RA Bearcat 16 channel scanner $156.95
BC 210XLT-RA Bearcat 40 channel scanner $196.95
BC-WA-RA Bearcat Weather Alert" .. $35.95
R1 080-RA Regency 30 channel scanner $118.95
R1 090·RA Regency 45 channel scanner $148.95
UC102-RARegencyVHF2 ch.1Watt transceiver $117.95
P1412-RA Regency 12 amp reg. power supply $189.95
MA549-RADrop-in chargerforHX1 200&HX1500 $84.95
MA518·RA Wall charger for HX1500scanner $14.95
MA553·RA Carrying case for HX1500 scanner $19.95
MA257'RA Cigaretteli ghtercordforHX12/1500 ., . $19.95
MA917·RANi-CadbatterypackforHX1000/1200 $34.95
SMMX7QOO-RASvc.man. forMX7000&MX5000 $19.95
B-4-RA1.2 V AAAN"Cad batteries (set of four) $9.95
B-8-RA1.2 V AA N"Cad batteries (set of eight) $17.95
FB-E-RAFrequencyDirectoryfor EasternU.S.A. $14.95
FB-W'RAFrequencyDirectoryforWesternU.S.A $14.95
ASo-RA Air Scan Directory $14.95
SRF-RASurvival Radio Frequency Directory.= $14.95
TSG·RA"Top Secret" RegistryofU.S. Gov!. Freq. $14.95
TIC-RATechniques for Intercepting Comm , $14.95
RRF-RA Railroad frequency directory . . $14.95
EEC-RAEmbassy&EspionageCommunications $14.95
CIE-RACovert Inteiligenct, Elect. Eavesdropping $14.95
MFF-RA Midwest Federal Frequency directory $14.95
A60·RA Magnet mount mobile scanner antenna $35.95
A70·RA Base station scanner antenna.. . . . . . $35.95
MA548·RA Mirror mount Informant antenna $39.95
USAMM-RA Mag mount VHFant. w/ 12' cable $39.95
USAK-RA,,"" hole mount VHF ant. w/ 17' cabie $35.95
Add $3 .00 shipping for all accessories ordered at the same time .
Add $12.00 shipping per shortwave receiver.
Add$7.00 shipping per radio and $3.00 per antenna.

BUY WITH CONFIDENCE
To gef fhe fllsfesf deillfery from CE of any scanner,
send or phone your order directly to our Scanner
Distribution Center" Michigan residents please add 4%
sales tax or supply your tax 1.0. number. Written pur­
chase orders are accepted from approved government
agencies and most well rated firms at a 10% surcharge
for net 10 billing . All sales are subject to availability,
acceptan ce and verification. All sales on accessories
are final. Prices, terms and specifications are subje ct to
change without notice. Ali prices are in U.S. dollars. Out
of stock itemswill be placed on backorderautomatically
unless CE is instructed differenti y. A $5.00 additional
handiing fee wili be charged for all orders with a
merchandise total under $50.00. Shipment s are F.O.B.
Ann Arbor, Michigan . No COD's. Most products that we
sell have a manufactur er's warranty. Free copies of
warranties on these products are available prior to
purchase by writin g to CEo Non-certified checks require
bank clearance. Not responsible fort ypographical errors.

Mail orders to: Communications Electron­
lcs" Bo x 1045, Ann Arbor, Michigan 48106
U.S.A. Add $ 7 .0 0 per scanner for R.P.S./U.P.S .
ground sh ipp ing and handling in the continental
U.S .A. For Canada, Puerto Rico, Hawaii, Alaska,
or APO/ FPO delivery, s h ip ping c harg e s are
three times continental U. S. rates. If you have a
Discover, Visa or MasterCard, you may ca ll and
place a credit card order. Order toll-free in th e
U.S. DiaI 800-USA-SCAN.ln Canada, o rder toll ­
free by ca ll ing 8 0 0 -2 2 1-347 5 . FTCC Telex a ny­
time, dial 8253 33. If yo u are outside the U.S.
o r in Michigan dial 3 13-9 7 3- 8 8 8 8 . Order today.
Scanner Dist ributi on Center" and CE logos are trade­
marks of Communications Electronics Inc.
t. Beareat is a regist ered tradema rk of Uni den Corpo rat ion.
t Regency and Turbo Scan are regi stered trademarks of
Regency Electronics Inc. AO#080187-RA
Copyright~ 1987 Communications Electronics Inc.

For credit card orders call
1-800 -USA-SCA N

4~OMMUNIC~TIONS
"ELECTRONICS INC.
ConsumeI' PI'oducts Division
P.O. Box 1045 0 AnnArbor,Michigan48 106-1045 U.S.A.
Call800-USA-SCAN or outside U.S.A. 313- 973 -8888

*** Uniden CB Radios ***
The Uniden line of Cit izens Band Radio transceivers is
styled to compliment other mobile audio equipment.
Uniden CB radios are so reliable that they have a two
year limit ed warranty. From the feature packed PRO
540e to the 31Oe handheld, there is no bett er Citizens
Band radio of the market today.
PR031OE-RAUniden 40 Ch. Portable/MobileCB... $85.95
NINJA-RAPR031OEwithrechargeablebatterypack.$99.95
B·10·RA 1.2VAANi-cadbatt. for Ninja(set of 10) ... .$20.95
PR0 520 J:·RA Uniden 40 channel CB Mobile . .. $59.95
PR0 540 E·RA Uniden 40 channel CB Mobile $119.95
PR0710E·RA Uniden40 channel CB Base $119.95
PC22·RA Uniden remote mount CB Mobile $99.95
PC55-RA Unidenmob ile mount CB transceiver $59.95

Bearcat@ 50 XL-RA
List pri ce $ 199 .95/C E price $ 114.95/SPECIA L
1o-Band, 10 Chann e l . Handheld scanner
Bands: 29.7-54, 136 -174,406-5 12 MHz.
The Uniden Bearcat 50X L is an economical, hand­
held sc anner w ith 10 cha nne ls cov ering ten fre­
quen cy bands. It features a keybo ard lock swit ch to
prevent accidental ent ry and mor e. Also orde r th e
new do uble-lo ng lif e re chargeable batte ry pac k
part # BP55 for $ 29 .95, a plug-in wall cha rge r, par t
# AD10 0 for $14.95, a carry ing case part # VC001
for $ 14.95 and als o order opt io nal c igarette lighter
ca ble part # PS001 for $ 14.9 5.

Communications Electronics:
the world's largest distributor of radio­
scanners, introduces new models of
CB & marine radios and scanners.

Regency@ RH256B-RA
List price .$799.95 /CE price $329.95/SPECIAL
16 Channel . :ZS Watt Transceilfer • Priority
Th e Regen c y RH256B is a sixte en-channel VHF land
mobile transceiver de sign ed to cover any frequency
betw ee n 150 to 162 MHz. Since this radio is
synthesized, no expensive crystals are needed to
store up to 16 frequen ci es wi thout battery backup.
All rad ios come with CTCSS tone and scanning
capabilit ies. A monitor and nighVday swi tch is also
st and ard . This transceiver even has a priority fun c­
tion. The RH256 ma kesan ideal radi ofor anypolice
orfire department vo luntee r because of its low cost
an d high performance. A 60 Watt VHF 150-162
MHz. versi on called the RH606B- RA is available
for $4 59. 95 . A UHF 15 watt , 10 channel version of
this radio called t he RU150B·RA is als o available
and co vers 450-4 82 MHz. but th e co st is$439.9 5.

***Uniden Af':Jrine Radios* **
Now the finest marin e eiectronics are available through
CEI. The Unim etri cs SH66-RA has 50 transmit and 60
receive frequen cies with 25 or 1 watt power output.
Only $1 69.95. The Unim etr ics SH 88-RA is a deluxe fuli
functi on marine radiotelephone featuring 55 transmit
and 90 receive channels and scanning capabilit y for
only $2 59 .95. The Unim etrics SH3000-RA is an exce l­
lent digit al depth sounder, good for 300 feet. It has an
LCD continuously backlit with red light display and a 5
ft. or 10 ft. alarm. Only $189.95. Order today.
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NEW! Scanner Frequency Listings
The new Fox scanner frequency directories will heTp
you find all the act ion your scanner can listen to. These
new list ings include police, fire, ambulances & rescue
squads, local government, private police agencies,
hospitals, emergency medical channels, news media,
forestry radio service, rail roads, weather stations, radio
common carriers, AT&T mobil e telephone, utilit y com­
panies, general mobile radio service, marine radio
service, taxi cab companies, tow truc k companies,
trucking companies, business repeaters,business radio
(simp lex) federal government, funeral directors, vet­
erinarians, buses, aircraft, space satellit es, amateur
radio, broadcast ers and more. Fox frequ ency listings
feature call let ter cross reference aswell as alphabetical
listing by licen see name, police codes and signals. All
Fox directories are $14.95 each plus $3.00 shipping.
Stat e of Alaska-RL019-1 ; Baltimore, MD/Washington,
DG-RL024-1; Chicag o, IL-RL014-1; Cleveland, OK-­
RL017 -1; Columbus , OK--RLOO3·2; Dallas/Ft. Worth ,

NEUI.' Regenc'~ TS2 -RA TX-RL013·1 ; Denver/Colorado Springs, Co--RL027-1 ;
-, OS T Detroit, MI/ Winds or, ON-RLO08·2; Fort Wayne, IN

A ll o w 30-90 days for delivery after receipt of order / Lima, OH- RLOO1 ·1 ; Houston , TX-RL023-1; Indian-
due to th e high demand for this product. apolis, IN-RL022·1; Kansas City, MO/ K&-RL011-2;
List price $499.95/C E price $339.95 Los Angeles, CA-RL016-1 ; Louisvill e/Le xingt on, KY-

RLO07-1; Milw aukee, WI/Waukegan, IL-RL021-1;
H Z-Ban d, 75 Channel . Crystalless • AC/DC Minneap olis/St. Paul, MN-RL01 0-2; Nevada/E. Central
Frequencyrange: 29-5 4,118-175,406-512,806-950 MHz. CA-RL028.1; Oklahoma City/Lawton, OK-RLOO5-2;
The Regency TS2 scanner lets you monitor Pittsburgh, PNWheeling, WV-RL029-1 ; Roche ster/
Military, Space Satellites, Government , Railroad, Syracus e, NY-RL020-1 ; Tampa/St. Petersburg , FL-
Justice Department, State Department, Fish & RL004-2; Toledo, OH-RLOO2-3. A regional directory
Gam e, Immigrat ion, Marine, Police and Fire Depart- which covers polic e, fire ambulan ce & rescue squads,
ments, Aeronautical AM band, Paramedics, Am- local government, forestry, marine radio, mobile phone ,
at eur Radio, plus thousands of other radio fr e- aircraft and NOAAweath er is availablefor$19 .95 each.
quencies mos t scanners can't pick up. The Regency RDO01-1 covers AL, AR, FL, GA, LA, MS, NC, PR,SC,TN
TS2 .f.eatu reSJleW_40.channel.p ecsecond]ur/:)0__ & VI. For !!!! a ':.~~not !l ho,,!" abo~cal!£ox at 800 -543-
Scan" so yo u wont miss any of the action. Model 7892 or In Onlo 800-621-2513 .
TS1 ·RA Is a 35 ch annel version of this radio without Regency® Intormant" Scanners
the 800 MHz. band and costs onl y $23 9.9 5. Frequencycoverage:35-54, 136-174406-512 MHz.

The new Regency Informant scanners cove r virtu­
ally all the standard police, fire, emergency and
weather frequ encies. These special scanners are
preprogrammed by state in the units mem ory . Just
pick a state and a category. The Informant does the
rest. All Informant radios have a feature called
Turbo Scan " to scan uo to-so channels per second.
The INF1·RA is ideal for truckers and is only
$ 249.9 5. The new INF2-RA is a deluxe model and
has ham radio, a weather alert and other exciting
features built in for onl y $324.95. For base station
use , the INF5·RA is only $ 19 9.95 and for those
who can afford the best, the IN F3-RAat $249.95, is
a state-of-the-art , receiver that spe lls out what
service you 're listining to such as Military, Airphone,
Paging, State Police, Coast Guard or Press.

Regency® HX1500-RA
List price $3 69. 95/C E price $218.95
11-Band, 55 Channel. Handheld/Portable
Search • Lockout • Priority • Bank Select
Sidelit liquid crystaldisplay. EAROMMemory
Direct ChannelAccess Feature. Scan delay
Bands: 29-54, 118-136, 144-174, 406·420,440-512 MHz.
The new handheld Regency HX1500 scanner is
fully keyboard programmable for the ultimate in
versatility. You can scan up to 55 channels at the
same time including the AM aircraft band. The LCD
display is even sidelit for night use . Includes belt
clip, flexible antenna and earphone. Operates on 8
1.2 Volt rechargeable Ni-cad batteries (not included).
Be sur e to orde r batteries and battery chargerfrom
th e accessory list in this ad.

Bearcat® 100XL-RA
List pr ice $3 49 .95/C E price $178.95/SPECIAL
trBllnd, 18 Chllnnel • Priorify. Selin DelllY
Sellrch • Limif • Hold • Lockouf • AC/DC
Frequ en cy ran ge: 30-50, 118-1 74, 406-5 12 MHz.

Includ ed in our low CE price is a sturd y carrying case,
earphone, batt ery charger/ AC adapter, six AA ni-cad
batt eriesand flexible antenna. Order yourscanner now.

Regency@ Z60-RA
List price $299 .95/C E price $148.95/SPECIAL
a-Band, BO Channel • No-crystal scanner
Bands: 30-50, 88 -108 , 118-136. 144-1 74, 440-51 2 MHz.
The Regency Z60 cove rs all th e public service
bands plus aircraft and FM music for a total of
ei ght bands. The Z60 also features an alarm
clock and priority control as well as AC /DC
operation . Order today.

Regency@ Z45-RA
List price $ 259 .95/C E price $139.95/SPECIAL
7-Ba nd, 4 5 Channel • No-crystai scanner
Bands: 30-50, 118-1 36, 144-174, 440-51 2 MH z.
Th e Regency Z45 is ve ry simila r to the Z60 model
listed abov e however it does not have the commer­
c ial FM broadcast band. The Z45, now at a
sp ecial pr ice from Communications Elect ron ics .

NEW!
CBRadios &
Scanners
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LASER LISTENER LEGALITIES
The lead paragraph of yo ur O c­

tober cover sto ry (" Bui ld Th is Laser
Listen er " ) wa rns t hat "Breaking
and entering to pl ant a listening
devi ce.t.can earn-sbrn-e-one-a-Ion g­
jail te rm." You then suggest that "A
bette r and safer way to bug a room
is to use a laser beam to eavesdrop
on a wi ndow f ro m across th e
st reet ."

Thi s suggestion is a seriou s dis­
service to yo ur reade rs, for elec­
t ron ic eavesdropping of all kinds ,
including laser eavesdroppin g, is

tightly regu lated by bo th federal
and state statut es. Severe pena l­
ti es, inclu d in g jai l term s lo nger
than those for breaking and ente r­
in g, are specifi ed for vio lators.

Thefedera l statute prohibits th e
manufacture , assemb ly, posses­
sio n, sale, and tran sport across
state lines of devices whose pri­
mary purpose is th e unauthorized
interception of w ire o r o ral com­
munication (U.S. Cod e, Titl e 18,
Chap. 119). W illful vi ol ators of thi s
statute may be fined up to $10,000
and imprison ed ~p to 5 years. Un -

der thi s statute, the assemb ly, pos­
sessio n and use of t he Radio ­
Electronics laser li steni ng dev ice is
clearly i ll egal, because the dev ice
is presented so le ly as a means
". . .to li sten in to anyth ing , any­
wh ere, any time."

Your art icle warned of th e po s­
sibility of "....eye damag e if some­
one in th e target area unknowingly
stares into th e beam .. .." Yet the
cover ph oto shows a laser poi nt ed
very close to th e faces of two peo ­
p le behind a window, and th e
openin g p ar agraph st at es t ha t
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With a Huntron Tracker.
How do you troubl eshoot a cold circuit board down

to the component level? Without power to the board,
finding the bugs can be tough. So when conventi onal
testing is out, call in a Tracker.
Portable or benchtop.

With our portable, field serv ice Trackers, and now
our new bench-top Tracker 5000, you have everything
you need for isolating defective analog, digital, and
hybrid circui t boards .
Meet the family:

Tracker 5000- A powerfu l, men u-driven, automated,
benchtop troubleshootin g system controlled by an
IBM PC, or comp atible. Now you can develop test pro­
cedures for particular boards, store them in a library
and call them up whe never you need them . Tracker
5000 speeds up testing of older or less common boards.

Tracker 1000 & 2000- Th e perfect companions to
your test equipme nt arsenal. Both offer in-circuit test­
ing with the power off. In addition, the Tracker 2000
can dynamically test a wider range of devices.
Find out more.

Call toll free: 1-800-426-9265 or contact
Huntron Instruments, Inc. 15720 Mill Creek Blvd.,
Mill Creek, WA 98012. Phone 206-743-3171.
Telex 152951.
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WATS Free 1-800-843-3338 In Canada WATS Free 1-800-851-8866

SENCORE
Means Success In Electronic Servicing
3200 Se ncore Drive, Sioux Falls, Sf' n Dakota 57107
Call Co llect 605-339-0100 In SO ,K
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with the All New ( IEEE -48{ >

FS74 CHANNELIZER SR.TM TV-RF ~ ' ~nal Analyzer
Patents Pending $34!

eEiNCORa .

"CHANNELIZER SR." is a t ra demark of Sencore, Inc.

Automatic hassle-free SIN ratio, A/V ratio, and hum level tests. Exclusive on­
channel signal-to-noise ratio test eliminates time-consuming s ignal
comparison and chart reading. Exclusive audio-to-video rat io t est measures
directly in dB for easy comparison to specifications.

Exclusive 5 microvolt sensitivity to bring in even weak signals. Autoranged
attenuator automatically selects the best sensitivity for simplifying your
VHF, UHF, or FM signal measurements like never before possible.

Built-in autoranging AC/DC volt/ohmmeter makes t r•.nbleshoot ing a snap.
Exclusive all -weather design holds tighter t han FCC sp - ' icat ions from -4 OF
to +104 OF. Truly portable, field-tested tough for depenu.inle ease of use.

Begin successfully locating TV -RF signal prob iem s more quickly and
accurately than ever before possible, with the new F S74 CHANNELIZER
SR. Call W ATS Free 1-800-843-3338 today for a fr ee Product Guide or an
industry exclusive "Try before you buy" 15 Day Self Demo.

Exclusive checks for ghosts, co-channel interference, line reflections, and other
signal quality checks. Portable 4 MHz wideband battery-operated monitor let s
you finally check the quality of your cable or MATV system and stop
annoying callbacks.

Call 1-800-843-3338 today
to start thoroughly analyzing

and pinpointing any trouble in any
TV-RF distribution system,

automatically to FCC specifications

tje""

Does your success in servicing RF distribution systems depend on locating
problems quickly and accurately? If so, here's why your all new Sencore FS74

.CHANNELIZER SR. will mean success for you ...

Quickly tune in all TV/FM channels from 5 MHz to 890 MHz. Exclusive all
channel, microprocessor-controlled digital tuner checks every standard and
cable channel with better than FCC accuracy to fully analyze any system.

"DREAMS OF RIO"

I think the readers of Radio-Elec­
tronics w ill be interested in ZBS
Produ ction s' lat est audio adven ­
ture program , "Dreams of Rio ."
The 13-week series recreates th e
mag ic of old -tim e radio drama,
using state -of-t h e-art digital re­
cording techniqu es to capture the
sounds of Brazil. The plot tak es

laser eavesdropping is " bett er and
safer " than co nvent io nal elec­
tronic bugging.

M y personal exp eri ence w ith
laser eavesdropping techno lo gy,
whi ch is neither high-tech nor
new, is not unblemished. In "Sil­
iconnections : Coming of Age in
the Electronic Era" (McGraw-Hili,
1986), a memoir about som e of my
experiences as an electron ics writ-
er, I wrote about a1976assignment
lreceived from a newspaper to use
an infrared laser and receiver to
intercept the conversations of
Howard Hughes at his hotel in th e
Bahamas. Fortunately Hughes left
for Mexico shortly before I was to
leave for the Bahamas. The paper
had convinced me Hughes's con-

- versat ions-might-reveal possibly 'il -=- ­
legal conduct. They fai led to warn
me that laser eavesdropping is in
it self illegal.

In 1985 I prepared a report on
laser eavesd ropping for the Senate
Select Committee on Intell igence
in which I warned of the vul­
nerability of government installa­
tions to that technology. Since
then I have written several articles
and papers that discuss the tech­
nical , legal , and safety aspects of
laser eavesdropping aswe ll as pos­
sible countermeasures . None of
those artic les inc lud ed con ­
struct ion details . I have also dem­
onstrated laser eavesdropping and
di scussed some of those same is­
sues in several t elevision inter­
views and a documentary film .

In short, I believe it is important
for private citizens, businesses,
and government to be informed
about electronic eavesdropping
technology. But I believe it was a
serious misjud gment for Radio­
Electronics to have publi shed de­
tai led co nst ruct io n plans for an il­
legal eavesdropping device and to
have enco uraged its readers to
build and use it.
FORREST M. MIMS, III



JERROLD: 400 81 450 Handheld Transmitters. • • • • • • • •• s 29."

MISCELLANEOUS

AU usmGUARANTEED. QUANTITY PRICES AVAILABLE.

OAK: E-13 Mini-Code Substitute $ 79.95

E-13 Mini-Code WlVari -Syn $ 89.95

WA l, KUER(Salt Lake City, UT),
KQED(San Francisco, .CA), KBOO
(Po rt land, OR), KCRF (De nver,
CO), KUNM (Albuque rque, NM),
KMUW (Wichita, KA), KPBS(San
Di ego, CAl, and KUAC (Fairbank s,
AK).

I'm sure th e seri es wi ll appea l to
fans of o ld-t ime rad io , as we ll as
anyone interested in the latest in
aud io techno logy.
KATHY GRONAU
ZBS Foundation
Fort Edward, NY 12828

SeA ERRORS
I noticed a few er ro rs and d iscre­

pancies in th e SCA receive r's parts
layout ("Bui ld Thi s SCA Receiver,
Part 2"/ September 1987): Diode
05 is show n backwards.iNopolar­
ity is show n for C59; the upper
end is the positi ve one. Capacitor
C29 is show n twice; the one near
FL3 is real ly C24. Also , the correct
C29 is shown backwards. The base
and co llector leads for Q7 are misi­
dentif ied ; swap t he m and t he n
move t he co nnection fro m 52 to
t he unused hol e t hat's approx­
imately %-inch nort heast of Q7 .
Switc h S2 shows a wiring erro r :
Remove the co nnectio n between
pin 1 of t he left-hand gang and the
line to C59 and add a connection
between pin 1 of the center gang
and the lin e to J5 .

Going back to Part 1 of the art i­
cle, the re is a miss ing dot in the
schematic at the junctio n of C25,
C26, R33, and pin 3 of IC1.
G.L. McDONALD
Auburn, WA

ON TESTING ERRORS
In his Ietter, "Testing Semicon­

ducto rs" ("Letters", August 1987)
Richard P. Morley is correct in as­
suming that t he vo ltmeter w i l l
have an affect o n t he in d icated
leakage current of the d iode un der
test. If we co nnect a standard 10­
megohm vo ltm eter across that cir­
cuit, it will draw 10 f.LA at 100 vo lts,
which is th e maxim um leakage
current specif ied for a 1N4000-se­
ri es diode . In th at si t uat io n , it
would be much better to place the
current meter on th e other side of
th e vo ltmeter.

Un fortunately, low-current am­
meters tend to have very high in ­
terna l resistance. Co nse quent ly,
the vo ltage indi cated by the vo lt-

*-

Th e half-hour shows wi ll be
aired weekly over National Public
Radio beginning in September.
(Please chec k lo cal listings, or con ­
tact your local NPR stat ion, for ex­
act dates and t imes.) Som e of the
major stations that wi ll be air ing
th e shows are: WJCT (Jacksonville ,
FL), W LRN(M iam i , FL), WCBU
(Lo uisville, KY), WVOM (Ann Ar­
bor/ MI ), WCMU (Mt. Pleasant ,
MI ), WNYC (N ew York, NY),
WOUB (Ath ens , OH), KCRW (San­
ta Monica, CAl, KOUW (Seatt le ,

JRX-3 D1C-6 Channel Corded Remote •• • • s139.95

JSX-3 D1C-36 Channel Set Top. • • • • • • • •• s129.95

SB-3 - 'The Real Thing' ••. . • . . • • . . • • •• s1 09.95

SB-M-Refurbished. • • • • • • . • • . . • • • • . . . . . s89.95

DRZ-3D1 C-68 Channel Wireless
with Decoder s199.95

Z-TAC Cable Add-On. • •• • • • • • • • • • • • • • • • •• s199."ZENITH:

HAMLIN: MLD-1200 • • • • • • • • • • • • • • • • • • • • • • • • • • • • s 99."

NEW ITEMS: [ Rlpco Tape Copy Stabilizer ~09. 95 I
ScientificAtlanta SA·3. . . . • . . . • • . • . . . • • 5139.95

UNITED ELECTRONIC SUPPLY
P.O. BOX 1206 • ELGIN, ILLINOIS 60121 • 312·697·0600

OAK: N-12 Mini-Code. • • • • • • • • • • • • • • • • • • • • • •• s 89."

N-12 Mini-Code Varl-5ync • • • • • • • • • • • • • • •• s99.95

N-12 Mini-Code Varl-5ync Plus Auto On-Off •• 5159.95

*

hero Jack Flanders and hi s an­
thropologi st g i r lf r iend , Fri eda ,
from the night club s of Rio,
through th e Brazil ian jun gl es to
find the "Lost City." Produ cer/writ­
er Tom Lopez and composer Tim
Clark spent a month on location,
reco rding amb ient sounds using
Senn he iser 416 and Tram mi cro­
phones along with Sony 's PCM-F1
digita l tape recorder. The high­
qua lity recording s brin g the
cha racters to life, and mak e th e
listeners feel as if they're in Brazi I.

VIEW STAR: EVSC· 2010-60 Channel Wlreless-
withParental Lockout. • • • • • •• s 99."

EVSC-2010 A-B -Same IS Iboye with
A-B Switch s1 09 ..

View Star 2501-60 Channel Wireless•••• ••
withVolume. • • • • • • • • • •• s119."

Unika MR·702-72 Channel Wireless
with Parental Lockout . • • • s89.95
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If you value your precious time, you will really want to check
out what the exclusively patented SC61 Waveform Analyzer can
do for you. 10 times faster, 10 times more accurate, with zero
chance of error.

End frustrating fiddling with confusing controls. Exclusive ultra solid
ECL balanced noise cancelling sync amplifiers, simplified controls, and
bright blue dual trace CRT help you measure signals to 100 MHz easier
than ever .

Accurately and confidently measure waveforms from a tiny 5 mV
all the way to a whopping 3,000 V without hesitation with patented
3,000 VPP input protection - eliminates expensive "front end" repairs
and costly equipment downtime.

Make only one circuit connection and push one button for each
circuit parameter test: You can instantly read out DC volts, peak-to-peak
volt s and frequency 100% automatically with digital speed and accuracy.
It's a real troubleshooting confidence builder.

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion. Analyze
glitches, interference signals, rise or fall times or voltage equivalents be­
tween levels; direct in frequency or microseconds.

Speed your digital logic circuit testing. Analyzing troublesome divide
and multiply stages is quicker and error free - no time-consuming
graticule counting or calculations. Simply connect one test lead to any test
point, push a button, for test of your choice, for ERROR FREE results.

To see what the SC61 can do for your troubleshooting personal productivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,
for a FREE 15 day Self Demo.

innouatiuely designed
with your time in mind.
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Call Today Wats Free 1-800-843-3338

SeNCORe
3200 Sencore Drive
Sioux Falls, SD 57107
605-339-0100In SD Only

with the SC61 Waveform Analyzer
Patented $2,995

Analyze defective waveforms
faster, more accurately, and

more confidently - every time
or your money back

MAKING PC BOARDS
I am writing to share with yo ur

other reader s a technique that I
discove red for using a Xerox co p­
ier to mak e printed-circuit bo a rds .
I su sp ect that th ere are many hob­
byists who would like to etch PC
boards but, like me , have no ac­
ces s to a darkroom or the pho­
tore sist ch emica ls , but do have
use of a Xerox machine . The tech ­
niq ue that I wo rked out for trans­
fe rring th e layou t ima ge onto a
copper-clad board is very simple;
it is also fast , and it yields near­
professional resu Its.

The artwork is prepared as de­
sc ribed in yo ur seri es "Etch Your
Own PC Board" (Radio-Electronics,
Decembe r 1982 th rou gh Fe bru ary
1983) and the n co p ied on to a Xerox
tran sparency-th e typ e used to
mak e ove rhe ad proj ector slides;
th e co nt rast sho u ld be se t for as
dark as possibl e in o rde r to ge t th e
hea viest pos s ibl e coati ng of th e
ton er. It is usefu l to mak e more

met er in the new co nfiguration is
not a true value ; that is becau se
th e ac tua l voltage ac ross th e
met er /diode co mbination adds up
to more th an th e vo ltage across the
diod e un d er test-meani ng t hat
the d iode is receivin g less voltage
than indicated.

Sho uld th e leakage current be
on th e o rde r of 1-mA (not un com­
mon), for exa mple, th e n th e volt­
age drop acro s s a 2000-o h m
milliam eter will be two volts. Two
volts may not seem like much, but
at 10 volt s it is a 20% e rro r. Depend­
ing on th e vo ltage and th e curre nt
value s involved , current-me te r re­
sista nce can (and do es) affect the
me asu rem en t in yo u r alt ernate
configu ration to the sam e exte nt

t nat a parallel voltmete r may affect -­
meas urem en ts in othe r sit uat io ns .

The issu e of voltmeter loading
was discu ssed at length in Part 'I of
the "Testing Semiconductor" se-
ries (Radio-Electronics, February
1987, page 60), and remedi es were
recommended . I real ize that not
all technicians ta ke the time to
evalua te th e situation properly,
and th e problem of inaccurate test
pro cedure c a n n o t b e over­
e mp ha s ized . My thanks to Mr.
Morl ey for bringing it to our read­
e rs' attent io n one more time.
T] BYERS

CIRCLE 178 ON FREE INFORMATION CARD
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Your Career in ELECTRONICS or COMPUTERS

For full information, write for Catalog 11-87.

Grantham College of Engineering
10570 Humbolt Street

P. O. Box 539
Los Alamitos, California 90720

tached alo ng only one edge w ith
tape , so that it can easily be peeled
off w hen don e, w ith ou t damagin g
the deli cate im age. W hile the co p­
pe r co mes up to heat, roll the film
against th e coppe r to tran sfer th e
im age. (I u sed a 'l " wa llpap er
roll er.) As the ton er melt s, the fi lm
adhe res to th e coppe r, and afte r a
minute or tw o, th e ent ire image
sho u ld b e st uck d own . Th en ,
w hi le the coppe r is st ill hot , care­
fully peel th e tr ansparency off and
let th e boa rd coo l. A mirror im age
of the layout sho uld be affi xed , in
co mplete detail , to the coppe r.

If the results at that point are not
co mplete ly satisfactory, th ere are
two opt io ns. If there are only a few
minor imperfecti on s, th ey can be
tou ched up with a very finefelt-t ip
pen . O the rw ise, th e image can be
clea ned off and th e copper re-buf ­
fe d fo r ano t he r attempt wi t h a
fres h tr ansparency. It is so quick
and easy to transfer an image th at
it is worth whil e to make a couple
of pract ice run s in order to get a
feel fo r the process. O nce a sat is­
fac to ry mask- is transferred , th e
board may be etched.

I was amazed at how good th e
resul ts were: My very first attempt
produ ced a sl ig ht ly f lawe d but
workabl e board . Afte r mod if ying
my meth od s, all subsequent run s
have bee n totally successful.

I have neve r used th e photo­
t ransfe r method, so I cannot com­
pare it first-hand to my xero x tech ­
n iqu e . I sus pect th at th e p ho­
togr aphi c meth od is capab le of
prod ucin g slig ht ly sharper detai l
and hi gher-density resist. (M ino r
p itt i ng occ u rs o n some of th e
t races, but so far that has not inter­
fe red with any circu it.)

There are several definite advan­
tages to th e Xerox process: Fore­
most is that almos t everyo ne has
access to a Xerox copie r, eithe r at
wo rk or throu gh commercial copy­
ing services. The resist mask is to­
tally vi sibl e on th e copper blank,
so th at to uc h-ups can be made
right on the copier, if needed . The
process automatically transfers a
mirro r im age. For wo rk w ith sin­
gle-sided board s, that is a defini te
plus. (It is not as useful fo r double­
sided boa rds , and ad j ust me nt
mu st be mad e fo r those.) And, f i­
nally, it is a great saving in tim e and
expense. An existi ng layout can be

B. S. DEGREE

on top. Th at im age can be re­
mo bi lized by again heatin g it to
abo ut 300°F. I d o that usin g a
hou sehol d clothes i ron.

The iron is secured by clamps in
a inver ted positi on , so that it s hot
sale can be used as a work area.
The iron is then brought to tem ­
perature for a mod erately hi gh set­
t ing (" woo l"). Th en th e co pper
bl ank is heated fro m th e back , w it h
t he tran sparen cy sec u red to th e
fo il w it h it s ton er-sid e against the
co ppe r. The tran sparen cy is at-

may fill an imp ortant need for you.
T hese are comprehensive correspond­
ence progra ms in which you first review
so me things yo u al ready know, in
p reparatio n for the studies that co me
later. So me previou s knowledge in
electronics is presumed , bu t is thor­
ough ly reviewed in depth , so as to give
you a thorough founda tion for the
level of studies you have not previously
und er tak en. Even th ough some stu­
dent s hold associate degrees before en­
rollin g, a n A. S. Degree is awa rded
a long the way toward the B. S. Degree.

than one transparency in case th e
first t ransfe r does not come out .

The PC blank is prepared simply
by buffing t he co ppe r w it h fi ne
stee l woo l to re move ox idatio n
and co ntaminants. The image on
the t ransparency is tran sferred by
heat. When a Xerox copy is made,
a black powd er called "toner" is
depos ited on the page and th en
heated to 300°F to fuse it in pl ace.
O n pap er, the fused to ner is ab­
so rbe d into t he porou s surface ,
bu t on pl asti c f i lm it ju st bu ilds up

Put Professional Knowledge and a Grantham College of Engineering is
I

COI:I-EGE-DEGREE a spec ililizei:l- institut ion cat erin g to
.. mature ind ividu als who ar e employed

in your Technical Career through in electro nics and allied fields such as

HOME i ~I co mputers. Th ese fields ar e so ell~r -
~ ~ mou s tha t adva ncement opportunitySTUDY . - is always present. P romotions and

. I ' . natural turn-over mak e desirabl e posi-
'--l""+t+t--t~1 tions ava ilable to th ose who are pre-

~:~~a' ~. i pared to m ove up !.. ~':::'\ .~ .~: , +- , Advancement in yo.ur care er is m~de
!It -LLL'p-'@lJ'.__~ ~ . '. easie r and more certain by (I ) superio r
~ . , : , :~.,' ;;., : :' . ,;..~ know ledge a nd (2) documenta~ion of
~ . . ', ~~~ tha t knowledge - both of which are

N 0 co~~u~i ng to class. Study at yo ur obta i n~ble th rough Gra.ntha m distance
ow n pace, while yo u continue on educa tion, fu lly acc redite d by NHSC.

your present job. Learn from easy-to- Grant ha m's home study (dis ta nce ed-
understand lesson s, with help fro m ucati on) program s lead ing to the
yo ur inst ructors when you need it.

Grantha m offers two B.S. degree pro­
gram s - one with major emphas is in
ELECT RON ICS and the other with
major emphasis in COM PUTE RS.
Either program ca n be co mpleted by
correspo ndence (also known as "dis­
tance edu cation"), NHSC accredi ted.
The soo ner you get started, the soo ner
you can be ready to benefit fro m grea ter
know ledge and your B.S . degree.

Our free catalog gives full deta ils of
both degree program s. Fo r your copy
of the free cata log write to the address
show n below, or ph one (2 13) 493-4422
(no co llect ca lls); ask fo r Catalog11-87.
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Uni versal Vide o Ana lyze r is a t ra demark of Sencore, In c.

Would you like to ...

with the exclusive, patented
VA62 Universal Video Analyzer" . . . $3,495

13

z
WATS Free 1-800-843-3338 In Canada WATS Free 1-800-851-8866 0
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Means Success In Electronic Servicing
3200 Se ncore Drive, Sioux Falls, South Dakota 57107
Call Collect 605-339-0100 In SO & AK

CIRCLE 179 ON FREE INFORMATION CARD

SE:NCOAE:

Protect your future by servicing VCRs for your customers before they go to your
competition? Walk out "tough dog" troubles in any VCR chrominance or
luminance circuit to isolate problems in minutes. Have proof positive tests of the
video record/play heads before you replace the entire mechanism.

Walk "Tough Dog" Troubles Out
Of Any TV &VCR In Half
The Time ... Guaranteed!

Have one piece of test equipment that doesn't need replacing every time
technology changes? Be able to service Stereo TVs & VCRs profitably, and get in
on the ground floor of thi s growing market with exclusive phase-locked
accessories .

F ind out how the VA62 Universal Video analyzer will make servicing easier
and more profitable in your shop? Call WATS Free 1·800·843·3338 and ask
your area Sales Engineer for a "Try before you buy" 10 Day Self Demo or a
full color brochure and join the many servicers already on the road to more
profitable servicing with the VA62.

Reduce costly inventory from stocking yokes, flybacks, and other coils and
transformers for substitution only, with the patented Ringing Test? Run
dynamic proof positive test on any yoke, flyback, and integrated high voltage
transformer.

Reduce your analyzing time? Isolate any problem to one stage in any TV or VCR
in minutes, without breaking a circuit connection, using th e tried and proven
signal substitution method of troubleshooting.

Cut costly callbacks and increase customer referrals by completely performance
testing TVs and VCRs before they leave your shop? Own the only analyzer that
equips you to check all standard and cable channels with digital accuracy . Check
complete, RF, IF, video and chroma response of any chassis in minutes without
taking the back off the receiver or removing chassis, plus set traps dynamically
and easily right on the CRT .

transferred and etc hed onto a
board , ready for dri lling, in we ll
under an hour for the cost of on ly
a few Xerox cop ies.

So far, I have made on ly sing le­
side d boards; I intend to tr y dou ­
bl e-sid ed boards in th e near fu ­
ture. I expect to etch each side
sep arate ly, protecting one side
with adhesive-backed film whil e
working on the other.
C. BRUCE SNOW
Lafayette, LA

FOLLOW-UP
As a fo llow-up to "B u i ld This

D igita l Tacho meter for yo u Car"
and "B u i ld Thi s Di g i tal Spee d­
ometer fo r yo ur Car", w hich were
publ ished in the June and Jul y1987

. Issues of Radio-Electronics.Lwou ld.c,
li ke to note a few min o r correc­
tions that may help any readers
w ho are bu ild ing those projects .

First, in the digita l-tachometer
articl e, 02 and 04 on the parts­
p lacement dia gram shou ld be in­
terchanged , and so sho uld 05 and
06 . Th e 10-J-lF capacitor label ed
C14 on the schematic is C4.

In the digital-speedometer arti ­
cle , the schematic reference to IC5
sho uld be labeled 4001 instead of
4011 . The p ick-up coi l input shou ld
read P1 not P2. Also on the sche­
mat ic, C12, a 0.1 -J-lF bypass capaci­
tor, was omitted. Getting on to the
parts-p laceme nt d iagra m, the set
of pads between 51 and IC6 sho uld
be labeled C7.

Because of the except io nal re­
sponse to the d ig ita l tacho meter
and d ig ita l speedo meter, and a sig­
ni fi cant numbe r of req u est for
kits, Dakota Digital (R.R. 1, Box 83,
Canisota, SO 57012) has expa nded
its prod uct l ine as fo llows:

For th e d ig ita l tac ho mete r: Di s­
play board (# 430103), $6.95; main
board (# 430104), $12.95; parts kit
(#2002-KIT), $75 .00; A ssemb led
and tested (#3002-UNIT), $99.95.

For th e d igital speedometer :
di splay board (# 430105), $6.95;
main board (# 43 0106), $12. 95 ;
pi ck-up co i l (# 2701278), $11.95;
magn et set (4) (# 2701279), $4.95;
parts kit (#2004-KIT), $75.00; as­
sembled and te sted unit (#3004­
UN IT), $99.95.

Add 5% shipping and handl ing
to all orders. South Dakota resi­
de nts must add 5% sales tax.
ROSS ORTMAN R-E



EQUIPMENT REPORTS

PATTERN GENERATOR
NCM MODEL 871

A true NTSC audio/video
pattern generator

C O NTRA RY TO WHAT CONSUMER MAG­

azin es ofte n claim, in real life yo u
get what you pay for. Buy junk and
yo u ge t junk, o n ly yo u don 't kn ow
it until yo u get a cha nce to expe ri­
ence " q ual ity. " Th at holds tru e
wh en it co mes to co lo r-b ar ge ne r­
ators-test eq u ip me n t t hat we

CIRCLE 20 ON FREE INFORMATION CARD

now call "TV pat tern gene rato rs."
The co nve ntio na l rainbow co lo r­
bar ge nerato r was ju st fine as lon g
as the TV's and VCR 's the mse lves
were no great shakes at rep rodu c­
in g co lo r. But now that we have
di gi tal TV's, HQ VCR's, and co m­
puter moni tors, all capab le of p ro-

du c in g pi ctures r ivalin g ph o­
tog raphic p rints, t he washed-out
co lo rs, bl ended co lor-bar edges ,
and the co lo r smea r of many rain­
bow ge ne rato rs m ak es it almost
impossibl e to determine wh ether
mod ern TV 's, VCR's, and com put­
e rs are d eliverin g a high-perfor­
man ce pi cture. That 's why we can
ju stify revi ewin g th e NCM Elec­
j roD ics mod el 871 Vid eo Wonder­
bo x : a TV patt ern gene rato r that
cos ts $519.00.

Professional quality
The Video Wonderbox is a tru e

NTSC co lor ge ne ra to r, whi ch
mean s th at its o utput sig nal is th e
same o ne that 's used by th e TV
networks and stat io ns to test and

CIRCLE 76 ON FREE INFORMATION CARD

Electronic Specialty Products. Why
gamble with imports? You just can't

lose when you're holding all the A-C-E 's.
For more information contact your local
authorized Electronic Specialty Prod­
ucts distributor. Call 800-321-9668, or
(216) 354-2101 in Ohio to find the name
and location of your nearest dealer.
We Solve Problems.

A-C-E Board we make. They're con­
sistently reliable time after time, design
after design, contact to contact. No
import can make this claim.
A-C-E Board 100 series breadboards
are now available in five sizes, all with
the durability you've come to expect from

Electronic Specialty Products
3M Associated Electronics Department

9325 Progress Parkway, P.O. Box 540
Mentor,Ohio 44060

3M's new expanded line of A P Products
brand A-C-E Board 100 Series solderless
breadboards offer durability that can't be beat.
Why gamble with imports when you can
have the absolute reliability of an A-C-E
(All Circuit Evaluator) Board 100Series
solderless breadboard from 3M? We've
made it easier for you to design, proto­
type and test electronic circui ts by pro­
viding the most reliable, durable and
practical base from which to start.
You can bet we'll stand behind every
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WATS Free 1-800-843-3338 In Canada WATS Free 1-800-851 -8866
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Discover How The World's Only
1000/0 Automatic, Dynamic, & Portable

LC Analyzer Gives You Total Confidence
In Your Cap/Coil Testing ...

Call 1·800·843·3338Today!

Means Success In Electronic Servicing
3200 Sencore Drive, Sioux Falls, South Dakota 57107
Call Coll ect 605-339-0100 In SO& AK

CIRCLE 180 ON FREE INFORMATION CARD

LC77 AUTO-Z™
Aut omat ic Capacitor and Inductor Analyzer / . ~

Double Patented $1,895 ~ IEEE - 488/

The first cap/coil analyzer guaranteed to reliably test anywhere, without
calculati ons, look-up tables, or error - 100% automatically so you're confident
of your accu racy.

Do you wan t to eliminate doubt from your cap/coil testing? The LCn AUTO·Z
tests all key param eters wit h results anyone can understand . Automatic
good/bad res ults eliminate the guesswork for error-free analys is . Touch­
sensit ive key pa d and one-two -three setup makes your AUTO-Z the easiest and
fas test LC analyzer on t he market.

Are you fr ustrated trying to test the new high-tech caps/coils used in modern
electronics? Only the LCn AUTO·Z allows you to test t hem all. Test capa­
citors fro m 1 pf to 20 farads, with leakage tests to 1000 V and ESR to 2000
ohms for locating failures other testers miss . Inductor value from 1 uh to 20 H
and a patented ringing test for dependable, error-free coil testing every time.

Do you need the freedom of a battery-operated portable LC meter? The LCn
is 100% battery port able for use in the field or factory . The full power and
potenti al of t he LCn AUTO-Z is packed into a light-weight , portable package.
The AUTO-Z pu t s t he complicated electronics on the inside for ease of
operation on the outside.

Do you want maximum efficiency with a bus compatible LC testing system?
Your LCn AUTO·Z is IEEE 488 compatible for automated cap /coil analysis
for dat a collection, incoming inspection, and quality assurance tests.

Be satisfied t hat you can meet all the challenges new technology br ings. Call
WATS Free 1-800-843-3338 today and tell your Ar ea Sales Engineer you want
to " t ry before you buy" with Sencores exclusive 10 Day Self Demo.

AUTO-Z is a trademark of Sencore, Inc.

ali gn th eir recording and broad ­
casting equipme nt. Typi cal of pro­
fession al gear, th e Video Wo nder­
box feat u res seve ral specia l ized
o u tputs . Fi rst , th er e 's a co n­
ve nt io na l 75-o hm video o utput
with a sw itchab le peak-to-peak
o utp ut level of 0.5-, 1.0-, and 1.5­
vo lts. Then the re's an NTSC com­
posit e (V and H) TTL-l evel sync
o ut put, a co nve nt io na l 9-p in D­
co nnecto r RGB TTL-level o utpu t
fo r test ing co mpute r and " univer­
sal" TV monito rs, and fin ally, an RF
o ut put having a nominal outp ut
level of 5 mV into 75 ohms, wi th an.
o utput atte nuato r wi th a range of
0-20 dB.

Noti ce t hat we didn' t refer to a
" conventi onal " RF output. That 's
b-e-c-au se it's an yt nin g o ut co n­
ventional. Instead of havin g an RF
output on Channels 3 and 4 (or 2
and 3), tile Video Wonderbo x's
out put f requency can be tuned via
a front-pan el verni er contro l to any
channe l in th e sw itch-se lecte d
band s of Channe ls 2-5 , 7-13 , and
14-40. If yo u suspec t th at th e rea­
son a TV has defi cient co lo r o n
only one o r a few channe ls mi ght
be poor fro nt-e nd alig nme nt o r in­
te rna lly gene rated spuri, yo u can
set th e Vid eo Wonderb ox rig ht to
t he troublesome chann el . In th at
way, at th e very least yo u can be
certain that you 're working with a
trouble-free input signal.

Because it 's of te n necessary to
make intercarri er chec ks and ad­
justme nts, th e RFo utput has a 4.5­
MHz sound inte rcarr ie r th at can
be 100% modulated (25-kHz devia­
ti on) at 1000 Hz. The ratio of video
and sound carr ie rs is f ixed at 10:1.

The video, RF, and RGB tes t sig­
nals are sw itc h-selected . They are:
• 8 x 14 B&W video chec kerboard
• 19V x 15H B&W crosshatc h
• 10V x 8H B&W crosshatc h with
centered dot s
• Line and fi eld squarewave. (Top
half of fra me B&W ; bottom half
W &B.)
• Whi te fi eld
• Black fi eld (at bl anking leve l).
• Red f ie ld
• 8 Vertica l co lo r bars (plus max­
im um sc ree n bri gh tn ess for 9
bars).
• 7 H or izon t al co lo r ba rs (no
black o r maximum bright ness).
• Circle (w hich can be superim­
posed ove r any pattern )



NRI Trains You AtHome As You Build
Your'Own IBMPCCompatible Computer

IBM is a Registered Trademan;of IBM Corporation.
Epson Is a Registere<fTrademart of Epson America, Inc.

Apple and the Apple logo are RegisteredTrademarh of Apple
Computer, Inc.

Compaqis 8 RegisteredTrademark of COMPAQComputerCorporation.
~ 1985 AT&TTechnologies, Inc.

Total Computer Systems Training,
Only From NRI
No computer stands alone ... it's part of a total
system. To really service computers, you have to
understand computer systems. And only NRI includes
a powerful computer system as part of your training,
centered around the new, fully IBM PC compatible
Sanyo 880 Series computer.

Learn the Basics the NRI Way-
and Earn Good Money Troubleshooting
Any Brand ofComputer
The biggest growth in jobs between now and 1995,
according to Department of Labor estimates, will
occur in the computer service and repair business,
where demand for trained technicians will actually
double.

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

GET THE KNOW-HOW
TO SERVICE EVERY

-COMrUTER-ONTHIS
PAGE...
AND MOREl
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supply- to ensure that you have
all the essential skillsyou need
to succeed as a professional
computer service technician.

YourNRI total systems training includes:
• NRI Discovery Lab' to design and modily
circuits. Yourtour-function ,digital
mult imeterwith walk.you-th~1i

instructions on audio tape' Dig.tallogic
probe for visual examinat ion of keyboard
circuits· The newestSanyo880Series
Compute r with " intelligent" keyboard and

No Exper.oence Needed, 360K double-density, double-sided disk
drive· High resolution monochrom e

NRI Bu.oldsIt In monitor' 8K ROM, 256K RAM' Bundled
softw are including GW BASIC,MS-DOS,
WordStar,calcstar- Reference manuals,

. This is the kind of practical, schematics, and bite-size lessons.

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

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

You start with
the step-by-step
assembly of the new, highly-rated , Sanyo
computer. You install and trouble­
shoot the "intelligent" key-
board. Then you assemble the
power supply , install the disk
drive, and add extra memory to
give you a powerful 256K RAM system.
The new 880 computer has two operating speeds:
standard IBM speed of 4.77 MHz and a remarkable
turb o speed-of 8-MHz;-making it-almosn wice-as;;. ,.- - - - - - - -
fast as the IBM Pc. Next , you'll interface the high­
resolution monitor and begin to use the valuable software
also included with your complete computer system.

It all adds up to confidence-building, real-world
experience that includes training in programming, circuit
design , and peripheral maintenance. You'll be learning
about, working with, servicing, and troubleshooting an
entire computer system- monitor, keyboard, computer,

disk drive, power
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Age

D Basic Electronics
D Electricians
D Small Engine Repair
D Air Conditioning, Heating, & Ref.
D Locksmithing & Electronic Security
D Photography
D Bookkeeping & Accounting

Name (Pleaseprint)

Street

~i!!!S~d:~~~~ Center :~!~
3939 Wiscons in Avenue, NW, Washington, DC 20016 I .MII
We'll give you tomorrow.

[E' CHECK ONE FREE CATALOG ONLY
D Computer Electronics
D TV/AudiolVideo Servicing
D Satellite Electronics
D Robotics & Industrial Control
D Industrial Electronics
D Telephone Servicing
D Digital Electronics Servicing
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CALL NOW
AND

RESERVE
YOUR SPACE

Call 516-293-3000 to reserve space. Ask
for Ar line Fishman. Limited number of
pages available. Mail materials to:
Computer Admart , RAD IO - ELEC­
TRONICS , 500-B Bi-County Blvd., Farm­
ingdale, NY 11735.

• 6 x rate $800.00 per each insert ion.
• Reaches 245,824 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

MEET THE WORLDS SMALLEST MULTI­
FEATURED AUTO DIALER. Dials any of 100
Stored numbers, accesses computer ser­
vices and long distance networks. Features
LCD display,electronic code for private num­
bers, prefix encoding , redial and pause. Use
as a calculator,stop watch, timer, alarm and a
clock. Easily fits in shirt pocket. (2Y2 x 3). In­
cludes full instructions and carrying case.
$49.95+$3.74 for shipping. Order toll free
1-800-624-1150. For a free catalog call (402)
554-0383 . UNITED IMPORTS & MFG., 6846
Pacific St. Omaha, NE. 68106

CIRCLE 218ON FREE INFORMATION CARD

SUPER HOLIDAY SPECIALS on our Multi­
Channel Microwave T.V. receivers-1.9 to 2.7
GHz -40 + dB Gain. 1 Complete System
ONLY $84.95 (shipping included). Buy 5 at
$75.00 each and get 1 FREE. $2.00 Credit on
phone orders - CALL 602 230-0640 or send
your order to K & S ELECTRONICS, P.O.
BOX 34522, PHOENIX, AZ. 85067. We ac­
cept VISA/MASTERCARD/AMEX/COD.
Prices good thru December 31, 1987.

CIRCLE 194ON FREE INFORMATION CARD

HUGE SHORTWAVE COMMUNICATIONS
CATALOG. Over 70 pages of the latest in
radio monitoring equipment. Includes com­
mun icatio ns receivers, portab le shortwave
rad ios, rad ioteletype and facs imi le equ ip­
ment, books, antennas , headphones and ac­
cessor ies. Explore the world from your living
room with shortwave radio! Catalog available
for $1 (refundable). UNIVERSAL SHORT­
WAVE RADIO 1280 Aida Drive Dept. RE7,
Reynoldsburg, OH 43068

RADAR SPEED UNIT. Used professional
mode l. Moving and stationary use, dual dis­
play, SPECIAL $199. Other mode ls from
$275. For clocking speeds in skiing, racing,
bowling, baseba ll, etc. NEW IBM-COMPATI­
BLE COMPUTER system. Fully expandab le,
includes monitor, graphics/printer card, 362K
floppy drive, game/seria l ports, 256K memo-

.ss.AT-style keyboard, free programs . Mono­
c hrome , $895; color, $1095. AIS
SATELLITE, INC., P.O. Box 1226-0, Dublin,
PA 18917. 215-249-9411.

CIRCLE 214 ON FREE INFORMATION CARD

• Greyscale staircase
• Color burst disabled

The various crosshatch and
checkerboard patterns are pri­
marily used for indicating linearity
and color-convergence at the
sides and corners of the CRT.
(When the corner squares start to
resemble diamonds you know its
the monitor that's stretching the
picture, not your eyes.) The pure
white and black screens are great
for optimizing the adjustment of
the CRT's min/max brightness
range (blacks really look black­
not gray), while the all -red screen
is used to test for color purity.

If the pictu re has smear at
brightness-level transitions, pulls,
ref lections, or other evidence of
low-frequency misbehavior, the
line and field squarewave will
guide you right to the trouble­
spot.

As far as the color bars are con­
cerned, they are razor sharp at the
co lor-bar transitions. Anything
less than razor-sharp separation
ge ne rally means that there's a
problem with the monitor's fre ­
quency response. However, ex­
pect considerable separat ion
smearing from a color TV because
it simply doesn't have the overall
frequency response necessary for"
sharp trans itions.

The circle provides an excellent
astigmatism test. Proper astig­
matism adjustment can be ex­
tremely critical for the correct
display of computer graphics. Al­
though an astigmatism adjustment
usually is provided only on the
finest oscilloscopes, it can be par­
tially simulated by a TV's H and V
linearity controls . Since there is no
easy way to use the circle part of a
TV test pattern for a computer
monitor alignment, and since few
TV-station test patterns are trans­
mitted during normal working
hours, the circle overlay is one of
the best tools for making critical
astigmatism adjustments to high­
performance TV and computer
monitors . Essentially, the circle
overlayed on the 19V x 15H
crosshatch makes a good sub­
stitute for a TV test pattern.

The instruction manual claims
that various color patterns can be
attained by simultaneously de­
pressing two pattern switches,

continued on page 30
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SIC ••DYNA.CAN CDAPDAATIDN
6460 WestCortland St,• Chlcago,lL 60635 · 312-889-9087

Intemational Sales, 6460 W Cortland st, Chicago, IL60635
Canadian Salas. AtlasElectronics. Ontario
South and Central American Sales, EmpireExporters. Plainview,NY11803
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safety test leads
Fiveall-new models step ahead of the competition with better specs and
higher performance per dollar.Weve also packed more features than ever
into every model.

All five instruments measure voltage, current and resistance, check
continuily and diodes, and feature a new ergonomic case with angled
LCD readout. Depending on model. additional capabilities include logic
level , capacitance measurement. transistor gain, true RMS, frequency
measurement. high-current measurement.data hold, peak hold and even
temperature.

Like all B&K·PRECISION instruments. these new meters are made for the
real wor ld. They offer a drop-resistant case and the triple protection of
reverse polarily protection, overload protection, and high-energy fusing.

Best of all, the B&K-PRECISION DMM you want is already in stock at your
local distributor. Call today for full details.

HAND-HELD TEST BENCH READS VOLTAGE,
RESISTANCE , CURRENT, HFE TEMPERATURE
AND LOGIC.
The new 2906 3Y, digit OMM from B&K -PRECI­
S ION is virt ually a hand -held test bench, with a re­
markab le range of functions. °C and °F temperature

mea surem ent s cove r from
- 20C to iooo-c. The logic
capability is ready for TTL
and CMOS circ uits . Other
features include drop resis­
tant case , rever se polarity
and ove rload protect ion ;
plu s hi gh -en erg y fu s­
in g . DC accura cy, 0 .25%
VOC . $95. 00 Con t act :
B & K :"P'"IrE"t: I S10 N ,
6460 W. Cor tland Street ,

Chicago, IL 60635 (3 12) 889 -9087.

$75 DMM MEASURES CAPACITANCE, TRANSISTOR 4'h DIGIT TRMS DMM READS FREQUENCY AND TEM-
HFE, MORE . .. PERATURE
B&K-PRECISION'S new 2905 is a more-than -full.' The new 2945 is well suited for both the analog and digital
3 '/, dig it OMM, at a surprising ly low price. r. worlds . OCV accura cy is 0 .05%, with 101-'V, IOnA,
elude 0 .5% VD C accuracy; J(X) I-'V, 0.1~ " 0 .010 resolut ion . Data hold freezes voltag e and curre nt
tion. Measur es capacitance to 20mF v . read ings. °C and OF temp erature readin gs are from
tion. Audible continuitv and diode . ~ - 20° to + iooo-c, frequency from 20 Hz to 200 kHz.
For field survivabilityvit fe"' AC voltage and curre nt are read in tru e RMS. Also
ver se polarity and o\ "~'~ ...1\ checks contin uit y and diodes. $250 .00 Contact:
fusing. Conta ct : p r 01 . ..tOY" B&K-PRECI S IO N , 6460 W": CortIan(j"" Street ,

1:;iiiii~ ~~e~~'p~i~fuio f-'~ '/V'f . Chicago, IL 60635 (3 12) 889-9087. "'.lIii l
3'/, digit DMM, at (1"
elude 0.5% VD C ace r I ~

B&K -PRECIS ION 'S n e w 290 5 IS a 0V
more-tha n-fu ll-feature 3 '/, digit OMM, at a sur- ;- f
prising ly low price. Features include 0 .5% VO C
acc uracy; ioo I-'V, O.II-'A , 0 .10, resolution. Measur e
capacitance to 20 mI' with up to 1pF resolut ion. Aud ible
cont inuity and diode junct ion tests are built in. For field
survivability, it features a dr op resistant case, reverse
po larity and over load pr ot ecti on and hi gh- ener gy
fusin g. Contact : B&K-PHECISION, 64 60 W. Cort­
land St reet , Chicago, IL 606 35 (312) 88 9-908 7.

TRUE RMS DMM OFFERS
PEAK HOLD , CAPACI·
TANCE , AND LOGIC
3 Y, di git tru e RMS handheld
DMM featuring 0. 1% D C
ac c u ra c y . H o u se d in a n
e r gonom ic , drop -res ist ant
ca se, the 2907 offers many
fun cti on s and a low price .
Resolution is 1oo u V, 0 .1 I-'A
a nd 0. 10 . Ca pac ita nce to
201-'1' with I pF resolu t ion .
P eak hold featur e freezes tr an sient readin gs. Fully
protected . Also checks logic, continuity and diodes.
$ 190. Conta ct : B&K-PRECISION, 6460 W. Cort­
'l3ii'Cn>treet , Chicago, IL 606 35 (312) 88 9-908 7.

FREQUENCY COUNTER AND DATA HOLD
HIGHLIGHT-NEW 4'h DIGITDMM
For engineers in need ofa high­
acc uracy 4Y, digit OMM and a
low ran ge frequ ency counter
th e 2940 is made to order. DC
vo ltage acc uracy is 0 .0 5 % .
Reso lut ion is 101-'V, IOnA, and
0 .0 10 . Fr eq uency measure­
m e nts sp an fro m 20H z t o
200kHz with up to 1Hz reso­
Iut ion . The 29 40 features a
drop resistant case with full
int ernal circuitry pr ot ect ion . I.t. ...~,,__

~1 5 5 . 00 Co ntact : B&K -
RECrs IO N , 6 460 W .

C or tland Street, Chicago, IL
60635 (312) 889-9087.

CIRCLE 77 ON FREE INFORMATION CARD 21



FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

Good
as

Gold.

th at del ive rs th e bass, power han­
dling, dynamic range, and spat ial
accuracy of a mu ch larger syste m.

Of th e two manual s, one con­
tains 40 experiments that lead th e
user t hrough th e fun damental s of
dig ital ci rcuitry. The othe r contains
sup po rt info rmat io n such as man­
ufacturer 's data sheets fo r lC's
used in th e course; information
abou t th e t raining boa rd, includ­
ing schematics and parts li sts; an
index, and answe rs to th e qu es­
tions posed in each expe rime nt.

Th e M ic ro la b i s pri c ed at
$220.00, plu s $15.00 fo r shi pping
and handling (U.S. fun ds).-Mas­
tertech Laboratories, Inc., 302 Royal
Trust Bui ldi ng, 612 View Street,
Victoria, Brit ish Co lumbia, Canada
V8W 1J5 .

CIRClE 10 ON FREE INFORMATI ON CARD

DIGITAL CIRCUITS COURSE. The
M icrolab 1/ is intend ed to intro­
d uce students with li ttl e or no
background to the wo rld of di gital
electronics. The co urse includes a
training board, two manu als, and
all co mpo nents required to co n­
duct the co urse's experime nts.

At th e heart of t he t raining boa rd
is a solderless breadboard th at al­
low s expe rimental circ uits to be
qu ickl y asse mb led and take n
apart. Surro undi ng t he b read­
board are sup po rt ci rcuits fo r th e
experi me nts, i nc lu di ng a bar­
graph meter, a seven-segment LED
d isplay wi th driver, swi tc hes, a re­
lay, a speaker, and more.

LOUDSPEAKER SYSTEM. Th e
model AM-S, is a compact, three­
piece lou dspeaker co nf ig ura tio n

NEW
PRODUCTS

MU~ipurpose holster(lD
Touch Hold function (77)

Range hold (75 & 77)
Audible cootinuity (75 & 77)
3-year warranty

Analog/digital display
0.7%.05%.and 0.3% basic de accuracy

FLUKE73, 75,77
$79, $109, $145

The 70Series Multimeter: The Shining
Standard By Which Others Are Measured

These multimetersgive you solid value for
your money. A3-year warranty keepsyou from
paying theprice over and over for lesser quality
meters.

Choose from either the basic 73 or the
feature-rich 75 and 77. You'll findthefeaturesyou
need at the price you can afford. Touch Hold' for
holding readings. Audibletonesfor continuity
checks. Autoranging for simpleoperation.

Uncompromised quality at competitive
prices. Get your hands on a70 Series Multimeter
at leading electronicsdistributorsnationwide. Or
call toll free 1-800-227-3800, ext. 229 for more '
information.

~ \\Jlts. ohms. lOA. diodetest
Z Autorange
o 200)+ hour ballery lite
a:
t-
O
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160 4P $15 .95

2785 $34.95
Counts as 2

2839 $15 .9 5 1536P $8.95

(Publi shers' Prices Shown)

All books are hardcover
unless otherwise indic ated.

1553 $1 5.9 5

1663P $17 .95

1992 $14.95

TRANSDUCER
PROJECT

BOOK

1503P $15.95

:-

(L" .4L10

R[f[RL~Cf-_ GLlUf TO
ELECTRONICS
M ASUFACfURERS'
rU 8UCATlO 'S

2707 $24.95

FREE when you join!
Reference Guide to
Electronics Manufacturers '
Publications
A ti me- and money-saving list
of product literatur e from all
th e major electro nic s suppliers .

(a $6 .95 value)

City _

StatelZip Phone _
Valid for new members only. Foreign applicants will receive spec ial ordering instructions. Canada
must remit in U.S. currency. This order subject to acceptance by the Electronics Book C lub~ .

RE·1187

Electronics projects .. . ideas ... the latest technology
all at up to 50% off publishers' prices

•••• •...•...•...•........••.. •..•...
~EH:~TA[]I~U~S I)[][]K ~LUB@ -r-:«\Jl!/ P.O. Box 10, Blue Ridge Summit, PA 17214
Please accept my membership in the Electronics Book Club@and send the 5
volumes listed below, plus my FREE copy of Reference Guide to Electronics
Manufacturers ' Publications (2683P), billing me $3.95 plus shipping and handling
charges. If not satisfied, I may return the books within ten days without obligation
and have my membership canceled. I agree to purchase at least 3 books at regu­
lar Club prices (plus shipping/handling) during the next 12 months, and may reo
sign any time thereafter.

2T5?'-------1
Name _

Membership Benefits · Big Savings . In addition to this introductory
offer, you keep saving substantially with members' prices of up to 50% off the
publishers' prices. • Bonus Books . Starting immediately, you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers' prices. • Club
News Bulletins. 14 times per year you will receive the Book Club News, describ­
ing all the current selections-mains, alternates, extras-plus bonus offers and
special saies, with hundreds of titles to choose from. • Automatic Order. if you
want the Main Selection, do nothing and it will be sent to you automatically. If
you prefer another selection, or no books at all, simply indicate your choice on
the reply form provided. As a member, you agree to purchase at least 3 books
within the next 12 months and may resign at any time thereafter. • Ironclad
No-Risk Guarantee. If not satisfied with your books, return them within 10 days
without obligationI • Excepti onal Quality. All books are quality publishers' edi­
tions especially selected by our Editorial Board.

• Address _

·····•··•...... •........•.•...........• ••................

SELECT 5 BOOKS
for only $3.95

(values to $123.70)

and get a Free Gift!

119 9P $16 .95

1964P $10 .95

© 1987 ELectronics Book Club'!>
Blue Ridge Summit . PA 17214

1999P $14.9 5

55
EASY-TO-BUILD

ELECTRONIC
PROJECTS

1977P $18.95

2722P $14 .95
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CTCSS ENCODER. Th e m od el
SS-32SM~ is designed for use in
handheld radios and othe r size- re­
st ricted applicat ions. It measures
.53 x 1.00 x .16-inch, and offers
full ton e versati lity and a high au­
dio level.

Any 32 to ne fre q ue nc ies be ­
tween .01-255 Hz may be selected
fo r storage into a 32-bit EEPROM
memory. The to ne frequ encies can
be standard or non-standa rd, and
may be changed at a later date if
desi red . The requ i red ton e fr e- .
qu ency is selected by so lder ing
bi nary-coded ju mpers on th e to ne
board. The mod el SS-32SM P may
also be ordered to work as a six­
to ne encoder (no sw itchi ng d i-

The mod el CR-COlO has a sug­
gested li st pri ce of $319.95.- Sharp
Electronics Corporation. Sh arp
Plaza, Mahwah , NJ 07430.

CIRCLE 12 O N FREE INFORMATIO N CARD

Smalle r than a qu art co nta iner of
milk and the we ight of a standard
teleph on e, each two-cube speak ­
er array can literally fit in the palm
of a hand . Two of those arrays and
an Acoustimass modu Ie (abou t th e
size of a typewri te r) comprise th e
syste m.

TABLE-TOP RADIOS. The mod el
100 (show n) and the model 200B,
are co mpact clock radios with th e
cont ro ls and t he sound of a high­
f ide lity syste m.

The mod el 100 is monaural, and
features freq uency-synth esis t un­
ing w it h three mem ory preset s,
high-density pressboard cabinet,
separate bass and t rebl e co ntro ls,
dual independent alarms (bu zzer
at o ne ti me, mu sic at anothe r),
ram p-up (increasi ng -lo ud ness)
ala rm, co nt i n uo usly va r iab le
"s leep" ti mer, and dimmer co n­
t rol. Tim e, stat io n, and status are
indicated on a liquid-crystal fron t-

panel display. It has a suggested
retail price of $159.00.

The model 200B is stereo, and
co mes in two p ieces . O ne con­
tain s t he rad io and lef t- ch ann el
speake r; t he ot he r contains t he
right-chann el speaker. It has all of
th e features of the mod el 100 ex­
cept dual alarm s. Besid es stereo
recepti on and reprodu cti on , th e
mod el 200B offers an auxiliary in ­
put suitab le for a tape deck o r CD
pl ayer. It has a suggeste d ret ail
pri ce of $275.00.- KLH Division of
Kyocera Electronics, Inc., 100 Ran­
dolph Road, CN 6700, Somerset ,
NJ 08873-1284.

CD MUSIC SYSTEM. The model CR-
CIRClE 11 ON FREE INFORMATION CARD COlO, combines an AM/FM- stereo

- -- - --compact disc player ana a 6uilt -in
In addition to th e fl exibility of- di gital clo ck timer. The top-load-

fered by th e small and adjustabl e ing CD player features Automatic
cube -spe ake r arrays, th e mod el Programm able Music Selector and
AM-S is avai lab le w it h severa l Auto mat ic Program Search System
mounting bracket s and access o - fun ction s. Twin 3%" speakers de-
ries that allow it to be plac ed or liver full -bodied sound. The LCD
suspended anywhere. The wide- clock sect ion fe at u res a co nve-
range driver in each cube speaker nient wake-up timer and a sleep
is also magneti cally shielded for fun ction.
use with a vid eo monitor or TV set.

The mod el A M-S is pri ced at
$699.00.-Bose Corporation, The
Mountain, Framin gham, MA 01701 .

CraftedinWestGermany,
the high-speed, low­
voltage, hand-held drills
are extremely quiet,
lightweightand cool
running with a very low
vibration level.Speeds
rangefrom0-21 ,000RPM
with a universalchuck to
accommodate accessories
up to .1 25 in size.
Accessories for~
appllcationl
Adapt your drill to all your
exacting needswith over
100 high qualitydrill bits,
grindingstones and
Wheels, saws, culling
wheels,sanders, brushes,
polishers and other
accessories. Available in
"kits" orasseparate items.

Your exacting standards
demandSterling quality.

WAHL CLIPPER CORPORATION
2900 Locust Street, Ster ling, IL 61081
(815) 625-6525

CIRCLE 176 ON FREE INFORMATION CARD
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V-1060 OCto 100MHz

$1345. Save $1501
V-665 DCto60MHz
W~h Cursor readout.

$1145. Save $1501
V-660 DCto60MHz

$970. Save $1251

V-1065
DC to 100MHz
WithCursorReadout

$1595.
Save $2001

PROBES INCLUDED WITH ALL HITACHI
SCOPES AT NO EXTRA CHARGE!

@> HITACHI COMPACT SERIES SCOPES
• 6"CRTwith Internal Graticule • Delayed Sweep •±3%Accuracy
• Dual Channel X-VDisplay • Single Sweep • Bandwidth Limiter
• SweepTimeAutoranging • TriggerLock • 400VHigh Input

• CRTReadout Voltage Protection
• TV SyncTriggerCircuit

z
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V·110OA DC to 100MHz, Quad
Channels, Delayed Sweep
$2240. Save $2501

V-680 DC to6OMHz, Triple Channels,
DelayedSweep $1340. Save $1501

V-423 DC to 40MHz, Dual Channels,
Single Time Base Delayed Sweep
$745. SlIve$2501

V·1050F DC to 100MHz, Quad
Channels, Delayed Sweep
$1445. Save $1501

V-650F DC to60MHz, Triple Channels,
DelayedSweep $1070. Save $1251

V-422 DC to40MHz, Dual Channels
$795. Save $1301

V·509 DC to 5OMHz, Dual Channels,
DelayedSweep $1195. Save $2501

V-058G DC to 5MHz, Dual Channels
$838. Save $1001

V·134 DC to 10MHz, DualChannels
$1420. Save $2001

V-425 DC to 40MHz, Dual Channels
$845. Save $1501

Save $135!
, Instant Hard Copy From Oscilloscopes
,5",6"and 7"Hoods (Available separately

@ $51 ea. Please Specify size)
, Pistol Grip For Ease ofOperation
• Works on Any Make ofOscilloscope
• Three Full Year Warranty

POLAROID®
DS-34
CAMERA

$1750.
Save $2001
1MHz Sampling,
Dual Channels

$822. Save $1751

DC to 20MHz, Dual Channels,
Delayed Sweep

,CRT: 6' rectangular with 2k V Potential
, Vertical Deflection: Ver. Modes: CH1,
CH2, ALT, CHOP, ADD (DIFF). Bandwidth:
DC to 2OMHz(-3dB). Sensitivity: 5mV/div
to 5V/div. Max Sensitivity : 1mV/div at X5
Mag. Extends.
,X-Y Operation (CH1 :X, CH2:Yj: 30 or
less from DC to 50kHz
,Weight:?kg (15.5Ib)

VC-6020

~~
M. B. ALLEN
SUPPLY COMPANY

•
. : ~LLEN SQUARE

300 Block North
~ Rampart Street

.........iiliiiiMil New Orleans
,m'WlrE- Louisiana 70112

TOLL FREE 800 535-9593 ' LA 800 462·9520

NEW ORLEANS (504) 525-8222, FAX (504)525-6361

• American Express, Visa' MasterCard,
928 pg CATALOG free with your order

• Usable as both a conventional osdlloscop9 aM a digital storage
scope.• 2kV Potential 6' CRT • DC to 2OMHz(-3dB). Sensftivity:
5mV/div to 5Vldiv. GPIB, IEEE 4B8Resolution: 8 b~ . Max. Storage
Freq:l00k Hz(-3dB). Memory Capacity: lk words/ch. Hor. R86.:100

int/div. Sweep Time: 0.1m'div to ls/div.Data output: Analog.

V-222 , Same as above,
but with CH 1 output

and DC offset voltage monitor outlet
available for external counter or DVM.

$515. Save $2001

V-209 DC to 20MHz, Dual Channels
, CRT: 6"rectangular with 1.5k V Potential
, Vertical Deflection: Ver. Modes: CH1, CH2,
ALT, CHOP, ADD (DIFF) Bandwidth: DC to
20MHz(-3dB). Sensitivity: 5mV/div to5V/div .
Max Sensitivity : 1mV/div at X5 Mag. Extends.
'X·y Operation (CH1 :X, CH2 :Y): 30 or less
from DC to 100kHz
, Weight: 5kg (11Ib)

DC to 20MHz, Dual Channels
'CRT: 6" rectangular with 2k V
, Vertical Deflection: Ver. Modes: CH1,
CH2, ALT , CHOP, ADD (DIFF). Band­
width: DC to 2OMHz(-3dB). Sensitivity:
5mV/div to 5V/div. Max Sensitivity:
1mV/div at X5 Mag. Extends .
• X·y Operation (CH1 :X, CH2 :Y): 30 or
less from DC to 50kHz
, Weight: 6kg (13.3Ib)

V-212 $440. Save $1751

V-223 $695. Save $1001

CIRCLE 103 ON FREE INFORMATION CARD 25
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also features a qu iet co mputer­
style fan, a full-wave power supp ly
wi th compute r grade capacito rs,
adju stabl e ALC, and vernie r-tuned
plate and load cont ro ls.

The mod el 58 -1000 is pri ced at
$739.95- Heathkit, P.O . Box 1288,
Benton Harbor, MI 49022.

RELAY SERVICE KIT. Th e m od el
}TK-64, co ntai ns a comprehensive
too l select io n for relay mainte­
nance. Furn ished in a compact 12Y2
x 10 x 2Y4-inc h padd ed zipper
case, the tool select io n includes

can for $8.00.- Lab Products, 29501
Greenfie ld Road , Suite # 109 ,
Sout hfie ld , M I 48076.

LINEAR AMPLIFIER. Th e m od el
58-1000 , p rov ides a full 1000-watt
PEP SSB out put, o r an 850-watt CW
o ut p u t. I t pr o v i'd e s full H F
coverage from 160 to 15 meters, in­
cluding 80% of rated output on th e
three WA RC band s. The amplif ie r
uses a sing le 3-500Z tube in a high­
effic iency circuit, and has a hyper­
sil stee l E-I co re t ransfo rme r fo r
hi gh- perf orman ce o pe rat io n . It

CIRClE 15 ON FREE INFORMATIO N CARD

d uct ive, no n- toxic, resid ue -free,
anti -static , rapid -dryi ng e le c­
t ron ics-grade solvent that remove s
d ust , di rt , oi l, and ox ides. It is
co mplete ly safe fo r use on com­
puter, v ideo, audio, tel ephon e,
and business equip ment. TEC is
availab le in an eight-o unce spray

TOTAL ELECTRONICS CLEANER.
TEC is an improved fo rmula con­
taining a cleaning product th at has
been used by p rofession al techni­
cians fo r years. It is a non-con-
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odes are necessary) at no extra
charge . M ulti p le -tone sw itch ing
ove r six to nes can be don e w it h
switc hi ng -d iode netw o rks o r a
b in ary sw itc h. Ton e fre que nc ies
abo ve 255 Hz can be orde red for a
slig ht add it io nal charge .

u,I- - - -W- - - The-mo"del-55325M P-features a
low-impedance, low-di stortion ,
ad justab le sinewave output th at
can provide sufficie n t devi ati on
for most handheld radi os. It oper­
ates on 6-15 vo lts DC so th at vol t­
age-droppin g res is to rs sho u ld
never be required . It is pri ced at
$27.95.- Commun icat ions Spe­
cialists, Inc., 426 West Taft Avenu e,
Orange, CA 92665-4296.• Mobile/2-way/Channel Elements

• Pagers
• Marine
• Air cralt
• Telemetry
• 'Monitors/Scanners

AMATEURS

• CB '
• Hobbiest
• Experimente r

• COST EFFECTIVE
• MODERATE PRICING
• FAST DELIVERY"

CK STEK

UARTZ
CRYSTA S/OSCILLATORS

! FOR
EL.ECTRONIC - INDUSTRIAL, ,

• Mic ro-Processor Contro l
• Computers/Modems
• TesVMeasurement
• Medical

COMMUNICATIONS-REPLACEMENT

CRYSTEK CRYSTALS
2351/2371 Crystal Dr.• Ft. :M'yers, FL 33907
P.O. Box 06135 • Ft. Myers, FL 33906-6135

TOLL FREE 1-800':237-3061
. (813) 936-2109 - TWX 510-951-7448
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Pulse of
Dependable Communications
Ciys tek Crys tals offe rs the ir new 16 page
FREE catalog 01 crystals and oscillators.
O ff ering stat e -o l-t he -a"r t c r ys t a l
compo nents manutactueredjw the latest
automated technol og y. Custom designed or
"off the shell ," Cry stek meets the need,
worldw ide. Write or call today!
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over 40 items, in clu ding br ushes,
burnis he rs, f i les, gauges, lamp ex­
t ractor, mirror and magn if ie r, ign i­
tion wrench, p liers, circuit tester,
solde ri ng iron, w ire stripper, and
more.

The m o d el JTK-64 is recom ­
mend ed for profess io na l serv ice
and repair of magnetic relays and
soleno ids in te lephone/co mmun i­
catio n systems, process co ntrols ,
and ot her p lant equ ipment. It is
priced at $289.-Jensen Tools, 7815
S. 46th Street, Phoenix, AZ 85044.

A-B switc h, and is supp lied w it h
three BNC connecto rs. The large
act uator p rovides a positive
switching action . That design in-.
corporates an unusually high iso­
lation between unused lines .

The switc h is easi ly mo unt ed on
t he side of a desk, or on a wall, by
use of two-sided adhesive tape (in ­
cl uded). It is eq ual ly usefu l in of­
fices or labs w he re the re is a need
for switchi ng coaxia l lin es that ter­
mi nate with BNC co nnectors . The
model OSK is pr iced at $22.00.-L-

Com Data Products, 1755 Osgood
Street, North Andover, MA 01845.

REMOTE POWER SWITCH . Th e
model R119, is a sing le-out let de­
vice that can be used for remote
contro l of multip le-o utlet str ips ,
surge suppressors, comp uters, or
per iphe rals . It feat ures a Velc ro
mo unti ng pad , so that it can be
placed conveniently under a desk
or work tab le to contro l an ent ire
workstation.

The model R119 converts a sur-

Zip--StateCity

Company

----

JOSEPH ELECTRONICS, INC.
8830N.MilwaukeeAve, Dept. R 1
Niles, iL'60648

o Rush"merchandiseper attached order. 1
Iunderstand ratedaccountsareshipped open
account; otherwise send per credit card. Z
o VISO 0 Master Card 0 Oiscover 1 ~
o Check 0 Money Order 0 Rush Catalog m
Card No. Exp. Date _ _ I ~

~~ m
:D

---

Send for FREE480 page "Industrial
ProductsCatalog".IunderstandIt isFREE
with any order or if requested on
company letterhead. (Cttherwise, $4.95
to cover catalog and shipping costs.)

ORDER Tall FREE

1·800·323·5925
IN IWNOIS

1
312·297·4200

1 liSfi~r.
L J,,:I::~fI!:S _
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MODULAR OSCILLOSCOPE PRO­
BES. The SP300 Ser ies , range in
band w idth f rom 10 M Hz to 100
M Hz and adapt to all os ­
cil loscop-es. They feature rep- Iacea­
b le tips, probe cab les, probe
head s, and gro u nd lead s. De­
sig ned to be u sed i n a wide
number of applications, each pro­
be is equipped with its own ac­
cessory kit having two insulat ing
t ips, a quick-conn ect BNC adap t­
er, a spring hoo k, and a t rimmer.

A hi gh ly-fl exi bl e sil icone- insu­
lated probe cab le is offered in one,
two, and three-meter lengths. A
read-out actuator optio n for use
with all x 10 probe cab les is also
availab le.

Prices fo r t he SP300 Series start
at $27.00 .- 0K Indust r ies, Inc. ,
3455 Co nner Str eet, Bro nx , NY
10475.

COAXIAL SWITCH . Th e m o d e l
OSK, measures on ly 3.1" x 1.9" x
1" overa ll. It functions as an SPOT
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DECODE NEARLY ANY SINGLE LEVEL
APPLIANCE REPAIR HANDBOOKS-13 GATED PULSE SIGNAL. New circuit works
volumes by serv ice ex pe rts; easy -to- with Hamlin, Jerrold, Sylvania, and Eagle
understand diagrams, illustrations. For major systems. Decodes In-band, Out-band, AM or
appliances (air conditioners, refrigerators, FM reference. Complete educational kit in-
washers , dryers , microwaves, etc.), elec. cluding PC . board, parts, case, and 40 page
housewares , personal-care appliances . gated pulse theory booklet is only $47.00
Basics of solid state, setting Lip shop, test plus $3.00 shipping. Order no. 1PFD-1K.
instruments. $2.65-to-$ 5;90- each:-Free - - El EPHANT-El ECTRONICS INC. P.O. Box
brochure. APPLIANCE SERVICE, P.O. Box 41865-R, Phoeni x , AZ 85080. (602)
789, Lombard, IL 60148. (312) 932-9550. 581-1973
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CABLE TV CON VERTERS AND DE­
SCRAMBLERS. Large se lection of top
quality merchandise . Low prices. Quantity
discounts. We ship COD. Most orders are
shipped within 24 hrs. Send $2.00 for catalog.
CABLETRONICS UNLIMITED, P.O. Box
266 Dept. R, S. Weymouth , MA 02190(617)
843·5191
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SIMPLY SNAP THE WAT-50 MINIATUREFM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S+H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.
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SIGNAL STORAGE AND DRIVER-AN 05­
COPE ACCESSORY. Dual channel. Input
and output sensitivity: ± 50mV to 15V. 10MO
input, 10mA output. Automatic internal sync.
Stores 4 cycles minimum. Frequency switch
with ideal ranges of .5Hz to 100kHz with a
maximum dependent on the 8MHz sample
rate. Intermittent problem mode for isolating
your system transient faults. $830. BIDAN
ASSOC. P.O. Box 907 Princeton, TX 75077.
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TRI-MODE DESCRAMBLER PARTS Origi­
nal parts as called up in Radio Electronics
Feb 1987 article on tri-mode descrambling.
Includes pc board, ac adaptor, resistors, ca­
pacitors, diodes , pots , tran sistors, IC 's,
LED's, toko coil and Plessoy SAW filler. Arti­
cle included. $59 plus $2.50 shipping. ELEC­
TRON IC PARTS, Box 276, Alburg, VT
05440 (514) 739-9328.
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NEW-SURFACE MOUNT COMPONENT
KITS. Half the price of most competitors.
Each kit contains 300 components, 10 each of
30 different values . Resistors are 5%, 1/8
watt, 10 to 2.2M ohms. Capacitors are 20%,
50 WVDC, 33pf to .1 ut, CMOS & TTL kits
available soon. Resistor Kit $29.95, Capaci­
tor Kit $39.95, + $3.00 S + H. COD add
$4.00 VISA, MC, MO call (71 4) 987-2414,
VALUE COMPUTER, Box 1151, Alta Lorna,
Ca. 91701
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PANASONIC CABL E CO NVERTERS,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cable Converters in stock . Pan­
asonic model 130N 68 channel converter
$79.95, Panasonic Amplified Video Control
Switch Model VCS-1$59.95. Scientific Atlan­
ta Brand new Model # 8528 550MHZ 80
Channels Converter $89.95. Video Corrector
(MA CRO, COPYGUAR D, DIGITAL) EN­
HANCER $89.95. We ship to Puerto Rico,
Caribbean countries, &So.Amer. Write orcall
BLUE STAR IND., 4712 AVE. N, Dept 105,
Brooklyn, NY11234. Phone (718) 258-9495.
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GUARDIAN STUN GUN: the most advanced
personal protection device of it's kind. Gener­
ates a charge of electricity over 50,000 volts
to repel an attacker. Non-Lethal effect due to
low amperage. Safe and effective. Recom­
mended by many police agencies. Check lo­
cal laws for restrictions. $39.95 + $3.00
shippin g w/30-day return privilege. Call or
write: LIFE PRODUCTS, PO Box 2126, Hen­
derson , NV 85014, (702) 871-1885.
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ZE NITH SSAVI-1 $169, LEVEL II $199.
Original reconditioned UHF input/channel 3
output units with thirty-day limited warranty.
SSAVI-1 project handbook $6.50 ppd. Sur­
plu s Sy lvania 4040 co nverte r/DIC, Z- tac ,
N-12, MLD-1 200. Quantity discounts. Satel­
lite systems, converters, amplifiers, video ac­
cessor ies . Catalog_$1. AIS_SATE.LLIIE,_
INC~P~O. Box 1226-RE, Dublin, PA 18917.
(215) 249-9411.
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BUILD STEVE CIARCIA'S NEW VIDEO
DIGITIZER. • True "Frame Grabber", pic
takes 1/60th sec . Not bus Dependent ­
Standalone digitiz er. Seria l output, tran s­
mits 300bps to 57.6 Kbps • Reso lut ion :
256 x 244 x 6 w/64 level grayscale. Accepts
any NTSC video inpu t , B&W or Color
• Optional Rec/Display makes Video Tele­
phone • Images can be stored & displayed
on IBM PC. Kits starting at $89.50. Call for
other options and specs .
CCI, 4 Park St. , Suite 12, Vernon, CT 06066.
(203) 875-2751.
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SCIENTIFIC ATLANTA cable equipment. In­
t roducing the new Key Ci rcu it s, made to
" tes t an d repair " 85 00 (K EY- A) a nd
8550/8555 (KEY-B) converters. Regular
price $160.00. Spec ial Introductory Offer
$125.00. Total channel capab ility. Comp lete
8500 or 8550 converters $225. Hand remotes
$20.00. Free information. Dealers welcome.
C.O.D. accepted. V.I.P.ELECTRONICS, P.O.
Box 628 , Fo restd a le , R.1. 02824. (617)
755-9778.
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QUALITY FIELD SERVICE KITS and test
equipment, production aids, telecommu nica­
tion equipment, maint enance and repair
tools, work stations, and static control prod­
ucts can be found in the new TIME MOTION
TOOLS catalog. All Time Motion Tool prod­
ucts carry out guarantee of complete satisfac­
tion, or your money back within 30 days. For a
FREE-catalog write ;.-TIME·MOTION TOOLS ,
410 S. Douglas Street , EI Segundo, CA
90245. (213) 772-8170, Ext. 101.
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SURFACE MOUNT COMPONENTS-Re­
sistors, diodes, transistors (ROHM CORP),
ceramic caps (NOVACAP) and tantalum caps
(MATSUO). Standard resistor chip values
range from 0 ohm to 10 Mohm. Ceramic cap
chips range from 1 pf to 1 ut, Tantalum cap
chips range from .1 uf to 100 ut, Engineering
design kits are available-packaged for con­
venient lab usage in plastic boxes or steel
cabinets. GARRETT INST. & COMP.lIEU
INC., 3130 Skyway Dr. # 104, Santa Maria,
CA 93455. Phone (805) 922-0594, FAX
(805) 922-3643.
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FREE 24 PAGE OCTE CATALOG! Cable TV
converters, hand controls, stereo decoders
and switching centers. Negat ive cab le TV
traps and noise filters. Descrambler books,
schematics and parts. SCA books and kits.
Nite viewers . Microwave downconverters .
Telephone privacy assurance devices and
automatic conversation recorders . Bug and
tap detectors. Parabolic microphones. Power
supplies . Surplu s electronics part s. OCTE
ELECTRONICS, Box 276, Alburg , VT
05440. (514) 739·9328.
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THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conver sation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to V.mile range. Adjusta­
ble from 70-130 MHZ. Complete kit $29.95
+ $1.50 S +H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607 , Bedford
Hills, NY 10507. (914) 232-3878.
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(LINE ZAPPER oj

DECODE THE NEW VIDEO TAPE COPY
PROTECTION SCHEME. Bother ed by
brightness changes, vertical jittering and vid­
eo noise while watching rented tapes? Stop it
with the LINE ZAPPER. New kit removes
copy protection that often interferes with nor­
mal television operation. Complete KIT only
$69.95. Assembled with 1 year warranty
$124.95. Add $3.00 shipping per unit. Dealer
inq uiries welco me. ELEPHANT ELEC­
TRONICS, Bo x 41865-L, Phoenix, AZ
85080. (602)581 -1973. Allow 6 weeks for
delivery.
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HITACHI SCOPES AT DISCOUNT PRICES!

ELENCO PRODUCTS AT DISCOUNT PRICES!

Model V1060 $1,340

15·25%
OFF LIST

PRICE

100M HZ20MHZ

____--- J
Model V212 $475

Model V-212 20M HZ Dual Chann el (1mV Sens .) $475
Model V-422 40M HZ Dual Channel (1mV Sens.) $699
Mode l V-425 40MHZ Dual Channel (with curso r) $795
Mode l V-660 60M HZ Dual Channel (Delayed Sweep) $999
Model V-1060 100M HZ Dual Channel (Delayed Swee p $1.375
All above scopes have a 3 year guaranty on part s and labor

CIRClE 21 ON FREE INFORMATION CARD

continued from page 20

EQUIPMENT REPORTS

such as the swi tches fo r a B&W
crosshatch and the vert ical co lo r
bars . While it 's t rue that press ing
two sw itches creates u nus ua l
color patterns, except fo r the two
that create the all-red fie ld , they
are useless. It's just some thing that
occurs , and making ment ion of
that fact probably saves the com­
pany many comp laints that "some­
thi ng is wrong with my un it."

The Video Wonderbox is line­
powered and toolbox size : only 8
x 2 x 5%-inches. The carrying
handl e is detented and also serves
as an adjustable ti lt-mount. No ac­
cesso ries other tha n the instruc­
t ion manual are prov ided . Op­
t iona l accessor ies for the unit
i nclude a 75-oh m BNC-to-BNC ca­
ble, a 75-ohm BNC-to -IEC cable,
and a OB-9-to-OB-9 (I BM-compati­
b le RGB/RS-232) cab le.

For addi tional information write
to NCM Electron ics, 1500 Wyat
Drive, Santa Clara, CA 95054. R-E

ge-sup presso r o r outlet str ip to in­
stant remote contro l by simp ly
plugging it in . The switc h itsel f is
lighted so that on/off status can be
seen easily. The switch is rated for
1,800 watts, 15 amps max imum.
The device is UL listed and fea­
t ures a o ne-year warranty; t he
pr ice is $19.95.-Perma Power Elec­
tronics, Inc., 5601 Howard Street,
Chicago, IL 60648. R-E

$259

$179

F·1000
1.2GH

F·100
120MH

Auto Rangin g
plu s

Manual Rang ing
31;2 Digi t Meter

28 Functi ons
Full y protect ed

M·1180.7% Acy $36.95
M-1182 .25% Acy $39.95
M·1181 .1% Acy $42.95

BREADBOARD

MOdeI D- -- -- -­
9436 -- -- -- --

Shown :: ::::::

9430 1,100 pins $15
9434 2,170 pin s $25
9436 2,860 pin s $35

50MHz LOGIC PROBE
20 nsec w it h memory
Lp·700

~23
~~~ulser $23

....

$148
Model

LC·1800
Meas ures :
Induct ors,
Capac ito rs,
Resistors

35MHz DUAL TRACE OSCILLOSCOPE

$498 MO·1252

• 10M Hz DC or AC
• Triggered Sweep
• Cal ibrated Vert & Hor
• Reads Voits & Freq

MULTI·FUNCTION COUNTERS

DIGITAL LCR METER

Frequenc y, Period , Totali ze, Self Check with High·
Stabil ized Cryst al Oven Oscillator, 8 Dig it LED Display

••u _ • • _ .. "" ......* za:;:::;:::~

40MHz
- - DEI:AYED­

SWEEP
MO-1253

$550

$175
0·40V @ 1.5A
0·20V @ 3A

$239
• Sine, Square, Triangl e
• Pulse, Ramp, .2 to 2M Hz
• Frequency .1 thru 10MHz

GF·8015 without Freq. Meter $179

DIGITAL 3 AMP POWER SUPPLY
Model
XP-750

DIGITAL TRIPLE POWER SUPPLY
Model
XP·765

$239
0·20V @ 1A
0·20V @ 1A

5V @ 5A

20MHz DUAL TRACE OSCILLOSCOPE

$359 MO·1251

GF·8016 FUNCTION GENERATOR
with Freq . Counter

~..

MULTIMETER with TRUE RMS 4"., I!;JCAPAC ITANCE AND

i
DIGIT MULTIMETER

TRANSISTOR -_.. .-.... TESTER Model !fIII!I!!II8-J
M·7000

Mode l $58 ' . $135 =....CM·150OA miReads Volts , Ohms, .05% DC Acc uracy .."," :J .
Curre nt, Capaci tors , .1% Resistance ia~ • , . ...
Transistors & wit h Freq. Counter ----- 'Diodes W/Case & Deluxe Case

Top quality scopes at a very reasonabl e pri ce. Contains al l the desir ed fea tures. Elenco's 2 year guarantee
ass ures you of co nt inuo us service . Two f x, 10 x probes, di agrams and manual included. Write for specs .

100 MHzTest Probes. lX, lOX,Ref.(Complete with 5 accessories) Fits Most Scopes - $22

C&S SALES INC., 1245 ROSEWOOD DR IVE. DEERFIEL D, IL 60015 aac [II] 15 DAY MONEY
800-292·7711 (312) 459-9040 ASK FOR CATALOG L BACK GUARANTEE

2 Year LImited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax
CIRCLE 109 ON FREE INFORMATION CARD

Fully regul ated, short c ircui t protected current
limit cont ro l
XP·850 with Analog MeIer. $129.50

Fully Regulated, Short Circuit Protected with 2
Lim it Cant. 3 Sepa rate Supp l ies
XP·860 with Analog Meter. $169.50
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NEWIDEAS
Simple multi-tone generator

tance, w hich causes a large voltage
drop across R1. Th e co mpa rato r
immed iately switches to a low out­
put , thereby t urn ing the LED off,
w hich rest o res Q1's d ar k resis ­
tance. The increase in Q1's resis­
tance causes the cycle to repeat ,
the reby produ cin g an osc il lat ing
out put vo ltage .

Lo gi call y, t he circ u it sho u ld
" lock up " because t he LED and
ph ototran sistor wo uld be co mpet­
in g w ith each othe r fo r co nt rol of
t he ci rc u it, and IC1 wo u ld ge t
stuck at some equil ib rium state.
Capaci to r C2 prevents t hat f rom
happ en ing by keeping the LED lit
sl ig h t ly lon ge r t hat t he no rma l
tu rn-off t im e. (C1 also helps avo id
lock up, but its use isn't cr it ical and
it can often be eliminated .)

The o ut put fre q ue ncy can be
changed by varying the values of
C1-C3, but kee p in min d that mak­
ing their values too small w ill de ­
feat thei r primary purpose, w hich
is avoidi ng circuit lock-u p.

The freq uency, amp lit ude, and
the shape of the waveform are de­
termi ned by R2. Three of the typ ­
i c a l wavefor ms t hat ca n be
obtained by adjust ing R2 are also
shown in Fig. 1.

LED1 can be any red light -emit ­
t ing diode . Q1 can be any ph o­
totra ns istor-try w hateve r yo u
have lyin g aro u n d or ca n get
cheaply. The o nly crit ical part of
the assemb ly is the pos it io ning of
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Date

StateCity

Street

Print Name

Signatu re

Mail your idea along with this coupon
to: New Ideas Radio-Electronics,

500-B Bi-County Boulevard
Farmingdale, NY 11735

Title of Idea

This column is devoted to new ideas, cir­
cuits, device applications, construction tech­
niques , helpful hints , etc.

All publ ished entries , upon publication, will
earn $25. In addition , for U.S. residents only,
Panavise will donate their model 333-The
Rapid Assembly Circuit Board Holder, having
a retail price of $39.95. It features an eight­
position rotating adjustment, indexing at 45­
degree increments, and six positive lock posi­
tions in the vertical plane, giving you a full ten­
inch height adjustment for comfortable work­
ing.

I agree to the above terms , and gra nt
Radio-Electronics Magazine the right to
publi sh my idea and to subse quently re­
publish my idea in collections or compilations
of reprints of similar articles . I declare that the
attached idea is my own original material and
that its publication does not violate any other
copyright. I also decla re that this material has
not been previously published.

NEW IDEAS

LED1 and Q1. They mu st be facing
and close, and shielded from am­
b ie nt li gh t-perh aps by pl acin g
th em in side a small cardboa rd or
opaq ue pl asti c t ube. Alternately,
you could t ry subst itut ing an opto ­
iso lato r fo r LED1 and Q1. However,
bear in mind that th e spaci ng be­
tween LED1 and Q1 pr ov ides some
cont ro l ove r the output waveform ;
an opto-iso lato r wo uld eliminate
th at degree of co ntro l. -Mohd
Amjad Khan . R-E
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SOMET IMES YOU NEED A WAVEFORM

havin g a part ic u la r sha pe , f re­
que ncy, or ampl it ude that's not
provided by yo ur sig nal generator;
or maybe yo u ju st don't own a sig­
nal gene rato r. If yo u don' t mind
spending a bit of time experiment­
ing w it h parts values, the mult i­
to ne ge ne rato r ci rc uit descri bed
here mi ght give yo u just the wave­
fo rm that's needed .

The circuit shown in Fig. 1 can
act ua lly be bu ilt f ro m pa rts yo u
prob abl y have lying around on the
wo rkbe nch. A bi -polar pow er sup­
ply is required ; two 9-vo lt batt eri es
w ired in ser ies, w ith th ei r juncti on
used as t he "ground" wi ll do.

How it works
Op-amp 10 is used as a sen­

sit ive vo ltage co mparator, w hose
tr ip level-th e value at w hich the
o utput changes state-is deter­
min ed by potentiometer R2. The
resistance of R1 in ser ies w it h the
res ista nce of phototransistor Q1
provides the feedback divider for
IC1's inverting input. Since Q1's
"dark" resistance-the resistance
w hen t he re is no ligh t-i s very
high . Very l ittl e vo ltage appears
across R1; the refore , IC1 's output
w ill no rmally be hig h.

When power is f i rst turned on,
10 goes hi gh , causing the LED to
glow. How ever, the instant it glows
it sh ines on Q1, causing a decrease
in Q1's co llecto r-e m itte r resis-
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5urface-mou nt components

------ --

can be t ricky. J-l ead devices are
soldered underneath the-outline
of the package itse lf, making re­
moval difficu lt.

Ma nufacture rs gene rally recom­
mend spec ial tools fo r the testing,
removal, and rep lacement of SMT
dev ices. Even with these too ls, the
job of servic ing of SMT devices is
ted io us. Lead spacing is genera lly
50 mi ls, half that used on standard
DIP's. Attaching test leads to 50­
mil leads that lay beneat h a pack ­
age can be a problem unless a spe­
cial test clip is used. Align ment of
the repl acem ent part and the sol­
der pads-which is essent ial for
SMT devices-is tricky.

Finally, SMT resisto rs and capac­
itors are so small th at their values
or part numbers cannot be prin ted
o n th em. Good documentati o n
becom es imperative for successful
serv ice of eq uipme nt that is SMT­
based . Look fo r manu facturers to
begi n spec ial t raining on SMT ser­
vici ng early next year.-Elme r Poe
CET, PhD
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"How was I supposed to kn ow you
have to p lug it in ?! "

Di sadvantages
Unfo rtu nate ly for the tec hn i­

cian, t his min iatu ri zat io n is not
w it ho ut disadvantages. Ma ny sur­
face -mo u nt ed co mpo ne nts are
glued to th e board before solder­
in g . Removi ng a glue d device
witho ut damagin g the solder ru ns

Advantages
Man ufacture rs are moving to

SMT fo r several reasons. With the
devel opm en t of more complex
lC's, the number of pi ns needed
on the package has increased . Be­
cause a Du al In-l in e Package, or
DIP, is not eco no mical if more than
48 pins are req uired, new pack ­
ages had to be developed . Those
includ e t he Plast ic Leaded Chip
Ca rrier (PLCC) and Leadl ess
Ceramic Chi p Carr ie r (LCCC), and
wer e design ed to acco mmodate
more pin s and to take advantage of
SM T. SMT packages fo r both lC's
and passive co mponents are 60%
to 80% sma lle r tha n inse rt io n­
moun ted packages. That allows
the design of smalle r printed cir­
cuit boards. It also shortens in ter­
connecti ng leads and allows the
deve lo pme nt of faster boards . Be­
cause SMT packages are soldered
on t he side of the PCB to which
t hey are mo un ted , components
can be mo unted on both sides of
the board. This also lessens the
number of layers needed for a typ­
ical board.

Reprinted courtesy of ISCET from Technical
Reference Log, which is provided to mem­
bers of ISCET at no charge,

THE BIGGEST CHANGE IN ELECTRON ICS du stri al p roduct man ufactu rer s
since_the_widespread_use_oLthe__are.currently geari ng up for sur-
in tegrated ci rcu it is now begin- face -mount tec hnology. In du stry
ning. It w il l affec t virtually all in - est imates indi cate that within five
du stri al and consume r electronic years 80% of all devices wi ll be sur-
products and cause some grief fo r face-mou nt types.
the tec hnicians w ho mu st serv ice
and main tain th ose products. In
fact, ju st as in the t ransistor t ransi ­
ti on days of th e late sixties, some
techn ici an s w il l f lat ly refu se to
wo rk on the new syste ms. Yet, un­
li ke the development of lC's and
the introducti on and prol iferat ion
of the mi croprocessor, th e co ming
revolution does not inherentl y in­
volve th e introduction of radically
new devi ces. Thi s revoluti onary
change is t he simple packagin g of
co mpo ne nts in new cases . It is
calle d Surface-M ount Technology,
o r SMT.

Tod ay, th e vast majori ty of co m­
pon ents are attac hed to printed­
circu i t boards by pa ssin g th e ir
lead s throu gh hol es in th e PC
boards and solde ri ng th em to con­
du cti ve pads on the othe r side .
Thi s is known as insert io n-mo unt
tec hno logy and is used to attac h
vi rt ually all conventional lC's, tra n­
sistors , resisto rs, capaci tors , and
indu ctors to bo ard s. Surface ­
moun t technology invol ves t he
connection of compo nents to the
surface of t he pr inted-circuit
board by simp ly laying a co mpo­
nent 's leads on co nd uctive pads
un der the compo nent and solder­
ing them. Surface- mo unt devi ces
are so lde red o n th e side of t he
board to w hic h they are mounted .
Severa l major co nsume r and in-

(j)
o
Z
o
a:
I­o
W
-I
W

6
o
<l:
a:

32



AUDIO
UPDATE
Stereo Spatial Imaging LARRY KLEIN,

AUDIO EDITOR

Crosstalk
Out-of-phase crosstalk betwee n

channels, wh eth er introdu ced de­
liberately or oth erwise, will de­
em p hasize th e center-reco rd ed
sounds, thus in creasin g th e depth
and width of the stereo stage. Be­
cause crosstal kin a ph ono car­
tridge usually varies t o some
degree acrossth e audio-frequency

range, so can im agin g. There was
one hi ghl y estee med Briti sh ph o­
no cart ridge whose coils had a rna­
t rixed output. If the coil s were not
properl y aligned via a small set­
screw adjustme nt, there would be
a hi gh level of out-of-pha se
cro sstalk that provided (fo r some
ear s) a wond erfull y open , w ide ­
stage quality. Those cart ridges th at
wer e properly ad just ed didn ' t
mani f est that effec t and w ere
the refo re con sidered defect ive by
many U.S. audiophiles.

So me cri ti cal li st en ers have
complained that mu sic recorded
on compact di scs frequently lacks
depth wh en co mpared with LP's
that were made from the same
ma sters . It could well be th at
phase anomalies in phono car­
tridges-which are not present in
CD laser pickups-are responsibl e
for th e differen ces heard. Such
enhancing crosstalk can also oc­
cur accide ntally in a component
th rou gh capacit ive coupl ing o n
th e ci rcu it board, o r purposel y
through design.

Frequ en cy-resp on se di ff er­
ences, parti cu larl y small o nes,
heard during crit ical N B listeni ng
tests are frequ ently in terpreted as
di fferences in depth , openness, o r
"a i r," rath er th an as ton al-b alance
differences. For example, a small
bump in f req ue ncy respo nse at
abo ut 300 Hz (w hich is wh ere the
reverberant ene rgy in a recording
is co ncent rated) may cont ribute to
subjec tively-enhanced depth. And 6
many movin g-co il cart ridges-and ~

so me e lect ro n ic co mpo nents- 65
have had a ri sin g high-end re- gj
spo nse th at is f requent ly inter- ~

continued on page 38 ~
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FIG.1

The factors in a home system
that can influence the perceived
spatial properties of a ste reo signal
are: accidental or deliberate phase
shift between channels, channel
separat ion, out-of-phase crosstalk
between the channels, frequency­
response irregularities, and the
ratio of directly perceived versus
delayed or reflected sound within
a room. That last factor is basically
determined by th e de signed-in
di spersion of th e speake rs and
th eir placement in th e li stenin g
room. And , of co urse, we can't ne­
glect th e speake rs' inter act ion s
wi t h th e acou stic env iron men t
th ey find t hemselves in . Some of
th ose factors are worth some addi ­
tional di scussion.

The influencing factors
The mo st dramatic influence on

th e perceived depth of th e stereo
image is usually the typ e and
amount of reverberation in th e re­
co rd ing itself. The sound field em­
bodi ed in a well -miked , simp ly­
mixed recording consists of three
sonic components picked up by
t he mi croph ones : th e di rect
sound, the early reflections, and
th e rev erb eration . Th e direct
sound, whi ch is the f irst heard , is
used by th e ear to localize th e
sou rce of th e sound . Next , the ear­
ly room refl ecti on s cont ribute a
sense of th e size of th e acou sti c
space. When th e late-arriving re­
flect ion s become numerous, they
become hom ogenized and bl end
into reverberation, which add s a
sense of warmth and continuity to
th e sound.

IN PAST MONTH S W E'VE DEVOTED SEV­

era l-Go lum ns- to - t hose -speGia l- - - - f- - - --\
products and techniques used to
enhance spat ial perspective and
imagin g in stereo listening. Dedi­
cat ed aud io ph i les, who wo u ld
never dream of adding " artificial"
enhanceme nt devices to their sys­
tems , eagerly seek out those com­
pon en ts-including spe cial ca­
bles-th at they believe " naturally"
add de sirable sonic properties. In
that, t hey resemble the food fad­
di sts who insist that vitamin C ex-
tracted f ro m rose hips has far
greater virtue than vitamin C de­
rived from chemically-produced
ascorbic acid. Let's look at some of
the electrical, mechanical, acou s­
ti c, and psycho-acoustic factors
that serve to produce an enhanced
stereo sound stage .
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"Ifyou're going to learn
-eleet-rt>l1ies, yt>u might

as well learn it right!"
"Don't settle for less.

Especially when it comes
to career training...because
everything else in your life
may depend on it.
That's why you ought to

pick ClEf"

Stephen J. Simcic
Il1m~ Vice President, Academic Affairs



~u've probably seen adver­
• ~sements from other

electronic schools. Maybe you think
they're all the sa me. Th ey're not!

CIE is the largest independent
home study school in the world that
specializes exclusively in electronics.

Meet the Electronics
Specialists.

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

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

Pick the pace that's
right for you.

CIE understands peop le need to learn
at their own pace. There's no pressure
to keep up . .. no slow learners hold
you back. If you 're a beginner, you
sta rt with the basics. If you already
know some electro nics, you move ahead
to your own level. .

Enjoy the promptness of CIE's
"same day" grading cycle.

When we receive your lesson before
noon Monday through Saturday, we
grade it and mail it back the same day.
You find out quick ly how well you 're
doing !

CIE offers you an
Associate Degree.

One of the best credentia ls you can
have in electron ics - or any other
career field - is a college degree .
That's why CIE gives you the oppo r­
tunity to earn an Associate in Applied
Science in Electro nics Engineering
Technology. Any CIE career course can
offer you credit toward the degree ­
more than half of the numb er needed
in some cases.

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

Vice-President Academic Affairs

Microprocessor Trainer

There 's no such thing as
bargain education.

If- you-talk with-some -of our - - - - - ---f
grad uates, chances are you'd find a
lot of them shopped aro und for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when
they picked CIE as number one.

We don't pro mise you the
moon. We do prom ise you a
proven way to build valua ble
career skills. The CIE faculty
and sta ff are dedicated to that.
When you grad uate, your diploma
shows employers you know what you 're
about. Today, it ' s pretty hard to put a
price on that.

Which CIE Training fits you?
Beginner? Intermediate?

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

knowledge, but do have an
interest in it;

2. Some basic knowledge or
experience in electro nics;

3. In-depth working experience or
prior tra ining in electronics.

You can start where you fit and fit
where you star t, then go on fro m there
to your Diploma, Associate Degree,
and career.

YES.. .1 want to learn from the specialists in electronics - Clfi, Send me my FREE
CIE school catalog... including details about the Associate Degree program...
plus my FREE package of home study information.

z
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m
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Today is the day.
Send now.

Fill in and return the postage-free
card attached . If some amb itious person
has removed it, cut out and mail the
coupo n. You' ll get a FREE schoo l
catalog plus complete informat ion on
independent home study. For your
convenience, we' ll try to have a CIE
representative contact you to answer
any questions you may have.

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

State-of·the-art
Laboratory Equipment

Some courses feature the CIE
Microprocessor Training Laboratory.
An integral part of com puters,
microprocessor technology is used in
many phases of business, includin g ser­
vice and manufacturing industries.

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

r - - - - - - - - - - - - - - - - -
I

. A RE·72

• C IE Cleveland Institute of Electronics, Inc.
1776 East 17th Street , C le v e la nd, O h io 44114

I Accredited Member Nat ional Home Study Council

•I
• Print Name

I Address - ------------- - - - - - - - Apt. _

I City - - - - --- - - - - - State - - ---- Zip - - --- -

I Age Area Code/Phone No. /

Check box for G.!. Bill bulletin on Educational Benefits: 0 Veteran 0 ActiveDuty

• MAIL TODAY!
CIRCLE 60 ON FREE INFORMATION CARD

Programmed Learning
That 's exact ly what happens with

CIE's Auto-Programmed Lessons. Each
lesson uses famous "programmed learn­
ing" methods to teach you important
pr inciples. You explore them, master
them completely, before you start to
apply them. You thoroughly understand
each step before you go on to the next.
You learn at your own pace .

And, beyond theory, some courses
come fully equ ipped with electronics
gear (the things you see in technical
magazines) to actua lly let you perform
hundreds of " hands-on" experiments.

Experienced specialists
work closely with you.

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

Because we're specialists
we have to stay ahead.

At CIE, we've got a positio n of
leadership to mainta in. Here are some
of the ways we hang onto it .
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FROM THEWORLDLEADER
IN DIGITAL MULTIMETERS.

The Fluke 8060A 41h-digit

handheld multimeter.
It'sthe best tool youcouldadd to your tool

pouch, because it letsyou troubleshoot more
...with less.

This portable, powerful instrument has a
uniquecombination of featuresnot available
in any other handheld DMM.

Asimplepush of abutton on the Fluke
8060A lets you measure frequencies to 200
kHz, make relative offset measurements, con­
vert voltages to direct reading decibels, or
conduct audiblecontinuity tests. Plusthe
8060A offerswideband True RMS ac meas­
urement capability to100 kHz.

So say goodbye toyourpart-timecounters,
oscilloscopes, continuity testers, calculators
andpowersupplies. And welcomeafull-time
professional that'll bethere whenyou needit.

You'll find that for troubleshootingevery­
thing from motor controlsto data communica­
tions equipment, theFluke 8060A isthe best
multimeter value going.

Findout more bycalli ng our toll-free hot­
Iine1-800-227-3800,ext. 229, day ornight.
Outside the U.S. cal l 1-402-496-1350,

JJ ext. 229.
»
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AUDIO UPDATE

con tinued from page 33

preted as "airi ness" and increased
depth.

Hiss
Also rel ated is the fact the a

small amo unt of ste reo noise (ran­
dom hi ss) ad de d to othe rwise ­
clean program mater ial can add to
th e subject ive appearance of ai r­
iness of th e stereo image .

I w asn ' t awa re of th e hi ss­
equals-highs ph en om ena un til it .
was b rou gh t to my attent io n by
Bob Carver, man y of w hose de­
sig ns have shown an in-d epth

__aw are ness of p.2.ys ho-aco us t ics .
When , during a dem on strati on of
a prototype of his "autocorre lato r"
noi se-red u ct ion syste m m an y
years ago, I complained abo ut a
slight loss of highs, he d idn't seem
to be surprised or up set. He sim­
ply used an exte rna l w hite -no ise
gene rato r to add a to uch of h iss to
the cl ean ed up sig na l-and t he
" lost" hi gh-frequ en ci es subjec­
t ive ly reapp eared !

He then menti on ed that there
was early resistance to the Dol by
professional no ise-reduction sys­
tem because the redu cti on of tape
hiss resulted in a sub jective dull ­
ing of the program materi al. It re­
cent ly occ urred to me that some of
to d ay's co m p la in ts abo ut th e
"closed-in" quality of CD's mi ght
also ari se fro m th ei r inherent lack
of back ground noi se.

Speaker spatia lity
As lon g as I can remember, there

have been di sagreements, eve n
amo ng equally learn ed and expe­
rienced speaker engi nee rs, abo ut
the opti mum rad iat ion patterns for
a home speaker. In other words,
w hat is t he best (most reali sti c
soundi ng) way for a speaker to de ­
liver its sounds into a room ? In my
view, the quest ion is so difficu lt­
and p rovokes so many different
answers-because of the essential
art ificia lity of t he stereo-rep roduc­
t io n p rocess.

W hen I di scu ssed the matter in
earl ie r co lumns, I po inted out that
nowh ere in nat ure do you fi nd th e
illu sion of a localized single sou nd
source gene rated by th e level and
phase cues in the sou nd comi ng

from two w ide ly space d so und
sources (speake rs). It is really no
wonder t hen that speaker eng i­
neers di sagree in their design ap­
proaches.

In past columns I've described
in detai l how phase and level cues
are used by the ear/brain mecha­
nism to localize the source of a
sound in real life. Stereo rep ro­
d uction atte mpts to use t hose
same psycho-acoust ic cues to co n­
str uct a sonic ill usio n, but the es­
sential artific iality of th e process
gets in the way. Speaker designers
have bee n manipulating speake r
di spersion in a rather hi t-or-miss
fashion fo r years in an attempt to
achieve greater realism. You will
f ind speakers w ith drivers facin g
every w hich way, incl ud ing away
fro m t he listener, all in an effort to
generate the ph ase, level , and ar­
rival-t ime cues that the ear/b rain
uses to co nstr uct an acoustic im­
age. The fact that each speaker ul­
ti mate ly must o perat e in an
acoustic env iro nment that is un­
known to t he speake r design er
t remen do us ly co mp l icates t he
matter.

Aud iophiles te nd to disagree as
to the " best" speake rs in respect
to t he ir im agin g p ro pe rt ies. As­
suming that none of the speakers
argued abo ut are spec if ically de ­
sig ne d fo r specia l properti es, I
thi nk th at the di sagreem ents sim­
ply refl ect an .(usually) accidental
for tui tou s match of di spersion
characte ristics of a parti cul ar pair
of speakers, the ir location , and t he
refl ective characte rist ics of th e li s­
te ning room. Those same speak­
ers in a di ff erent roo m or location
mi ght not sou nd as good.

In the past two or three years
two compa nies (Aco ust ic Re­
search and db x) have addressed
the speake r-rad iat ion/ room -en ­
vironment problem fro m a scie n­
tifically analyzed psycho-acoust ic/
acoustic perspective. The resul t is
a substant ial enha ncement of the
spat ial realism of several of the ir
systems , o ne of w hic h, t he d bx
SF-10, is show n in Fig.1 . I th ink the
audio in d ustry is f inal ly getting
around to app reciate that creati ng
a realistic stereo illusion in a hom e
enviro nme nt takes so met h ing
more than two channe ls of ste reo
feed ing a pair of convent ional fo r­
ward-fac ing speakers. R-E



ANTIQUE
RADIOS

Restoring a classic , part 2

RICH ARD D. FITCH

LAST T IME WE LO O KED IN D ETA IL AT TH E

sche matic fo r o ne of th e most po p­
ular radios.o f its.t im e,-th e...GE-A=53.
See Rad io- Elect roni cs, june 1987.
As I men ti oned , I've had o ne of
t hose uni ts in my co llect ion fo r
qui te a w hi le, but have never at­
te mpted to restore it, un t il now. To
show how a ty pica l resto ration task
m igh t go, we' ll resto re that rad io
togethe r now. But f i rst, let 's fi n ish
up with the circu it.

Back to the circuit
Fo r space reaso ns, we we re not

ab le to fi n ish up o u r loo k at th e
sche matic in t he june issu e . I'll
rectify t ha t probl em now. Inci­
den tl y, yo u w ill likely want to have
th at fi gure ("Ant iq ue Radios," june
1987, Fig. 1) handy as we proceed ,
and yo u will certa in ly want it wh en
we turn to th e restoration itself.

Plate and grid voltages are sup­
p l ied by a 5Z4 rect ifi er tube. Th e
o utput of th e tu be is fed to L1 6, the
f ie ld co il. Th e f ie ld co il serves two
purp oses: First of all, it is t he loud­
spea ke r's elect ro m agnet (perma ­
nen t m agn et s we re not u sed in
early speakers). Second ly, it wo rks
as a choke, f i lte ring th e outp ut of
the power recti fi er. Th at was a ty p­
ical design fo r the peri od .

Power tra nsformers fo r t he GE
Model A-53 (and m any other) re­
ceivers req uire so me added cau­
tio n . Th ere we re t h ree p o ssibl e
tra nsforme rs that co uld have bee n
in stall ed in th is chass is, depend­
in g o n the re q u irements of t he
area w he re the set was so ld. Trans­
former in format ion is usually avai l­
able o n a st icker at t he rea r of the
chassis. In the case of my set, in­
fo rm ation indicate d that it was a
univer sal t ransfo rme r. Th e t rans-

FIG.l

FIG.2

fo rme r is shown sche matica l ly in
Fig . 1. By p roperl y tap pi ng th e
uni t , o ut put vo ltages from 115 to
240 vo lts were avai lab le . Agai n in­
formatio n ind icate d that my tra ns­
fo rmer was set up for 115 vo lts .

Troubleshooting
Of co urse yo u realize that we

have been affo rded a rare lu xury
w it h th is set. Often I don't eve n
have th e co mplete tube layou t, let
alo ne a sche mat ic and the orig inal
fact o ry spec ificat io ns . That's o ne
reason th e se t w as chose n-i t ,
made an id eal " f i rst -t ime" project.

Nowthat we are fam ili ar wi th the

chassis, we can p ro ceed with re­
turn in g t he rad io to ope rat ing co n­
dition . But f i rst we m ust make su re
th at resto rat ion is po ssible and
worthwh il e . Follow ing the safety
rul es I o ut l ined last tim e, th e set
was plugged in and tu rn ed o n. A ll
of the glass enve lope tubes lit ex­
ce pt th e recti fi er (5Z4) . A slight
movem en t of the tu be in the sock­
et b rou gh t th at tu be to life. The set
was one of th e f irst to use metal­
e nve lo pe octa l t ubes. To te l l
w hethe r or not those tubes were
lit required to uc h ing each o ne
carefully. Th e to uc h test to ld me
t hat t hey were li t. Despi te th at ,
o n ly a slight hum co uld be heard
e ma na t i ng f ro m th e e lec ­
trodynami c lou dspeaker.

I next made a few attem pts to
in ject a signal vi a th e ante nna ter­
minals and the n th e grid caps, but
wi th no lu ck . Chang ing th e posi­
tion of the toggle swi tc h th at was
adde d at th e rear apron produced
th e same resul t. The mi ssin g band
sw itc h w as di scount ed as t he
cause of t he pro bl em because
eve n if the un it had been redu ced
to a simple phono amp, it should
stil l pass a signa l.

My past experie nce with simi lar
radi os to ld me that a likely pl ace to
loo k fo r the cause of the trouble is
somewhe re between the pla te of
the o utput tube, here a 6F6, and
the speaker co i l. I unplugged the
uni t to make a few cont inui ty tests.
The speaker was also unplugged
fro m the chassis. My tests showed z
that th e voice coi l and th e seco nd - ~

ary winding of the ou tput t rans- m
fo rmer, w h ich o n th is set is located ~
under th e chassis, were both f in e. S:J

At thi s poin t , we've done abo ut <D

all we can do wi thout pull in g th e ~
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tub e sockets w ill be cleaned. Th e
toggle sw itch and the jack w i ll be
removed fro m the rear of the chas­
sis. That w i ll leave two hol es o n th e
rear of th e chassis, as well as a
dummy band switch knob o n the
front of th e cabi ne t. Just t h ink, 50
yea rs fro m now some fu ture radi o
restorer will ge t hi s hands o n th e
set and wonder w hat was in all of
th o se hol es, an d wh at k i n d o f
modi fi cati on s we re made.

But he won't have to wonder fo r
long. I in tend to attach fu ll infor­
mati on o n th e set to the in sid e of
th e cab ine t. Included will be de­
ta il s o n al l alt erati ons and ci rcu it
changes that wer e made by me,
and othe rs before me. Leavin g in­
format io n on circu it changes for
future se rv ice rs is an important
habit to get into , and o ne th at has
been o bse rved almost from th e
start. Don 't be su rprised to fi nd
par ch ed , hand-drawn diagram s
roll ed up in sid e yo ur antique ra­
di o. All early w ell -trained hob­
byi sts and servi cem en followed
th at procedure .

Some closing notes
Tub e- so ck et terminal s are o ne

of th e prim e causes of wi rin g
sho rts in antique radi os. Wires are
dressed along th ei r sharp edges,
and ove r th e yea rs that causes
break s in th e in sulation . If yo u f ind
that si t uat io n, at least bend th e
wi re away from th e terminal s. Or,
even better, you co uld replace th e
wire, put a pi ece of spaghett i tub­
in g ove r it , o r coa t it with some
liquid hi gh-vol tage in sulation .

Finall y, in th e co urse of our pok­
in g aro und th e set we di scovered
th at a wave -t rap had been in stall ed
between th e ante nna (b lue) and
gro und (w h ite) leads. That wa s
don e in th e 1930's and indicated
th at th e owner was located near a
powerful tel egraph stati o n. With­
o ut th ose traps, th e co de sig na ls
would have overpowe red th e re­
ce ive r and woul d be heard ove r
th e enti re band. It's fa irly co m mon
to fi nd suc h f i lte rs o n receivers of
the peri od .

M uc h of th e proced ure we fol­
lowed can be app lied to any de­
p ressio n-e ra radi o . Of co u rse,
thin gs ju st happen to w ork o ut
better sometimes th an other s: I'd
say I lu ck ed out o n thi s set. R-E

Finishing touches
Restoring th e cabinet wa s no bi g

prob lem. A few veneer p atch es
an d so me sta i n to m at ch t he
patch es to th e rest of th e cab ine t
we re all th at we re requ ired. There
were no inlays o r decal s to be co n­
ce rned w it h, so th e cabine t ju st
go t a li ght sand ing . The sand ing
has to be don e with ext reme care,
however. The fin ish layer of veneer
is ofte n no th ick er that the pap er
th at t h is page is printed o n . O nce
yo u sand th rou gh that fini sh , it 's
harder to cover up th an a hol e.

I decid ed not to bother replac­
in g th e mi ssin g bandswitc h. In its
p lace an almost-ma tc h ing kn o b
was bolte d to the front of the cab ­
in et to main tain at least a loo k of
authe ntic ity.

To f in ish resto ring th e chassis,
th e tes t o utput tr ansformer will be
bolted in pl ace of th e origi na l, o r a
su itab le new o ne w il l be used . The
tubes w ill all be tested and al l th e

(V\I0
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chassis . Th at 's beca use severa l Still wo rk ing in th e same area fi rst
com po ne nts, in cludin g t he th e suspecte d, o ne m ore co nti nu ity
fi rst and seco nd IF tra nsforme rs, test located the p ro bl em : It was an
as well as the circ u it alte rat io ns, o pe n in th e primary wi nd ing of th e
are located under th e chass is. A o utput tran sformer.
good sig n w as th at t he chass is No , I don't have a new t rans-
bo lts and th e (re ma in ing) fr ont- fo rme r for th at set in my stock .
pa ne l knobs w er e firmly in p lace . A lso, al l of th e su p p l ie rs w ere
Th at indicates to me that this set closed at th at late hour. However, I
was ope rab le afte r th e alte rat io ns wa s o bsessed w ith gett ing th e set
we re made, even if ju st as some to pl ay that ni gh t so I we nt search-
kind of am p li f ier. Human natu re, in g throu gh my junkbox (I never
be ing w hat it is, n o o ne wo u ld th row any o ld part s away) . Luckil y,
bot he r to ti ght en th e bo lts on I found on e that was almost a per-
someth ing th at w as not wo rk ing. fect match.

Exam in ing th e under sid e of th e I laid th e subst it ute in th e chas-
chass is , af te r removal , showed sis of th e GE, and clipped th ewires
th at it w as cl ean and neatl y don e. I into th e circuit with all igato r clips
di dn' t even need my handy can of as show n in Fig. 2. (Not forgett in g,
in s-ecti cid e:-In shorrr therewa no- - o co urser to di sconnect th e o rig i- -
obv io us r eason w hy th e se t naltran sformer. ) Crude asitlooks,
should n' t pass a sig na l. Plugging th at is a ve ry valid way to substi t ute
in th e spea ke r and th e line co rd, I parts fo r testing, and on e th at has
took a few vol tage readings at th e been used by nearl y al l se rv ice
o u tp u t tu b e . Th at vo ltage d id n' t technician s almost f ro m th e begin-
co rrespo nd to wh at was indicated ning of rad io.
in th e specifi cations (having th ose After makin g th e proper co n-
numbers was truly a luxury), so I nections and di sconn ection s, I
unplugged th e set on ce again; it again plugged in th e line co rd and
was time fo r some more probing. w aited. In a f ew minutes m y

effo r ts and fru strations w ere re­
ward ed. The set began to pl ay th e
music of th e bi g bands, ju st as it
did in th e 1930's. (I tune all my an­
tiqu e radi o s to th e lo cal " b i g
bands" stat io n .)
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DESIGNER'S
NOTEBOOK
An under-voltage monitor

ROBERT GROSSBLATT,
CIRCU ITS EDITOR
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thresho ld vo ltage, th e co llector of
Q1 is kept low. If the unregulated
vo ltage fall s below 6.7, the Zene r
w ill turn off and Q1's co llector will
go high. That 's 6 vo lts fo r the Zene r
plu s t he norm al Dol -vo lt d rop
across the t ransisto r's emitter-base
junct ion .

I've shown the circuit working in
conj unctio n with a 7805 since it 's
often very co nve nie nt to detect a
power drop before it makes itse lf
known in the actual circuit . It is
useful to watch t he unregulated
vo ltage since the re wi ll be a finite
time before it gets so low that the
regulato r turns off. A 7805w il l co n­
t inue to pu t o ut 5 vo lts as long as
t he i n p ut vo ltage stays above
abo ut 7.5 vo lts. The reason I've set
t his circ uit to t rip at 6.7 vo lts is to
guard against any false t rigge ring .

Heavy current demands in ot he r
pa rts of th e circu it can cause a

JUDG INGBY THE-RESP-ONS E- I:V E-GOT.TEN

to October's circuit, th ere are a lot
of yo u out t here w ho ar<: i nte r­
ested in ways to kee p an electronic
eye o n the state of yo ur batteries.
We've already seen how to watc h
o ut fo r excess ive vo ltages , so I
guess it's only right to take a look
at the other side of the co in-un­
de r-vo ltage indicators .

Just as it is w it h over-vo ltage
moni tors, the re are lots of ways to
go abo ut design in g a ci rcu it to
make sure that an input vo ltage is
greate r than a par t icular pr eset val­
ue. As a matt er of fact , I've de­
scribed a few of them in the past.
The reason I 've decided to talk
abo ut it again thi s mon th is not
only to show yo u a neat l itt le cir­
cuit, but also to dem on strate how
a few small changes can let a cir­
cu it do two appare nt ly oppos ite
jobs.

The circu it shown in Fig . 1 is
really made up of two separate sec­
tions. The fi rst is th e fami liar 7805
regul ator and th e seco nd is, we ll,
everyt hi ng else. If yo u have a copy
of October's co lumn hand y, yo u' ll
f ind it in terest ing to compare the
circu it the re with t he one shown
here. The basic idea be hind the
over-vo ltage indicato r was to let
the Zener di ode loo k at the vo ltage
and start co nd ucti ng if it exceeded
the Zener vo ltage. As soo n as that
happened , the Zener wou ld turn
on a tra nsistor, makin g its co llec­
tor go low and ligh ting an LED.

The schematic in Fig. 1 uses the
same des ig n approach, bu t t he
Zener diode is used in exact ly the
oppos ite fashio n. As long as t he
vo ltage stays above t he Zener's

+ 8V
lUNREGULATEOI

+ SV
(REGULATED)

FIG. 1

t ransient drop on the unregu lated
vo ltage . Those are handl ed by 0,
a 500-J-lF unit that sto res enough
energy to supply thp 7ROS du rin g
the t ransien t vo ltage drop. W hen
t he unregul ated vo ltage rea l ly
starts to fal l to zero, 0 wi ll d is­
charge and the vo ltage at the input
of the regulator wi ll start sl id ing
down to zero . O nce it gets below
6.7 vo lts, the Zene r wi l l shut down
and the alarm output wi ll turn on.
The bottom lin e here is that if the
alarm goes off, you can be sure
that your circuit is in real troub le.
The alarm output can be used to
ki ck in emergency power, do a
qu ick mem ory w rite, t urn on a si­
ren , etc.

Alt ho ugh yo u can use th e alarm
o ut put to t r igge r anyth ing yo u
want , it 's a good idea to stay away
from mechan ica l re lays since it
wo n't be too lon g before you have
no power at all. The actual ti me
you wi ll have depends on the cir­
cuit yo u're protecti ng- how mu ch
curre nt it d raws, tota l ci rcuit ca­
pacitance, and so on. There wi ll
li kely be eno ugh time to take elec ­
t ronic action , but most mec hanical
relays wi ll just be too slow. By the
t ime the relay has closed, you' ll be
out of ju ice, and out of luck.

Product of th e mon th
It 's time to award another of our

hi ghl y coveted Silver Solderi ng
Iro n awards . This one goes to Tele­
byte Techno logy, Inc. , of Green­
law n, NY, fo r t he i r RS-232 M ini
Analyze r Kit. See Fig. 2. It consists
of a mod el 43 RS-232 li ne mon ito r,
a model 51 M in i Patch Box, and a
bag of co lo red jum per wires. Both
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units are housed in the same type
of plastic hoods that are usually
used to make null modem s and
gender chan gers. Since they each
have a femal e DB-25 conn ector on
o ne end and a male on th e other,
they can easily be ins erted into
most RS-232 lines.

The line monitor, called th e
MicroPeeper, has both red and

Learn at home in spare time. green LED's on lines 2-6,8, and 20.
No previousexperienceneeded.
~_.dlln'\1 The LED's are high -eff iciency

No costly school. No commuting to class. type s, so they're nice and bright.
The Original Home-Study course pre- That is important because RS-232-
pares you for the "FCC Commercial Radio- level changes can be very brief and
telephone License". This valuable license easily can be missed if th e LED's
is your "ticket" to thousands of exciting
jobs in Communications. Radlo-1V. Micro- are too dim. That is the problem
wave. Computers. Radar. Avonics and with the less-expensive units that
more! You don't need a college degree to use tri-color LED's rath er than sep-
_qu~ify~but Y2.,!_do nee~ an FG~CT!:iSc~gse 'l- - arate red -and-green -ones-« _

No Need to QUItYour Job or 0 0 cnoo .
This proven course Is easy. fast and low The Microi'eeper has an unas-
cost! GUARANTEED PASS - You get your signed pair of LED's that are tied to
FCC License or money refunded. Send for a TEST pin . That is a neat feature,

:~:::~~~.':o=:._~~::~U~~~~~~A!~ since it allows you to watch any
I commdnD PRODUCTiOnS I other line you want. The seven
I FCC LICENSE TRAINING, Dept. 90 I lines already monitored are the
I P.o.Box2223, San Francisco, CA94126: most common ones, but some ap-
: Please rush FREE details immediately! I plications use the RS-232 standard
I NAME I
I ADDRESS I in less than standard ways . Using
t~llY_~ ~~T':~I~ j the M ini Patch Box and the

NEW RUGGEDIZED
SCOPE PROBES
Just a phone call away.

$35 P6103 $58 P6109
50 MHz 10x 150 MHz 10x
Compensation Range Compensation Range
15to 35 pF 18to 22 pF

These new passive voltage probes can be used with any
oscilloscopes having matching compensation ranges.

Screw in tips mean easy repair, no downtime.

Toorder call toll free1·800·426·2200
In Oregon, call collect (503) 627-9000 .

VISA and MasterCharge accepted.

Copyright © 1987. Tektronix. Inc. All rights reserved. KBA·810

CIRCLE 193 ON FREE INFORMATION CARD

FIG. 2

MicroPeeper together gives you
compl et e control of the rout ing
and test ing of th e entire RS-232
line. That is valuable wh en you're
trying to troubl eshoot a printe r
lin e, mod em , or finding out
wheth er yo ur co mputer's UART is
workin g.

Th e MicroPeep er is priced at
$49, and the Mini Patch Box lists
for $25. If you buy th em together
as th e Mini Analyzer Kit for $74
(model 301) you 'll get a plastic car­
rying case and the bag of wire jum­
p ers as a bonu s. If you shop
around th ere's no doubt you'll be
able to find a cheape r RS-232 ana­
lyzer kit , but not a better one. R-E

COMM ITTED TO EXCELLENCE



SERV IC IN G DI GI TAL ELECTRON IC EQU IP­

ment is seldom easy; difficulti es arise
from several sources . For example, mi­
croprocessors, RAM , and ROM IC's are
usually socketed, but digital "glue" IC' s
(gates, flip-flops, etc.) are seldom sock­
eted, becau se the sockets may cos t as
much as the IC' s themselves.

Not using sockets reduce s manufactur­
ing costs, but causes nightmares for the
serviceperson. Often , an inexpensive as­
sembly can be discarded and replaced for
less than it would cost to repair it. But
when a board must be fixed , the head­
aches begin. For example, how do you
locate a bad IC when most or all are sol­
dered to the board?

One way is to remove IC's one by one,
replacing each until the board starts func­
tioning again . However, if two or more
IC's are bad, the difficulty of locating
them increases tremendously. Defect iso­
lation using logic probes , logic analyzers,
osci lloscopes, and other equipment can

be performed , but doing so requires a high
degree of technical knowledge, which
may not always be available. Clearly, a
better method is needed.

The in- and out-of-circuit IC tester pre­
sented here is such a method. It is a mod­
erately priced device that can test most
parts in most TTL famil ies, as well as
TTL-compatible MOS and CMOS de­
vices. You use the device by selecting a
test routine, clipping a test probe to the
Device Under Test (OUT), and examining
an LED display.

Other IC testers in its price range ($300
for a comp lete kit , other configurations
available) require a known-good IC of the
type to be tested for comparison; ours
doesn't. In addition, our tester has enough
memory to store 105 different IC test rou­
tines, and it has a seria l interface to upload
and downlo ad test routines . Those ca­
pabilit ies allow a field-service technician
to load different test set-ups dependin g on
the device he or she will be servicing.

Test routines may be entered by hand
on the tester 's keyboard or downloaded
from any computer with an RS-232 seria l
port . In addition, routines entered via the
tester 's keypad may be uploaded and
saved for future use . Simple BASIC pro­
grams allow you to upload and download
test routines . Those programs will appear
here , and will be available on the RE­
BBS; the routines run (or can be adapted
to run) on many co mputers , including
IBM's and clones, Radio Shack Mode ls
III and IV , the Color Computer, Com­
modore and Apple computers, etc.

Basic features
The tester has a 12-key keyboard to al­

low manual entry and editing of test data
and commands, and transfer of test data to
and from a personal computer. A four­
digit sixteen-segment alphanumeric dis­
play prompts the user to enter data and
displays pin-by-pin test results (both ex­
pected and actual data).
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Exte rnal back-up batt eries are un ­
necessary because data and program s are
stored in a special non- volatile 32 K-byte
CMOS RAM [C .

[C's are teste d dynami cally: inputs are
cycled high and low as ma ny as forty
times, according to the test routine. That
ca pabi lity allows thorough testing of diffi­
cult-to-tes t parts , including co unters, flip­
flops, and registers.

Using the tester
Testin g an [C out-of-c ircuit is straight­

forward : Simply attach the test cl ip and
run the appropr iate test routine , wh ich is
se lectable by part number. The tester then
writes data to the device and reads back
the result s for comparison. (We 'll show
you how to generate the test data later.) An
out-of-c ircuit [C is not connected to any
other devices , so we needn 't worry about

- input pm s ofthTDOT1fiat might oe con­
nected to outputs of the sa me or another
device , or to gro und or Vcc-

To test [C's in-circuit, the tester allows
for inputs that may be connec ted to out­
put s, ground, or Vcc as follows: The test­
er's output drivers ca n be floated (i. e .,
placed in a high-imped ance state); in ad­
diti on , they have enoug h cur rent drive
(bo th sourc ing and sinking) to pull an
input high or low (briefly), even if it is
connec ted to an output. Further, you can
specify that the test routine ign ore any
desired pin or pins .

How it works
All circu itry is conta ined on two PC

board s , which are interconnected by a
short length of ribb on cable. One board
co nta ins the interface circuitry th rou gh
which the OUT and the on-board micro­
proc essor communicate . The oth er co n­
tain s the microprocessor, the RAM , and
the support circuitry, including a 5-vo lt
regul ated power supply, an RC reset net­
work, and a 2-MHz crys ta l-contro lled
clock . Crysta l contro l is requ ired for pre­
cise timing of the serial communica tions
channel. A Z80 microprocessor directs all
tester operatio ns .

A major design goal of the tester was
the abi lity to store many test routines, so a
large amo unt of nonvo latile storage is
provided by a DSI 230 32 K byte non- vol­
atile static RAM . The lower 4 K of the
RAM co ntains the contro l program .

The tester's schematic is shown in Fig.
I. It uses several cus tom CMOS gate ar­
rays for vario us purp oses. Part of [C5 (a
75498) prov ides the write-e nable func­
tion. It decodes add ress lines A 12-A 14
and disables the processor 's write enable
sig nal whenever all three add ress lines are
low, thu s preventing corruption of the
control program . The remainder of [C5
decodes the input and output strobes for
the driver board and the display.

Another custom IC (IC6 , a 75500) is
the input/output port for the keyboard and

the displ ay. That [C latches the appropr i­
ate keyboard row sig nals and reads the
co lumn sig nals of the keyboard, and it
latches the digit add ress lines for the dis­
play.

The third custo m IC (IC4, a 75499·). is
used in the RS-232 110 channel. The IC
decodes the port strobes and latches the
ser ial input and output data and " busy "
signals .

The RS- 2 3 2 dri ve rlre cei ver is a
MAX-233, which provides the necessary
level convers ions to and from TTL ( +5
volt s) and RS-232 ( ± 10 volts) levels. The
MAX 233 has an intern al charge pump
that generates the RS-232 voltages from
the single-ended five- volt supply.

The keybo ard and display provide the
human interface . Twelve tactil e-feedb ack
keyswitches are arranged in two columns
of six rows; they are scanned by the 75500
(IC6):-In oreler to provide legibl e oper ator
prompts, we use a DLl414 intelli gent al­
phanumeric displ ay. It co ntains built-in
storage, decod ers , and dri vers for its four
red l6-segm ent LED digit s .

The driver board
The IC tester provides for a maximum

of 24 test pins . Each test pin may serve as
an input or output; as an output, eac h pin
may be forced eithe r high or low. So,
functionally, speaking, eac h test pin is
connec ted to three IC's in the tester : an
input latch , a pull-down dr iver, and a pull­
up dri ver. The outputs, of course, can be
three- stated so that the input can be read .

As shown in Fig. 2 , that OUT interface
circ uit is impleme nted with nine [C's
(IC7-ICI5) on the dri ver board , including
three each of the NE5 90 , the NE591 , and
the 74LS373. The 74LS373 's are 8-bit
dat a input latches ; the N E5 90 's and
NE591's are 8- bit add ressable latches
with open-collector and ope n-e mitte r
Darlin gton output tr an si st or s , respec­
tivel y. The NE590's o ut puts pull to
ground and the NE59 1's pull to Vcc- Each
of the NE 59011 IC's has three address in­
puts and one data input. TIle data present
at the latter is rou ted to the interna l latch/
output circuit decod ed by th e for me r
when cs and CE are low.

We connec t those drivers to the pins of
the OUT through P3 by way of a test ca ble
and a DIP header cl ip. There are 24 test
connec tions , plu s power and gro und, for a
total of 26 pins. You can wire up different
test cables for IC's with differe nt sizes and
shapes .

An additional gro und wire in the test
ca ble is termin ated wi th a mini ature clip,
which should be connec ted to gro und on
the circuit board bein g tested. The Vcc
pin may be terminated in the same manner
to supply power to an [C for out-of-circuit
testing. The tester 's power supply will not
supply much current for externa l c ircuitry,
so the system bein g tested must have its
own power supply.

Buffer space
Now let' s talk about how test data is

stored in the tester's non- volatile RAM .
First, eac h test routine takes 256 bytes of
memory. ln addition to the stored rou­
tines , a separate 256- byte buffer is used to
store input data.

Next. co rrespo nding to the 24 test pins
are 24 "slots" in mem ory. Each slot co n­
sists of five gro ups: eac h group co nta ins
two bytes . That acco unts for 240 bytes (24
x 5 x 2). An add itiona l 16 bytes are
rese rved for the part number and the
number of pin s. That makes a total of 256
bytes (240 + 16).

The first byte in eac h group determines
the function of the pin: input. output, in­
determinate . or ignore. The second byte
con stitutes test data for that pin . Each
group may have a different pin function
(input , output, etc .). That is useful when
you are testin g an IC that uses he sa me
pins for inputs and outputs at differen t
times (a 74LS245 oc tal bus transciever,
for example .)

One bit of test data is used per test
cycle. Each cycle cons ists of sending a bit
of data to eac h of e ight dri vers in eac h of
three NE590 's and NE59 1's , starting with
the lowest pin. The drivers latch those
signals. Then the level on eac h pin is read
in and stored . one byte at a time, starting
with the lower eig ht pins. The cycle is
repeated seven more times, for eac h byte
in a gro up; the procedure is repeated for
eac h gro up, for a total of 40 (5 x 8) test
cycles . We 'll present several practi cal ex­
ampl es later.

Assembly
Start assembl y by procuring or making

the print ed-circuit board s . We will pres­
ent foil patt ern s in " PC Service next
month ." Etch the board s and carefull y
drill the 700 holes . Several hundred co n­
nections are made through the board (v ia
plated-through holes), so you will have to
make these co nnec tions with short pieces
of bare wire so lde red on both sides.

As shown in Fig. 3, the displ ay may be
mount ed in one of two posi tions , depend­
ing on whether the boards are mounted in
a case or are allowed to " float." [I'you are
using a case, moun t it on the foil side of
the PC board in the area outlined with
das hed lines in the diagram. Otherwise,
mount the disp lay on the component side
of the boa rd in the area that is outlined
with so lid lines.

Similarly, if you use a case. the push­
buttons must also mount on the foil side of
the board . In that case , the key legends
must be reversed left to right.

[I' you use a case, i;st all th e key­
sw itches first. Lay the board on a flat
surface . foil side up. Or ient each sw itch so
that the flat sides on eac h is toward the
Z80. The keyswit ches are colored dif­
ferentl y: the 0-8 sw itches are white; the
EN TER switch. green; the SH IFf key n,
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FIG. 3-5TUFF THE MAIN BOARD as shown here. Mount the display and switches 53-514 on the foil
side if you will install the tester in a case . Note that the display is oriented differently depending on
whether or not the tester is installed in a case.
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PARTS LIST
All resistors are 1f4-watt, 5% unless

otherwise noted.
R1-22,000 ohms
R2-330 ohms
R3-R6-1000 ohms
Capacito rs
C1, C8-1000 ~F, 16 volts, electrolytic
C2, C4-G7, C9-C17-o.1 ~F. 10 volts ,

ceramic disc
C3-10 ~F, 16 volts, electrolytic
Semiconductors
IC1-Z80 microprocessor
IC2-0S1 230-104 32K nonvolatile RAM
IC3-MAX233 RS-232 inte rface
IC4-75499 custom decode r
IC5-75498 custom decoder
IC6-75500 custom decoder
IC7, IC10, IC13-NE591 open-emitter

octal driver
IC8. IC11 , IC14-NE590 open-c ollector

octal driver
IC9, IC12, IC15-74LS373 octal latch
IC16-7805 5-volt requlator
IC17-2-Mhz crystal oscillator
01-1N4001 rectifier
OISP1- 0 L1414 16-segment decoder/

driver/display
Other components
Fl-l -amp pigtail fuse
J1-9-pin 0 connector
Pl , P2-right-angle double-row 20-pin

male header strips
P3-right-angle double-row 26-pin male

header strips
S1-minature SPOT toggle switch
S2-momentary SPST pushbutton
S3-S14-momentary SPST keyboard

switches
T1-Transformer, 9.5-12-volts . t -amp,

wall-mount
Miscellaneous: One 10-pin, two 20-pin

and one 26-pin double-rowfemale IOC
header connectors. Two 24-pin single­
row female IOC header connectors .
Flatribboncable. l 6-pin, 20-pinand 24­
pin DIP test clips, others as des ired.

Note: The following are available from:
ALPHA Electronics Corporation,
P.O. Box 1005, Merritt Island , Florida
32952-1005, (305) 453-3534: Kit of
pa rts fo r $299.00 + $6.00 P&H.
Includes a ll parts, punched and
screened panel, case, and labeled
ke ys . Tes t cable and cl ips not
included . Completely assembled
te ster for $399.00 + $6.00 P&H.
Includes test cable with 16-, 20-, and
24-pi n IC te s t c lips. Partial kit ,
inc luding all IC's , display, and PC
boards for $199.00 + $5.00 P&H.
Three custom IC's (75498, 75499 and
75500) for $60.00 + $4 .00 P&H.
Florida customers please add 5%
State sales tax. Canadian customers
please add $3.00 addi tional postage
to all orde rs . All foreign orders add
app ropr iate postage for Air shipping
and insurance.

Final assembly
Using the keyboard layout (shown in

Fig. 5) as a guide , label the keyswi tches .
If you plan to use the board without a
case , the arra ngement of the keys must be
reversed from left to right. If you are in­
sta lling the tester in a case, you will need

minated on each end with a twenty-pin
fema le header.

CAUTION! At this point it is possible
to erase the co ntrol program in the CMOS
RAM. For example, if there is a solder
short on the board in the right place , the
write-pro tect function of the 75498 will
be defea ted . Or the write enable pin on the
RAM may be shorted to ground, allowing
just about anything to be writte n to the Ie.
To prevent that from happen ing , use an
ohmmeter or continuity tester to ensure
that there are no connections betwee n the
following pins and gro und, Vee' or any
nearby traces on the board : IC5 , pins I, 2,
3, 4, and 19; IC2, pins 20, 27 , and all of
the address lines , and ICI pins 20,21, and
22. Fix any shorts before proceeding.

Meas ure the output of the regulator; it
should be +5 volts, ± 0 .25 volt. Assum­
ing it's correct, insert the clock module,
and check pin 3 for a 2-Mhz squarewave.
Now remove power from the board and
allow a minute for the filter capacitors to
disc harge . Being careful to obser ve prop­
er procedures to avoid static damage to the
MOS ( Z 8 0 ) a nd CMOS ( R A M,
MAX233 , 75498 , 75499 and 75500)
IC 's , install all IC 's in their sockets prop­
erly oriented . A square foil pad on the
board indicates pin I of all lC's . Pin one of
the display is marked with a small tri­
ang le.

When you're certai n that all parts are
installed correctly, in the correct place,
with no pins bent und er any of the IC 's ,
and so on, apply power again . The word
COMMAND? should scro ll across the dis­
play repeatedly. If it does , you are ready
for final asse mbly. Turn power off and
unplug the transformer.

'-'-''--'----'=-'---''------v r --'='----------'-'----'L_ SEE TEXT

AC INPUT

j) JiLl
C3 S-.9

Rl- ~. .

yellow; the 5 key, red, and the 9 key, blue .
Select the proper co lor and insta ll and
solder one pin of each switch from the
solder side of the board . Then tum the
board over and solder the rema ining three
pins of each switch from the co mponent
side . Mount ing the keyswi tches that way
lifts them off the board enough to protrude
through the panel of the case . Now install
the 12-pin display socket made from a 24­
pin IC socket that has been cut in half.

When not using a case, the keyswitches
are installed on the component side of the
board and are not spaced away from the
board. To mount the power and reset
switches on the board , you' ll have to en­
large the holes indicated in the parts­
placement diagram .

The remainder of the instructions apply
to both case and case -less installation .
Install the IC the sockets on the compo­
nent side of both boards next , followed by
the rema ining components, starti ng with
the low-profile devices.

Be sure to orient the elec tro lytic capac i­
tors, the diode, the clock mod ule and the
voltage regulator (IC I6) correc tly. It is
installed so that its metal tab will contact
the foil area of the PC board . To provide
extra heatsink capacity, you want to slip a
clip- on heatsink on the regulator.

Next mount the male header strips on
both board s. (See Fig. 4.) Connect the
power and reset switches to the board with
lO-inch insulated wires (or directly to the
board if you 're not using a case) . Connect
the leads of a 9-l2-vo lt AC, l-amp wall­
mount power transformer to the board . Do
not install any IC's yet. Co nnec t the
driver hoard to the main board with an 8­
inch , twenty-condu ctor ribbon cable ter-
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FIG. 4-STUFF THE DRIVER BOARD as shown here. Mount all parts on the component side of the
board.

play: Load , Store, Send, Recv, New, Test,
and Clr. The Shift key C) is always used to
perform the function assoc iated with the
upper legend on each key. For example, '6
is a " 0 ," used to enter hexadecim al num­
bers. The Shift key is a toggle. The first
depression causes the shift symbol C) to
appear in the disp lay; it will disappear
when the Shift key is pressed aga in, or
when any other key is pressed . Shift must
be pressed each time you want to use a
shifted key function.

As a rule , you should turn the tester on
first, followed by the circuit to be tested .
Then connec t the tester's ground clip , and
last the IC test cl ip. If the test clip has
more pins than the IC , " bottom ju stify"
the test clip-when testing a 14-pin IC,
for example. connect pin 8 of the clip to
pin 7 of the OUT. .

Here' s how to enter a new test routin e .
With COMMAND? scrolling , press New.
The input buffer is cleared of any previous
test data . (That also occurs at power up
and when the rese t button is pressed .)
ENTER PART No. ? will scroll now. You
may enter between one and eight numb ers
or letters , followed by Enter. ENTER NO.
OF PINS? appears now. You may enter
any even num ber between 4 and 24 in­
clu sive . Press Enter. TYPE? PNOI ap­
pears . Enter the functio n of pin I by
pressing In, Out , Indet , or Ignore , and
then the test byte in two hex digits . (We' ll
show you how to crea te the test byte later.)
For example, 155, OAA, X (no data nec­
essary), or 0 98.

After entering data for all pins (or all
pins you want to enter data for) press End.
The display will ask MORE OR END?
Unless you wish to enter data for another
test group (remember, there are five possi­
ble), press End aga in to indicate you are
finished entering data .

The Edit key allows you to back up one
pin if you make an error after entering the
three (or one if a pin is set for IGNORE) of
the test dat a characters . Each time you
press Edit . you back up one pin . The Clear
key works any time the tester is expec ting
a keyboa rd entry, and pressing that key is
funct ionally the same as pressing the reset
button .

Press the Test key after all data has been
entered . The IC will then be tested. If it is
good , the displ ay will read IC TESTS
GOOD. Otherw ise, ERROR PN?? GRP?
EXPIRD ???? will scro ll acros s the dis­
play for eac h pin in error, showing the pin
number, the group, and the expec ted ant
read data . Each question mark in the pre­
ceding message will be replaced by a nu­
meral. For example, ERROR PNOI GRP
01 EXPIRD 0100 would indic ate a prob
lem with pin I in test group I; a " I" w,
read where a " 0" was expected .

Next time we ' ll show how to send data
to and receive data from an external com­

·puter. In addition , we' ll give several spe­
cific examples of how to gene rate test data
for various kinds of IC's. R-E

~ I

Basic test procedure
The following co mmands are available

when COMMAND is scro lling in the dis-

FIG. 6-BASIC DIMENSIONS for the front panel.

signal. The tester req uires no other signals
to work , but your co mputer' s serial port
might. On PC -compatib le s . try co n­
necting DSR , CD. DT R and RI toget her.

Finally, put the case together, plug in
the test clip cable and the power trans­
former, and turn the power switch on.

FIG. 5-LABEL THE KEYS as shown here for
ins talla tio n in a case . Otherwise, reverse labels
from left to right.

to prepare a front panel for the display and
switches; Fig . 6 shows a suitable layout.
To protect the disp lay and enhance con­
trast , install a thin (0 .040") plastic bezel
inside the panel opening . Then mount the
two PC board s to the case .

Using a maximum of three feet of 26­
conductor flat ribbon cable, make a test
cable. Termin ate one end with a 26 pin
fema le header co nnec tor. On the other
end of the cable separate the 25th and 26th
wires. Terminate the 25th wire ( + 5 volts)
with a red test clip, and the 26th wire
(ground) with a black test clip. Terminate
the rem ainin g 24 wires with two 12-pin
sing le-row female header conn ectors.

Depend ing on your needs , you' ll want
to obtain several IC test clips with dif­
ferent numbers of pins; 16- , 20- , and 24­
pin cl ips will allow you test 14- and 16- ,
18- and 20- , and 24-pin IC 's eas ily. When
attac hing the test clip to the cable, or ient
the clip so that pin I of the cable con nect s
to pin I of the test cl ip.

If you are going to use the serial p0l1 to
send and receive files , connect a 10-pin
fema le header connec tor to one end of a
10-conductor ribbon cable, and a DB9
chassis-mount co nnec tor to the other.
Mo unt the DB9 con nec tor on the rear of
the case . Also mount the power and reset
switches on the back of the case . Wire an
inter face cab le to co nnec t the IC tester's
port to that of your co mputer. RS-232
ports co me in many co nfiguratio ns . so
you will have to determine which pins are
need ed fo r your co mputer. Th e teste r
sends and receives se ria l data at 1200
baud , no parity, 8 data bits , and 2 stop
bits . Pin 4 (CTS) is the transmit busy
signal. and pin 6 (RTS) is the receive busy
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"i'JI McGraw-Hill
~. Continuing
I. nII Education Center

3939 Wisconsin Avenue, NW
Washington, DC 20016

With your first module, you'll build this solderless
breadboarding system. As you add additional boards,
you create increasingly complex circuits easily and
quickly, bringing today's electronics concepts to life.

Jon

Unique
Combination of
Interactive Instrn
Materials Make I

Learning Eas' .

every 4 to 6 weeks. You was te no time on force the meaning of each importan t point.
extraneous materials or outda ted history. It's Carefully indexed binders conveniently
an entertaining, lively, non traditional app roach house all this material, as we i!<ISthe instruc-
to the most modem ofsubject matter. tions that will guide yot~ through your

Your very first module takes you right to "hands-on" lab experiments,
the heart of basic circuit concepts and gets you Throughout your Series, laboratory
ready to use integrated circuits to build a digital experimerus reinforce every significant concept.
oscillator. Then, you'll verify the operation of With tr.;s essential "hands-on" experience using
different electronic circuits using a light emitting actuu electronic components, you master prin-
diode (LED). ci~,les that apply all the way up to tomorrow's

And eac h successive mod ule brings YO~'ILSI (Very Large Scale Integrated) circuitry.

up to speed quickly, clarifying the latest - ' Disc Expl
d . t d ' over, ore,

a vances In 0 ay s • . Expe . f y; urself
electronics . . . _. . _ nen~ or 0 -

from digital logic ,..J --~ •Q~~ 15-Day Tnal.
and micro- _~~..s>~ I c:i' r.. ~l . In all ways, the <;Onte~- .
processors to ~"';:::..o~ rt;J ~~ I' ~ porary Electrorucs Senes IS

data communica- .. v.; ~ .~ ~ an exciting learning
tions, robotics, ~ \~ + experience that offers
lasers, fiber optics , ~'t .... » ~ you the quickest
and more. ? and least expen­

sivemethod
available to
master today's

electronics . . .
and the only one
with "hands-on"

experience.

To order
your first
module for
a 15-<iay

trial examination, simply complete the card
and send today! If the card is missing, write
to us for ordering information.

Laboratory e- .-eriments,
vividly illus' ated text
and inter' .dve cassette
tapes a" Jlend together
to giv you a clear , simplified und erstanding of
cor .rnporary electronics.

/ With each module, you receive a McGraw­
AfillAction-Audio Cassette that brings to life the

/ acts and makes you feel as if you're partici­
pating in a lively dialogue with experts.

Your ability to quickly make this knowledge
your own is further aided bystrikingly illustrated
texts that use diagrams, explanations , illustra­
tions, and schematics to drive home and rein-

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

Thousands Have Already Experienced
the Excitement!

Today's high-tech world demands an entirely new
and innovative approach to understanding elec­
tronics. That's why McGraw-Hill has developed
thisunique "hands-<Jn"leamingmethod that
brings to lifethe dynamics of the new electronics.
It's a unique combination of interactive materials
that gets you involved as you buildand exper­
iment with today's latest electronic circuitry.

Just how well this innovative learning
approach meets the challenge of the new
electronics is confirmed by those who have
already completed the Series . . ."You have put
me right into the middle of an extraordinary
learning experience. With each lab exercise
I have gained a new understanding of the
intricacies of today's electronics." Or . . .
"For me, the Series was just the answer. I felt
confident within my specialty, but my grasp of
other areas of electronics was slipping away.
Your Series helped me upgrade my knowledge
of the latest electronics concepts." Or this from a
company director of training . .. "We manu­
facture sophisticated electronic products , with a
lot of people in sales, assembly and purchasing.
McGraw-Hilihas answered a real need in
helping our employees see the total picture .
They now communicate with customers and
each other more effectively."

Your Involvement in the New Electrr ~CS

Begins Immediately.
You master one subject at a time with 15
McGraw-HiliConceptModules,sent to you one



February 1984 Issue February 1987 Issue
We stock the parts, PC Board and AC
Adaptor for an article on building a cable TV
descrambler appearing in Radio-Electronics.

#701 Parts Package* $29.00
Includes all the origi nal resistors, capacitors,
diod es, transistors, inleqrated ci rcu its, coils ,
IF transformers (Toko BKAN-K5552AXX).

#702 PC Board* $8.95
Original etched and drilled silk-screened PC
Board used in the article.

#704 AC Adaptor . . . . . . . . . . .. $7.95
Original (14 volts DC @ 285 ma) AC Adaptor
used in the article.

FREE reprint with Purchase Above

#708 Toko Coil Set $6.95
Includes (2) BKAN -K5552AXX, (1 ) E520HN­
300023, (1) 144LY-120K and BFQ-85
Replacement 2SC2369.

We stock the parts, PC Board and AC
Adaptor for an artic le on a tri -mode cable TV
descrambler appearing in Radio-Electronics.

-W301 Parts Package* $39:00
Includes all the original resistors, capacitors,
diodes, potentiometers, transistors,
integrated circuits, LED's, Toko coil
(E520HN-3000023) and Plessey Saw Filter
(SY-323).

#302 PC Board* . . . . . '. . . . . . . . $8.95
Or iginal 5 x 8.8 etched and drilled silk­
screened PC Board used in the article.

#304 AC Adaptor $7.95
Original (1 4 to 18 volt DC @ 200 rna) AC
Adaptor used in article.

Free Reprint with Purchase Above

#308 Plessey & Toko Set . . . . . $6.95
Includes (1) Plessey SY323 Saw Filter plus
(1) Toko E520HN-300023 Coil.

Add $2.50 Shipping & Handling; $4.50 Canadian Orders

72-CHANNEL MC-702 CONVERTER

• Parental contro l for all channels
• Last channel recall
• Fine tune memory
• UL listed/FCC approved
• Simple installation with any TV
• Includes battery and 3 foot coax

cable

" copy right 1987 by J&W Elect ron ics. Inc,

P.O. BOX 800 • MANSFIELD, MA 02048

Jald
ELECTRoniCS,Inc.

• 72-c hannel capabi lity
• Wireless, Infra-Red remote control
• Channel output 2 or 3 switchab le
• Microprocessor contro lled PLL

operatio n
• Skip channe l memory eliminates

unused channelsAdd $3.50 Shipp ing and Handling
$4.50 on Canadia n Orders

ORDER TOLL FREE
1-800-227-8529
Inside MA: 617-695-8699
VISA, MASTERCARD OR C.O.D. MEMBER

lEE I ~j l~j
"Not available to Massachu setts residents due to state law,

CABLE CONVERTER $79.95
WITH INFRA-R ED REMOTE CONTROL
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SURFACE MOUNT
TECHNOLOGY

59 INTRODUCTION TO SMT
A new packaging technique, not a new technology, that's
forever changing the way that we build electronics circuits.

65 INDUSTRIAL SMT ASSEMBLY
How manufacturers are adapting to and using SMT.

71 HAND SOLDERIN,G
Soldering SMC's is easy, once you know how!

73 SMT PROJECT: LED FLASHER
An attention-grabber that's smaller than a postage stamp.

75 SMT PROJECT: LIGHT METER
A bargraph light meter so tiny it can be worn as a charm.

77 SMT PROJECT: AN I-R REMOTE ON A KEYCHAIN
It's so thin, it mounts inside an 10 tag!

81 CONDUCTIVE INKS AND ADHESIVES
Who needs solder or a PC board?

85 SMT PROJECT: A BUSINE'SS-CARD TONE GENERATOR
Build this circuit on a piece of paper.



Surface-mount technology

is literally changing the

shape of electronics

manufacturing and

packaging.

Introduction to SMT
. FORREST M. MIMS, III

THE COMPACT S IZE OF M ICROCASSETTE RECORDERS, CAM­

corders , and credit-card size calculators and radios is not a
result of radica lly new solid-s tate develop ments . Rather,
those amazingly tiny personal electronic device s are made
possible by a clever electronic componen t packaging and
assembly means known as surface mount technology.

In Surface Mount Technology, or SMT, both components
and conductive traces are installed on the same side of a
substrate or surface. Many kinds of substra tes can be used ,
including ceramic , paper, plastic, and both rigid and flexible
printed-circuit boards .

Though com ponents used for conventiona l through-hole
circuit board assembly can be modified for SMT, the vast
majority of SMT com ponents , like those shown in Fig. I, are
considerab ly smaller than their conventional through-hole
counterparts. That mea ns that a circuit assemb led with SMT
components is much more compact than an identical circui t
assembled with conventional components.

Surprising as it may seem, SMT is not a new techno logy.
Its roots can be traced to the development of miniature circuit
assemblies in the United States during World War II. Similar
techniqu es were applied to the assembly of circuit boards for

Oftfl (J £

tlZl ·
FIG. 1-SURFACE-MOUNTABLE COMPONENTS are supplied in a wid€'
range of miniature package types.

hearing aids . Many of the components and techniques used in
the well established field of hybrid microcircuits are used in
SMT.

Though SMT has a history at least 30 years long, only in
the past decade has it made major inroads in consumer
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DIP 's . The area of the or iginal boa rd was 152.5 square inches
while the area of the SMT version was 62.4 square inches, or
only 41 percent of the area of the orig ina l board. Ray Prasad,
the SMT Program Manager at Intel Corporation, has ob­
served that a 4- x 4-inch board containing half a megabyte of
256K DRAM memory DIP 's can contain a full megabyte of
surface- mountable DRAM 's. If both sides of the board are
used , the board can hold 2 megabytes .

SMC's are considerably ligh ter than their through- hole
counterparts . For example, the 8-pin DIP version of Nationa l
Se mico nduc tor 's popular LM3 08M operationa l amp lifier
weighs 600 mill igrams. The SO (Small Outline) version of
the same IC weighs only 60 milligrams. The low weight of
SMC's and the smaller circuit boards they require combine to
give typica l SMT boards a 5-to- 1 weight advantage over
conventional boards. Furthermore , the very low profile of
SMC's keep s SMT board s very thin and gives them as much
as an 8-to-1 volume advantage over conventional board s.

SMT boards are not necessarily used only in highly mini­
aturized products. Consider, for example, the comi ng gener­
ation of small footprint desktop computers . Those machines
will be made possible by 3 .5-inch disk drives and SMT. As
for add-on peripheral card s , two or more SMT cards will fit in
the same space requ ired by a conventional board.
• Double-Sided Circu it Boards-Conventional circuits
are often insta lled on boards that have printed or etched
wiring on both sides. Plated-through holes provide intercon­
nections betwee n the two sides of the board .

SMT can also make use of double-sided board s but with a
new twist. Compo nent s can be installed on both sides of an
SMT board , thereby great ly increasing the savings in space
over boards asse mbled with co nventional components . Since
man y SMC's have a much lower profile than conve ntional
components , an SMT board having components on both

FIG. 3-INSIDE A LEADLESS CHIP RESISTOR. The cons tru ction is identi·
cal to a that of a thick-f ilm resis tor deposited directly onto a ceramic
substrate.

FIG. 4-A STRIP OF CHIP RESISTORS supplied on tape. The pencil point
in the photograph is shown for scale.Advantages of SMT

The advantages of SMT that we 've outlined so far are only
some of the reasons the electronics industry is moving so
rapidly to SMT. Here is a brief discussion of each of the
advantages of SMT:

~ Reduced Circuit -Boar d Size-The co mpact size of Sur­
face-Mountable Components (SMC's) can substantia lly re­
duce the area of circuit board s. Figure 2, for example, shows
a miniature Texas Instrument s SIP (Single In-line Pack age)
64K x 4 mem ory module made from four 64K x I RAM 's
and four chip capacitors.

Texas Instrument s and other manufacturers have found that
an SMT memory board requires from 30 to 60 percent of the
area required by an equivalent board asse mbled with con ­
ventio na l thro ugh-ho le DIP (D ual In-l ine P ackage ) inte­
grated circuit s . A surface-mountab le SOT-23 transistor
occ upies only a tenth of the board space of a-conventiona l
TO-92 transistor package. A 44-p in surface- mountable PCC
(Plast ic Chip Carrier) integra ted-circ uit package occ upies
only 27 .5 percent of the board space required by a standard
40-pin DIP.

A few years ago, TI eng ineers made an SMT memory
board that had been previously assembled with standard

FIG. 2-SMT CAN REDUCE the area of circuit boards. This small Texas
Instruments' memory module is made from four SMT 64K x 1 RAM's and
four chip capacitors.

electronics . In coming years SMT will impact virtually every­
one whose career or avocat ion is electronics. Those who
choose not to become familiar with SMT do so at their own
per il, for SMT will inevitab ly replace most conventional
c ircuit asse mbly meth ods dur ing the 1990 's .

Of co urse, none of that is news to the electronics techn i­
cia ns who serv ice the personal electronic products menti oned
above as well as electronically-co ntrolled 35-mm cameras ,
pocket and laptop computers, and a host of other produ cts.
Th ey have learn ed, some times the hard way, that trou ­
bleshoot ing and repai ring SMT circ uitry requires different
tec hniques and tool s tha n those used with co nve ntio na l
through-ho le circuits .

Eng ineers , product man ager s , and entrepre ne urs have
found that surface- mount techn ology offers a vitally imp or­
tant means for co mpeting with off-shore electronics manufac­
turer s. Moreover , the eco nom ics of SMT are such th at
c ircuits can often be produ ced on-shore using automated
produ ction equipment for less money than having them built
off-shore.
- Finall , SMT provides-e lectro nics-experimenters and-in-- - - ­
ventors with unprecedented miniaturization capabilities . The
proverbial "garage inventor" can now produce functional
prototype circ uits every bit as tiny as the personal electronic
products popularized by the Japanese; and he can produce an
SMT circuit in the same time required to produ ce a con-
ventional circuit.
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INTERLEAVED
ELECTRODES/DIELECTRIC

FIG.5-INSIDE A CERAMIC CHIP CAPACITOR.The device is a sandwich of
interleaved metal film and dielectric layers.

MONOLITHIC CERAMIC CHIP CAPACITORS
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rapidly in recent years, but SMC's generally cost more than
their through-hole counterparts . Nevertheless, SMT can re­
duce overall board cost for a variety of reasons. According to
National Semiconductor, for instance, a savings of up to 40
percent results from the elimination of drilled holes required
for conventional-component leads and pins and the reduction
of plated-thro ugh holes and conductive trace layers in multi­
layer boards.
• Other Advantages-Some advantages of SMT are less
obvious than those listed above. For instance , the compact
size of SMT boards can significantly improve a waveform's
rise and fall times, and reduce cross talk in high-performance
logic systems. Those advantages are a result of shorter current
paths and reduced pin-to-pin capacitance and mutual induc­
tance. Finally, there is the undeniable advantage that SMT is
the waveof the future . Those firms that adopt SMT today will
be better prepared to compete tomorrow.

0805 1206 1210 1808 1812 1825

FIG. 6-CHIP CAPACITORS, like these from American Precision Industries,
come in a variety of sizes and values.

FIG.7-SMT INDUCTORS are available in values that range from a few tens
of nanohenries to one millihenry.
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Disadvantages of SMT
Since SMT will eventually become the dominant circuit-

l- - - - --,-I------assembly technology, it's important to fully understand its
limitatio ns and drawbacks . They include: .
• The SMT Learning Curve--Before the advantages of
SMT can be realized, the new SMT user, whether a large
corporation or a home exper imenter, must fully understand
the many pitfalls that can trap the unwary. Some companies
have learned about the pitfalls of SMT the hard way. They
commi tted to manufactur ing a new product using SMT before
fully understanding the potentia l problems. Whether through
overconfidence or ignora nce, the end result in several such
cases has been a very costly disaster. It's important to keep the
principle of the SMT learning curve foremost in mind as you
review the rest of the drawbacks.
• SMC Sta nd a r d iza ti on-As recently as 1983 , only
around 300 specific SMC's were available in the United
States. According to Bourn s, Inc. , by the end of 1986 some
15,000 spec ific SMC's were available. While that increase
has helped spur the rapid growth of SMT, it has been accom­
panied by standardi zatio n problems. Supposedly identical
components, especially semiconductors , made by different
manufacturers may have slightly different dimensions. In
view of the close tolerances required for SMT circuit-board
design, dimensional compatibility is an essential require­
ment. Even when identically configured components are
available from two or more manufacturers, each com pany
may package its SMC's for different automated assembly
formats. The SMT industry recognizes the standardization
problem and is working toward solutions . Meanwhile , eng i­
neers and parts buyers for companies entering SMT for the
first time are often surpr ised by the lack of standardization
that currently exists.
• SMC Availability-While some 15,000 components may
be available as SMC's, not all of them may be available when
needed . The author's experience has bee n that orderi ng
SMC's from major electronics distributors can be trying. It's
parti cul arly frustrating to order an assortment of sub­
miniature SO integrated circ uits and receive a package of
monster DIP's having the same part numbers. It is extremely
important that before committing to an SMT product, man­
ufacturers find one or more reliable sources for the compo­
nents. And care must be taken to be sure that the supplied
components will be identically packaged and both func­
tionally and dimensionally equivalent.
• High Start-Up Ex pense--The start-up cost of SMT for

SOLDER
COATING

NICKEL BARRIER
LAYER

sides can be thinne r than a board assemb led wi th co n­
ventional components.
• Subminiature Cir cuits-SMT is a spinoff of hybrid mi­
crocircuit technology, and some SMT circuits are nearly as
tiny as their hybrid cousins. Moreover, subminiature SMT
circuits are considerably cheaper than hybrid circuits and
prototypes can be assembled in as little as a day using inex­
pensive assembly tools. Now enginee rs , techn icians, and
experimenters can assemble tiny circ uits on a low budget and
without special facilitie s.
• Automated Asse mbly-Conventional through-hole com­
ponents can be installed on circuit boa rds by means of
automated assembly machines . SMT, however, is much more
compatible with automated assembly equipment. Unless the
board includes plated-th rough holes, the time-consumin g
chore of drilling holes in the circuit board is eliminated.
SMC's have no wire leads to cut, bend , and insert . For those
and other reasons, SMT boards can be automa tically as­
sembled much more quickly than conven tiona l boards using
through-ho le components.

Although automated pick-and-pl ace SMT assembly equip­
ment is expensive, it's also very fast. At the low end are
machines that pick and place up to several thousand SMC's
per hour. Faster machines can pick and place from 15,000 to
20,000 SMC's per hour. Sophisticated multihead pick-and­
place machines ca n operate at rate s exceeding 500 ,000
SMC's per hour. Automated assemb ly, the chief driving force
behind the rapid acceptance of SMT, will be covered in more
detail in the next article .
• Lower Cost-The cost of individual SMC's has fallen
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FIG. 8-FOUR MAJOR SO package outlines.

FIG. 9-A TO-92 TRANSISTOR dwarfs its SOT-23 counterparts.

both manufacturer s and individual experimenters ca n be
high. For manufacturers, automated productio n equipment is
by far the most expensive investment. Experime nters face the
problem of acquiring new assembly tools and a stock of
surface-mountable resistors , capacitors, LED's, diodes, tran­
sistors , and integrated circuits . While the cost of an individu­
al SMT project may be only slightly higher than the same
project asse mbled with through-hole components, acquiring
a sufficient stock of SMT components can easi ly cost a few
hundred dollars or more . That situat ion will change when
retail and mail-order electron ics dealers begin offering kits of
SMC's.
• Soldering-The components of virtua lly all manufactured
through-h ole circuit boards are wave soldered. A variety of
soldering options , each with various advantages and disad­
vantages, is available to the SMT user. They ·include single­
and double- wave solderi ng , and reflow soldering . Wave sol­
dering requires that the SMC's be attached to the circuit board
with a droplet of non-conductive adhesive . Reflow soldering
involves the use of solder paste or cream. The paste is
screened over the SMC footprints or pads, or applied directly
to the pads with either an automated or a hand operated
syr inge . 111e term inals of the SMC's, which adhe re to the

Surface-mountab le components
Many, but not all, through-hole com ponents have a sur­

face-mountab le counterpart . Phys ical limitations often pre­
vent a conventional component from being manufactured as
an SMC . For example, high-capac ity capacitors and power
transformers are simply too large . And the pinouts and chip
dimensions of some IC's don' t readily lend themse lves to
standard surface-mount packages. Nevertheless, most cir­
cuits can be assemb led using SMT, even if some conventional
through-hole components are required.

It's important for SMT circuit designers, draftsmen, and
service technicians to be aware of the general physical config­
urat ions and operating parameters of the various families of



Chip capacitors
Like chi p resi stor s , leadl ess chip ca pacitors were de­

veloped origi nally for use in hybrid microcircu its . There are
three princip le catego ries of surface-mountable chip capaci­
tors: multil ayer ceramic , electrolytic , and tantalum . Four out
of five chip capacitors are ceramic multil ayer devices . As
shown in Fig. 5 , a ceramic chip capacitor is a sandw ich of
interleaved layers of metal film and ceramic dielectric . At
oppo site ends of the chip, every other metal layer is intercon­
nected by an exte rna l metal elec trode . Often a nickel layer is
added to prevent leach ing of the internal metal layers.

Ceramic ch ip capaci tors, like the ones in Fig. 6, are
rugged, very stable, and highly reliable . Capacitance values
rang ing from I pF to I J.LF are available. Package styles
identical to those of chip resistors described above (0805 and
1206) are available , as are larger packages. Unlike chip

z
resistors , the size of a chip capaci tor is directly related to its $?
~~ . m

For high capac ity, electrolytic and tantalum chip capacitors ~
are available . Tantalum s are available in values from 0 .1 to gj
100 J.LF. Aluminum electrolytics , which are larger than tan- CD

talum s, are available in values from around 1.5 to 47 J.LF. ~

Trimmers and potentiometers
Both single- and multi -turn trimming potent iometers are

avai lable in sur face-mountable co nfiguratio ns . Th ey are
made from ceramic or high- temperature plastics to protec t
them from the heat of immersion soldering. The smallest
single-turn trimmers measure less than 4 x 4 millim eters.
Mult i-turn trimmers , which closely resemble their through­
hole counterp arts , measure 6 .35 x 6 .35 mm (0.25 inch) or
8.9 x 8.9 mrn (0 .35 inch).

Although surface-mountable trimmers are adjustable , it's
important to realize that most of those devices are not de­
signed for repeated adjustments . A typical trimmer, for ex­
ample , might be rated for no more than 10adjustment cycles .
Another consideration is the adjustment mechanism itself.
Most trimm ers are designed to be adjusted by means of a
miniature screwdriver or spec ial tool. The required slot or
slots may not be compatible with all kinds of automated pick­
and-place equipment. Also , trimmers that require a spec ial
adjustment tool can pose a major problem when only a
screwdriveris available.

Surface-Mounli
Chip resistors ;I

Chip resistors are the most widely produced of all SMC's . C)
Or iginally developed for use in hybrid microcircu its , chip- ~
resistor technology was well esta blished when SMT was ='
adopted for consumer and industrial products . ...

Figure 3 shows the cross section of a typical leadless chip C
resistor. The construct ion of the device is identical to that of a ~
thick-fi lm resistor deposited directly on the ceramic substrate ...,
of a hybr id microcircuit. The nickel barrier between the inner ~
electrode and the solder coa ting prevents the electrode from ~
leaching during soldering . Without the nickel barrier, leach- I~

ing may impair the connection between the chip resistor and
the externa l c ircuit.

Figure 4 shows the very small size of chip resistors. The
tape d resistors in the photo are class ified as 1206, a type
designation indicatin g a physical size of 1.6 x 3.2 milli­
meters . Other types are the 0805 (1.4 x 2.0 mm) and 1210
(2. 6 x 3. 2 rnm), The resistance range of most chip resis tors
is 10 ohms to 2 .2 megohm s. Some companies offer values up
to 10 megoh ms and even high er.
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CLEARANCE BETWEEN PACKAGE
BOnOMAND BOARD

SMC's . What follows is a quick tour of the most important
fami lies of SMC's . All SMC's in those fam ilies are availab le
individua lly or in quantity. SMC's intend ed for automated
asse mbly are supp lied in reels of paper or embossed plastic
tape, or in magazines. Some automatic assembly equipment
is equ ipped with vibra tory feeders that ca n be loaded with
non-packaged leadless chip co mponents, such as resistors
and capaci tors .

FIG. 11-TOP VIEW (a), side view (b), and front view (c) of a Texas Instru­
ments S-pin SO integrated circu it.

FIG. 10-TWO SO INTEGRATEDCIRCUITS and a conventional S-pin min i­
DIP.
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Other Surface Mountable Components
In addition to the component families discussed above,

there are many other surface-mountable devices. For exam­
ple, many optoelectronic components are available, includ ­
ing phototransistors, optoisolators and many kinds of one­
and two-chip infrared and visible LED's (see Fig. 13). Also
available are ceramic filters, relays, switches and crystals (see
Fig. 14). R-E

of the SOT packages. TIle SOT-23 and SOT-143 packages are
equipped with formed leads in a gull-wing configuration.
The SOT-89 leads are not formed since they emerge from the
lower side of the package.

The package configuration determines the power dissipa­
tion of any semiconductor. SOT-23 and SOT-143 devices can
dissipate from 200 to 400 milliwatts . SOT-89 devices can
dissipate from 500 to 1000 mW.

Integrated circuits
Surface-mountable integrated circuits have been available

since Texas Instruments developed the gold-plated flat pack
IC in the early 1960's. Today more than a dozen families of
surface-mountable IC packages are in use.

The most popular surface-mountable IC package, the
Small -Outline (SO) configuration developed by Philips, re­
sembles a miniature DIP. An SO device occupies around a
fourth the board space of an equivalent DIP. Of even more
importance is the very low profile provided by the SO pack­
age. Figure 10 shows two 8-pin SO devices together with a

ft-- - - - - conventionaI 8-pin mini -DIP for a size comparison-and Fig.
II is an outline view of an 8-pin SO device. Note that the pins
of SO devices are placed on 50-mil centers rather than the
lOa-mil spacing found on DIP's.

While the leads of most SO devices have a gull-wing
configuration, a newer design popularized by Texas Instru ­
ments has flat pins that bend under the IC package in a J
configuration. The chips mounted on the SIP shown in Fig. 2
are J-lead devices.

Figure 12compares the gull wing and J-Iead formats . Gull­
wing devices are easier to solder and replace. TIley also
provide sufficient flexibility to prevent the SO package from
fracturing should the board be slightly bent. The J-lead
devices use less space and, unlike gull wing devices, can be
installed in sockets . .

Chips that require more than 28 pins are generally installed
in square Plastic Leaded Chip Carriers (PLCC's). The PLCC
uses J-shaped leads and has up to 84 or more leads around its
perimeter. Many new microprocessors and other large-scale
IC's are offered in PLCC's .

Recently, there has been considerable interest in using
tape- or wire-bonded chips in SMT circuits, particularly
those in which the pin count is high . TIle wire-bonding
process involves cementing a chip directly to a circuit board
and making connections to the chip by means of gold wire in
the same manner in which connections are made between
chips and pins in packaged IC's . The bonded chip is then
protected by a small blob of epoxy. The tape bonding process,
also known as TAB (Tape Automated Bonding), is easier to
implement because individual chips are supplied on a tape
with completed electrical connections . The tape is actually a
string of connected lead frames similar or identical to those
used to make packaged IC's . Epoxy protects the delicate
chips and connection leads from damage . TAB chips can be
used in automated assembly.

GULL WING J.LEAD

LOW·PROFllE STANDARD

Inductors
Many kinds of surface-mountable lead less and formed­

lead inductors, and even toroidal transformers, are available.
Inductance values range from a few tens of nanohenries to
one millihenry. Figure 7 shows several surface-mountable
inductors.

Those capacitance ranges continue to be expanded as new
products are added .

FIG. 12-GULL-WING VS. J-LEAD SMC packages. J-Iead packages can be
mounted using sockets

FIG. 14--COMPONENTS SUCH AS CRYSTAL FILTERS, relays, switches,
and crystals are available as SMC's. An SMC crystal is shown here.

FIG. 13-S0T-23 DUAL-CHIP red LED's and single-chip green LED's are
dwarfed by a penny.

Discrete semiconductors
Many diodes, transistors, and other discrete semiconduc­

tors are available in miniature surface -mountable packages.
Figure 8 shows the outlines of the four major package styles

t5 SOT-23 (Fig . 8-a) , SOT-89 (Fig. 8-b) , SOT-143 (Fig . 8-c),
z and SOD-80 (Fig. 8-d). The SOD (Small Outline Diode)
ii? package is a lead less cylinder used for diodes. The SOTo (Small Outline Transistor) packages are used for transistors ,
~ diodes (lor 2 chips), and various optoelectronic components.
w6 Figure 9 compares the SOT-23 transistor with its con-
o ventional through-hole counterpart .
<l:
a: Referring back to Fig. 8, note the configuration of the leads
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Now that you know what

SMT is all about, here's how

to use and repair surface­

mount components.

Industrial SMTAssembly

SURFAC E MOUNT T EC H NOLOG Y IS FAS T BE COM I NG AS IM PO R­

tant to modem electronics as microprocessors , programma ­
ble logic arrays, and megab it RAM IC 's . Microminiature
surface-mountable components and the advantages and draw­
backs of SMT were previously discussed . Now we'll tackle
the assembly and repair of SMT circuits .

SMT assembly methods
Surface -mountab le comp onen ts , like conventiona l through­

hole components, can be placed on a board and solde red in place
either by hand or by machin e . Both soldering methods fill
important roles in SMT. Hand assembly is used by home experi­
menters and electronics companies, the latter for the production
of prototype SMT circuits. Autom ated assembly is used to man­
ufacture SMT circuit board s.

Automated SMT assembly
Automated placement equipment can select and position on a

circuit board from 1,000 to 500 ,000 components per hour. There
are three major categories of automatic SMC placement equip­
ment: Mas s placement, in-line pick- and-place, and x-y pick and
place.

Mass pla cement equipment perm its many or all the SMC's in a

... ,..-

I .j,.!.~~~~
FIG. 1-MICROMINIATURE INFRARED LED transmitter assembled by the
author.
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FIG. 5-S0LDERING DEFECTS known as the drawbridge and tombstone
effect.

FIG. 4-THE DUAL-WAVE SMT soldering sy stem .

INVERTED PC BOARDS

paste or adhesive are placed on a belt that moves under the row of
pick- and-pl ace heads. After each head places a single SMC on
the board , the board advances to the next head.

In-line equipment, which has long been used to produce
hybrid microcircuits , is ab le to hand le many different shapes and
sizes of SMC's. And in-line machines can be set up to assemble
different c ircuits much more rapidly than mass placement equip­
ment is capable of

X-Ypick-and-place equipment is the most popular method for
the automated assemb ly of SMT boards. Two basic approac hes
are used . In one, a moving pick-and -p lace vacuum head fetches
components one at a time and places them on a fixed-position
board . In the other, the vacuum head is fixed and the board is
attached to a moving x-y table that places the appropriate SMC
footprint or pad directl y under the head . SMC' s are fed to the
head by a feeder mechanism .

Understanding the operation of mass placement and pick-and­
place SMT assembly equipment is not the only requireme nt for
the effec tive use of such machines. Automated assembly of an
SMT circuit also includes provis ions for automated flux applica­
tion and soldering; procedures that can great ly complicate mat-
ters. So ldering of SMC's will be discussed in more detail shortly.

-- or now, it's important to understand that automateosoldering
requi res carefu l attention to board design and proper component
placement.

If the board is to be inverted and wave soldered , then the
components must be glued to the board , a process that require s
the careful hand or machine application of small dots of adhesive
at each component position . Adhesive can be hand-applied with
a wire or a probe that picks up a small blob of material when it is
dipped into the adhesive , or by a syr inge that automa tica lly
dispenses a preset amo unt of adhesive . Adhesive can also be
screened onto a board in a single applica tion . In fully automated
systems, the adhesive can be applied by a syringe that is mechan­
ically moved to each SMC location , but automatic pin transfer is
an even faster way to apply the adhesive . An array of pins that
exact ly matc hes the SMC locations is dipped in adhesive and
then lightly touched to the board . When the pin array is moved
away, dots of adhesive are left beh ind at each SMC location .

All these methods require careful attention to detail. If too
little adhes ive is applied , the SMC may fall off when the board is
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FIG. 2-A U-SHAPED SOLDERING IRON tip can be used for soldering and
desoldering chip resistors and ca~:=a""ci=to~r~s.==-:=-

FIG. 3-THE CORRECT ORIENTATION of SMC's for effec tiv e wave solder­
ing.

circuit to be simultaneo usly placed over adhes ive dots or so lde r
paste that was previously deposited on a circu it board . Since
mass placement eq uipment provides exceptionally fast board
loading, it is well suited for the man ufacture of consumer-elec ­
tronic s~devices. Its major drawb ack is that the equipment must be
spec ially configured for spec ific board designs. Consequently,
even minor board design changes can be expensive and time
consuming .

(fJ In a typica l mass-pl acement syste m, magazines loaded with
uSMC's are mounted in the same orientation as the SMC's to be
6 placed on the board . A vacuum head then picks Lip a co mplete set
g: of SMC's, transfers them to a board and returns for another set.
~ Bench , or in-lin e pick-and-place equipment, uses a vacuum
uJ pickup head to pick an individua l SMC from a dispensing tape ,
a magazine, or bin dispenser. The head then places the SMC at the
o proper position on the circuit board . A single machine may have
Ci a series of pick-and-place heads. Boards prescreened with solder
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Conductive bonding
Though soldering is the chief method for bonding surface­

mountab le component and soc ket termi nals to circuit board
pads, cond uctive adhesives are also used. Both methods are
important, and the prosp ective SMT circuit designe r or service
techni cian should be familiar with each method .

Conventional through-hole circuit boards are soldered either
by hand or by passing the bottom side of a component -stuffed
board over a wave of molten solder. The same methods and
various kinds of reflow soldering can be used to solder SMC's
onto a board . Reflow solderi ng is a three-step process in which
solder paste or cream is applied to SMC pads on a circuit board ,
SMC's are placed on the board , and the SMC's are heated
simultaneously or one by one . No matter which soldering meth­
od is used , the heat sens itiv ity of the SMC's must be con sidered
because SMC's having a ceramic substrate-such as chip capaci­
tors and chip resistors--can be permanent ly damaged by the
sudden application of the heat necessary for the solder to melt.
The problems can be avoided durin g automated soldering by
preheating the SMC's and carefully controlling the time during
which the SMC is subjected to the tem perature of soldering .
Therm al damage during hand solderi ng can be avoided by keep­
ing the heated tip of a soldering iron from touch ing the center of
the SMC . Instead , only the conductive terminals should be
heated .

soldered . If too much adhes ive is applied , one or more of the
solder pads may be covered , thereby preventin g solder from
establishing a conductive bond between the termin als of one or
more SMC' s and their respecti ve pads.

The delay between the applica tion of the adhesive and the
SMC's placement must be carefully contro lled- the adhes ive
must be fresh and any solvents it contains must not attack the
board or the SMC's. And, the adhesive must be properl y cured
before the board is soldered .

Although automated installation of SMC 's receives the most
attention, hand assembly of SMT circuits is also important since
it permits prototypes to be assem bled, tested , and evaluated prior
to committ ing a board to mach ine product ion . Another impor­
tant aspect of hand asse mbly of SMT circuits is that individuals ,
whether home experimenters or engineers in a large corporation,
can quickl y and eas ily build microminiature circuits that rival
hybrid microcircuits in size and complexity.

This is a rem arkable capabi lity. For examp le , the circ uit shown
in Fig. I is a miniat ure pulse generator circuit that drives an on­
board LED with high-current pulses. Although the circuit is
~oout the size of a shirt button (0 .3 x·0 .3 inch) and is so thin it

slips easily between two adjace nt pins of a conventional DIP, it
was asse mbled from scratch in about an hour using a IS-watt
solder ing iron.
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FIG. 6-REFLOW SOLDERING METHODS: Hot plate reflow soldering is
shown in a, infrared reflow soldering is shown in b, vapor-phase reflow
soldering is shown in c, and laser reflow soldering is shown in d. The laser
method causes the least component heating.
(ei)causes the least component heating.

Soldering
Manufactu rers of SMC's specify the soldering guide lines for

their components; be sure to keep them in mind when consider­
ing SMT soldering methods. The most important guidelines
include :
1. Hand Solde r ing-Although most surface-mount publica­
tions and article s relegate hand soldering to the replacement of
defective SMC's, as noted ear lier, hand soldering can play an
important role in the assembly of prototype circ uits . To meet that
need , some SMC manufacturers provide detailed guide lines for
the hand soldering of thei r components.

Conventional soldering irons, soldering tweezers , and hot air
soldering tools are used to hand so lde r SMC's . Solderin g
tweezers grip an SMC between two heated tips until soldering is
co mplete . Many different soldering iron tips are available for
conventional irons, most of which permit all the termi nals of an
SMC to be heated simultaneously. For example, a Ll-shaped
slotted spade tip, such as the one shown in Fig. 2, that wraps
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FIG. 8-PERFECT SOLDERING of a leadless diode and a chip capaci tor.

FIG. 7-PERFECT SOLDERING OF ANSOT-23TRANSISTOR. Note how the
solder has flowed completely over the term inals and pads .

itself around the SMC is used to reflow solder and desolder
leadless chip resistors and capacitors. Hot-air tools, which are
commonly used for deso ldering both SMC's and through-lead
components, can also be used for hand reflow soldering.

Despite the wide variety of soldering tools designed espec ially
for SMT, an ordina ry low-wattage soldering iron having a conical
tip and O.03-inch or smaller rosin core wire solder can be used to
solder SMC 's. Solderin g is fast and reliable if the pads are tinned
and if the SMC is held in place with masking tape . Hand
soldering is discussed in more detail elsewhere in this special
section.
2. Wave Soldering-Wave solde ring is a well-es tablished
means for simultaneously soldering all the leads of through-hole
components that protrude through the bottom side of a circui t
board. Briefly, board s are machine or hand stuffed with compo­
nents and placed on a moving carrier. The boards are carr ied, in

(fJ turn, over a radiant heater, then a wave, foam or spray of rosin,
~ and finally, a wave of molten solder. The soldered boards are
o usually clean ed to remove flux residue . Although the residues of
g: rosin-based and other fluxes will cause no electrica l problems if
~ left on a board , the residues of some fluxes will cause corrosion if
u:J not removed .
6 When SMT began to become popular several years ago, it was
~ only natura l for companies to want to adapt their existing wave­
0: soldering assembl y lines for soldering SMT boards. Although
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FIG. 9-HOW TO USE A TEST PROBE ON AN SMC. The test prob e can
touch any part of the board's traces or pads, but not the chip it self.



FIG. lQ--A PAK-X-TRAC '· DESOLDERING SCISSORS can be used to si­
rnultaneously heat the terminals on all fou r sides of a quad PLCC.

z
~
m
s:
OJ
m
JJ

board is then inverte d , SMC's are placed on the seco nd side . and
heat is applied . Even though the solder on the lower side of the
board may melt, the SM C's will be held sec urely in place by the
surface tension of the molten solder.

Although solder pastes and creams are widely used for reflow
soldering of SMC's, they are not without disadvantages . For
example , non- uniform heating durin g soldering or non-uniform
depos ition of the paste or crea m can cause one end of a 2­
terminal SMC to lift off the board entirely, as shown in Fig. 5.
Sometimes an SMC will actu ally stand completely on end. That
phenomenon , which is commonly called tonibstoning or draw­
bridging , is caused by the surface tension of the molten so lder at
one terminal exceeding that at the other joint.

Although a handh eld solder ing iron can be used to reflow
solder one connec tion at a time , a better way-and a must for
production quantity soldering-is to heat the entire board so that
all the so lder cream melt s at the same time, thereby soldering the
entire board in one step.

Figure 6 shows some of the various meth ods for gen erating the
heat necessary to reflow-sold er entire board s in one operation. or

------one-SMC at a time. - -
Hot-plate refiow soldering (Fig. 6-a) is sometimes used to

solder hybrid mic rocircuit co mpo nents atop a cera mic substrate.
The ceramic substrate is placed on a hot plate until the so lder
melts. A modified version of that process, convection-oven re­
flow soldering, can be used to reflow solder product ion qu ant ities
of SMT boards . Boards are placed on a co nveyer belt and moved
over a series of hot plates arra nged on an oven. One or more hot
plates preheat the boards and dri ve off solvents present in the
solder cream, wh ile a single hot plate at a higher temperature
melts the solder. The boards are then cooled by a forced -air
blower.

Convection-oven refiow soldering has many variations , all of
which incorp orate an oven through which boa rds loaded with
SMC's ride on a moving be lt. Ove ns may have one or more pre­
heatin g sec tions or chambers .

Infrared refiow soldering (Fig. 6-b) is claimed by its advocates
to provide a higher degree of temperature control than any reflow
solder meth od . That's because the boards to be soldered are
heated by a bank of infrared lamp s whose power output can be
carefu lly cont rolled . Moreover, the same lamp s that gently pre­
heat a board can also take the board to solder temperatures . The
negative side of infrared reflow soldering is that dark-colored
SMC's, such as semiconductors and many chip components,
absorb heat much more readily than the ir highly reflective termi ­
nals. Also, high profile co mpo nents may block the radi ation
intended for other compo nents, thereby resulting in shadow
regio ns containing co ld or otherwise imperfect solder joints .

Vapor-phase reflow soldering (Fig . 6-c) is a clever procedure ,
developed by Western Electric, in which a board loaded with
SMC's is placed within the hot vapor given off by a boiling
fluorin ated liqui d . The vapor condenses on every expose d sur­
face of the board and its SMC's, thereby heating the entire board
more uniformly than any other reflow soldering method . After
the solder melts , the board is removed from the vapor. Mean­
while , the condensed vapor is collec ted , cleaned, and recycled
or, in simple sys tems, falls back into the reservo ir of boil ing
fluorinated liquid .

Vapor-phase soldering provides highl y uniform heating of
SMC's. Also, the temperature of the condensed vapor remai ns
consta nt so there is no danger of overheating a co mpo nent
designed to accept vapor-phase temperatures (typically 215-250
degrees Celsius).

On the down side, the near instantaneo us heating produced by
the vapor-phase proce ss can cause some SMC's to fail. For
example, ceramic chip capac itors should be heated at a max­
imum rate of from 2 to 6 degrees per seco nd; otherwise , the
ceramic might develop microcracks that can lead to degradation
and eventu al failure. Without preheatin g , a vapor-phase sys tem

.'.

means until the two tinned layers melt and merge togeth er.
Reflow soldering can also be accomplished by placin g a small,
thin square of solder called a preform between a termin al and a
pad . Preforms are also used to solder semiconductor chips (e.g.
laser diodes , LED 's, tran sistors , etc .) to a metal head er or
substrate .

Solder pastes or crea ms, which co nsis t of microscopic parti­
cles of solder suspended in a flux , are used for SMT reflow
so ldering . Small dot s or squares of solder cream are placed over
each SMC pad , the SMC's are placed on the board , and the entire
board is heated until the solder melt s . No adhesive is required
since the SMC 's are held in place by the sticky paste or cream.

The cream can be applied to the SMC pads with a handh eld
w ire , a squeeze applicator, a manu al sy ringe, a pneumatic syr­
inge that dispenses a preset quantity of cream, or by stenciling or
screening . And solder cream can be applied by means of a pin
array using the same principle sometimes used to simultaneo usly
deposit adhesive at each SMC location on a board .

An advantage to using sold er cream is that the placem ent of
the SMC's is less critical. When the solder melt s , its surface
tension tends to pull slightly misplaced SMC's back into position
precisely over the so lder pads. Even boards having SMC's on
bot h sides can be reflow soldered without adh esive . First , the
SMC's on the top side of the board are reflow so ldered . The
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Going further
Onl y the highl ights of surface mount techn ology ca n be cov­

ered in this spec ial sec tion. However, you can learn more and you
ca n ga in valuable firsthand experience by asse mbling the various
SMT projects in th is issue .

For an even broader hands-on introdu ct ion to SMT, cons ider
the Vector Electronic Co mpany's (12460 Gladstone Avenue ,
Sy lmar, CA 91342) SM2000 Training Kit , shown in Fig . II . The
kit includes so lder, so lde r paste , co nductive ad hesive , pre­
etched board s, tweezers , desoldering wic k, some SOT-23 di­
odes and transistors , and hundreds of asso rted chip capacitors
and res istors . The kit se lls for $279.95. Items included in the kit
can be purchase d separa tely.

Ma nufacturers of surface mount co mponents, equipment, and
supplies publish brochures , techni cal reports and spec ificatio n
shee ts tha t provide excellent back grou nd information abo ut
SMT. Electronics trade magazines often ca rry both news and
technical art icles abo ut various aspects of SMT. For those who
need up-t o-the-minute news about surfce -mount techn ology,
contact the Surface Mo unt Technology Asso ciation (Bo x IS1I,
Los Gatos. CA 9503 1). R-E

Inspection , testing , and repair
Beca use of the very sma ll size of the co mponents, a just­

completed SMT board req uires a more careful inspect ion than a
conventiona l, throu gh-hole board . In part icular, look for solde r
balls, so lde r bridges , improperly-so lde red jo ints , missed so lder
connections, and for SMC's that have moved out of pos itio n or
" tombs toned" during so ldering. Figure 7 is a clo se-up of a

Conductive Adhesive Bonding
Elec trically-co nductive adhes ives have long been used to bond

the terminals of components to the conductive traces of hybrid
microc ircuits . They are relatively easy to use and they eliminate
the thermal shoc k of solde ring . Several fami lies of conductive
adhes ives are available, all of which consist of a cond ucti ve
powder suspended in a 1- or 2-part base. The most common
conductive powders , in order of increasing resistance , inclu de
gold, silver, co pper, nickel, ca rbon, and graphite. Adhesive
bases includ e ureth ane , acrylic , polyester, and 1- and 2-part
epoxies.

Co nductive adhes ives can be applied by hand using a squeeza­
ble dispenser, an auto matically metered sy ringe, or a piece of
wire . They can also be appli ed by screening , or by an x-y pick­
and-place machi ne using the same kind of equipment that dis­
penses dots of non -conducti ve adhes ive on circu it board s .

Therm oplastic co nductive adhes ives can be reworked using
heat from an ord inary so lde ring iron or a hot air gun; the SM C
can be removed after the adhesive softens. A new SMC can then
be bond ed to the sa me locat ion by reheating the adhes ive.

A significant drawback of conductive adhes ives is their re la­
tive ly high cost, es pecially for gold- and silver-filled ma ter ial.
Since the co nduc tive particl es tend to sett le out during shipme nt
and storage, conductive adhes ives must be caref ully stirred or
shaken before use . Most conductive adhes ives, like so lder pastes
and creams, have a limited she lf life of typica lly 6 to 12 mont hs.
Fina lly, so me co nductive adhesives may tend to give off haz­
ardo us vapors .

can take a chip ca pac itor from room tem peratu re to 215 degrees
in less than a second. There is also some ques tion about the
integrity of vapor-phase so lde r jo ints .

Laser reflew soldering (Fig. 6-d) is among the most gentle
so ldering method . A pulsed laser beam heats each SMC terminal
in sequence. Laser heatin g results in conside rab ly less hea t stress
than other so lder-reflow methods . However, it is slow and the
laser contro ller requires extensive programming .

prop erly-soldered SOT-23 transistor. Note the smooth, uniform
appearance of the so lde r fillets at each terminal. Figure S is a
close-up of a soldered diode and chip capac itor.

Some components are es pecially difficult to inspect. For ex­
ample , quad PLCC's (lC's having J-profile pins along each of
four sides) can trap solde r balls and concea l co ld so lder joints .

Co mp leted SM T boards can be tested by hand or with auto­
mated test equipment. A single- or double-sided " bed of nails"
test fixture ca n be used to isolate defective SMC's and cold so lder
joints . Wh ile that perm its quick identification of prob lem s,
building the test fixture is time co nsuming .

Whether testing is done by hand or automatica lly, test probes
should be touched to SMC so lder pads or their conductive traces
and not the terminals of the SMC. Properl y designed SMT
boards incorp orate test point locations, such as those shown in
Fig. 9 .

Replac ing defective SMC's requires more patience and care
than rep lacing throu gh-hole components because SMC's are
considera bly smaller and have a much higher placement dens ity.
A solde ring iron fitted with the same kind of tip used to hand­
solder an SM C to a circ uit board can be used to simultaneo usly

....---t---fieat the terminals of the same device in preparation for removal.
FIG. 11-The SMT 2000 TRAINING KIT includes SMC's, conductive ad-
hesive , solder, solder paste, !weezers and practice bo ards . Figure 10 , for exa mple, shows how a Pak-X-Trac desolderin g

scissors is used to simultaneo usly heat the terminals on all four
sides of a quad PLCC. Il ot air and vacuum desolderi ng too ls can
also be used .

When desolderin g , extra care must be taken to preven t over­
heatin g of the board and adjace nt SMC's . Also , it' s importa nt to
use non-vacuu m hot-air desoldering tools with care since they
might blow away the chip being removed and spray molten solder
across the circuit board . When the so lder melts, the SM C should
be twisted before it is lifted from the board to break the so lde r 's
surface tension ; otherwise , the solder pad might lift away from
the board .

The proced ure is unnecessary if the solder is slurped away by a
vacuum desolder ing tool. Rem oval of SMC's that have been
cemented to the board is more difficu lt since it is necessary to
twist the device in order to break the adhes ive bond after the
solde r has been vacuumed away.

Install ing a new SM C isn ' t difficu lt. Indeed , it' s sometimes
possible to simply place the SMC in position and heat its term i­
nals with an iron or a hot air tool until the so lder rem ainin g on the
pad reflows aro und the terminals . For best results, however, the
o ld solde r should be removed with desoldering wick or a deso­
ldering tool. The pads should then be retinned and fluxed , or
coated with so lder crea m. Finally, the new SMC is placed over
the pads and its term inals reflow-so ldered to the boa rd.
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Hand-Soldering SMCs
FORREST M. MIMS, III

Once you master the

techniques, soldering SMC's

is easy, and fast.

CD
co
-oJ

THE EASIEST WAY TO HAND-SOLDER SMC'S TO A CIRCUIT

board is to use soldering tools and materials, such as solder­
ing tweezers and hot-air so ldering/deso ldering sys tems,
which are designed specifically for that task. Unfortunately,
specialized SMC soldering tools can be expensive and diffi­
cult to locate. However, it is safe to assume that such items
will become more economical and widely available in com­
ing years . In the meantime, SMC's can be installed using
only the common tools shown in Fig. I. Those tools include
an ordinary soldering pencil and a soldering iron equipped
with a slotted tips designed for SMC's .

There are two chief differences between hand-soldering
conventional through-hole components and SMC's . First,
SMC's are installed and soldered on the foil side of a circuit
board. Second, the absence of wire leads and pins inserted
through holes means that the SMC's must be secured in place
during soldering .

In industry, small droplets of adhesive are used to secure
SMC's in place for wave soldering. While wave soldering
may be impractical for hobbyist applications, the same tech­
nique for securing SMC's in place is used when hand-solder­
ing circuits. For reflow soldering, SMC's are held in place by

sticky dabs of solder paste or cream that are placed over each
footprint before the SMC's are placed on the board. Reflow
soldering can also be used by hobbyists.

Let 's now examine some hand- and reflow-soldering tech­
niques.

Conventional soldering
It's surprisingly easy to solder or " tack" SMC's in place

using only a handheld iron and small-diameter wire solder.
Solder 25 mils (0.025 inch) in diameter works best, but 30­
mil solder, which is more readily available, can also be used.
The only special requirement is that the SMC must be held in
place until at least one terminal or pin is soldered.

It's possible to use various kinds of adhesives to cement an
SMC in place for hand soldering. That , however, can un­
necessarily complicate what is essentially a very simple

zprocedure. The adhesive must not be allowed to flow over the ~

SMC 's footprints, must be non-corrosive , and must be al- m
lowed to set before the SMC's can be soldered . For those ~
reasons, we have experimented with two simpler and faster ~

methods.
One method is to secure one side or corner of an SMC in
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second or so, lightly touch the end of a length of so lder to the
junct ion and imm ed iately rem ove both the iron and the so l­
der. A shiny solde r fillet shoul d neat ly bo nd the term inal to
the footpri nt.

Unti l you gai n so me hand s-on SMC so ldering experience .
always inspect the completed junction wi th a magn ifying lens
before mov ing to the next terminal or SMC. If you use too
much solder or form a so lde r bridge , use desold ering braid to
carefully-remove the excess so lder. Place an unu sed sect ion of
desoldering braid over a footprint and press it in place with a
so ldering iron tip. Within a second or so. capillary action will
wick the excess so lde r on the footprint into the bra id. Rem ove
the iron and braid and go on to the next footprint as needed .
Be sure to use a fresh sec tion of braid at each footpr int. C lip
off used sections of braid as necessary. If necessary. reapply a
sma ll amount of so lder.

••..,..-.• •

FIG. 1-SMC's CAN BE HAND SOLDERED using only the common tools
and materials shown here. Reflow soldering

The mos t straightforward approach to mounting SMCs is
plac e with mask ing tape as shown in Fig. 2. An expo sed reflow soldering. The SM C is held in place with tweezers
terminal or corner IJin can then be soldered . The taIJ:..:e:..:i;:;s....;:t:;.:he.:..;n:.:..-__w_l_li..,..le.:....:.;,.asold ering iron presses one end terminal or corner pin
removed and the remaining terminals or pins can be soldered . against a pretinned footpr int. TIle tinned layer then melts and

Another method is to place a tiny bead of reusable adhes ive reflows around the terminal or pin and the footprint. Since no
between the terminals on the bottom side of the SM C. Suit- add it ional solder is used, the tinned layer must include
abl e reusable adhesives include Plasti-Tak , Fun-Tak, and enough solder to provide a good jo int.
Stikki-Wax. Those and similar adhesives are widel y avail abl e
at department stores .

Use a toothpick, a sharp ly pointed probe, or pointed
tweezers to apply the adhesive. Then grasp the SMC with
pointed tweezers , place it on its footprints , and press it in
place . It is important that the SMC be pressed flat against the
bo ard . Too much adhesive will keep the SMC suspended
slightly above the board and may even cause adh esive to creep
between a terminal and its footprint.

Afte r an SMC is attached to the board with tape , cement,
or reusable adhesive , carefully touch the tip of a soldering
pencil to the junction of a terminal and its footprin t. After a
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FIG.2-0NE SIMPLE METHOD of securing an SMC in place is to tape down
one side with masking tape.

FIG. 3-S0LDER PASTE OR CREAM is available in a syringe. That makes
dispensing the paste or cream convenient, once you get the hang of how
it's done!

Reflow sold ering works best with SMC so ldering tool s that
simultaneously hea t all the pins or terminals of the chip bein g
so lde red . When a standard sold ering iron is used , on ly one
pin or terminal at a time can be heated. That ca n lead to
problems when working with chip SMC's . If the tinned layer
is too thick, onl y the terminal be ing reflow soldered will be
pushed through the molten solder again st the footprint ; the
remaini ng termina l will rema in ato p the tinned layer over its
footpri nt. Also , the SM C will be badly tilted when the second
term inal is so ldered. On the other hand , if the tinned layer is
too thin, there will be insufficien t so lde r to form the bond .
Therefore , co nsider othe r so lde ring techniques when work­
ing with chip component s.

Reflow soldering with solder paste or cream is particularly
interestin g since all the SMCs are so ldered in place in a
single operat ion without a solderi ng iron. Instead , the entire
board is heated in a convec tion oven or on a hot plate .
Unfortuna tely, solder paste s and creams are not always read ­
ily available , have a limited she lf life , and have instructions
that must be strictly followed . Neverthe less, the method is so
efficient that it warrants discussion here.

co nt inued Oil {HIKe 87
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components to build this

subminiature LED flasher.

Use surface-mountable

FORREST M. MIMS, III

A GOOD WAY TO A PPRECIATE TH E M INIATURIZATION POTEN - How it works
tial of Surface-Mountable Component s (SMC's) is to asse rn- Figure I is the circuit for the flasher. In operation, the 555 is
ble the subminiature LED flasher described in this article. connected as an astable multi vibrator whose frequency of
Beside s teachin g you the basics of how to assembl e a simple osci llation is given by IA 4/(R I + 2R2)C I. With the values
circuit using SMC's , the flasher has many practical uses . It shown in Fig. I, LEDI will flash once each second . The rate
can, for example, function as a warnin g flasher, indic ator, a can be speeded up by reducing the value of RI or CI. Resistor
tracking beacon for night -laun ched model rockets or in a R3 is a current limiter.
number of other applications . For best results , the LED should be an AIGaAs super-

A flasher made with conventiona l throu gh-hole cornp o- bright unit. At night the flashes from such an LED can be
nent s can be asse mbled on a circuit board of about the same clearly seen from more than several hund red feet away. Keep
size. But while the conventional circuit is more than OA-inch in mind that the light level from the LED is directl y propor-
thick, the surface-mount vers ion is less than O. l- inch thin . tional to the supply voltage . Although Fig . I specifies a 9-volt
That mean s that the surface-mountable circuit can be easily supply, the circuit can be powered by from 3 to 12 volts.
slipped inside a slim slot or a space that might never be used Figure 2 shows the relati ve power output of the LED over that
or be usable otherwise. range of supply voltages .

SMT PROJECT:
LED FLASHER
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+9V

Rl

ICl

-THE COMPLETED CIRCUIT BOARD. The light from the super­
LED can be seen for several hundred feet.

Installing the SMC's
Begin assembly of the LED flasher by first attaching the

555 to the board. Use the methods described in the art icle on
SMC soldering, which can be found elsewhere in this sec­

continued on page 88

PARTS LIST
Rl - 10 megohms, chip resistor, 1206 size SMC

R2-100,OOO ohms, chip resistor, 1206 size SMC
R3--22 ohms, chip resistor, 1206 size SMC
C1--{) .1 fl-F,ceramic chip capacitor, 1206 size SMC
IC1-555 timer, SO-8 package
LED1-super-bright red LED, see text
Miscellaneous :PC board, 9-volt battery clip, 30-mil solder, reusa­

ble adhesive, etc.
An etched circuit board, super-bright LED, and all SMC's are

available for $10.00, including postage and handling, from
Gilbert Electronics, P.O. Box 95, Leesville, TX 78122. Texas
residents please add appropriate sales tax.

e circuit can be assembled in less time than an equiv­
conventional circuit since no holes need be drilled in the
it board. Although an experienced technician can install
omponents with a 30-watt soldering iron having a wedge
or best results use a IS-watt pencil iron having a pointed
nical tip.
gin assembly by tinning the component footprints on

the board. First, use an abrasive cleanser or steel wool to
polish the copper traces. Wash and dry the board. Then use
masking tape to attach a corner of the board to a flat, movable
surface placed on your workbench.

Tinning the board takes just a few minutes. Just touch the
soldering iron tip to a footprint for a second or so and then
touch the end of a length of 30-mil rosin-core solder to the
footprint. When the solder flows over the footprint, imme­
diately remove the iron and solder and proceed to the next
footprint. Be sure to rotate the board for best access to each
footprint.

After the footprints on the board are tinned, remove any
excess solder from the footprints with desoldering braid. That
procedure will also remove any solder bridges.

After the board is tinned and the excess solder is removed,
remove any solder balls or splashes from the traces and the
substrate. Then use a defluxing agent to remove the flux
residue from the board.
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FIG. l-WHEN THIS LED FLASHER is assembled us ing SMC's, the assem­
bly is abou t O.l-inch thi ck .

FIG. 3-USE THE PC PATTERN shown in a to etch the board. The parts
layout is shown in b.

Preparing the board
The circ uit should be assemb led on a thin PC board . A pre­

etched board and all necessary compon ents are available from
the source given in the Parts List. You can also make your
own board using the pattern shown in Fig. 3-a . However or
wherever you obtain your board. the component layout is
shown in Fig. 3-h.

FIG. 2-RELATIVE OUTPUT of a super-bright LED is a funct ion of its
supply vol tage.
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SMT PROJECT:
LIGHT METER
FORREST M. MIMS, III

Here's a simple

"dark meter" that you can

build using SMC's.

IN THI S A RT IC LE WE W ILL SHOW YOU A SIMPLE LI GHT METER

with a built-in four-e lement LED bargraph readout that co m­
bines the adva ntages of analog and dig ital displ ays . Sin ce the
number of illuminated eleme nts in the bargraph increases as
the light reaching a phototransistor decreases , the circuit can
be consid ered a " dark meter. " A bonus feature of the circuit
is that it ca n also be used as a four-step timer or as a simple
resistance indica tor.

Th e circu it show n in Fig . I can be assembled on a tiny
circuit board having an area of only abo ut 1.25 square inc hes,
a size made possib le by the use of surface-mo untable compo­
nent s . Co nsequently, the circuit is much more co mpact than
an equivalent circuit assembled from convention al through­
hole co mponents .

Th ou gh the circuit is co nfig ured as an inverse light meter
or " da rk meter," it can be revised so that the number of
glowing eleme nts increases with the light level. It can also be
used as a time r or resistance indicator by omitting photot ran­
sistor QI. Even if non e of the applica tions for the circuit are
of interest. you might want to assemble it anyway since it
provides an excellent ha nds-on introduction to surface-mount
technology.

How it works
There is noth ing new about the design of the circuit in Fig. I,

which is often ca lled a parallel or .. flash" analog-to-dig ital
converter. To understand how the circuit works , it's necessary to
review the operation of the basic inverting compara tor shown in
Fig . 2. In that circuit. a reference voltage is applied to the non­
invertin g input of an operational amplifier operate d without a

feedback resistor. That provides a two-state (off-on) output volt­
age instead of the linear output that characterizes an op-amp
operated with a feedback resistor.

A voltage input is applied to the inverting input of the op-amp.
When that input exceeds the reference voltage, the output of the
op-amp is low; as far as the LED is concerned , the output is
ground. Therefore , the LED switches on . Series resisto r RI
limits current to the LED , thereb y protecting both the LED and
the output-driver stage of the op-amp. When the input voltage is
below the reference voltage, the output from the op-arnp swings
to near the supply voltage (output high). The output LED , which
no longer receives sufficient forward bias, then switches off.

The circuit is ca lled a " comparator" since it comp ares the
voltages at its two input s and switches on when one exceeds the
other. The circu it shown in Fig. 2 can be changed from an
inverting comparator to a non-inverting comparator simply by
switching the connections to the inputs. Then the output will
swing from low to high when the input voltage exceeds the
reference voltage.

Referr ing back to Fig. I, IC I is a quad compara tor in a 14-p in
SO package . Resistors RI through R5 form a 4-stage voltage
divider with taps conn ected to the non-inverting input s of each
comparator. The reference voltage delivered to each comparator
is determined by the setting of trimmer RI.

Each comparator in Fig. I functions exactly like the model
comparator in Fig. 2. Therefore , the outputs from the com­
parators will swing , in sequence, from high to low as the input
voltage rises above the reference voltage applied to each com­
parator. The output LED 's will then switch on in sequence as the
voltage rises.

When the circuit is configured as a light meter, the inverti ng
inputs of the comparators are connected in common to the
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PARTS LIST
All res istors are 1206 si ze SMC's unless noted
R1-100,000 ohms , trimmer potentiome ter, Micro-Ohm RV43B-

CV or equivalent
R2-R5-1000 ohms
R6-R1 o-330 ohms
Semiconductors
IC1-LM339 quad comparator, SO-14 package
LED1-Green LED, SOT-23 packag e , ROHM SLM-13M or

equ ivalent
LED2-L ED5-Red LED, SOT-23 pac kage , ROHM SLM-13V or

equivalent
Q1-0P593C NPN phototransistor (TRW), or equivalent
Other components
B1-CR2320 or similar a-volt lithium coin cell
Miscellaneous: Lithium coin cell holder (Keystone PIN 107), PC

board, Reusable adhesive or masking tape, 25 or 30 mil solder
A complete kit including a drilled , etched, and plated PC

board, 0 1, all SMC's , battery, battery holder and solder is
available from the Heath Company, Benton Harbor, MI
49022 for $19.95 plus postage and handling ; for credit-card
orders , call 800-253-0 570. Michigan residents must add ap ­
propriate sales tax . Specify catalog number SMD-1.

Preparing the circuit board
Figure 3-a shows a suggested layout for the c ircuit board ; the

board itse lf is show n in Fig . 3-b. Also , an etched, silk-sc ree ned.

and pre- tinned board is avai lable as part of a kit that includes all
necessary co mpone nts; see the Parts List for more informa tion.
No te that the board in the kit also includes a solder-mask coating
that bot h simplifies solderi ng and greatly reduces solder-bridge
problem s . The board also includes drilled moun ting holes for a
Keystone 107, or equivalent. lithium co in-ce ll holder.

If you build your own board , follow the tinning procedu re
given in the LE D-flashe r project described elsewhere in th is
spec ial section . Also review the SMC so ldering procedu res
given elsewhere in th is spec ial section before soldering SMC's to
the circ uit board .

Begi n construc tion by insta lling the LM339 . Be sure to so lder
a corner pin first. If the dev ice stays aligned over the rem aining
pad s. then co ntinue so lde ring .

Next. install the chip resistors one at a time . If you use the tape
me thod to hold the chip resistors in place. you ca n solder one
termina l of eac h resistor : then you solder the remaining termi­
nals . You ca n use the same approach when installing the LED 's ,
No matt er which method you use . unt il you becom e an expe ri-

continued on pag« RR

swings from high to low and LED I switches on . Additional
LED 's sw itch on in seque nce as the ligh t level co ntinues to fall.

Incidentally, note that the co mmo n inverting inputs appea r to
be float ing when Q I is fu lly switched off (dark). Act ually. a few
tenths of a volt appear bet ween those inputs when Q I is dark. The
inputs ca n be co nnec ted to the posit ive supply through a pu ll-up
res istor. but leaving them " floa ting" makes the applica tio ns
di scussed at the end of thi s artic le possib le .
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collector of phorot ransistor Q I. wh , ' I!uminated . its
collector-emitter junction co nducts. thereby fJ,acm g all n-: inver­
ting inputs within a few mi llivolts o f gro und . For most settings of
RI. each of the four referen ce vo ltage s exceeds that valu e .
Therefore . when Q I is illu minated . the output from each co m­
parator is high and its respecti ve indi ca tor LED is off. As the
light level at Q I is grad ua lly decreased . the vo ltage at the invert­
ing inputs rises un til it exceeds the first co mparator's reference
voltage (pi n 10 ). The ou tput from that co mparator (p in 13 ) then

FIG. 2-IN AN INVERTING COMPARATOR, the output is low whe n the input
volta ge exceeds the reference voltage; the output is high when the input is
lower than the refer ence vo ltage.

FIG. 1-USING SURFACE-MOUNT COMPONENTS t hi s bargraph " dark
meter " can be assembled on a circuit board with an area of just 1.25
inches.
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SMT PROJECT:
I-RREMOTEONA

I(EYCHAIN

Use surface-mount

technology to build an

infrared transmitter small

enough to fit on your '

keychain.

FORREST M. MIMS, III

Fig.1-THE KEY-CHAIN TRANSMITTER uses two transistors to generate a
red or near-infrared beam that pulsates at approximately 725 Hz.

Preparing the circuit board
An ultra- thi n ci rcuit board is required if the proje ct is to fit

inside the thin label space of a plastic ID-t ag holder. A

Q2 off. The LED is then switched off. The charge/discharge
cycle is then repeated at a frequency that is determined by
Cl's value . The circuit dr ives the LED with 725 pulses per
second using the values given in the Parts List.
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ON E OF TH E MAJOR C APAB ILITIES OF SURFACE- MOUNT T EC H ­

nology is that experimenters and prototypers can assemble
ultraminiature , fully funct ioning circuits only a few mill i­
meters thin. For example , you can make an optoe lectronic
remote-control tra nsmitter that is so small that it ca n be
slipped insid e a plastic ide ntificatio n-tag ho lder, yet it 's
power ful enough to activate a rece iver located more than 10
feet away.

The transmitter, shown in Fig . I, project s a pulse-mod u­
lated red or near-in frared beam . Altho ugh a 555 timer is often
used as an LED driver in this kind of applica tion, the simple
two-tran sistor driver shown is a better cho ice because it can
dri ve an LED with greater curren t. Moreover, it can be
powered by a supply of less than one volt.

How it works
Referring to Fig . I, assume that QI and Q2 are initially off

when power switch Sl is close d. Ca pac itor C I then begins
charg ing through resistors Rl and R2, and LED!. Eventually
the charge on CI becomes high enough to sw itch Ql on ,
which then sw itches Q2 on.

When Q2 is on, LEDI is connec ted directl y across battery
81 th rough Q2's emitter-co llector j unction. Mea nwhile, CI
disch arges to gro und through Q l 's base-emitter junction .
Event ually the charge on CI falls below that necessary to keep
QI on . Transistor QI then swi tches off and , in tu rn , sw itches
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PARTS LIST-TRANSMITTER

R1-22,000 ohms, SMT size 1206
R2-1 Megohm. SMT size 1206
C1-Q.1 fJ-F, SMT size 1206
Q1-2N2907, PNP transistor, SOT-23 package
Q2-2N2222, NPN transistor, SOT-23 package
LED1-Light-emitting diode, near-infrared or super-bright red
B1-3-volt lithium coin cell, type 2016
Miscellaneous: circuit-board material, plastic keychain 10­

tag holder, solder, masking tape, wire, etc.

I ~
1.0"

I

L , y,"

+ HOLE

l ~ 2.0" .1
FIG. 2-USE THIS TEMPLATE as a general guide when making the printed­
circu it board.

Fig. 4-THIS CLOSE-UP SHOWS how really small the components are. The
transistor, labeled UB, is actually smaller than the resistor and capac itor
chips. The two "giant" horizontal tubes near the bottom are the LED
socket.

Therefore , after all the footprints are coate d. use desoldering
braid to remove excess so lder and solder bridges.

LED SO CKET---<::~~~g~§g

Hand-made board
Use a pai r of scissors to cut the board to size , then po lish

the foil with fine stee l woo l. Use a Y4-inch hole punch to
create the hole for the keychain, then place the various
co mponents including Bl , a 20 16 lith ium coi n ce ll, on the
boa rd in the approx imate locat ion s shown in Fig. 3 . Ma rk
their terminal or pin locations on the board with a pencil.
Then remove the part s and pencil in the required term inal
footprints and interconn ect ion traces. Be sure to include fou r
mar ks aro und the per imeter of the lith ium ce ll. Later, so lde r
bumps will be placed on the marks to keep the coi n ce ll in its
proper place .

Finally. use a sharp-pointed resist pen to trace over the
penciled traces and footp rints . Use a straig htedge for best
result s and be careful to avoid smea ring the ink.

After the resist dr ies. cover the back side of the board with
a protecti ve layer of tape . Then immerse the board in an
etc hant so lution . Etching time can be speeded up by ag itating
the so lution . After the board is etched, tho roughl y rinse the
boa rd under runn ing water.

Unless you plan to attach the SMC's to their footprints with
co nd uc tive ad hes ive. the foo tprints of th e etc hed board
should be plated with a thin layer of so lder or tin . A dip-and ­
dunk tin- platin g so lution is available from The DATAK Co r­
poration (G uttenberg . NJ 07093). Alterna tive ly. you ca n melt
a thin layer of standard ros in-co re so lder ove r eac h footp rint.
For best result s . the so lder layer should be thin and flat.

Fig. 3-THE COMPONENT LAYOUT is somewhat unusual because the
LED's socket is made from thin tublnq, while the battery is secured by four
bumps of solder.

doubl e- sided copper-clad board only 7-mils thick that is ideal
for the project is ava ilab le from the Edmund Scientific Co .
(10! E. Glouces ter Pike , Barrington, NJ 08007). A 12 x 18
inch shee t of the board , catalog number E35,652, se lls for
only $2 .50.

Altho ugh the transmitter is asse mbled on only one side of
the board , keep in mind that SMC's can be mounted on both
sides of a doubl e-sided circuit board. The foi l pattern for the
boa rd is shown in Fig . 2; use it as a genera l guide and apply
the resist by hand using a small brush , which is a somew hat
faster way to make a small board compared to usin g the
photo -resis t techn ique .

Installing the SMC's
The SMC's can be attached to the board with either con­

ductive adhes ive or solder. Both methods are described in
--------4-=------L=~---.......---~d:r:e::t:-a i:TI -=eTl s::e:::w-:t:he re in this spec ial s ection. If you use so lder, the

method of temporarily securing the SMC's in place with tape
works best. Attach the SMC being so lde red to the board with
a bit of masking tape across one of its ends and so lder the
expose d terminal or pins with a sma ll amo unt of solder. If
necessary, make sure the SMC is flat against the board by
pressing it down with a pencil eraser while the solde r is still
molten . Then remove the tape and solder the remain ing
term inal or pin s.

After the SMC's are so ldered in place, prepare a socke t for
the LED by cu tting two 0.5- to 0 .65 -inch lengths of62. 5 mil (
Yi n inch) a.D. brass tubing purchased from a hobb y shop.
Prepare the tubes for so ldering by burni shin g them with stee l
woo l or fine sandpa per. Insert the wire from a bent paper clip
in one end of one tube and melt a line of solder along its entire
length . Repeat the procedure for the second tube . Then use
the paper clip to hold one of the tubes in place over its
footpri nt and reme lt the so lder on both the tube and the
footpri nt until the tube is bonded in place . If necessary, apply
some additional so lde r to the side of the tube away from the
seco nd tube 's location . Repeat the procedure for the second
tube . Be sure to keep so lder from enter ing the open ends of
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Fig. 5-IF YOU NEED A RED-LIGHT RECEIVER, try building this circuit. Most of what 's needed is
probably lying somewhere around your shop. Relay RYl can be any low-current relay rated from 5to 9­
volts DC; such relay 's are called " sensit ive relays. "

the tube , especially the end closest to the edge of the circuit
board. Fig . 4 shows the tubes, and the QIIQ2 c ircuit soldered
to the board.

Switch S1is a squeeze switch made from an L-shaped piece
of circuit board , as shown in Fig. 3. The exact shape of the
sw itch is unimportant so long as it fits the allowed space .
Solder a short length of wire-w rap wire to the lower side of
the base of the L. With the exce ptio n of a narrow strip of
exposed copper along the end of the lower side of the L (the
dashed line in Fig . 3), cover both sides of the L with a cle ar
tap e . Solder the exposed end of the wrapping wi re to the
adjacent positive circuit-board foil. Then attach the copper L
to the board with a hin ge made from a strip of clear tape .

Testing the circuit
Test the circuit before installing it in an lD-tag hold er.

First , insert the leads of a red AIGaAs super-bright LED into
the LED socket (be sure to obse rve polari ty). Then place 8 I
o n the board (pos itive side down ) and press the squeeze
sw itch. The LED should glow. When the LE D is pointed
toward a phototransistor or so lar ce ll conn ected to the input of
an audio ampli fier, a 725-Hz tone should be heard from the
amplifier's spea ker.

If the circuit is working properly, rem ove the LED and slip
the circuit inside the ID-t ag hold er. You might want to first
place a se lf-adhes ive label on the back side of the board . You
can leave the label blan k or record the circuit's operating
paramete rs on it. At least two kinds of plastic keyc hain lD-tag
holders are availab le from office supply co mpanies . The one
used for this project , which has a retail cos t of ap proxi mately
70 cents, has a 2-mm high slot at one end. opposite the hole
for the keych ain.

After the circ uit is inside the hold er, insert the LED into its
hold er through the 2-mm slot. The slot also simplifies re­
moval of the ci rcu it board: S imply push the board out with a

small screwdriver or a flat implement passed through the slot.
Adju stin g the squeeze sw itch ca n be tric ky. If the LED stays
on when the board is slipped inside the tag holder, bend the
exposed copper end of the L slightly upward. If excessive
pressure is required to close the sw itch, expose additional
copper by remov ing a narrow strip of the tape with a knife .

Suitable remote-control receivers
The keyc hai n transmi tter ca n be used to trigger various

kinds of optoe lec tronic receivers. TIle circuit for a suitable
receiver is show n in Fig. 5. The circuit uses a 567 tone
decoder to help prevent triggering by any unauthorized tran s­
mitter s .

In operation, pul sed infrared or vis ible light is recei ved by
QI and transformed into a pulsed voltage . Any NPN pho­
tot ransistor ca n be used for Q I. The signa l from Ql is ampli­
fied 1,000 times by ICI , an LM308 high-input impedance
operationa l amplifier, and is passed to IC2, a 567 tone de­
code r. Resistor R4 and capac itor C4 determine IC3 's ce nter
frequency. Resistor R4 is a potenti om eter rather that a fixed
resistor to perm it the receiver to be tun ed . IC3 's output drives
RYl , a low- current relay.

The receiver can be asse mbled on a pr inted-circuit board
using either co nventiona l or surface-mountable components.
Both IC I and IC2 are available in sma ll outline pack ages .

Test the rece iver by pointing the transmitter at QI while
carefully adj usting the receiver's R4 . With R4 's wiper se t
near its midpoint, the relay sho uld pull in when QI is receiv­
ing the transm itter 's sig na l. For best results, br ight ambient
light must not be allowed to strike Q I; otherwise, QI may
becom e saturated and fail to respond fully, or at all, to
incom ing pulses from the transm itter. If ambient light proves
to be a problem, place one or two pieces of developed color
film in front of Q I to serve as a near-infrared filter, and insert a
near-infrared LED into the transmitter. R-E
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Your Best Source
for SMO Test Accessories is

POMONA ELECTRONICS
PATCH CORD; SMD GRABBER '·
BOTH ENDS: MODEL 5301

SMD MICROTIP'· TEST
PROBE TO SINGLE
STACKING BANANA
PLUG: MODEL 5144

CABLE ASSEMBLY; SMD
GRABBER '· TEST CLIPS TO
BNC MALE: MODEL 5304

SMD TEST TWEEZER ,. TO BNC
MALE: MODEL 5142 (SHOWN).
TO TWO SINGLE STACKING
BANANA PLUGS: MODEL 5143

FREE 1987 GENERAL CATALOG

~ . .
TEST ACCESSORIES

1987

ITT Pomona Electronics
1500 E. Ninth St. , Pomona , CA 91766

Tel: (714) 623-3463

SOIC CLIP '· TEST CLIP: MODEL
5250 (8 PIN); 5251 (14 PIN); 5252
(16 PIN) SHOWN; 5253 (20 PIN);
5254 (24 PIN)

DO-IT-YOURSELF SMD
GRABBER g:MODEL5243

MOLDED BREAKOUT; SMD
GRABBER '· TEST CLIPS TO
FEMALEBNC:MODEL5305
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Who needs copper foil

and solder when you can

use these conductive

inks and adhesives?

Conductive Inks and Adhesives
FORREST M. MIMS, III

FO R MAN Y YEARS, T HE H YB RID MI CROEL ECT RONI CS IN DUS­

try has used electrically-conductive inks and adhesives to
interconnect components, and to bond them both mechan­
ically and electrically to a substrate. Those same inks and
adhes ives can also be used with all sorts of surface-mounta­
ble components.

While conductive inks and adhesives are usually used with
standard circuit boards or cera mic substrates, they also make
possible some very unusual and even novel circuit-asse mbly
methods. For example, they perm it surface-mountable com­
ponents and even complete circuits to be installed on paper,
plastic, glass , wood, painted surfaces, and many other sub­
strates. Do- it-yourself examples of such circuits are pre­
sented elsewhere in this speci al section.

Figure I shows an assort ment of conduct ive inks and ad­
hesives . Whether or not you dec ide to exper iment with con­
ducti ve inks and adhes ives now, cha nces are you will
encounter those versa tile counterparts of copper foil and
solder sometime in the future . Therefore, let 's take a close
look at both conductive inks and adhes ives .

Conductive inks
Electrically conductive liqu ids and pastes that can be ap­

plied to a substrate to form a network of interconnection s are
collecti vely known as conductive inks. Those material s are
usually much more viscous than drawing ink , and often

resemble paints. Indeed , conductive paints and coatings are
available that will add RF shielding to enclosures.

Condu ctive inks are often used to repair broken traces and
to form new traces on etched circuit boards. For decades,
however, their chief appl ication has been to form conductive
traces on hybrid microelectronics substrates . Generally, a
conductive-ink pattern is screen or stencil printed on a ce­
ramic substrate that is then fired in an oven. The result is a
very tough and permanent conductive network. Additional
conductive layers can be added if previously-applied con­
ductive layers are first coated with a dielectric paste.

Figure 2 shows a very simple hybrid microcircuit , a micro­
switch Hall -effect sensor assembled on a thin ceramic sub­
strate . The Hall sensor is installed behind the oval protrusion .
The three shaded rectangles are thick-film resistors that have
been scree ned onto the substra te. Upon close examination,
two of them show the thin slice marks that result from laser
trimm ing, a method used for tunin g a low-tolerance thick­
film resistor to a precise value . The Hall sensor, the resistors,
and the three terminals are interconnected by a solderable
conductive ink that has been scree ned onto the substrate and
then fired.

The conductive property of an ink is provided by powdered
gold, silver, and other metal s . Gold , while expe nsive ,
provides very low resistance and long-term stability. Silver is
cheaper than gold but has several times its resistance . Further-
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0.15 ohm
1.00 ohm
1.75 ohms
5.00 ohms

Line
Resistance
(1" x 0.02 '1

0.003
0.020
0.035
0.100

TABLE 1

Sheet
Resistivity

(ohms/square cm)

Conductor
Composition

Gold
Silver
Palladium Silver
Platinum Gold

Source : "Designers Handbook on Thick Film Microcircuits," Paine
Instruments, Inc.

Applying inks
In an industrial setting , conductive inks are usually applied

by screening or stenciling. Those methods require considera ­
ble preparation time and often are impractical when only a
few board s are needed.

Fortunately there are several ways to apply conductive inks
by hand to make relatively simple circuit boards . It's even
possible to make multiple -layer boards by interspersing con­
ductive layers with a layer of insulating material.

Before going on, a few caveats are in order. The best
conductive inks can be very expensive. Also, the physical
properties of various inks, both when liquid and after harden­
ing, can be very different. The metal particles in a conductive
ink generally do not remain in suspension. Instead, they sink
to the bottom of their container under a layer of syrupy carrier
fluid . Therefore , for lowest resistance it is essential that the
particles be thoroughly mixed with the carrier before the ink
is applied. Shaking alone may not be adequate; stirring may
be required. Finally, the carriers of most conductive inks are
volatile and may be flammable , hazardous to health , or both.
Therefore, it is essential to use conductive inks in a well
ventilated area and to follow the safety instructi ons provided
with a specific product.

The ideal way to apply conductive ink by hand would be
with a drawing pen. However, the author has been unable to
find a pen intended for that application. It is possible to load
conventional drawing pens with conductive ink. But , the
viscous nature of most conductive inks means that they must
first be thinned with a suitable solvent or carrier. The draw­
back to that procedure, aside from it being rather messy, is
that thinnin g increase s the resistance of the ink . Furthermore ,

unlimited shelf life . It would be non-corrosive, simple to
apply, odorless, non-flammable , and non-to xic . It would be
available in bulk for screen printin g , and in a handheld pen for
the instant preparation of SMC-prototype circuit boards and
for the repair of conventional boards .

Though many different kinds of conductive inks are avail­
able , none possess all of the properties of the ideal material

-- -------we've outlined . Inks blended with powdered goldor silver
provide the lowest resistance, but they are expensive. Copper­
and nickel-filled inks are inexpensive, but their higher resis­
tance can affect the operation of a circuit if not properly
compensated for.

Another drawback to condu ctive inks is that shelf life is
relatively short, usually ranging from six months to a year.
Still another disadvantage is that some materials require
spec ial handling since they may be hazardous to health. And
while some conductive inks will dry fairly rapidly in open air,
others require that you select either heat or a considerabl y
longer drying time .

1 INCH

more, silver may migra te from the fired ink over time. Alloys
of platinum and go ld or silver are used when it IS necessary to
solder to the fired ink . Copper and nickel are used as inexpen­
sive substitutes for gold and silver. Both, however, have
higher resistance and other less-desirable characteristics.

The resistance of conductive inks is often specified in term s
of sheet resistivity. Sheet resis ivity, which is given in terms of
ohms-per-square ce ntemeter, is the elec trical res istance
across opposite sides of a square pattern of conductive mate­
rial . Resistance of conductive inks can also be given in term s
of a line of material having specified dimensions. The resis­
tances of several common inks used in the hybrid-micro­
electronics industry are shown in Table I.

FIG. 2-THIS MINIATURE THICK-FILM hybrid microcircuit uses con­
ductive ink for its interconnections.

FIG. l-eONDUCTIVE INKS AND ADHESIVES are available from a variety
of manufacturers.

Ink properties
The ideal cond uct ive ink would be an inexpen sive material

having zero sheet resistivity, a short curing time, and an
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Conduct ive adhesives
Heretofore, the principle application of adhesives in sur­

face-mounting technology has been to use non-conductive
materials to bond SMC's to a circuit board in preparation for
wave soldering. Although considerable literature and many
appl ication notes on the use of non-co nductive adhesives for
that purpose have been published , comparatively few pub­
lications about surface-mount technology even discuss con­
ductive adhes ives. That is surpris ing, particularl y since
conductive adhesives provide a fast and reliable method of
attaching SMC's to a circuit board without using solder.
Moreover, conductive adhesives are well suited for use with
heat-sensitive components, and they can be used to make
qui ck circuit repairs and modi ficat ions when soldering
equipment is either unavailabl e or impractical.

The ideal conductive adhesive would be an inexpensive ,
single-part material having zero electrical resistance, a short
curing time, and an infinite shelf life. It would be non­
corrosive , simple to apply, provide a strong bond, and be
easily reworked . Finally, it would be odorle ss, non-flamma­
ble , and non-toxic .

While the perfect conductive adhesive has yet to be formu-
z

lated , a surprising number of products possess many of those ~

properties. Adhesives blended with powdered gold or silver m
provide the lowest resistance , but they are expensive . Copper- ~
and nicke l-filled adhesives provide reasonabl y low resistance ~

for less cost. <D

Some conductive adhesives have novel properties . For :s

NICKEL
PRINT
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Using inks as adhesives
The composition of some conductive inks and adhesives is

very similar. And there are some inks that can provide a
relative ly strong bond to an SMC termina l or pin . Therefore ,
it follows that some conductive inks can double as condu ctive

'"------~-- ---adhesives.
FIG.3-USINGTHETRANSFER METHODto apply conductive adhesive to The surface-mount circuit builder can exploit the adhesive
the pins of an SO device . property of some conductive inks to speed up the assembl y of

simple prototypes. For example, the author has assemb led a
number of miniature circuits using only a lacquer-based
conductive ink. First, the footprints for a component are
formed with the material. The SMC is then placed on the
footprint. Additional component footprint s are made and
their SMC's are positioned in place . Interconnections be­
tween the footprints are made as the circuit is assembled. Any
remaining interconnections are formed after all the SMC's are
in place. Though the lacquer-b ased ink hasn't the strength of
a cond uctive adhesive , circuits assemb led in that fashion have
survived being dropped on the floor from a distance of as
much as a few feet.

FIG. 4- THESE TWO CONDUCTIVE INKS are low priced, readily availab le,
and suitable for hand applicat ion.

Another method is to use a hand-held automatic dispens­
ing syringe to form lines consisting of precisely metered dots
of material. The necessary equipment, however, is expensive .
A conventional syringe with a hand-depressed plunger can be
used but only after some experience has been gained to avoid
dispensing too much material.

It's best to experiment before selecting a method for hand
applying a conductive ink. Then , before beginnin g work,
plan each step carefully. For best results, use a pencil to draw
the outlin e of the circuit on the substrate. If you use a
transparent substrate such as Mylar, you can draw the circu it
outline on a sheet of white paper that is then placed under the
substrate, allowing you to trace several circuits from a single
pattern .

considerable experimentation may be needed to arrive at the
best combination of pen-orifice size , ink, and thinner.

A simpler method is to apply the ink dot-matrix style; that
is, a droplet at a time, by means of a small wire dipped into
the material. Generally, dipping the wire into the ink will
pick up enough fluid for several dots. The dots should be
placed close together so they form a continuous line . That is
best done by a quick ly tappin g the end of the wire again st the
substrate while moving it in the desired direct ion . With
practice , you can form closely-spaced component footprints
and both curved and straight lines. While that low-tech meth­
od is both slow and tedious, it works quite well with simple
circuits. In fact, a compl ete interconnection pattern for a
circuit consisting of an IC and half a dozen outboard compo­
nents can be produc ed in 10 minutes or so.
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Conductive-ink and -adhesive manufacturers
An acrylic-based, silver-filled ink that is easy to mix and to

apply by hand is made by the Hysol Division of the Dexter
Corporation . The product number is 140-18-Q. That material
adheres well to paper, cardboard , wood , phenolic , poly­
styrene , vinyl and butyrate .

Another silver-filled ink that is easy to mix and to apply is
Am icon's C-225-3 . That ink adheres well to paper, polyester
film, phenolic , and ceramic .

Dynaloy, Inc . sells an evaluation kit containing four 50­
gram bottles of either epoxy-base or polyester-base silver­
filled conductive ink. Each 200-gram kit costs $100. Those
inks are more viscous than the preceding ones and must be
stirred to mix the silver particles and the carrier.

Most inks can be cured by placing a freshly prepared
substrate under a desk lamp. For best results , however, be sure
to refer to the instruc tions supplied with the product.

If you can' t find the industrial-grade inks described above,
don 't despair. GC Electronics sells conductive inks for repair­
ing etched circuit boards that are also suitable for bonding
SMC's to a circuit board . Their highly conductive Silver
Print (Cat. No. 22-201) is $21.62 for half a troy ounce (price
subject to change with the price of silver). GC's Nickel Print
(Cat. No. 22-207), has a higher resistance than Sil ver Print ,
but the two-ounce bottle shown in Fig. 4 costs only $3 .83.
Both of those products can be ordered from GC Electronics or
purch ased at many electronics dealers.

If those GC products aren' t readily available, you can
obtain satisfactory results with a silver-filled conductive lac­
quer available from some automotive parts stores that sell
NAPA parts. The product , which is dyed to resemble copper,
is Loctite Quick Grid Window-Defogger Repair Kit. The kit,
which sells for around $7.25 , include s a small bottle con­
taining 0.05 fluid ounces of silver-filled lacquer. It is also
shown in Fig. 4 .

Dynaloy, Inc. sells various one-part conductive-epoxy pas­
tes that are well-suited for conductive bonds. An evaluation
kit containing 50 grams each of one pure-si lver and two
silver-alloy adhesives costs $100. Conductive adhesives are
also available from Amicon. R-E

Applying conductive adhesives
In an industr ial setting, dots of conductive adhesive are

applied to each SMC footprint by screening , an array of pins,
or an automatic syringe dispenser. The SMC's are then placed
over the footprints and the adhesive or ink is allowed to cure
or dry.

There are several ways to apply conductive adhes ives by
hand. A hand-held autom atic dispensing sy ringe will place a
precisely metered quanti ty of material over each footprint.
The necessary equipme nt, however, is expe nsive . For­
tunately, there are some very simple alternatives.

The simplest method is to dip a toothpi ck or wire into the
adhesive to pick up a small droplet of materi al . The droplet is
then touched to the desired footprin t. If the material is slow
drying, the conductive material can be applied to all the
footprints before the SMC's are installed . If the materi al is
fast drying, only the materi al required for an individual SMC
should be applied.

instance , some ca n actua lly be so ldered-to usin g co n­
ventional tin-lead solder. And some conductive adhesives are
thermopl astics that can be reworked merely by reheating the
existing adhesive. In other words, a connection can be heated
until the adhesive softens enough for the SMC to be removed .
A replacement SMC can then be bonded in place with fresh
adhesive or, with some materials, by heatin g the joint once
again .

Unfortunatel y, the typic al she lf-life of conductive ad­
hesives ranges from two months to a year, with six month s
being fairly typical. Another drawback is that some materi als
require spec ial handlin g since they may be hazardous to
health . While those drawbacks are certainly undesirable, they
are not unique to conductive adhesives . Indeed , most ad­
hesives, conductive or otherwise , have limited shelf lives and
some require special handling.
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It's possible to apply conductive adhesive to the footprints
using a syr inge or similar applicator. However, that app lica­
tion method requires some exper ience to avoid applying too
much material. A toothpick or wire applicator gives the
same-sized droplet each time .

An alternate way to hand-apply conductive adhesive is the
transfer method . In that method , the adhesive is applied to
the terminals or pins of an SMC instead of to its footprint s on
the circuit board. An advantage of the transfer method is
speed, since all the terminals or pins on one side of an SMC
can be coated with material in a single opera tion. To use that
method, first place a few drops of material on a flat surface
such as a glass microscope slide or paper card taped securely
to a work surface . Then grasp the SMC with tweezers and
simply dip each terminal or pin into the material as shown in
Fig . 3. With practice , all the pins on one side of a small
outlin e IC can be dipped at once . The SMC is then placed

Conductive-adhesive types over its footprints on the circuit board .
Regardl ess of their conductive filler, condu ctive adhesives No matter which application method you use , always

can be divid ed into several major classes. The two most remember that condu ctive adhesives, like many other ad-
- - important-are: --hesives, may be flammable-or hazardous to health . There-

• Thermosettin g adhesives.-Those adhesives have proven fore, always work in a well-ventilated area and be sure to
their reliability during many years of use in the electronics follow the safety precautions provided with the product.
industry. Thermosetting adhesives provide a very strong,
inflexible bond . They are cured by means of a chemical
reaction that is initiated by a chemical catalyst, heat, or
ultraviolet radiation. The resulting bond is perm anent , and
cannot be reworked unles s the adhesive is first shattered or
dissolved with a solvent. Examples of thermosetting ad­
hesives includ e 1- and 2-part epoxies, acrylic s, and also, the
polyesters .
• Thermoplastic adhe sives.-Those adhesives do not under­
go a chemical change when a bond is formed. Therefore , they
can be reworked simply by applying heat until the material
softens enough to remove the bonded component. A second
application of heat permits a replacement component to be
attached . Though thermoplastic adhesives provide a weaker
bond than thermo settin g adhesives, the fact they can be
reworked makes them well-suited for many applications in
which they will be subjected to only mild mechanical
stresses. Examples of thermoplastic adhesives include nylon ,
polyimide siloxane, and various proprietary materials. Very
flexible thermoplastic adhesives can be formul ated by mixing
synthetic or natur al polym ers (e.g . neoprene or rubber) in a
solvent or other suitable carrier.
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SMT PROJECT:
A BUS/NESS-CARD

TONE GENERATOR Who needs a PC board?

FORREST M. MIMS, III

FIG. 1-A SIMPLE TONE-GENERATOR. Resistors R1-R17 consist of
nothing more than lines drawn with a graphite penci l.
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section of clip-on cylindrical-radius contacts made by Tech­
Etch , Inc . (45 Aldrin Road, Plymouth, MA 02360). One
finger from a contact section is used for the battery clip. An
18-finger section , which we'll call the switch strip, is used for
the keyboard.

The circu it also requires conductive ink and adhesive-

SURFACE MOUNT T ECHNOLOGY OFFERS CIRCUIT BUILDERS

entirely new methods of assembling sol id-state circuits . For
example, the circuit shown in Fig. I can be installed without
solder on an ordinary paper business card. The prototype
version of the circuit was built in around 90 minutes .

The primary value of this particular circuit-on-paper is that
it vividly illustrates some of the unique capabilities provided
by surface-mount technology. Among the more interesting
techniques it will show you is how to form resistors simpl y by
drawing them in place with a graphite pencil.

Circuit assembly
Figure 2 shows both the conductor trace~'and the compo­

nent layout for the assembl ed circuit. For the circuit to fit on a
business card , two specialized components are required. The
piezoelectric-buzzer element is a miniature O.7-inch diame­
ter unit made by Murata Erie N0I1h America , Inc . (2200
Lake Park Drive. Smyrna. GA 30080). The keyboa rd is a

How it works
Referring to Fig. I , the circuit for the tone generator

con sists of a 555 timer connected as an astable oscillator. The
circuit's frequency of oscillation is controlled by resistor s
R I-R 17 and C I. The output from the 555 drives a
piezoelectric-buzzer element. Note that Fig. I specifies a
power supply voltage of 6 . Keep in mind that selected 555's
and low power 555's can be powered by 3 volts.

85



PIEZO
BUZZER

ELEMENT

CONDUCTIVE INK

below the 555. After the three SMC's are in place. clip the
connection leads of the piezoelectric-buzzer element to a
maximum length of 1.5 inches and remove 0.1 inch of insula­
tion from the end of each lead. Attach the element to the
upper right corner of the card with transparent tape .

Next, connect the pins of the 555 to the respective copper­
foil conductors with small droplets of silver-filled ink. Apply
the ink with a sharp toothpick or piece of wire. Also apply
droplets of ink between the terminals of CI and the copper­
foil strips on which CI rests. Then form traces of conductive
ink between the terminals ofRI 8 and pins 6 and 7 of the 555.

Use care when applying conductive ink. Too much ink will
result in a short circui t should some of the ink run under the
components . Be sure to follow any precautions supplied with
the ink you select.

Next, form a path of conductive ink across the top of the
555 to interconnect pins 2 and 6. Then apply small droplets of
conductive ink at the junct ion of each graphite resi stor
(RI-R I7) ' and the diagonal copper conductor. Also apply
conductive ink at the junctions of the various copper foil
traces.

Fasten the leads from the piezoelectric-buzzer element to
the card with clear tape so that the exposed ends of its leads
arc positioned over the copper foil traces connected to pins I
and 3 of the 555. Secure the leads to the foil with droplets of
conductive ink.

FIG. 3-THE AUTHOR'S PROTOTYPE. Pressing different contacts wi ll
cause different pitched tones to be produced.

After the conductive ink has dried , slip the switch strip
over the bottom side of the card as shown in Fig. 2. Crimp the
ends of the strip slightly to secure the switch strip in place.
Crimping will also insure that the switch strip makes good
electrical contact with the copper trace applied to the left
border of the card .

Cut a single finger from a length of cylindrical-radius
contacts to form the upper battery terminal. Place a layer of
tape under all but the end of the flexible-finger portion of the
terminal. The tape is necessary to prevent a possible short
should the edge of one or both coin cells make contact with
the terminal. Crimp the clip-on portion of that terminal to the
upper-left corner of the card as shown in Fig. 2.

Figure 3 is a photograph of the completed circuit. Figure 4
is a highly magnified view of a droplet of conductive ink over
the junction of one of the graphite resistors and the diagonal
copper strip. Figure 5 is a highly magnified view of CI. Note
that Fig. 5 also shows a droplet of conductive ink bonding one

continued on page 87
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backed copper foil. Many kinds of conduc tive inks can be
used . Silver-filled inks , however, will work best. Adhesive­
backed copper foil is available from The Datak Corporation
(3117 Patterson Plank Road, North Bergen, NJ 07047) .

Begin assembly of the circuit by using conductive ink and
a suitable applicator (a wire or a sharp toothpick) to intercon­
nect pins 4 and 8 on the back side of the 555. Set the 555 aside
to allow the ink to dry.

Next , follow the layout in Fig. 2 and apply adhesive­
backed copp er strips to a busine ss card . Note that a single
strip is placed along the upper left side of the back of the card .

Cut an 18-finger section from a length of the cylindrical­
radius contacts to form the switch strip. Clip off the left-most
flexible finger from the switch strip and slip the strip over the
lower side of the card . Use a pencil to make a small mark
directly below each contact finger, and then remove the
switch strip.

Use a multimeter to measure the resistance of lines drawn
on paper with various kinds of pencil s. While some pencils
produce non-conductive lines , others produce lines having an
easily measured resistanc e. Select a sharp pencil that pro­
duces lines having relatively low resistance to draw I7 paral­
lei lines between the marks under the contact fingers and the
copper strip that runs diagon ally across the lower center of the
business card .

When the silver-filled ink on the lower side of the 555 is
dry, attach the device to the card with a small piece of
reusable adhesi ve or wax. Then use very small pieces of the
same adhesive material to attach Cl and RI8 to the card at the
locations shown in Fig . 2. Note that CI is mounted between
two thin copper strips while RI8 is simply attached to the card

PARTS LIST
R1-R17-graphite pencil lines, see text
R18-1000 ohms, 1206 package
C1-;.01 ""F, 1206 package
IC1-555 timer, SO-8 package
Miscellaneous: Lithium coin cells (2 each, 2016 or 2020 type),

piezoelectric buzzer (Murata-Erie MSJ-70383, or equivalent),
.switch strip (see text), battery terminal (see text), adhesive­
backed copper foil, conductive ink, graphite pencil, business
card, etc.

FIG.2-WHO NEEDS A PC BOARD? As show here, the entire circuit can be
mounted on a piece of paper or cardboard, like a business card.

D COPPER FOIL
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BUSINESS.-CARD TONE GENERATOR

contin ued fro m previous page

FIG. 4-A DROPLET OF CONDUCTIVE INK connects a graphi te resistor to
the coppe r st rip.

FIG. 5-A CLOSE-UP OF C1. To its right, a droplet of conductive ink bonds
one lead from the buzzer to a fo il strip.

HAND.-SOLDERING SMC's

continued from page 72

Solder paste or cream is offered in convenient syringe
applicators by Alpha Metals and Mult icore Solders. Figure 3
shows a syringe of so lder paste that contains 1.5 ounces of
63%-tin/37 %-lead so lder paste. Note that when a paste or
cream is supplied in that manner, it's genera lly necessary to
mix the material before use by rolling the barrel of the syr inge
against a hard surface . After the needle is attache d and the
plunger is insta lled, a small qua ntity of material can be
applied direct ly to each SMC footpri nt as shown in the
opening of this article.

It' s bes t to practice applying the paste on a piece of paper
first. That will allow you to learn how to co pe with unforeseen
situations such as how to dea l with paste that continues to
emerge from the needle after you have coa ted a footpri nt.
(Hint: Keep some paper towels handy. )

If the syringe method proves too tricky, you can apply the
solder paste or cream directly to the terminals and pins of the
SMC's themselves using what is ca lled the transfer method.
First , p lace some paste or cream on a clean, flat surface; a
glass microscope slide works well. Next , use tweezers to pick
up an SMC and then dip its termi nals or pins into the paste.
When all the termina ls or pins are coated with a thin layer of
the material , place the SMC on its footpri nts on the circuit
board. The sticky flux will hold the SMC in place while you
repeat that proced ure for any rem aining devices.

of the wires from the piezoelectric-buzzer ele ment to its
respective copper strip.

Testing the circuit
Carefully inspect the circuit to make sure no errors have

been made. Then insert a stack of two lithium coi n cells under
the upper battery termi nal (positive sides down). A tone
should be heard when one of the swi tch-strip fingers (keys) is
pressed against its respective graphite line on the surface of
the card .

Caut ion : Use care to avoid shorting the terminals of one or
both coi n cells. Lithium cells may explode when shorted.

When the circuit works properly, try pressing each of the
keys in turn. That test will illustrate the difficulty of drawing
graphite lines having uniform resistance per unit length . The
prototype circuit yielded a rather irregular sequence of tones
as each key was pressed in ascen ding order.

The circuit has no power switch . When the circuit is not
being used , insert a slip of paper between the lithium coin
cells and the upper battery terminal or remove the co in cells .

Going furth er
Wheth er or not you choose to build this circuit, I hope the

construction details presented here have given you some new
ideas about the unique possibilities offered by combining
surface- mountable components and conductive inks. While
you might not wish to bui ld mini ature circuit s on paper
business cards, you can build such circuits on glass, plastic,
wood, painted metal and many other substrates. In short, a
circuit can be built on virtually any available surface. For
example , the author has used silver-filled ink and SMC's to
build LED transmitter circuits directly on the battery holders
that power the circuits. R-E

After all the components are in place , inspect the board to
make sure each SMC terminal or pin is properly positioned .
You must then cure the board by preheating it long enough to
drive off the volatile solvents from the paste or cream. The
curing procedure is very import ant because it precludes the
formation of unwanted solder balls and reduces the thermal
shock that that the board and its SMC's are subjec ted to
during reflow solder ing.

IMPORTANT: Various solder pastes and creams may
require different curin g times and temperatures. They may
also require different refl ow so lde ring tim es and tem­
peratures. Therefore , it is esse ntia l to refer to the manufac­
turer 's literature about a speci fic product to avoid unreliable
solder connections.

With that caveat in mind , a typical curing procedure is to
heat the board in a convect ion oven for from 10 to 30 minutes
at 85° C. After the paste is cured, the board is removed and the
oven temp erature is increased to the melting tempera ture of
the solder. The board is then placed back in the oven until the
solder melts and then quick ly removed . Alternatively, if the
board can withstand the temperature, it can be reflow sol­
dered by placing it on a hot plate. Another alternat ive is to use
a desktop vapor-phase system such as Multi core Solders'
Vaporette .

Once aga in, it is essential to carefully follow the instruc­
tions for a particular solder paste or cream. Also, it's very
important to avoid overheating the SMC's . Most, but not all,
SMC's can withstand the temperature of molten solder for 10
seco nds . R-E
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LED FLASHER

continuedfrom PKe 74

tion. Refer to the component place ment diagram in Fig . 3 to
mak e sure the 555 is orie nted properl y. Then solder eac h
termi na l in place.

Co ntinue asse mb ly by install ing the resistors and C lone at
a time and so lderi ng them in place as we 've described . The
value of the resistors is given by a code in which the last dig it
indicates the number of zeros . Thu s the co de 104 indi cates a
resistance of 10 foll owed by 4 zeros or 100 ,000 ohms .

Install the LE D next. For the utm ost in mini aturization ,
you ca n use a chip LED . For high -brightness applica tions ,
use a leaded device . C ut the lead s 0 .2 inch from the LED ,
place them ove r their respecti ve footpr ints (be sure to obse rve
polarit y), and sec ure the LED in place with tape . Th en sold er

the leads in place. Repeat that proc ed ure for the leads from a
9-vo lt battery cl ip. Figure 4 shows the co mpleted board.

Testing the Circuit
Carefully inspect the completed c ircuit to make sure that

all the components are properly positio ned . Pay particular
attent ion to the orie ntation of the 555 and the po larity of the
LED and battery cl ip leads . And be sure to remove any solder
bridges and ba lls .

The LED sho uld begin to flash as soon as a 9-volt battery is
co nnec ted to the circuit. Operation of the circ uit will be
identi cal to that of a flasher made with throug h-hole co mpo­
nent s . The thinness of the SMC flasher, however, mean s that
it can be installed in previously unu sabl e locat ions . And the
relative ease and speed wi th which it can be asse mbled should
co nvince even the most ske ptica l builder tha t surface- mo unt
technology is an idea whose time has come. R-E

Going further
As noted previously, when Q I is omitted the circuit can be

used for other applications . For example , when a discharged
capacitor is connected in the circuit in place of QI, LED2- LED5
will glow in sequence as the capacitor is charged by the small
voltage appeari ng at the common non-inverting inputs. One
application for that configuration is as a timer whose period is
determined both by the size of the capacitor and the setting of
resistor RI.

The timing intervals can be increased by increasing the value
of the capac itor. A new timing cycle can be started at any time by
momentari ly shorting the capac itor.

Another interesting app lication is to use the circuit to indicate
resistance . When the input leads are open, all the LED's will
glow. If a variab le resistance is connected to the circui t in place of
Q I, LED2-LED5 will glow in sequence as the resistance is
lowered . We're sure that you have often wished for a visual
continuity checker.

Finally, keep in mind that the circuit as presented here func­
tions as a parallel array of inverting com parators. It can be
revised to function as a parallel array of non-in verting com­
parators simply by reversing the connections to the inputs of the
four compara tors. R-E

Testing the circuit
If you have installed Q I, the circuit will function as a light

meter when lithium cell BI is installed in its holder. LEDI will
glow to indicate the power is on. Use a jewe ler's screwdriver to
adjust trimm er RI for the desired sensitivity. For best results ,
perform the adjustment with the circ uit in subdued light. Gener­
ally, LED2-LED5 will switch off when QI is brightly illum i­
nated . Those LED 's will then glow in sequence as the light
reaching Q I is progressively reduc ed .

You can switch the circuit off by removing BI . Or, you can slip
a small piece of paper or thin plastic under, or a short length of
heat-shrinkable tubing over, the uppermost battery-holder elec­
trode .

EMITIER
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enced hand-solderer of SMC's, it is essential to care fully inspect
each and every jun ction with a magnifying lens.

Next, so lder trimmer RI to the board . Since cementing RI to
the board might interfere with its rotor if you are not careful, -it 's
best to use a bit of masking tape to secure RI in place for
solder ing.

Ifyouwant to use the circuit as a light meter, solder Q I in place
next. However, if you want to use the circuit for one of the
spec ialized applications that we ' ll descri be later on in this arti­
cle . you should om it QI and, instead , solder a pair of stranded,
insulated hookup wires to its two mountin g holes.

Note that Q I is a conventional through-hole co mponent. The
prototype used a tiny surface- mount phototransistor (Stettner
Electronics CRIOTE I). However, that meant that the phototran­
sistor was aliuned in the same direction as the readou t. The result
was that som'eone viewing the readout could cast a shadow over
QI , affecting accuracy.

To overcome that , the surface-mount able version of Q I was
replaced with a leaded phototran sistor that can be insta lled
facing away from the person viewing the readout.

The leads of the phototransistor are installed in two ho les
drilled in the circuit board adjacent to the negative battery holder
termin al. TIle emitter of Q I, which is indicated by a small
protrudin g tab (see Fig. 4-(/), must be installed in the hole
connected to the negative battery-holder terminal. Therefore ,
bend Q I's leads as shown in Fig. 4-b and insert both leads
through the bottom side of the circuit board so that Q I point s
away from the circuit board as shown in Fig. 4-c. When the

FIG. 4-THE PHOTOTRANSISTOR'S EMITTER is indicated by the tab (a).
When install ing the devi ce, bend the leads (b) and mount it 50 that it is
pointing away from the circuit board (e).

1- - - - - --I:I G H T-M ET ER-------·I---'cjrcuit is complete, QI's leads will emerge from the board under
the battery-holder. Therefore, be sure to keep those leads close to
the board . Solder QI 's leads to their footprints and clip off the
excess lead lengths.

Complete assembly of the board by installing the lithium coin­
cell holder on the underside of the board . Be sure to orient the
holder so that its positive termin al (the uppermost battery con­
tact) is inserted in the hole marked + . Solder the terminals in
place and clip off the protrud ing pins. Use caution; the clipp ed
terminals may fly away from your clippers with considerable
force .
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SMT Resource Directory
THE Q UANTITY AND VARI ET Y O F SURFACE

mount components, supplies, literature.
and services has grown rapidly during the
past few years. Here's a listing of sources
and vendors for some of what is now avail­
able. Many of these companies are repre­
sented by local electronics distributors.
Foradditional information contact the Sur­
face Mount Technology Association (Box
1811, Los Gatos, CA 95031).

SURFACE MOUNTABLE
COMPONENTS
Amperex Electronic Corporation
George Washington Highway
Smithfield, RI 02917

Bourns, Inc.
1200 Columbia Avenue
Riverside, CA 92507

Exar Corporation
750 Palomar Avenue
Sunnyvale, CA 94086

Mepco/Centralab, Inc.
2001 West Blue Heron Blvd.
Riviera Beach, FL 33404

Dynaloy, Inc.
7 Great Meadow Lane
Hanover, NJ 07936
GC Electronics
400 South Wyman Street
Rockford, IL 61101
Hysol Division, The Dexter

Corporation
P.O. Box 1282
Industry, CA 91749
Loctlte, Electronics Division
705 North Mountain Road
Newington, CT 06111

SOLDER PASTES AND CREAMS

Alpha Metals, Inc.
600 Route 440
Jersey City, NJ 07304
Multicore Solders, Inc.
Cantiague Rock Road
Westbury, NY 11590

SURFACE MOUNT SOLDERING
EQUIPMENT

Edsyn Inc.
15958 Arminta Street
Van Nuys, CA 91406

Hexacon Electric Company
P.O. Box 36
Roselle Park, NJ 07204

PACE, Inc.
9893 Brewers Court
Laurel, MD 20707

TOOLS

Edmund Scientific Co.
101 E. Gloucester Pike
Barrington, NJ 08007
Jensen Tools, Inc.
7815 S. 46th Street
Phoenix, AZ 85044

Pomona Electronics
1500 E. Ninth SI.
Pomona, CA 91766

CUSTOM CIRCUIT BOARD DESIGN

Analytic Design, Inc.
3200 Scott Blvd.
Santa Clara, CA 95054

Motorola Semiconductor Products,
Inc.
P.O. Box 20912
Phoenix, AZ 85036

muRata Erie North America, Inc.
2200 Lake Park Drive
Smyrna. GA 30080

National Semiconductor Corporation
P.O. Box 58090
Santa Clara, CA 95052

NIC Components Corporation
6000 New Horizons Blvd.
No. Amityville, NY 11701

Signetics Corporation
P.O. Box 3409
Sunnyvale. CA 94088

SMD Technology Service Center
5855 North Glen Park Road
Milwaukee. WI 53209

Sprague Electric Company
P.O. Box 9102
Mansfield , MA 02048

Stettner Electronics Inc.
3344 Schierhorn Court
Franklin Park, IL 60131

Texas Instruments
P.O. Box 809066
Dallas, TX 75380

CONDUCTIVE INKS AND ADHESIVES

Amicon, A Grace Company
25 Hartwell Avenue
Lexington, MA 02173

Surface
MOUNT
ArtworkPatterns
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JotDraft1Mrub-down PC drafting patterns now include a complete
range of 4X, 2X and I X SMD patterns conforming to the latest
industry practice and to IPC -SM-782. These rugged transfers in ­
clud e over 700 styles of donuts, connectors, DIPs, letters, numbers
and fabrication symbols .
The complete DATAK catalog describ es th ese and hundreds of
other unique printed circui t products, dry transfer electronic ti tles,
drafting symb ols, wiremark ers, and protective coatings. Write for
it today!
DATAK Corp. 03117 Paterson Plank Rd . 0 N . Bergen, NJ 07047
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Now electronics technicians can get into VCR Servicing quickly and easily

Learn protessionsl VCR servicing
. at home or in your shop .
with exclusive videotaped

demonstrations .

2600-117

Professionals . Examine it for 15 full
days, look over the lessons, sample the
video tape. If you're not fully satisfie d
that this is the kind of trainin g you and
your peo ple need to get into the profit­
able VCR servicing business, return it
for a prompt and full refund , including
postage. Act now, and start adding new
business to your business.

Covers Beta and VHS
systems with actual

~-~~- instruction on
videotape.

Card Number ExpirationDate _

Signature _
(requiredforcredit cardsales)

Name {pleaseprint) _

Company _

Street.L. _

City/StateJZip _

Enclosedis my 0 check 0 money order for $179.95(D.C. residents add6%tax) Make checkpayable toNRI
Chargeto 0 VISA 0 MasterCard _

InterbankNumber

The Best Professional
Training

Thi s exclusive self-study course has
been developed by the professionals at
NRI. NRI has trained more television
technicians than any other electronics
schoo l! In fac t , NRI has consistently
led the way in developing troubleshoot­
ing techniqu es for servicing virtually
every piece of hom e entertainment Special Introductory Offer
equipment as it appears in the market- Thi s complete VCR training course
place . with two hour video tape is being

Satisfaction Guaranteed offered for a limited time only, on
orders received from this ad , at our low

. .. IS-Day No-Risk introductory price of $ 179 .95. Save
Examination $20 by acting now !

NRI TrainingFor Professionals
Send today !or the new ~~I Self- McGraw-Hill ContinuingEducation Center

S~d~C~r~lI~~~r::: l~ ~ __32!~o~~n~W~n~,~ !!,16__

YES'Getme st~~ed in profitable NRI NRI TrainingFor Professionals
• VCR servicing. Rush me my McGraw-Hill Continuing

NRI sel,f-study course in VCR Servicing ,for • r~ EducationCenter
Professionals, ~ u~derstand I,may return It for t) !fT:"T 3939 WisconsinAvenue
a f~ll . refund within 15 days If not completely .'in,'- Washington, DC200 16
satisfied, - •
PLEASE SPECIFY TAPEFORMAT DESIRED 0 VHS 0 BETA

Today , there are more than 10milli on
VCRs in use , with people stand ing in
line to have them serviced. You can
bring this profitable business into your
shop with NRI professional training in
VCR serv icing . Thi s top-level trainin g
supports the industry' s cla im that
the best technicians today are those
who service VCRs.

Integrated Three-Way
Self-Teaching Program
In one integrate d program, NRI

gives you a study guide, 9 instructional
unit s, 2 hours of video training tapes
accompanied by a 32-page workbook
that pull s it all together. At home or in
your shop, you' ll cover all the basic
concepts of video recording, mec hani­
cal and electronic systems analyses,
and the latest troubleshooting tech­
niques. Your workbook and instruc tion ­
al units also contai n an abundance of
diagrams, data , and supp lementary
materi al that makes them valuab le addi­
tions to your serv icing library.

The "How-To" Videotape
Your NRI Action Videocassette uses

every modern communications tech­
nique to make learning fast and easy.
You' ll enjoy expert lectures and see
animation and video graphics that make
every point crystal-clear. You' ll follow
the camera eye into the heart of the
VCR as step-by-ste p servicing tech­
niques are shown. Both electronic and
mec hanical troubleshooting are covered
. . . including everything from com ­
plete replacement and adjustment of the
recording heads to diagnosing micro­
proc essor contro l faults .

Plus Training On All The
New Video Systems

Although your course concentrates
on VCRs covering Beta, VHS, and 314"
U-Matic commercial VCRs, NRI also
brings you up to speed in other key
areas . You 'll get train ing in capacitance
and optica l video disc players, projec­
tion TV, and video cameras. All are in­
cluded to make you the complete video
technician . There ' s eve n an optional
final examination for NRI's VCR Pro­
fess ional Certificate .
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Ulhatever your interest-80xxx, 680xx,
'" or 65xxx systems, you'll find one of
the books listed here useful. First we' ll d is­
cuss several assemb ly-language prim ers for
various systems, followed by several tomes
speci fic to the IBM Pc.

For hackers only
Leo Scanlon's The 68000; Princip les and

Prosrammins (c. 1981, Blacksb urg Con ­
tinu ing Education Series, How ard W Sams
& Co., Inc., 4300 West 62nd Street, Ind i­
anapolis, IN 46268) p rovides a good, br ief
introd uction to the 68000. O ne highlight is
chapter 6, which inc lud es hardw are infor-

Our art icle on portab le MS-DOS ma­
chi nes (in the September issue) co n­

tained several errors regarding the DataVue
25. First, the mach ine is not AC-only; an
external b attery pack is availab le that w ill
run the-machine for about two hours. Sec­
ond, the DataVue 25's backlighting is not
elec troluminesce nt, b ut fluorescent. Last,
the mach ine's hard di skhasa capac ity of 20
megabytes, not 10 megabytes, as reported .
In addit ion, contrary to w hat was stated in
the art icle, it is possib le to boot from the
hard di sk. We apologize for the errors and
thankPeter Baron, a DataVue p ressagent, for
pointing them out.

Apple and IBM clone boards
NuSco pe A ssoci ates ( PO. Box 790 ,

Lew iston, NY 1409 2) publ ishes several
manuals with information on bui ldi ng Ap-
pl e II and IBM PC and AT mo therboards,
peripheral cards, etc. We examiend the IBM
book. It's d ivided into two parts, the first of
which contains basic co nstruct ion informa­
tion, resistor co lor-code tab les, etc. The
second part is d ivided into eight sections
that focus on b uild ing several models of
each of the fo llowing types of boards: ' Z

motherboard, d isk controller, memory,vid - ~m
eo , mult if unc ti on , serial/p aral lel, mis- :s:
cellaneo us, and prototype. Information on ~

each board includ es parts layout, parts list, JJ

and a few notes. It'sdefinitely not for begin-
ners.• CD.

Inc., Greensboro, NO The irony is that
Compute! magazine is a traditi onal 6502
strongho ld-but d on't let that bother you;
the book is chock full of charts, tab les, and
example programs showing you how to get
at your machi ne's capab ilit ies from both
BASIC and assembly language. It's not for
beginners, but you need n't be an advanced
systems designer either. Highly recom­
mended.

Be g i n ne r s w i l l , howeve r, f ind
Understandins MS-DOS by Kate O 'Day (c.
1987 by The Waite Group, Howar d W Sams
& Co., Inc., 4300 West 62nd Street, Ind i­
anapo lis, IN 46268) useful. The book uses
co lo r, typeface, and illustration well to
b ring out important points. Topi cs include
basic DO S command s, subdirec to ries,
hard-d isk management, batch processing,
etc ., each chapter includes a q uiz to help
re-inforce your knowledge .

Usersat all levels w ill find IBM PC& PC XT
User's ReferenceManual by Gilbert Held (c.
1987, Hayden Books, How ard W Sams &
Co ., Inc ., 4300 West 62nd Street, Ind i­
anapolis, IN 46268) valuab le. Topi cs in­
cl ud e system set-up, DO S o perat ions,
elementary and advanced BASIC,graphics,
batch files, etc. When I forget the syntax of a
com mand, I ofte n find myself reaching for
this book be fore the ap propriate Microsoft
or IBM manual.

IBM PC
One of the most useful books I've seen

on the internal workings of the IBM PC is
Compute's Mappins the IBM Pc, by Russ
Davies (c. 1986, Com p uter! Publications,

mation that's hard to co me by elsewhere.
More co mprehensive is 68000Assembly

Lansuase Prosrammins by Lance A. Le­
I- - - v-e-'nthal, Doug Hawkins, Gerry Kane, and

Wi l liam D. Cramer (c. 1986, O sb o rne
McGraw -Hili, 2600 Tenth Street, Berkeley,
CA 94710). The book contains in-d ep th
treatment of the 68000, ad di tiona l informa­
tion on the 68010 and 68020, and much
advanced information on top ics like inter­
rup ts, deb ugging, and p rogram desig n. An
append ix lists all microprocessor instruc­
tions in an easily referenced format showing
the assembly-language syntax, each instruc-
tio n's b it-field format, flags affected, textual
description, and version-specific variations
(68020, for example).

6502, 65802, and 65816 fans wi ll wa nt to
checkout 65816/65802Assembly Lansuase
Prosrammins by Michael Fischer (c. 1986,
also p ub lished by Osborne McGraw-H ili,
address above). A b rief introduction sum­
marizes microprocessor evolut ion since the
early 1970's; the book then goes on to d is­
cussthe 65xxx family arch itect ure, and then
focuses on the advanced members of the
family There are many examp le programs,
and appendices inc lud e hardware data
sheets for mo st major members of the
65xxx family

For Intel fans, 80386/80286 Assembly
Lansuase Prosrammins by William H. Mur­
ray III, and Chris H. Pappas (c. 1986, Os­
borne McGraw Hill, address above) w ill be
ind isp ensab le reading . The book b egins
w ith several chapters of introductory mate­
rial; chap ter three gets into the 286/386 ar­
chitecture, and is full of comparisons with
the 8088/86. It then goes on to examine the
80287/80387 math co -processors, various
assemblers, and other topics. Instruction
sets of each processor and co -processor
are listed, and an append ix provides infor­
mation on how to maintain a lib rary of
often-used routines.

Portab le Correction

Back-lo -School Booklist
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PC-601 Bus Extender, Chenesko
Products

wa re(1132 Commerce Drive, Richardson, TX
(800) 523-9520) It combines a spl it-screen
WordStar-like ed itor, a q uality C comp iler,
and a window ed Trace utility, w hich allows
source-level debugging. Each program is
available separately; the three can be pur­
chased together discounted. CP/M and MS­
DOS versions are available.

The ed itor is highly configurab le, allow­
ing you to define keyboard controls and
macros. In sp litscreen mode, you can edit
two files simultaneously, transferring text
between them.

The compiler itself is highly compatible
with the Kernighan and Ritchie standard;
Mix includes special utilities to either com ­
press or speed up programs created with
the co mpile r. The manual contains a tutorial
that should help intermed iate programmers
get up to speed qui ckly

The real gem of the package is the Trace
utility, which includes a faster (and larger)
version of the compiler. Trace allows single­
stepping, tracing, and fullspeed tracing. It
also allows you to set up as many as four
w indows to d isplay source code, prog ram
output, and variab le values simultaneously
Mix C is hard to beat.

CIRCLE 24 ON FREE INFORMATION CARD

MIX C Compiler, Editor, Debugger

show n at all times.
Now that A86 is Microsoft co mpatib le,

and the documentation has been c leaned
up, our main comp laint wi th the package is
that you can't load or save files from w ithin
D86 (as you can wi th DEBUG); you must
specify the file name on the invoking com ­
mand line. Butwe expect that file prob lems
will be fixed when D86 is upgraded.

CIRCLE 23 ON ffiEE INFORMATIONCARD

Comp ilers that operate in an integrated
env ironment have b een around for

some time, but one that has been evolving
for several years is marketed by Mix Soft-

FIG. 2

now most ly Microsoft compatib le. (We are
still waiting for version 3.00 of the debug­
ger.) Documentation has also improved
considerably since the early versions. A ll
programs and documentation fit in several
ARC files on a single floppy disk.Many BBS's
(in cl udi ng o u rs , ( 516) 293 -2283,
300/1200,8,N,1 ) carry the A RC files; you can
also order them d irectly from the author at
416 E. University St., Bloomington, IN 47401,
(812) 339-1811. Evaluation copies are free;
registration costs $40 for either A86 or D86,
or $70 combined .

D86 can be used on any .COM file, bu t to
do symbol ic debugging, the file must have
been assembled w ith A86. One nice fea­
ture of A86 is that it generates code for the
8088,8086,80286,8087, 80287,and seve~

al NEC V-series microprocessors. 80386
code is not inc luded in the present version.

In D86, you p ress F1 to execute a single
instruction, or F2 to execute a subro utine. In
addition, you can enter assembly-language
code, referenc ing your p rogram's symbols,
if desired . An extensive set of memory dis ­
p lay commands allow you to set up as
many as six multi-format views into any de­
sired area of memo ry The micro pressor's
registers, flags, and the top of the stack are

Shareware Assembler/Debugger,
Eric Isaacson

8088 assemb lers are notoriously d ifficu lt
to use because of the amount of

"housekeepi ng" the program mer must do
even to assemb le a simp le p rogram. Begin­
ners are turned off because learning how to
use the assembler may be more difficult
than learning the assembly language!

Eric Isaacson took that problem seriously
and w rote a fast, easy-to-use assembler
(A8 6) and an accompanying full-screen
symbolic debugger (D86), shown in Fig. 2.
The packagehasgone through several incar­
nations; early versions co uld not assemble
Microsoft assembler source files, but ver­
sions of the assemb ler greater than 3.00 are

FIG. 1

sions for daisy chaining additional PC-601'so
Construction q uality of the internal PC

b oard s is excellent; the molded plastic
case should stand up to rugged shop use.
Wiring up I/O or address-decodi ng circuit­
ry is easy because the add ress, data, and
con trol lines are broug ht out to pi n sockets.

A 16-page manual p rovidesclear installa­
tion and usage instructions; schematics for
the switching power supply, scope multi­
plexer, and buffer circuitry are also in­
cluded.

The PC-601lists for $369.95; con tact Che­
nesko Products, Inc., 21 Map le Street, Cen­
tereach, NY11720, (516) 736-7977 for more
information.

CIRCLE 22 ON FREE INFORMATION CARD

Circuit development for the IBM PC bus is
hind ered by a myriad of merely physical

problems, includ ing gett ing at bus signals
for examination with a scope or logic ana­
lyzer, w iring (and modifying) circuits on
~l2ans ion cards etc. The PC-601 (shown in

Fig. 1) solves the p roblem by b ringing the
bus out to a solde rless breadboard station
w ith more than 3000 tie p o ints. A half­
length card with several buffers is inserted
in your PC; a two-foot length of ribbon ca­
b le connects it to the breadboard box,
which contai ns bui lt-in ± 5 and ± 12 vo lt
pow er, a scope multiplexer that allow s a
single-channel scope to display as many as
four signals simultaneo usly, buffered ad ­
dress, data, and co ntrol lines, and provi-
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JEFF HOLTZMAN,
TECHNICAL EDITOR

Speed- you can never get enough. At last count there were
about eight mill ion P('s, XT's, and c lones out there, and we'd be

will ing to bet that most of the people using those machines would
jump at the chance to get them running faster. Programs for CAD,
circuit design and analysis, desktop publishing-they all work
b etter w hen the computer thinks as fast as you do.

But how do you increase the speed of a PC, XT, or clone? When
you look into it, you q uickly find that there isa bewild ering vsrietv of
choices availab le, ranging in price from about $10to about $1500­
more than a full-b low n PC or XT!

Does a $1 0 upgrade p rovide any significant advantage? At the
other end of the price spectrum, is a high-speed 386-based moth­
erboard worth as much as---or even more than- the original pur­
chase pr ice of a piece of eq uipment?

The answer depends on what your needs are and on your
previous equ ipment investment. But before we try to provide the
answer, let's talk about each of the upgrade solutions and examine
some hard data. Later we'll show how the numbers don't tell the
whole story.The hardware we tested is summarized in the sidebar
on page 100 alphabetically by manufacturer.

Accelerator basics
Basically, there are three types of accelerators: clo ck-speed en­

hancers, rep lacement processors, and co -processors . The usual
clock-speed enhancer isw hat w e call an oc top us board, asmall PC
board that does not require an expansion slot, but rather dangles
over the motherboard and somehow injects a faster clock signal
into it. Octopus boards have one or more "tentacles" that must
connect to various points on the motherboard, both to pick up
signals and to insert them .

A rep lacement processor is a full- or half-length card that re­
q uires an expansion slot. You must remove the host co mpu ter's
8088 microprocessor from its socket and connect the vacant socket
to the acce lerator card via a 40-conductor ribbon cable. In some
cases the host computer's 8088 microprocessor is installed on the

acce lerator card to provide a compatibi lity mode; in other cases
compatibi lity is achieved by running the accelerator's micro ­
processor at a slower speed . Replacement processors usually are
built around 80286 I('s, but some are built around 8086's. Most
early rep lacement processors ran at 8 MHz; many now run at 10 or
even 12 MHz.

A co-p rocessing accelerator adds what amounts to a second,
fully ind ependent, comp uter to your Pc. Some co-processing ac­
celerators can actually funct ion at the same time as the host's
microprocessor,allow ing you to w ork on co mp letely independent
tasks simultaneously.

There exists a fourth and increasingly po pu lar way of speedi ng
up your PC: rep lacing your motherboard. Replacing it can provide
most of the advantages of the previous methods, with few of their
disadvantages. We'll examine at least one of each type of acceler­
ator option in what follows.

Test strategy
To test compatib ility,we attempted to run the following software

on all hardware: Word Star4.0,AutoCad 2.6,AutoSketch,VPPlanner,
Microsoft Wind ow s 1 03, PageMaker lOa, and Direc-Link. All tests
were performed under PC-DO S 3.30. Each p iece of hardwa re ran
each program wi thout p rob lems, although in some cases firmw are
(EPROM's, PLD's, etc.) upgrades were necessary.

We ran the Computer Digest interpreted -BASIC bench marks on
each piece of hardware, except Hauppauge Computer Works'386
motherboard, so it is not inc luded in the quantitative results. The
benchmarkconsists of five tests, including sequential disk read and
write, integer math, float ing-point math, and screen write. Except
for the replacement motherboards, all tests were run on a standard
IBM PC Xl Except for boards with built-in display adapters, all
boardswere tested with a·Hercules monochrome card; those w ith
buil t-in adapters were tested in Hercules emulation mode. Those
boards were also tested in EGA mod e for co mparison. Last, the
d isk-speed tests were all run on the same hard-disk dr ive.
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TABLE 1- 5 1-'1::ED COMPARISON

Machine Abbrev Disk
Write

IBM PC XT XT 42.3
IBM PC XT (V20) V2 40.3
NickelX (7M,V20) N7 26.7
NickelX (8M,V20) N8 27.0
MCT Turbo MC 29.7
Mach 10 M1 29.7
Breakthru 286 B2 14.3
Tiny Turbo TT 19.0
TurboEGA TE 21.3
286 Rainbow Plus RB 25.3
PCTurbo 286e-8 PT 11.3
SOTA MB 5.0 SO 10.0

Disk
Read

28.7
29.0
18.0
16.0
18.0
20.0
9.0

13.7
13.7
16.0
9.3
7.0

Integer Float Screen Speed Price
Math Math Write Factor

32.0 33.3 31.0 100% $0
30.0 31.7 28.3 105% $12
17.3 19.0 17.3 170% $70
16.0 18.0 17.0 178% $70
18.3 20.3 20.0 157% $130
16.3 20.0 19.3 159% $399
5.3 7.7 10.0 361% $595

11.0 12.0 20.0 221% $595
11.7 11.0 14.0 233% $749
25.7 28.0 20.7 145% $945
7.0 8.0 6.0 402% $1,195
6.0 6.3 9.3 433% $1,295

X
LoU
Cl
Z

$12 $70 $399 $595
V2 N8 Ml TT

NOTE:SEETABLE 1 FOR ABBREVIATIONS

FIG. 1-Perf or mance Com parison Chart

$945
RB

The numbers
The raw numbersobtained are shown in Table 1,which issorted

by price. The first entry is our base test machine, an XT w ith a
Miniscribe hard d isk(100-msaverage seek time).

Figure 1 shows the speed-test data graphically. (Refer to Table 1
___foLthe meanings of the abbreviations on the horizontel.exis.)The

shorter the overall height of each bar, the faster the overall speed.
From that graph you can see that SOTA's MotherCard 5.0 is the
fastest, followed closely by Orchid's PCturbo 286e, and then by
PCSG's Breakthru \286.

Figure 2 plots speed factor (from Table 1) vs. cost. Ingeneral, as
you would expect, greater speed costs more. However, there are
severalexcept ions, themost significant of which is the PCSGboard
(labeled 82), which providesabout 85% of the performanceof the
fastest boards, at about 50% of the cost.

What follows are our comments derived from installing each
piece of hardware, running the quantifying benchmarks and the
compatib ility-test software, and overall impressions. The com­
ments are presented in alphabetical order by manufacturer or
d istributor

~ DISK WRITE ki:/:::'] DISK READ

FIG. 2-Price/performa nce Comparison Chart
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386 Motherboard
Haup pauge Comp uter Works got its start selling math co-pro­

cessor speed -up kits; the 386 Motherbo ard (show n in Fig. 3) is
designed as a rep lacement for a standard PC or XT mot herboard.
After dismantling your PC, you install the new motherboard, re­
insert your old expansion cards, and you're off into the w orld of
truly high-speed co mputing. Due to a shortage of boards, we w ere
unable to perfo rm an actual installation and run our benc hmarks,
but the co mpany was kind enough to allow us to run our com ­
patib ility software on a test boa rd in their engineering laboratory
We also installed and successfully ran several p ieces of expansion
hardware, includ ing our favorite di gitizing tab let, Pencept's Penpad
320, wh ich usesa 68000 co -p rocessor.

Subject ively, the 386 Motherboard ran all software frighteningly
fast. AutoCad and PageMaker screen red raw s happened nearly
instantaneously In fact, w ith a 387 math co -processor installed,
AutoCAD was ab le to redraw a test screen in twelve seconds ; the
same redraw on an un-enhanced PC takesover four minutes!

Nickel Express and Turbo Motherboard
JDRMicrodevices markets a number of IBM-type expansion and

enhancement prod ucts, includ ing the Nickel Exp ress(shown in Fig.
- 4)anatFieMCT-Tur60, an 8-MRzXT motherboard (show n in Fig.-5)-. -­

Like the 386 motherboard , the MCT-Turbo is a d irect plug -co mpati -
b le rep lacement for a standard XT motherbo ard; it may also be
used asthe brains of a bu ild -it-yourself clo ne. It inc ludes en 8088-2
microprocessor that you can run at either 4.77- or 8.0-MHz. Speed
is selectab le by means of a shorting jumpe r p lug located near the
keyboard connec tor at the rear of the board . The board 's docu­
mentation claims that speed is also keyboard selectable, but the
keystrokes mentioned had no effec t on speed.

The MCT-Turbo accepts 36 4164 RAM ICs, for a total of 256K of
memory,or by moving ajumper, two banks can befilledwith 41256
ICs for a to tal of 640K. In additio n, seven sockets are provided for
EPROM's, one of w hich is occ up ied by the MCT BIOS EPROM.

The MCT-Turbo co mes with a thin User's Manual that conta ins a
brief theory of operation, co mp lete schematics, swi tch sett ings,
and troubleshooting hints.An additional loose-leaf page disc usses
installat ion.

After setting up the board, we installed our XT's hard d isk and
controller in it, and then ran our co mpatibility and benchmark tests.
We also tested several p ieces of expansion hardware; the only
prob lem we experienced was w ith a CGA card that had troub le
running at the faster speed, and caused our monitor screen to
display snow in some, but not all, c ircumstances.

The Nickel Exp ress is an octopus board. To install it you must
remove the 8284 clock IC from your motherboa rd and then insert a
short 16-cond uctor rib bon cable into the vacant socket. The other
end of the cable p lugs into a socket on the small (approximately 2"
x 3") ci rcuit board, which co ntains two clock ICs, a PLD, three
crystals (correspond ing to the boa rd 's three speeds : 6.66-, 7.37-,
and 8.0-MHz), and several jumpers and di screte co mponents. In
additio n, speed -select ion and reset switches are provided. The
board and switches are mounted on a sheet-metal housing that
cl ipson the outside of the rear panel of your PC, thereby provid ing a
reasonab ly stab le mounting scheme. An add itional w ire may be
attached to an IC on the mothe rboa rd to allow software speed
selection . In that respect the Nickel Exp ress is "cleaner" than most
oc topus boards.

To use the Nickel Expressyou have to find the maximum speed at
w hichyo ur mot herboard w ill run. Unfor tunately,trial and error is the
only way to do so. To run the boa rd at maximum speed, you must
run a small program that b ecom es memor y-resident and thereafter
slow s down the clock w henever the floppy di sk is accessed .

The test results shown in Tab le 1, Fig. 1, and Fig. 2 are w ith the
Nickel Express running at the two highest speeds w ith an 8-MHz
NEe V20, wh ich is incl uded in the purchase pr ice.

The board co mes w ith a slim installation manual that provid es
deta iled installat ion instruct ions and some theory of how the board
works. It's not fancy, bu t it gets the requ ired info rmation across.

FIG. 4-JDR's Nickel Express

FIG. 5-JDR's MeT-Turbo

Mach 10
Microsoft sells the Mach 10 (shown in Fig. 6), a rep lacement

processor, in two co nfigurations: the board alone, or bundled w ith
a mouse and Microsoft Windows . In either case, the accelerator
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FIG. 8-0rchid's TurboEGA

reb oot. Documentation is contained in a clearly w ritten 12-page
booklet.

The next model up, the TurboEGA (shown in Fig. 8), combines
the performance increase of the Tiny Turbo with a built-in multi ­
mode EGA adapter. The TurboEGA is a full-length card with an
80286, an 80287 socket, a reset/speed -select switch, and the EGA
adapter, which also has modes that emulate CGA and Hercules
monochrome text and graphics. The figures presented in Table 1,
Fig. 1, and Fig. 2 are with the board running in Hercules emulation
mode; in EGA text mode, screen output speed is about 15% faster,
due to Orchid 's optimized EGA BIOS.

Installat ion amounts to setting jumpers and DIP switches for
monitor type (color, monochrome, or EGA ) and number (the Tur­
boEGA can co -exist with either a CGA or a monochrome adapter),
co -processor speed, memory size, and cache enable/disable. The
host 8088 is inserted into a socket on the TurboEGA 's board, which
is then connected to the vacant motherboard socket via a 40­
conductor ribbon cable .

The mounting bracket hasaspeed-select/resetswitch, a nine-pin
D connector (for the monitor), access to the monitor-select DIP
switch, and RCA jacks for the EGA 's auxiIiary outputs.

Documentation consists of a small spiral-bo und manual; the
manual is well w ritten and well prod uced . A d iskette is included
that contains p rogramsto turn monochrome and CGAemulation on
and off, a program to display the BIOS ROM'sdate (the TurboEGA
w ill not work on IBM PC's with ROM's dated before 10/27/82; the
ROM can be upgraded), and a screen saver.

Unlike some multi -mode display adapters, Hercules and CGA
emulation w ork fine on the TurboEGA.

Orchid 'sPCturbo 286e (show n in Fig. 9) isavailable in 8- and 10­
MHz versions; we tested the 8-MHz version, wh ich is faster than
most 10- and 12-MHz acce lerator cards.The 286e isaco -processor
card that plugs into the expansion bus and has no electrica l con ­
nectionswith the host 8088.The 286e really consists of a complete
computer on a card, wi th its own, separate 16-bit 1-megabyte
address space. A n additional megabyte of RAMcan be added via
an optional daughte rboard; that RAM can be configured as ex-

Tiny Turbo, TurboEGA, and PCturbo 286e
Orchid Techno logy has been in the accelerato r-b oard business

longer than anyone else, and the quality of their boa rds, some of
which have been reviewed here before, reflects that longevity.
We've had minor comp laints w ith their documentation and tech­
nical support, bu t we have since found that in those regards,
Orchid is at least as good as the competition, and in many cases
better.

The leastexpensive board is the Tiny Turbo, shown in Fig. 7. It is a
half-length replacement processor that contains an 80286 pro­
cessor running at 7.16 MHz, and an 80287 math co -processor
socket. To install the board, several jumpers must be set; the
jumpers indicate co -processor speed, amount of system memory,
and cache enab le/disab le. The host's 8088 is inserted on a small
daughterboard to w hich the 40-con d ucto r ribbon cable attaches.
A toggle swi tch that p rotrudes through the b oard 's mounting
bracket selects fast (80286) or slow (8088) mode, and also func­
tions as a reset sw itch. Changing speeds forces a complete system

board runs an 8086 at 9.54 MHz, twice normal speed.
To install the Mach 10, you set some jumpers, remove the CPU

from your motherboard, connect a ribbon cable from the CPU
socket to the Mach 10 board , and insert the board into an unused
full-length expansion slot. The jumpers determine the mouse's
interrupt, caching of BIOSand BASIC,(some programs may not run FIG. 7-0rchid 's Tiny Turbo
wherLtbe.BIOS oLB~ICis_cached)_and.8087_presence._The rear-- - -
panel mounting bracket has a socket for the mouse,a toggle switch
for changing speed, and a socket for an optional speed-select
switch that lights up when in turbo mode. The optional switch is
nicer than most speed -select switches because it is mounted at the
end of a cable, so you don't have to reach behind your PC to
change speeds. It'salso nicer than most sw itches(and more conve­
nient than some software speed sw itches) because you can
change speed at any t ime (after booti ng) without causing a re­
boot.

Installation is a snap; documentat ion is exce llent. The only thing
we don't like is the use of Microsoft's Inport mouse connector. The
prob lem is that w hen you outgrow the Mach 10, the mouse may
end up being useless, because few third-party vendors support it.
Use of a standard serial mousewould have provi ded more options
as your needs change.

Microsoft will be releasing another accelerator boa rd (286 ­
based) called the Mach 20; however, we were unable to obtain
one in time for this article .

FIG. 6-Microsoft's Mach 10

NECV20
The least expensive acce lerator option provid es a modest in­

crease in speed-about 5%. Installat ion is as simp le as swapping
lC's; there are no jumpers, DIP switches, or memory-resident soft­
wa re programs to con tend with. Compatib ility is high, but not
perfect; we've seen a number of programs that won't run on a V20,
includi ng a version of GW-BASIC, a co mpi led Turbo Pascal CAE
program, and several games and educational programs. Consider­
ing the price, however, it can't hurt to try a V20, especially if you 're
on an austere budget.
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conjunction with the host PC, various kinds of memory (EMS,
protected, DOS), installation instructions, memory maps, jumper
settings, and information on using the utility softwa re.

For all its power, the 286e is not wi thout problems. For example,
it is incompatib le w ith third-party EGA cards, although a spec ial
EGA adapter is available from Orchid that is compatib le. In graph­
ics mode on a Hercules card , random "garbage" is often left on the
screen; the garbage d isappears, however, merely by moving the
pointing device (mouse or digitizing tab let) in the affected area.
And the way the manual intersperses technicalw ith installation and
operational information is confusing.

On the p lusside, we used the board for a long period of time as
the basis of a high-performance AutoCAD system. The 286e co­
existed peacefully with a multi-function/EMS board made by Ap­
parat (the Limbo II, review ed in the March1987 issue). In a d ifferent
configuration, it also functioned w ith a 68000 co-processor board
that controls Pencept's Penpad 320 digitizing tab let. Not counting
the video controller, that made a total of three microprocessors
running simultaneously inside a standard IBM PCXT!A ll in all, there's
a great deal to like about the PCturbo 286e.

Compatibility Software

• PageMaker,A ldus Corp., 411 First Avenue South, Seattle, WA
98104, (206) 622-5500.

CIRCLE 38 ON FREE INFORMATIONCARD

• AutoCad 2.6and AutoSketch,Autodesk, Inc., 2320Marinship
Way,Sausalito, CA 94965, (800) 445-5415.

CIRCLE 39 ON FREE INFORMATIONCARD

FIG. 9-0rchid's PCturbo 286e-8

panded or extended memory The board also has a socket for an
80287 co-processor

Until recently, the 286e was simp ly the fastest accelerator card
you could buy A good deal of the card's speed is due to the fact
that it copies the host's BIOS and BASIC ROM's into its own 16-bit
add ress space.

In turbo mod e, programs are executed on the 286e's 80286
microprocessor; in standard mod e, programs are executed on the
host's 8088 microprocessor In add ition, it is po ssible to configure

J:QLsy.sJem so tha tlle-8088 and_tbe_80286_execute_programs__Breakthru 286__
simultaneously In fact, you can add asmany as four 286e cards to a The Personal Computer Support Group hasbeen around a long
single PC and operate each one independent of the others. time supplyi ng enhancement products for Radio Shack's portable

Installation consists of setting I/O po rt-select jumpers, interrupt computers, part icularly the Mod el 100 and the Tandy 102. A few
line, 80287 interrupt and speed, and on-board memory Then you years ago, the com pany got into the PC businesswi th an excellent
must run a spec ial installation program that configuresthe softwa re d iskcache programcalled Lightning; their firsthardwareentry is the
that switches between turbo and normal mod es. At that point a Breakthru 286, w hich comes in 8- and 12-MHz versions; we re-
new AUTOEXEC BAT file is created, and two new bo ot batch files. viewed the latter, w hich isshown in Fig.10.Every board comes w ith
One contains the contents of your old AUTOEXECBAT; the other, a copy of Lightning; the program is also available separately for
anyadd itional commands to be executed solely by the 286e. Any $89.95.
commands in the (new ) AUTOEXEC BAT file are then executed by Like Orchid 's Tiny Turbo, the Breakthru 286 is a half-size replace-
both the 8088 and the 80286;commands in the other boot filesare ment proc essor Unlike the Tiny Turbo, however, you remove and
executed only by the approp riate processor That allows you, for store your PC's 8088 (and 8087, if present); the 8088 does not
examp le, to set date and time only once, say in the 8088's file. A mount on the Breakthru'sboard. In add ition, a special p lug must be
separate TURBo.SYS file is also created; it performs the same func- inserted in the 8087 socket on your PC's motherboard. The Break-
tion as CONFIG.SYS does for the host. thru has a socket for an 80287. Installation cont inues by sett ing a

Several useful utility programs are includ ed : a RAM disk, a d isk switch on your motherboard and configuring several jumpers on
cache, and a print spooler Typically you'll spend most of your time the Breakthru. In add ition, you may add a device driver to your
(and runyour programs) in turbo mode,and use the 8088'saddress CONFIG.SYS file; the driver allows you to change speed from the
space for the RAMdi sk, cache, and spooler A ll three programs are keyboard, and to set the hot -key combination that accomplishes
extremely useful and reliab le, and greatly contribute to overall speed switching.Alternatively,you can use Lightning to accomplish
speed and convenience. speed switching and to set the hot key Youcan switch speed at any

The 286e's manual is in Orchid 's standard spiral-bound form. It time w ithout causing a reboot; a special Lightning command w ill
contains a fair amount of information about how the 286e worksin force clock speed to be reduced whenever a floppy d iskdr ive is

accessed .
Separate manuals are provided for Lightning and the Breakthru.

The Breakthru's manual is somewhat confusing, due to inconsistent
use of the term cache. For examp le, to place the Breakthru in turbo
mode , at the DOSprompt you typeA> LCACHEON. But to set up a
64K d isk cache for drive C, the command is A >L 64 C. After
overcoming the terminology, however, everything w orks w ell. In
addition, lightning automatically sensesthe presence of EMSmem­
ory; and can use as much as1.5 megabytes of it.

• Word Star 4.0, MicroPro International, PO. Box 7079, San
Rafael, CA 94901-0079, (800) 227-5609, (800) 343-3000 ext.
655.

CIRCLE 40 ON FREE INFORMATION CARD

• Windows, Microsoft Corp., Redmond , WA 98073, (800)
426-9400, (206) 882-8088 (WA) .

CIRCLE 41 ON FREE INFORMATIONCARD

• Direc-Link, Micro-Z Company,4 Santa Bella Road, Rolling Hills
Estates, CA 90274, (213) 377-1640.

CIRCLE 42 ON FREE INFORMATION CARD

• VP Planner, Paperback Sof tware, 2830 Ninth Street, Berkeley,
CA 94710, (415) 644-2116.

CIRCLE 43 ON FREE INFORMATIONCARD FIG. lo-PCSG's Breakthru 286
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Hardware Manufacturers and Distributors

• 386 Motherboard , Haup pauge Com puter Works, Inc., 358
Veterans Memorial Highw ay, Com mack, NY 11725, (800)

443-6284, (516) 360-3827 (NY).
CIRCLE 27 ON FREE INFORMATION CARD

• MCT-Turbo and Nickel Exp ress, JDRMicrodevices, 110
Knowles Drive, Los Gatos, CA 95030, (800) 538-5000, (408)

866-6200 (CA).
CIRCLE 28 ON FREE INFORMATION CARD

• Mach 10, Microsoft Corp., Redmond, WA 98073, (800)
426-9400, (206) 882-8088 (WA).
CIRCLE 29 ON FREE INFORMATION CARD

• NECV20, NEC Electronics, lnc., 401 Ellis Street, P.o. Box
7241, Mountain View, CA 94039, (800) 632-3531, (800)

632-3532 (CA).
CIRCLE 30 ON FREE INFORMATION CARD

• Tiny Turbo, Turb oEGA, and PCturbo 286e, Orch id
Techno logy, 45365 Northport Loop West, Fremont, CA 94538,

(415) 683:0300. - -
CIRCLE 31 ON FREE INFORMATION CARD

• Breakthru 286, Personal Computer Support Group, 11035
Harry Hines Blvd., Suite 206, Dallas, TX 75229, (214) 351-0564 .

CIRCLE 32 ON FREE INFORMATION CARD

• 286 Rainbow Plus, PC Technologies, Inc., 704 Ai rport Blvd .,
so Box 2090, Ann Arbor, MI, 48106, (313) 996-9690 .

CIRCLE 33 ON FREE INFORMATION CARD

• MotherCard 5.0, State of the Art Technology, Inc., 657 N.
Pastor ia Ave ., Sunnyvale, CA 94086, (800) 237-1713, (408)

245-3366 (CA).
CIRCLE 34 ON FREE INFORMATION CARD

• MultiSync moni tor (used for EGA co mpatibility testing),
NEC Home Electronics, Computer Products Division, 1255

Michael Drive, Wood Dale, IL 60191, (800) NEC-SO FT.
CIRCLE 3S ON FREE INFORMATION CARD

• Pencep t Penpad 320, Pencep t, Inc., 39 Green Street,
Waltham, MA 02154, (617) 893-6390.

CIRCLE 36 ON FREE INFORMATION CARD

• Limbo II, A pparat, Inc., 6801 South Dayton, Englewood, CO
80112, (303) 799-0818.

CIRCLE 37 ON FREE INFORMATION CARD

286 Rainbow Plus
PC Technologies markets a number of acce lerator boards w ith

various options. The Rainbow Plus (show n in Fig. 11) includes a 10­
MHz 80286, a clock/calendar, a multi-mode EGA ad ap ter, and an
80287 socket. In ad d ition, an optional daughtercard p rovides a
parallel interface and a Microsoft Inpor t mouse interface ( like the
Mach 10).

Asw ith the Tiny Turbo, the host 8088 is removed and re-installed
on a small daughterboa rd . A 40-conductor cab le co nnects the
assemb ly to the host Pc. The rear connector provides speed - and
monitor-select togg le switches, a 9-pin monitor co nnecto r, and
access to the co nfiguration DIP sw itch. The DIP sw itch selects
monito r type, and allow syou to set up for a dual-mo nitor system. It
also enab les the CGA and Hercules emulations (which are turned
on and off via software). Others switc hes co ntrol cache state at
pow er up and ind icate host memory size. Toggling the speed ­
select ion sw itch causes a reboot.

The board provid es a mod erate speed increase, and we d e­
tected no problems w ith the EGA adap ter. How ever, in Hercules
mode, the graph ics screen (under AutoCAD 2.6) was simp ly un­
w atchab le due to vert ical rolling. With the opt ional parallel and
mouse ports, the board co uld be useful in a situation where slot

FIG. 11-PC Technologies'286 Rainbow Plus

usage was cr itical.

MotherCard 5.0
The flat-out w inner in terms of overall speed, State Of The Art

Technology's 12.5-MHz MotherCard 5.0 (shown in Fig. 12) basically
pac ks an AT onto a single expansion card . Like the PCturbo 286e, it
is a co -processor, but unl ike that card , the MotherCard requires the
8088 to be mounted on it, and a ribbon cabl e to connect to the
host. 8- and 10-MHz versions of the card are also availab le.

The board features a "re-configurable" BIOS, actually a battery­
backed CMOS RAM that may b e used to patch BIGS updates. The
co mpany claim s that IBM's forth coming OS/2 w ill run on the board,
but w as unabl e to verify that by press time . (The 5.0 in the name
refers to one of the many names OS/2 w as called before it w as
off ic ially released.)

The basic MotherCard containsa battery-backed clock/calendar,
an 80287 socket, and one megabyte of memory; on optional
daughterboard w ill accept as much as four megabytes, bui lt on
special modules. How ever, if you use the daughtercard , you w on't
be ab le to install a full- length card in the adjacent slot. The rear
mounting brac ket has a reset sw itch, changing from 8088 to 80286
mode is done via software programs and causesa reboot. Reboot-

FIG. 12-S0TA's MotherCard 5.0

ing normally force s ope ration in 286 mod e, but pressing F10 w ill
initiate 8088 mode. Uti lity software is included .

The MotherCard is extremely fast- with a 12-MHz 80287, the
board approaches 386 speed in CAD appl icat ions. In addition,
unlike many boards, the MotherCard is compatible w ith EGA, LAN
programs, and other "prob lematic" appl ications .

Recommendations
We examined a number of oc to pus boards; the Nickel Express is

the on ly one that w orked and the only one w hose documentation
w as comprehensible . How ever, we don't like the id ea of loose
w ires hanging off a PC board, so in the under-$150 pr ice range,
we'd really reco mmend upgrading to a turbo moth erboard­
unless you're w orking w ith an IBM PC (not a clone) and w ish to
retain use of the BIOS and BA SIC ROM's.

In the $400-$800 pr ice range, the choice becom es much tough ­
er, especia lly because many productsare often heavi ly di scounted ,
so co mparing list prices may not be appropriate. For examp le, we
recently saw both the Tiny Turbo and the Mach 10 (bund led w ith
mouse and Windows) be ing sold for about $350. The Tiny Turbo
has the performance advantage, and it's a half-length card , but
buying a mouse and a co py of Window scouId easiIy costyou more

continued on p age 106
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BUILD
THE PT·68K
This month we build test,
reset, and clock circuits.

PETER STARK,
STARK SOFTWARE SYSTEMS CORPORATION

• astmonthwe described the PT-68K computer's hardware and
&.software ingeneral terms, coveredthedataandaddress buses,
and discussed how to get started. We are now ready to begin
construction.

Although this month's installment presents the parts layout di­
agram for theentire printedcircuitboard, please don't blindly start
stuffing partsina big rush to getthings finished. Instead, follow the
sequence presented here. We are going to build the PT-68K in
sections, providing detailed explanations of what each section
does and why In the process, we will also test each section by
performingoneor more simpleexperiments.There are two reasons
for following that procedure: First, it gives us the chance to leam
howthesystem really works.But, equallyimportant, it will giveusa
chance to test each sectionand isolate small errors before they
becomebig problems.

Some theory
Digital circuits represent the binarydigits 0 and 1 by means of

voltages; in most microcomputers, the two voltages are often
calledJow(whichisavoltage betweenzeroandroughly 0.8volts)
and hiSh (which is a voltage betweenabout two and fivevolts).
There are exceptions, of course-such as in an RS-232 circuit,
which might connect a computer and a printer together, where
larger positive (and negative) voltages are used. However, the
specified ranges are the most common. In any case, the range
between 0.8 volts and 2.0 volts is a "no-man's land;" if a digital
signal is in that range it usually indicates a problem.

Many people think thatalow voltage isa0,andahighvoltage isa
1, but that is not always true-in fact it could be the otherway
around. Sotalking about ones and zeroes canbe ambiguous, but
talking aboutlowsandhighs isalways specific. Notethat we don't
really care about the exact value of a signals voltage, so long as it
falls into oneof thespecified ranges.

However, there's yetanotherwayto talk aboutdigitalsignals:We
cansay thata particular signal ison or off.Anotherwayof express­
ing that is to say thata signal is asserted (on) or nesated(off).

The problemisthatsome circuits use ahightoassert asignal, and
othercircuitsuse a low to assert a signal. Sothatgives ustwo types
of circuits:active-hish andactive-low. Anactive-high circuitishigh
when it isasserted andlow whenit isnegated;anactive-lowcircuit
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islow whenit isasserted andhighwhenit isnegated.(Somebooks
callthatnegative logic.) Inatypicalcomputer, both kindsof circuits
maybe used, and often are. In fact, anactive-high circuit may be
located a tenth of aninch from anactive-low circuit.

In text and in schematics,active-low signals are marked with a
bar over the signal name: HALT, for example. By contrast, a signal
without the bar, such as FCOor A16, is active high.

Step 1: get ready
As shown in Fig. 2 lasttime, startby mounting the PC board

and the power supplyon awooden board thatmeasures about
12" x 24". Then hammer two brads through the appropriate
board holes,asshown in thatphoto. Use the holesmentioned
to avoid short circuiting the power supply.

Note, in Fig. 1, how the board is oriented: The power con­
nector is right next to the power supply, and the six expansion
connectorsarein the left rear comer. Wewill usethewords left,
right, front, and back to describe the board when it is posi­
tioned likethat;it will fit intoa"baby" PC ATclone cabinet in the
same orientation.

Note also that the side with all of the white lettering, called
the silk-screen laye~ is called the top, and the other side of the
board is called the bottom . All soldering will be done on the
bottom side; therearenosolder jointswhatsoever on thetop or
silk-screen side.

Step 2: learn to solder
If you already haveexperience soldering components to a

delicate printed-circuit board, you may skip to step 3; other­
wise get someadvice from a professional on proper soldering
technique.

Note thatboth sidesof the t erd seem to be coveredwith a
thin layer of greenpeint, that layeris called a soldermask. The
entire surface area of each side of the board is masked except
for the area surrounding each hole; the purpose of the solder
mask is to keep the solder on a pad from spreading to adjacent
pads or traces.

You can seethe copper traces through the solder mask, and
you can seethat the traces on top of the board go mostly left­
right, whereas the ones on the bottom go front-back. If a
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connection has to go from one co rner of the boa rd to a d iago­
nally opposite corner, it may travel in one direction on the top,
then go through a ho le to the bottom, and cont inue at a right
angle there. In some cases, a particular connection may go back
and forth , top to bottom, several times before it arrives at its
destination.

The hole that connects a trace on the top to a trace on the
bottom is called a via or a feedthroush, and it is plated with
copper internally; hence it does not need to be soldered on
both sides of the boa rd. Solder only those joints into which you
insert a lead. And don't wash the board prior to soldering.

Step 3: the power connectors
The power co nnector actually consists of two six-p in con ­

nectors, Jl0-a and Jl 0-b, in the right rear corner of the board.
They are shown in Fig. 2, w here Jl 0-a is on the left, and Jl 0-b is
on the right. Read the following paragraphs before you do
anything.

The power co nnecto rs are a potential source of big p rob ­
lems. Note that the two board -mounted co nnecto rs are identi­
cal, and the two power-supply p lugs are probably identical as
w ell .Jn.other words,jUs.extremely easy_to.make.a.mistake.and
plug the w rong power supply plug into the w rong connector
on the board and bu rn up the works. We must make sure that
never happens.

First, look at the two boa rd-mounted power-supply con ­
nectors. One has six p ins, the oth er, only five- the next-to-the­
last p in is missing. To help remind you of which goesw here, cut
off the next-to- the-Iast board-mounted pin on Jl0-b, as shown
in Fig. 2.

Next, compare the shells of those con nectors with the con­
nectors suppl ied in your kit. In the p lastic, behind each of the
metal pins, is a small rectangular opening with a tiny plastic
"b ridge" above it.

Now look at the two matching plugs from the pow er supply;
six small p lastic tabs protrude from the long side of each.When
the p lugs and sockets are brand nevv, the tabs on the plug s
prevent them from being inserted into the sockets because the
long tabs hit the b ridges. The object is to cut just the right
comb ination of tab s and bridges so that the six-wire plug only
fits Jl0-a, and the five-wi re p lug only fits Jl0-b. If you look
closely at Fig. 2, you w ill see how w e acco mplished it.

Now that you know w hat must be done, solder the two
connectors to the boa rd, and then match up the bridges and
the tabs so that the power supply p lugs in only one way Make
sure that the connectors are or iented correctly

While working on thissection of the board, also installC65 (10
f.lF, tantalum). Make sure it is oriented correct ly, because tan­
talum capacitors have a nasty habit of exploding if connected
backward ! Then install C3,C4,and C5, three 47-pFd isc ceramic
capacitors. They look much like the many 0.1 f.lF capacito rs;
mounting them now avo id s possi b le co nfusion later. A lso
mount C6 (0.1 f.lF) now

Besid esC63 (1 f.lF) all the remaining capaci tors are0.1 f.lF d isc
ceramics. Digital c ircuits are notoriously "noisy," and co mputer
designe rshave learned the hard way that it is necessary to install
small bypass capacitors between the + 5-vo lt line and ground
at many points on a PC board to keep that noi se off the pow er
lines.A general rule of thumb is that one such capaci tor should
be installed for every two or three d igital Ie's.

NOTE: Some IBM- type power supplies can be damaged if
operated w ithout a load, so never do so.

Step 4: LED indicators
Most "baby" AT cab inets have two or three status-ind icator

LED's on the front panel. Eventually we'll connect those LED 's to
J15, J16, and J17 on the board to indi cate pow er on, hard -di sk
activity,and microprocessor halt status,accord ing to the circuits
show n in Fi g. 3 (w hich also shows speaker w iring.) In each case,
a resistor in series w ith the LED (o r speaker) limits current

FIG. 2-POWER CONNECTOR J10A (left) and J10B (right). Also
shown are the match ing plugs from the power supply. Notice how
the tabs on the plugs match the bridges that have been removed

- from the board-mounted connec tors.

flow ing through the device, w hich is controlled by one section
of IC32, a 7406 open-collector hex inverter.

Note that IC32-b, IC32-c, IC32-d, and IC32-f areall part of one
integrated circuit, IC32. It has six inverters; the other two are
used elsewhere. For now ignore the fact that IC32-f has a small
circl e, called a bubble, on its input, instead of its output; that
notati on w ill be expl ained next time.

Before connect ing them in their final form, w e w ant to use the
LED's for expe rimenting and debugging, so we'll solde r the
LED's directly to the PC board for the time be ing. Referring to Fig.
1, install R14 and R15 (330 ohms), R16 (220 ohms), R24 (2200
ohms), Cll (0.1 f.lF), and the 14-pin socket for IC32. While you're
at it, also install R25 (33 ohms), and J18, the 4-pin header strip for
the speaker. Do not install lC32 in its socket yet, and don't bother
con necting the speaker to J18.

Then install the three LED's at J15, J16, and J17. The cathode
lead of each LED, usually marked by a flat edge on one side,
should go towa rd the resistors. If at all possible, checkeach LED
first, because sometimes LED's are made w ith the flat on the
wrong side, but rather than destroy those LED's, manufacturers
sell them at low prices on the surp lus market.

Install each LED so that it stands up straight, abo ut Y2 inch
above the board. Later, w hen we're reaqy to mount the board in
the cabinet,w e'll cut each LEDlead just below the LED itself and
use the stubs as con nectors for the panel-mounted LED's.

Now conn ect the pow er supp ly cab les to Jl 0-a and Jl0-b
and power up the board. The pow er ind icated LED (at J15)
shou ld light, though it may immed iately go off again. If so, don't
be alarmed-most PC-type pow er suppliesshut themselves off
if there is insuff ic ient load , and a single LED is a very small load
indeed . If that's the case, turn off the supply and temporarily
co nnect a150- or 330-ohm resistor between pins 7 and 14of the
IC32 socket. Don't force the leads all the way into the
socket; rather, hold them gently aginst the appropriate
pins. Then try again.

If the LED does not light at all, even for an instant, then most
likely either the LED is in backward, R1 4 is the wrong value,or the
power supply is defective or not p rope rly connected to Jl0-a
and Jl0-b . Correct the p roble m be fore continuing.

Important note
During construct ion, often we w ill so lder some connections,

turn on the pow er, try the new con figuration, turn off the pow er,
make more connections,and so on. It is absolutely essential
that you turn off the power before doing any more wiring,
soldering, or inserting Ie's into sockets . Better yet, turn off
the supply and also unpl ug it. If you forget to turn off the pow er,
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Step 5: the reset circuit
The 68000 microprocessormust be initialized-placed in a

Step 6: The clock circuit
The PT-68k's clock circuit is shown in Fig. 5. 1C78 is a16-MHz

oscillator module that contains a crysta l oscillator and all logic
necessary to provide a TTL-level squarewave output. The os­
cillator's output goesto ICn -a, half of a74ALS74 Dflip-flop that
divides the frequency of the clock signal by two . The 8-MHz
output, called Cl K8, isused in a number of places throughout the
computer; a separate clock signal drives the68000.

Jumper J24 selects the frequency at which the microprocessor

known state-when the systemis firstturned on.The process is
called resettins, and is done by temporari ly grounding two
68000pins: RESET and HALT. Remember that they areactive-low
signals, so grounding them asserts them. The pins must be
grounded simultaneously for a minimum of 100 milliseconds.

The 68000 must be reset automatically every time power is
turned on. It'salsouseful to be able to reset the microprocessor
manually, by pressing aswitch, when the computerdoessome­
thing it isnot supposed to do. Both functionsareaccomplished
wi th the circuit shown in Fig. 4.

The important device in thatcircuit is IC91, a555 timer, which
isconnected to atimingcircuit consistingof R23andC63.When
the computer is running, C63 is charged through R23 to about
+5 volts, and the output (on pin 3) is low; IC22-c, IC22-d, and
IC66-e invert the 555'ssignal to provide the desired active-low
signals. The two 2200-ohmresistors (R20 and R21) are tied to
+5 volts, they're called pull-ups because they pull the lines
associated w ith them up to the supply voltage.

Getting back to the reset circuit, whenever the terminals of
J23 are shorted, the trigger input of the timer goes 10'N, which
causesthe timer to ground pin 7,which d ischargesC63. (When
power is first appli ed C63 starts off discharged). The 555timer

---;s""e;-;:;e;.:-cs that low voltage and output:Safiighon pin 3~That signal is
inverted by IC22-c and IC22-d, which thenassert the RESET and
HALT lines of the68000, thereby resetting it. (Thereset signal also
goes elsewhere through IC66-e, but more on that later)

Whenthe short is removed(or the power-supply voltagehas
risen), C63 starts to charge through R23. The 555 monitors that
rising voltage, and when it reaches about 66% of the supply
voltage(3.3volts inourcase), shutsoff theoutput on pin3.That
negatesthe RESET and HALT linesand letsthe 68000 begin opera-
tioo. .

How long does it take for the voltage on C63 to reach 3.3
volts?Ap proximately one timeconstant,which isdefined asthe
product of R23 and C63. Since R23 is1 megohm (1 x 106) and
C63 is 1 f.LF (1 x 1~), the product is (1 x 106 x 10-6) = 1
second. Thusthe RESET and HALT signals wi ll go low for about 1
second at startupor whenever J23 is shorted. Later we'll con-
nect a pushbutton switch to J23 to provide a manual reset
function.

Now thatwe know how thecircuit wo rks, let's build it. Install
the parts listed below noting the polarization of tantalum ca­
pacitor C63. (Itspositiveterminal mustgo toward pin6of IC91.)
Also, the two-pin headerstrip, J23, has a short end and a long
end; the short end goes through the board and is soldered on
the bottom. Now install these parts: R22 and R23 (1 megohm);
R20 and R21(2200ohms)iC57, C61,C62,and C64(0.1 f.LF)i C63(1
f.LF); sockets for IC91 (8 pins), IC22 and IC66 (14 pins), and the
two -pin headerstrip at J23.

Also install the two 0.1 f.LF capacitors to the left of IC66.Then
install a 555 in the IC91 socket, a 7406 in IC22, and a 74LS04 in
IC66, and turn on the power. The HALT LED should go on for
about a second, and then go off.

Now usethe LED probe to checkthe signalsat theoutputsof
IC22-c, IC22-d, and IC66-e. Connect the probe to IC22-c and
usea screwdriver or w ire to short the two pinsof J23; the test
LED should go off and then, a second later, back on, ind icating
that the signal went low and then high. If all is well, check the
outputs of the other two inverters. Otherwise track down the
source of trouble before continuing.

+ 5V

R25
330

LED2
HALT

LED3
POWER

J18

+5V

IC32f IC32d
Vi; 7406 Vi; 7406

FROM
IC10,PIN13
fDUART)

3

FROM
lC16,PIN15

(WINCHESTER
CIRCUIT)

FIG. 3-LED AND SPEAKER CIRCUIT. Each device is driven by
an open-collector inverter.

you may well burn out some or all of the compo nents on the
board, and perhaps burn a few of the PC-board traces as well.

So now turn off the po wer and connect a thin w ire, 12- 15"
long, to terminal1(onthe left) of J14.Try to use athin solid wire,
about 30 gauge. Ifyouusestrandedw ire, twist the strands of the
loose end and tin it. Next, insert a 7406 IC into IC32's socket.
Note that all ieson theentireboard areoriented the same way:
pin1(markedby adimple or anotch, both on the IC andalsoon
the silk screen layer on the board) goes toward the back. Then
turn the power back on.

The wire connected to J14-1 (shorthand for terminal 1of J14)
is now a test probe, which we wi ll call the LED probe. If you
ground its loose end (to pin 7 of IC32, for example), the LED at
J16 should go off; if you connect it to a high voltage (p in 14of
IC32, for instance), it should go on. In add ition,w hen the probe
is not connected, the LED w ill also be on. Furthermore, w hen
connected to a source of pulses, the LED will light, but its
brightness w ill depend on the type of pulses. For example, a
pulse stream that is high most of the time w ill be brighter than
one that's mostly low But connecting the probe to any pulse
stream wil l produce aslightly dimmer lighti that'saneasyway to
recognizea pulse signal.

Now we 've got a simple logic probe for checking out other
partsof the computer. If you have a meter, an oscilloscope, or a
"real" logic probe, feel freeto useit instead. However, it may be
more convenient to usethe built -in probe.
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+ 5V

MAP"XJ---- --. TO IC90, PIN9

HALT
~)---4~-. TO IC41, PINl1

(68000)

RESET
~)--...--. TO IC41, PIN18

(68000)

+ 5V

C64
.1

+ 5V + 5V

R22
1MEG S

Vee
DI SCH

2 TRIG IC91 THR 6
555

OUT 3

GND FllT
1 5

TO
RESET

BUnON

FIG. 4-RESET CIRCUIT. The 555 generates a high-going one­
second pulse each t ime the terminals of J23 are shorted. The
inverters (IC22-c, IC22-d, and IC66-e) drive the app ropriate lines
low.

FIG. 5-CLOCK CIRCUIT. IC78 generates a 16-MHz signal that
IC77-a divides by two to provide the main clock signa l. IC77-b
generates a separate clock signa l for the microprocessor, there­
by allowing it to run at another (faster) rate .
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runs. That signal is known as MPUCLK. In the position shown, ICn -b
d ivides the 16-MHz signal by two, to provide an 8-M Hz c lock.
However, by add ing optional oscillator modu le 1C79, a different
freq uency may be cho sen by moving the j umper to the other
positi on . For examp le, to run the co mputer at 10 MHz, you would
install a 20-MHz oscillator module at 1C79 and p lace J24 in the
alternate position .clK8wouid stil l be 8 MHz, but MPuCLKwould now
be 10 MHz.

Tw o modules are necessary because ClK8 is used elsewhere in
the computer and must stay at 8 MHz even if the 68000 itself runs
faster. How ever, do not try to increase clock freque ncy at this time ;
depending on the frequ ency chosen, some co mponents may beve
to be altered. We'll d iscuss the de tails in a future installment.

Now mount the 16-MHz oscillator modu le (1C78) by soldering it
d irectly to the board, w ithout a socket. Note that three comers are
rounded ; the pointed co rner identif ies pin 1, which should be
closest to IC65. Then install a socket for ICn , a 3-p in header at J24,
and three 0.1 i-LF capac ito rs (C58, C59, and C60). Then insert a
74A LS74 (note: A LS, not LS) into the Icn socket, and a short ing
jum per from the center p in to pi n 1 of J24.

Next, pow er up the co mputer. If yo u have an osc illoscope or a
logic probe that can d etect pulses,examine CLK8 and MPUCLK for the
8-MHz clock signals.(An inexpensive oscilloscope may have trou­
ble d isplaying the clock signal, or may show it as a very d istorted
sine w ave.)

To use the bu ilt-in LED pro be, first note how b right the LED is
when the probe wi re is not co nnected to anything. Then connect it
to CLK8 The LED is flashing on and off so fast you cannot see it, so it
should be dim, indicating that the signal is high part of the time and
low part of the time.

Next, connect the LED probe to MPUCLKand note its brightness.
Then slip the shorting jumper from J24 and note whether the LED
gets br ighter or darker. Each time you remove the jumper, you stop
ICn-b from counting . Sometimes it w ill stop in the set state, in
which case the LEDw ill be gett ing a full high voltage and be come
brighter; othe r times it wil l stop in the reset state, in which case the
LED will go off. Try removing and installing the j umper several time s;
if you see the LED in both states, the clock circu it is mo st likely fully
funct ional

That's all we have t ime for now; next t ime w e'll install the micro­
p rocessor itself and start learning about how it w orks.• CD.
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continued from page 100

than $200,evenat discounted prices.And the Mach10'smethod of
speed sw itching is more convenient. The overall price/perfor­
mance leader is PCSG's Breakthru 286.

Ab ove $800, Orchid 's PCturbo 286eis hard to beat. The 8-MHz
modelwe examined is faster thanthe12-MHz Breakthru 286; the10­
MHz model should be areal screamer. However, the286ewon't run
a third-party EGA, so SOTA's MotherCard is a strong contender,
especially if it turns out that the board can run OS/2.

Conclusions
All of the acceleratorboards we tested for this article enhance

performance. At the same time, every single one exhibited some
problem w ith compatib ility or performance. For exarnple, one
board sirnply wouldn't run AutoCAD 2.6. Replacinga PLDallowed
theprogramto run, but prevented useof EMSmemory A complete
board re-design was necessary to solve the problem. Another
board crashed under some combinations of resident and non­
resident programs-but thensodoesa plain-vanillaXl However, a

plain-vanilla XTdoes not crash with the same combination.
Werefrained from namingnamesin thoseexamplesbecause we

can't blame the manufacturers involved; they simply can't be ex­
pected to test every combination of hardware and software.

The message for the buyer is not a new one: beware w hen
buying,and be extremely careful w hen installing and initially using
any type of accelerator. Back up your hard disk, rename your
AUTOEXEC.BAT and CONFIG.5YS files, and then install your new
hardware. Only after getting it to work should you add software
drivers to your CONFIG.5YS file, and do so one by one, rebooting
and testing after adding each one. Then do the same with any
memory-resident programs loaded viaAUTOEXEC.BAl Exp ectthat
therew ill be problemsand takeastep-by-stepapp roachto solving
them. If a board works by itself, but not with a particularsoftware
driver, try changing the order in w hich things are loaded.

Later on, when you add a new software driver or memory­
resident program, andyour machine crashes, rememberthatthe PC
and the XTwere designed to work in a very specific environment,
and that you have drastically altered that environment in a way in
which the original designerscould not possib lyhave foreseen- so
don't curse them. If you rea lly need the speed, go out and buy a
faster machine.t CD.
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Tired of pushing buttons and

remembering codes? Here s a lock

thats opened by an electronic key
-------------------------

Electronic Combination Lock
PAUL RENTON

FIG. 1- THE ELECTRONIC LOCK is actually a decoder (IC2) that compares the wi ring of its address
pins with that of the key.
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possible codes . But while the MC 14S02!S
decoder can read three states on add ress
pins A1-8 , it can onl y read a high or a low
signal on its A9 pin , thereb y allowing
only 2 x 3x (13,122) possibl e addresses ,
a ran ge th at is st ill larger th an th at
provided by a 4-d igit keypad code . It
gives reasonable ass ura nce that if some­
one did build an e lec tro nic key, the y
would have a difficult time unlocking the
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Many combinations
When encoding data , IC2 ca n read one

of three states on each of its address pins:
I) open with no connectio n; 2) low-con ­
nected to ground; 3) high-connected to
the positive supply voltage. Since the IC
read s each as a distinctly different state,
the encoder operates on a " tr inary" (three
value) system. As there are nine address
pins , the encoder can encode 39 (19, 683)

E LECTRON IC - LOCK CIRCU ITS HAVE BEEN

arou nd , in various forms, for man y years .
Most have a keypad on which the user
enters a combination of numbers . If the
combinat ion matches the one that's pro­
grammed into the lock , the lock opens .
Unfortunately, it takes a relatively large
amount of digi tal circuitry to decode and
match keyp ad entries agains t the pro ­
gra mmed combination.

On the other hand , the elec tronic-lock
system shown in Figs. I and 2 uses only
thre e inte grated ci rc u i ts : I CI , a n
MCI4S028 that is part of the lock itself
(Fig . I), IC2 , an MCI4S026 that functions
as an electronic key (Fig . 2), and IC3, a 5­
volt reg u lator. That all -e lec tron ic ap­
proach allows the elec tronic lock to oc­
cupy onl y a couple of square inches of
space, while the key is sma ll enough to be
carried in a pocket. Although anyone with
access to the key ca n unlock the lock ,
which is not true for a keypad lock , the
low cos t and simp licity of the keyed elec­
tronic lock makes it somewhat mo re con ­
venient to build .

The MCI4S026 is usually used to en­
code commands for rad io- frequency, ul­
trasonic , and infrared remote-c ont rollers .
It has nin e address pin s . When instructed
to send a command , the IC reads the pins ,
encodes them into a series of bits , and
then sen ds the inform ation out ser ially.
The receiver, an MC 14S028, receives the
se ria l tran smi ssion and check s the re­
ceived address data aga ins t the program­
ming of its ow n nine address pin s . If the
programming is an exac t match then pin
I I, the vr tv alid Transmiss ion) line, goes
high .
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FIG. 2-THE ENCODING IC IN THE KEY, IC2, outputs a series of long and short pulses that represent
the wiring of address pins Al-A9. The pins can be brought low, or high , or left open.

FIG. 3-THE ENCODING ASSEMBLY can be built small enough to fit within the hood of a DB-25
connector. Alternately, you can use any kind of connector large enough to house the circuit.

PARTS LIST
All resistors Y4 watt , 5%.
Rl, R4-10,OOO ohms
R2-100,OOO ohms
R3-220 ohms
R5-22,OOOohms
Capacitors
Cl-.0033 IJ. F, ceramic disc
C2-.0082 IJ.F, ceramic disc
C3-.001 IJ.F. ceramic disc
Semiconductors
IC1-MC145028 decoder (Motorola)
IC2-MC14026 encoder (Motorola)
IC3-7805 5-volt regulator
Ql-2N2222 NPNtransistor
Other components
Bl-9-volt battery
Jl-DB-25 socket
Pl-DB-25 plug
RYl-5-volt DC relay
Sl-SPST switch
Miscellaneous: Perforated wiring or con­

struction board, terminal strip, battery
clip, wire, solder, etc.

To set the combinatio n, the encoder's
address pins are connected to ground, the
5-volt power supply (pin 16), or left open.
One way to program the address pins
would be to use a set of switches to place
each pin at to one of the three states.
However, to keep the key pocket size, the
pins are soldered directly to ground, to 5
volts , or simply left with no connection .
Soldere d pins allow the key to be made
small enough to fit inside a convent ional
DB-25-type connector, although the sol­
dered-pin programm ing cannot be easily
changed to a new code.

If you only expect to set the combina­
tion once , then it would be appropri ate to
simply wire two or more address pins of
the encoder and decoder to the positive
supply and/or ground to generate the sys­
tem's combination. If you anticipate hav­
ing to change the combination, then you
might want to consider putting switches
on the address pins of the lock and key so
th at th e addresses co uld be easi ly
changed. But as stated earlier, doing so
would mean the key would be larger. A
compromise is to use switches on the de­
coder's address pins and take the time to
rewire the key if you change the comb ina­
tion .

To make the electronic key, locate a
connector that will hold IC2 along with
the two resistors and the capacitor. For­
tunately, the comm only-available DB-25­
type connector shell has just enough space
for those components, but feel free to use
whatever case or connector meets your
needs . Regardless of the kind of con­
nector used as the key, it must have at least
three terminals available for connect ion to
the lock: one for power, one for data, and

continued on page 129

Construction
The timing of the pulses is not so crit­

ical that only high tolerance parts must be
used; 5% resistors are acceptable for both
the encoder and decoder, which contrib­
utes to the low cost of the electronic lock .

The decod er (Fig . 1) is powered by a 9­
volt transistor-radio type battery and can
be built on a small piece of perforated
wiring or construction board . Nothin g is
critical and any layout can be used . To
simplify connections to externa l equip­
ment, such as a an electric door release ,
relay RYI's contacts should be brought
out to a dual screw-type terminal strip. The
deco der 's combination should be wired
after the encoder key is completed.

The encoder key (Fig . 2), does not have
its own power source because it obtains
power from th e decod er whe n it is
plugged in; hence , the key consists of
only IC2, resistors R4 and R5, and capac ­
itor C3.

PI

DATA
15

+ 5V
16

SEE TEXT IC2 '="
FDR 145026

CONNECTIONS R4

13 10K

12

11

R5
14 22K

'="

electronic lock without knowing the prop- RYI . The VT pin remains high , and the
- er combination.o- - - - - - - - - - -relay-t hereby- remains-powered until the

The encoded data sent from IC2 con- decoder no longer rece ives a properly en-
sists of a ser ies of long , short, or a com- code d sequence of pulses.
binatio n of lon g and short pulses that
represent the state of the address pins . A
low signa l on an address pin is encoded as
a seque nce of two co nsec utive sho rt
pulses, a high signal is encoded as two
consecutive long pulses. An open pin is
encoded as a sequence of a long pulse
followed by a short pulse . After the en­
coder sends out its sequence of encoding
pulses it immediately re-transmits the se­
quence for added reliability. (The pro­
cedure is ca lled redundant transmissio n.
It is commonly used to insure the rece ived
integrity of transmitted data. )

Decoder ICI uses the pulses it rece ives
from the encoder to determ ine the state of
the encoder's address pins. While receiv­
ing the data, it compares the state of the
encoder 's address pins against the state of
its own address pins. If there is a perfect
match on all pins the decoder brings its VT

pin high to indicate that the proper address
was received . By going high , the VT pin
turns on transistor QI, which powers relay
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ased ju nction. The spec ifications are con­
ven tiona l and are ge ner a lly standard
thro ughout the se miconductor industry.

Leakage currents (de fined as reverse­
biased junction cu rrent s that occur prior
to avalanche breakdown ) are likely to be
more varied in their specification and also
more inform ative . Leakage currents are a
result of materi al defects: mask imperfec­
tions and/or undesired impurities that en­
ter dur ing wa fe r p ro ce ss ing . Some
sources of leakage currents are potenti al
re liab ility problems, most are not. Leak­
age currents that are materi al related , such
as stacking faults and dislocat ion s, o r
pipes . created by mask defects and/or pro­
cessin g inad equ acies , resu lt in leakage
current s that are constant with time and , if
initia lly accepta ble for a part icular ap­
plicati on. wi ll remai n so . (Since they do
not pose long-term reliability probl em s.)
Some mnanufacturers do not list leakage

The RF L i ne
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and f unctional . By defin ition , the DC
specifications co nsist of break dow n volt­
ages , leakage current s , hFE, or beta (DC
gain), and in ter- el e ment ca pacitances .
The functional specifications cove r AC
parameters: gai n, rugged ness . noise fig­
ure , and input and output impedance .
Therm al characteristics do not fall cleanly
into either category since thermal resis­
tance and power dissipation ca n be e ither
DC or AC , so we will treat thermal resis­
tance as a special specifica tion and give it
its own he ad in g o f therma l charac­
teri stics . Figure I shows how DC and
functional spec ifica tions are arranged on
a typica l data shee t.

Breakdown voltages are largely deter­
mined by material resistivity and junction
dep ths . Each junct ion voltage---collec tor/
base and emitter/base - is generally spec­
ified at a current level that is we ll within
the safe-o perating limits of a reverse-bi -

Data sheet parameters are

what tell you whether

an RF power transistor

can do the job.

NORMAN E. DYE,-,-- -,-----------
Motorola Semiconductor Products

DC specifications
Basic all y, RF transi stors are cha rac­

ter ized by two types of spec ifica tions: DC

DATA SHEETS OFTEN ARE TH E SOLE
source of informat io n abo ut th e ca ­
pabil ities and characte ristics of a product.
That is parti cularly true of RF power tran­
sistors that are used thro ughout the world ,
so it' s imp ortant that the user and the
manufacturer of a product spea k a com­
mon language; i.e ., what the se micon­
ductor m anu facturer says about a
transistor is understood full y by the cir­
cuit designer.

In this article we wi ll review RF-power­
transistor parameters from maximum rat­
ings to funct ional characteristics . We' ll
cove r cr itica l spec ifica tions, and how val­
ues are determ ined and what they signify,
Finall y, we' ll cover possibl e tradeoffs in
device spec ificatio ns and their imp ortance
to the circuit-design engineer.

But before we get into the subject , let's
take time out for a brief explanation of the
term s die , bond pads , and top metal , be­
ca use, a ltho ug h th ose terms are used
when describ ing RF-power-transistor pa­
rameters , they may be unfamili ar to many
of you.

Altho ug h we co nsi de r an RF power
transistor to be a " unit" device that visu­
ally rese mbles a transistor, it is, in fact, an
integrated circuit that co nsists of severa l
hundred to more than a thou sand individ ­
ual parallel-c onn ected tran sistors on a
s ingle silicon chip. In th is instance, the
chip, with all its integral transistors , is
ca lled a die. The bond pads are the co n­
nections for the both the main emi tter,
base , and co llector leads, and the indiv id­
ual transistors . The term top metal refers
to the de posited meta l wire s tha t intercon­
nect the individual bon d pads . We ' ll cover
d ies and top meta l in greater detail later.

~

Understanding Data Sheets
ofRFPower I

Transistors ~=====~
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FIG. 1-THIS IS JUST A SMALL SAMPLE of the kind of data you' ll find in a dat a sheet.
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Thermal resistance
The rating begins wit h a determinat ion

of the ther ma l resistance of the die to its
case . Knowi ng Hie" and assuming a max­
imum die tempera ture, one can easily de­
te rmine max im um Pd (ba se d o n the
prev io us ly s tated case temper ature o f
25°C ). Measuring Hie is nor mally done by
mon itor ing the case temperatu re (TJ of
the device while it opera tes at or ncar
rated output power (Pol in an RF c ircuit.
Simultaneously, the die temperature (T)
is measured by an infrared micro scope
(see Fig . 4) that has a spot-s ize reso lution
as small as l-rnil . Normally, several read­
ings are take n over the surface of the die
and an average value is used to spec ify T .

It is true that tem peratu res across a d ile
wi ll typically va ry ove r the ran ge of
10-20°C. No rmal ly, the d ie uses ballast­
ing to insure that the heat is dispersed
more or less evenly across the d ie 's sur­
face . Witho ut ballast ing the heat would be
co nce ntrate d near the midd le of the die .
Ballasting is a techni que that reduces the
emitter current to the transistors in the
middle of the die below the em itter current
of the tran sistors located at the ed ges of
the d ie . In that way the middle transistors
dissip ate less heat than those at the edges,
and the heat d issip ation is spread more or
less evenly across the die . A poorly de­
signed die-one with imp roper ba llast­
ing--co uld result in worst-case hot-spot
temperatures that vary between 40-50°C.
Likewise , poor die bonds (see Fig . 5) ca n
result in hot spots .

By measuring the DC and RF T; and
T j , along wit h Po and Pin' it 's possib le to
ca lculate Hje from the formula:

Several reason s d ictate a conse rvative
value be placed o n fJ ic First, therm al
re sistance increases with te mp era ture

ages less than the min imum wi ll not cause
junct ion s to reach reve rse-bias brea k­
dow n . with the poten tia lly destru cti ve
curre nt leve ls that ca n result.

On the other hand, a maximum ratin g
for power diss ipation (Pd) is closely ent­
wined wit h thermal resista nce (Hje.). In
re a lit y, maximum Pd is a fic t itio us
numb er- a kind of figure of merit-be­
ca use it is based on the ass um ptio n that
the case temperature is mai ntain ed at
25°C. However, providin g that everyone
arr ives at the value in a similar mann er,
the maxim um Pd ratin g is a usefu l tool for
co mpa ring devices .

Tj - Tc

P IN -PO

Typ ica l values for an RF power tra n­
sistor mig ht be T j = 130°C; Tc = 50°C:
Vc c = 12.5 Volts: "lc = 12 amperes : Pin
(RF) = 10 watts: Po (RF) = 80 watts. Thu s:

130 - 50 80
8 = = - = 1°CIW

JC 10 + (12.5 x 12) - 80 80

U mtM..Typ

Maximum ratings
Max imum rati ngs , such as those shown

in Fig . 3 for a typical RF power tra nsistor,
tend to be the most freq ue nt ly misun­
derstood group of device specifica tions.
Rat ings for maximum junction voltages
are stra ightforward and simp ly reflect the
minimu m values set fort h in the DC spec i­
fications for breakdown voltages . If the
dev ice in q uestio n meet s the spec ifie d
minimum breakdown voltages . then volt-

limi ts placed on hFE . Th at 's because:
a. The specifica tio n is unrelated to perfor­
mance
b. Difficulty in co ntro l in wafe r process­
ing
c . Other man ufact uring co nstrai nts, dic ­
tated by the device 's AC spec ificat ion s ,
preclude speci fic limits for hFE .

A good rule of thumb for hFE is to set a
maximum to minimum rat io of not less
than 3 , with the minimum hFE value se­
lected to assure you of an adequate AC
ga in margi n.

Output capaci tan ce is an exce llent in­
dicator of relative device size (base area),
provided that the major portion of the out­
put capacitance is created by the base­
co llector junction and not para sitic capac­
itance arising from bon d pads and othe r
top meta l of the die . Keep in mind that
junction capacitance will vary with volt­
age (Fig . 2), while parasit ic ca pac itance is
unaffected by voltage variations . Also , in
co mpa ring devices , it's impo rta nt to note
the voltage at which a give n ca pac itance is
specified. No indus try standard ex ists .
The preferred voltage at Mo toro la , for in­
stance . is the transistor 's Ve e rating; i.e.,
12 .5 volts for 12 .5-vo lt tran sistors , 28
volts for 28-volt transistors , e tc .
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FIG. 2-THE OUTPUT AND INPUT JUNCTION
CAPACITANCES can be read di rectly from
curves prov ided in the data sheet.

7
'5. 6I
~ 5
z
~ 4
U 3
~
j 2

1

current spec ifications to allow more waf­
er/dies to pass qu al ity inspection .

On the othe r hand , leakage cur rent
cause d by chann els created by mobile im­
puri ties in the ox ide (primarily sodi um)
tend to change with time and can lead to a
progressive increase in leakage current.
That ca n rend er the dev ice useless for a
spec ific applica tion. Distin gui sh ing be­
tween sources of leakage curre nt ca n be
difficu lt; tha t is one reason why devices
designed for mi litary use requi re HTRB
(High Temperature Reverse Bias) and
burn-in test ing . Eve n for co m mercial ap­
plicat ion s a leakage-cu rrent limit sho uld
be included in any co mplete device spec i­
fication.

DC parameters such as hFE and Coh
(output ca pacitance) need littl e co mme nt.
(Typica lly, for RF devices hFE . Instead,
AC gai n at the desired operating frequen­
cy is spec ified) . Keep in mind , however,
that DC bet a (hFE) is related to AC beta
(functiona l ga in). AC beta will usually
track DC beta , parti cu larly at the lower
RF freque nc ies . Gene ra lly, RF device
manufacturers do not like to have tight
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(and we reali ze T, = 25 °C is not reali sti c ). Maximum collector current
Second , T j is not a wo rst-case number. Maximum collector current (lc) is proba-
A nd thi rd : by usin g a co nse rvative value bly the most subjective maximum rating on
of Sjc a realistic value is det erm ined for RF-transistor data shee ts. It ca n, and is,
Pd(,,;ax)' G enerally, M otorola's practice is determined in a number of ways---each lead -
to publi sh 8 ·c numbers approximately ing to different maximum values . Actua lly,
25 % high er dumthat determined by the three possible current limit at ions can exist
measurements prev ious ly de scribed , or in RF transistors . One is package-related ,
for the c ase i l lu st rated , a va lue of one is wire-related, and a third is d ie-re-
Sjc = 1.25 °ClW. lated . Co llec tor curre nt in most older, lower-

Now a few words about di e tem- frequ ency transistors is wire -and/o r pack-
per ature : Reli ab ili ty conside ratio ns die- age -limited , which is why those parts gener-
tate a safe va lue for an a ll A u (go ld) ally have Ic(max) determined by co llec tor
system (d ie top met al and w ire) to be voltage (o r by BYC EO for added safe ty).
200°C. Once Tjemax) is det ermi ned along High er-voltage part s (s uch as 28 and 50
with a va lue for 8jc' max imum Pd is: volts) tend to be wire-limited; when oper-

ated at lower voltage those components can
Tj(max)- 25°C

P O(MA X) safely handle sizable amounts of current.
8jl' Lower voltage parts (such as 7.5 and 12.5

Specifying maximum Pd for T, = 25°C volts ), however, tend to be package- limited;
makes it necessary to derate maximum Pd those should have lc(max) determined by
for.any.value of T; above-25~C . -The- derat---power-d issipation cons iderations. -
ing factor is si mp ly the reciproca l of 8jc' Most modern, high-frequency transistors

MRF646 ­FIG. 4- AN INFRARED MICROSCOPE is used to
measure the temperature of various spots on
the die,
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are die-limited because of high current den­
sities that result from their very small cur­
rent-carrying conductors ; those den sit ies
can lead to met al migration and premature
fai lure . Fo r th ose typ e o f tran si st ors ,
Ic(max'if) is determined by usin g Black 's
equation for metal migration . That equation
ca lc ulat es a me an-time-between-fa ilures
(MTB F) based on current de nsi ty, tem­
perat ur e, and the typ e of met al. At
Motorola , MTBF is generally set at greater
than 7 years , and maximum die temp erature
is set at 200°C. For plastic-packaged tran ­
sistors , maximum Tj is set at 150°C and
IC ( I11" X ) is calculated using the resulting cur­
rent den sity along with a knowledge of the
die geo metry and top-metal thickn ess .

It is up to the transistor manu facturer to
spec ify an I

C
(l11ax) that is based on the app ro­

priate limitation (die, wire, package). Note ,
however, that the lim itatio n depends to some
extent on the application. Circuit designers
should consult the manufacturer for addi-

FIG, 5-AN X-RAY PHOTO SHOWS some tran­
sistor-celis that are poorly bonded to the die,
which will result in hot -spots,

OS !>662 "' I

45 W - 470 MHz

CONT RO L L ED 0

NPN SI L ICON RF POWER TRANSISTOR RF POWER
TR A NSI STOR

designed for 125 Vo l t UHF large ~ lgn a l amplif ier app li ca t io ns In
NPN SI LICON

Ind ustri al and commercrat FM equ ipme nt operat ing to 512 MH z.

·Specified 12.5 Vol t , 47 0 MHz Cnaractemncs -
Outpu t Power e 45 Watts
Minimum Gain > 4.8 dB .. '

~
Ethcre ncv e 55% . r ......·Character ized with Ser ies Equ ivale nt LarqeSrqne! Impeda nce
Param et ers ~·Burtt- In Mat ching Network for Broad band Oper ation

· 100 % Tested for l oad Mismatch sne s, at all Pha se Ang les wit h
20 :1 VSv\lR @ 16 -Volt High line and 50 % Overdr ive.

0 -=-1 ' --
I I

~
R , K,

: , 0

,
s

c - !

- l -

- • - e
MAXIMUM RATINGS J

! ±+ I
;

R,t ing Sy mbol V, lue Unit I NI I !Co llec tor -Emm.r Vo ltage VC EO 16 vee ,
c euecter. aa se Vo hage VC BO 36 vee .- H -- A -
Em ilt . r-Bu e Vo ltlge V EBO 4 .0 vee STYLEt
ccueerc- Cu rren t Co nllnuo us 'e 8 .0 Ad, PI~ 1 EMITTEA

- P.ak 110 seconds m IX) 10 2 COl l ECTOR
3 EMITTER

Totll O....ice DISSipat ion ~ TC · 25°C Po 175 Wl tlS 4 BASE

C.ra te Abo.... 25°C 1.0 W/OC FlA IliGE ISOLATED

Stonge Temper.ltu r. Ra~ Tll g -65 to +200 °c MILLIMETERS I/iIICHU

THERMAL CHARACTERISTICS O'MM'. M., M,. M.,
Ch . rec te rtft-Ie 5y mbol Velue Un it • 2ot31 n l5 0 "0 0 "0• IH5 12 95 0 4! 0 0 510

Thermal R.s,st.nu . Junct,on to Cu e I R.,C I 1.0 I °CIW C '" 1 2 ' 0 235 OJOO
0 5U TY' 02l 5 TY', 501 '" 0200 02 10

• lilt I . 0120 "J 01 0 OIS 0"" 000., 1017 10 ! 2 0 420 0 <0
l '" . 0 150 0'0

• '" • 0 150 D'

4-~~~ 33 0 ~ 1 20 ~: ~~IT ."?rn ~hri~Dji
CASE 21B 06

, ,. .. .... , .,. ....

T he RF L ine

FIG. 3-MAXIMUM RATINGS AND THERMAL CHARACTERISTICS are also provided by the data sheet.

111



tional information if lee ma x ) lor a specific
application .

FIG. 6-AN ACTUAL WORKING TEST CIRCUIT
is used to determine the parameters of an RF
power transistor,

Storage temperature
Storage temperature is another maximum

rating that is frequently not given the atten­
tion it deserves. A -55°e to 2000e range has
more or less become the industry standard .
For single. metal. hermetic-packaged de­
vices . an upper limit of 2000e crea tes no
reliabil ity problems. However. plastic en­
capsulated or epoxy-sca led devices should
not be subjected to tem peratu res above
150°C.

Testing ruggedness
Ruggedn ess tests co me in man y forms .

Ma ny olde r devices (and even some newer
ones) simply have no ruggedn ess spec ifi­
cation. Others are sa id to be "capable of"
with st andin g load mi smatches . S t ill
others are guaranteed to withstand load
mismatches of 2:1 VSWR to %:1 VSWR
at rated output power. A few truly rugged
tran sistor s are guara nteed to withs tand
30 :1 VSWR at ~a ll phase angles (for all
practical purposes, 30: I VSW R is the
sa me as x: I VS W R) with both ove r­
volta ge and overdrive . Once again , it is up
to the user to match his circuit require­
ment s against device specifications.

Then , as if the who le subjec t of rugged­
ness is not co nfus ing enough, manu fac­
turers " m uddy the waters" furth er by
stating what constitutes passing the rug­
gedness test. The words genera lly say that
after the ruggedness test the device und er
test "sha ll have no degradation in output
power. " A better phrase would be " no
measurabl e change in output power. " But
even that is not the best becau se, unfor­
tun atel y, the device under test can be
dam aged by the ruggedness test and still
have " no degradation in output power. "
As stated earlier, today's RF power tran ­
sistors consist of up to 1000 or more sm all
transistors connected in parallel. Emitter
resistors-ball asts-are placed in se ries
with groups of those transistors in orde r to
better co ntrol power sharing through out
the transistor 's die. It is well known by
semiconductor manufactu rers that a high
percent age of an RF power transistor's die
(say up to 25-30%) can be destroyed and
the transistor will still able to deli ver its
rated power at its rated gai n, at least for
some period of time . If a ruggedn ess test
dest roys a high percent age of transistor­
ce lls in an RF power transistor, then it is
likel y that a second ruggedness test (by
the ma nufac turer or by the user while in
his circu it) would res ult in add itiona l
damage , leadin g to premature failure of
the device .

A mo re sc ie nt ifie measurem ent o f
"passin g" or "fai ling " a ruggedn ess test
is ca lled b.Vre-the ch ange in emitter re­
sista nce before and after the ruggedn ess
test. Vre is determ ined largely by the net
value of emitter resistan ce in the tran sistor
die . Thu s if ce lls are destroyed , emitter
resi stan ce will cha nge with a resultant

continued 0 11 page 126

and grea ter-than-nor ma l input drive- all
at the sa me time . Thus , the ultim ate test
for ruggedn ess is to subject a tran sistor to
a test whe rein RF P in is increased up to
50 % above tha t value necessary to create
the rated Po; Vee is increased abou t 2YIc,
(from 12 .5 volts to 16 vo lts for mobi le
transistors). and then the load- reflecti on
coeffic ient is set at a unity while its phase
ang le is varied through all possible values
from 0° to 360°.

Ruggedness
For RF power transistor s , the param eter

of ruggedness takes on co ns ide rable im­
port ance . Ruggedness is the transistor 's
ability to withstand ex tre me mism atch
co ndi tio ns in operatio n, whic h ca uses
large a mo unts of outpu t powe r to be
" dumped" back into the transistor, with­
out altering its performance or reliability.
In many circ uits, imp ed ances presented
to a device are varia ble and un pred ictabl e
and ca n abrup tly change . In port ables , the
antenna may be placed against a metal
surface ; in mobil es , per haps the antenna
is bro ken off or inadverte ntly di scon­
nected from the rad io . An RF power tran­
sistor must be able to survive such load
misma tches . A reali st ic possibili ty for
mobil e radi o transistor s (altho ugh not a
normal situation) is the co ndi tion where­
by the RF power device "sees" a worst­
case load mism atch (an ope n circuit , any
phase angle ). alon g with maximum Vcc -

curves . On the othe r hand , a c ircuit used
to cha racterize a dev ice is usu ally narrow-
ba nd and tuna ble , which result s in higher
ga in tha n attai nab le in a broadband cir­
cuit. Unless otherw ise sta ted. it ca n be
ass umed that cu rves such as Po \ '.1'. fre ­
quency are ge nerated on a poi nt-by-poi nt
bas is by tuning a narrow-band c irc uit
across a band of frequencies and , thus .
represe nts what ca n be achieved at a spe­
c ific frequency of interest with proper im­
peda nce match ing .

Broadband , fixed-tuned test circ uits
are bes t for testin g the functiona l perfor­
mance of an RF transistor. Fixed- tuning is
parti cularl y important in ass uring the
manufacturer, and the user of produ ct co n­
sistency; i.e . , that the devices made to­
morrow will be identi cal to the devices
made today.

Tunable, nar row-band circuits have led
to the requirem ent that user s and man-

---ufacturers use ' co rrelation unit s" to as­
sure product co ns istency over a period of
time. Fixed-tuned circuits min im ize (if
not eliminate) the need for co rrelatio n ,
and that co mpe nsa tes for the increase d
co nstraints they place on the ma nufac turer
of the device . On the other hand , man­
ufacturers like tun abl e test ci rc uits be­
cause they allow adj us tme nts that ca n
co mpensa te for varia tio ns in d ie fabrica­
tion and/o r devi ce asse mb ly. Unfor­
tu nat e ly, ga in is normall y less in a
broadb and circuit than it is in a narrow­
band circuit, so transistor manu facturers
ofte n use narrow-band circuits to imp rove
product spe ci ficat io ns for co m pe t it ive
reasons (that is ca lled " specsrnanship" ),
A good compromise for tran sistor man­
ufacturers is to use narrow-band circuits
with all tuning adjustme nts " locked" in
place . The moral to all of that is that dat a­
sheet readers should be careful to note the
test circuit used when co mparing spec ific
parameters.

....

Functional characteristics
The functiona l characteris tics of an RF

tra nsistor are by necessity tied to a specif­
ic test circu it, such as the one shown in
Fig . 6 , because without specifying a cir­
cui t , parameters like gai n, re fl ected
powe r, efficiency--even ruggedness-are
meaningless . Furthermore , mos t test c ir­
cuits that are used by RF-transistor man­
ufactu rers today (even those used to
characterize devices) are design ed to al­
low for easy insert ion and rem oval of the
device under test. For mech anical rea­
so ns. that somet imes limits device perfor­
mance , which explains why the perf01'­

man ce a tta ine d by users fr equently
exceeds th at indicated in data- sh eet
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POO
STORJ{GE-

DUKE BERNARD

With nothing more than an oscilloscope, a video camera, and a VCR, hobbyists can have many
of the advantages of fancy logic analyzers and digita l storage scopes.

W HEN A NEWLY DES IGNED PIECE OF ELEC­

tronics equ ipment or an existing piece of
equipment that has gone bad is be ing de­
bugged , it' s co mmon practice to trace sig­
nal paths by using an oscillosco pe. With
digital equipment, logic ana lyze rs are
often used to check timing and even store
the waveforms on floppy disk for future
evaluation. Such equipment is very con­
venient to use, but very expensive .

When professional designers do a thor­
ough job of evaluating a new design , they
record the waveforms at each major node
in the system. Traditionally, that has been
done by takin g Polaroid photographs of
oscilloscope traces. The process requires
fastening the sco pe probe to a circuit trace
on a printed circuit board long enough to
take the photograph , developin g the print,
recording the appropr iate osci lloscope
sca les, and then moving on to the next
location to repeat the process . Thin gs pro­
ceed in an orderly manner when docu­
ment ing a new design that is working
properly, though it sure ly help s to have an
assistant. However, when either a new de­
sign or an exist ing system is faulty, circ uit
traci ng usually becomes less orderly, with
the sco pe probe stuck here and there look­
ing for suspec t signals.

Life ge ts even more interesti ng when
the syste m works perfectl y 99% of the
time , but has a glitch that causes an error
every few hour s or so. In indu stry, trou­
bleshootin g such a glitch generally calls

for powerful logic analyzers that can be
triggered by the fault co ndition and then
recall the signals that prece ded the erro r.
Unfortunately, the hobb yist and the sma ll­
business electronics professional gener­
ally cannot afford the tens of thousands of
dollars that such equipment costs .

With a little ingenuity, however, co m­
mercially available video equipment ca n
be made to do many of the tasks of much
more expensive equipment, and in so me
cases do it better. Unlike most commer­
cia l logic analyze rs, which record only
one's and zero 's, the technique described
in this article works well for ei ther dig ital
or analog signals . It was first used by the
author to find an intermittent fai lure in an
async hronous coupled multi -CPU digital
syste m. It has subsequently been used for
debu gging simpler sys tems. It can also be
used to turn a simple oscilloscope into a
storage scope for rev iew ing tran s ient
waveforms.

Th e co ncept is si mple and rath er
stra ightforward . All that is required is a
VCR with top-quality spec ial effects; that
is, clean, jitter-free stop frame. fast for­
ward and reverse , and slow motion such as
that provided by the top-of-the-line four­
head units or the new digital VCR's that
feature digital frame storage. A video
ca mera and a video monitor co mplete the
list of required equipment.

A word about the video ca mera : A
high-end unit is not required ; a simple

black-and-white surveillance ca mera will
do fine . However, if an expensive co lor
camera is used , to prevent burn ing the
image tube care should be taken not to
leave the camera pointed at a very bright
trace on the scope for long periods of
time . That is less of a concern if the ca m­
era uses a solid-state imager.

More sav ings
In add ition to the obvious savings in

equipment cost, it' s interesting to com­
pare the number of osc illosco pe traces
that can be recorded on a two hour roll of
VCR tape versus the cost of trying to
capture the same amoun t of inform ation
on film. Assume that for reco rding the
waveforms of a new syste m, each point in
the system is recorded for 10 seco nds .
That is generally enough time to record
the scope sett ings and what point in the
circuit is being monitored on the voice
track. That yields six traces recorded per
minute , or 720 in two hours. At about 50
cents a print for instant film, to record as
many traces the cos t would be $360 .
Compare that to the cos t of even the high­
est qua lity TI 20 tape . At even faster re­
cording speeds an even greater savings
can be realized.

While hard copies are often des ired in
addition to the tape recordings, the taped
waveforms can be reviewed at leisure and
the most important ones photograph ed off
the TV monitor, although with some lim-
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Other uses
As you can see, a VCR can make co l­

lect ing and ana lyzing data over long per i­
ods of time much easie r, especially if you
can ' t afford an expensive logic ana lyzer
or a storage scope. And a VCR can be
used to record any inst rument's readings
over time .

For exa mp le, the author has used a
VCR to record changes in an osci llator's
frequency versus temperature. After con­
necting them to the circuit under investi ­
gat io n, a freq uency me ter and an
electro nic thermometer were placed side­
by-side and the ir readings were recorded
by a VCR as the circ uit was warmed. Fast­
forward scanning was later used to find
appro priate temperature intervals, allow­
ing the osci llator freque ncy-vers us-tem ­
pera ture data poin ts to be recorded very
qu ickly. R-E

FIG. 5-A CAMERAIVCR SETUP is ideal for
viewing short duration transients, such as a
voltage interruption caused by a relay's contact
bo unce .

copy (photograph) from the mon itor, as
evidenced by Fig. 4 .

To get good results when using a VCR 's
frame-advance feature as a poor-mari's
storage scope req uires some experi ment­

--ing- to obtain the proper trace intensity.
Since most video cameras can accomo­
date fairly low light levels , a trace bare ly
visible when viewed directly may show up
quite well when viewed on a TV monitor.
To set intensity, then , repeatedly trigger
the scope, adjusting the trace inten sity
until it looks right on the moni tor.

Let's close out our discussion by look-
ing at a simp le applica tion. One problem
that plagues circ uit designers is that of
contact bo unce , a mech anical problem
that all mec hanical switches and relays
are subject to.

Figure 5 shows the output waveform
from a relay. When the contacts close, the
voltage goes high , triggering the scope. A
few mill iseconds later, however, the con­
tacts boun ce open and closed, crea ting a
momentary voltage interruption.

The transient caused by the boun ce can
disrup t the proper ope ration of a circuit
and is often difficult to eliminate . But by
using a VCR to record the scope trace ,
you can study the waveform at leisure ,
allowing you to be ce rtain that your fix is
work ing prope rly.

Record ing a waveform on a VCR and
then playing it back a frame at a time
allows the repeti tious pattern s in certa in
speec h sounds to be observed. Part of the
word " hello" as captured by a VCR is
shown in Fig . 4. Note the non-uniform
appearance of the trace . That is caused by
using a time base that is longer tha n the
TV fie ld rate of 16 mil liseconds (y60

second). The n, the camera can not capture
a trace in a sing le field; instead it does so
over two or more fie lds, causing a
stroboscopic effec t. The fainter part s of
the image are seen only beca use of image
persistence on the CRT scree n and/o r in
the camera pickup. That does not prevent
you from examining the waveform, since
you can use the frame advance to exa mine
the event one frame at a time, but it does
make it difficult to obtain a good hard

FIG. 4-THE WORD " HELLO" as captu red by a
video camera and a VCR. The varying intensity
of the trace is caused by us ing a time base
longer than a single TV field (about 16 millise­
conds).

FIG. 3-RINGING ON THE WAVEFORM was fi­
nally fou nd to be the cause of the problem.

Budget storage scope
Having found the VCR so useful in

recording occas iona lly occ urring wave­
form dist urbances for future review, we
looked into using a VCR as a "poor­
man's" storage osc illoscope. Events that
happen as a transien t rather than a re­
petitive occ urrence are hard to capt ure on
an ordinary osc illoscope. One example is
speec h. With so much interes t in speech
sy nthes is and speec h recogn iti on , it's
often necessary to observe the patterns
created by dif ferent words and compa re
thei r simi larities and di fferences . But
since speech waveforms are transient in
natur e , it 's hard to do compara tive work
using only a standa rd scope.

A typical application
The prob lem that init iated the effort to

record osc illosco pe traces with a VCR
was one of those period ic , hard-to-trace
glitches that had cro pped up during the
testin g of a new design . In frustratio n, we
decid ed to record vario us osc illoscope
wavefor ms wit h a VCR unti l one was
found that chan ged appreciably ju st be­
fo re the sys tem being tested record ed an
error (s ince the sys tem bein g tested had a
real time clock, it was possibl e to let it run
to give an indicat ion of when an error
occ urred).

Once an erro r was noted , the VC R tape
was advanced to the approx imate time of
the erro r and the waveforms were exam ­
ined. Fina lly, a glitch was found on the
system's clock waveform; that is show n in
Fig. I. At first . the glitch was thought to
be the di rect cause of the error, but it
wasn't. However , by know ing what to
look for, the same co nditio ns that created
the glitch in the clock waveform (severa l
high-current dev ices sw itching simulta­
neou s ly ) were program med, and more
waveforms were record ed .

The waveform shown in Fig. 2, a sub ­
clock signa l, was found to be the culprit.
As show n by the du al-trace leading edge.
the signal's timing changed on alterna te
leadi ne edzes durinu the time that the
syste n~clod had the disturbance , causing
a synchronizat ion pro blem . That timing
change was further traced to ringin g on
the waveform, as show n in Fig. 3 .

itations . Meanwhile, a very extensive set
of waveforms have been captured , which
can be reviewed later if the sys tem de­
velops a probl em .

FIG. 2-FURTHER INVESTIGATION found a
waveform with a liming shift during alternate
lead ing edges. .

FIG. 1-USING A VCR, this glitch in the system
clock waveform was found.
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This time we examine the AC characteristics of the op-amp.

TJ BYERS

P t 7 LET'S BEGIN W ITH ANar op-amp charac teris tic
that is measured under DC conditions , but
that relates directly to AC characteristics:
open-loop voltage gain, or AyOL' Often
you see AYOL referred to as the large­
signal voltage gain . Basically, it is the
gain of the amplifier with no feedback .

Open -loop voltage ga in is defined as
the ratio of the change in output voltage to
the voltage difference between the dif­
ferential input s . It is meas ured by apply­
ing a voltage between the two inputs and
noting the change in output voltage .

Open-loop gain is importa nt because it
reflect s the overall qual ity of the amplifier.
Ideall y, AYOL sho uld be infin ite, but
when we come to real- world devices , it's
not. As open-loop gain decre ases, there is
a corres ponding deterioration in drift, sta­
bility, in put impedance, output imped­
ance, and bandwidth .

Although op-amp manufacturer s spec­
ify large-signal gain for a DC input, AYOL
is generally measured with a S-Hz AC
signal. Doing so greatly simp lifies the
measurement , and the freque ncy is low
enough that the AYOL obtained by that

method approximates DC AYOLso close­
ly that any discrepan cy is negligible.

Open-loop gain can be measured with
the test setup shown in Fig . I. First , we
must can cel the effects of input-offse t
voltage and current (Yos and los , respec ­
tively) by flipping the function swi tch to
the TEST position and adjusting R7 until
the DC voltmeter indicates zero.

Then place S I in the CAL posit ion and
adjus t the signa l generator until the AC
voltmete r reads 10 volts . Return S I to the
TEST position and record the measurement
as YIN' Then ca lculate AYOL as follows:

AVO L = (1/V 1N ) X 104

The value of AYOL is likely to excee d
50 ,000 , and that makes it convenient to
express it as a rat io betwee n output volts
and input mill ivolts. A value of 50,000,
for example, corresponds to SOY/mY.

In fact, you can measure the value ex­
pressed by the ratio directly by setting the
input voltage to 100 mY (rms) and reading
the value on the 10-volt sca le of the AC
meter (in the CAL position). A reading of I
volt ind icates a ratio of lOY/mY, and a
reading of 10 volts represents 100Y/m Y.

Man ufacturers often spec ify AYOL in
decibels . To convert the ampl ification fac­
tor into dec ibels, use the following for­
mula:

AVO L (dB) = 20 log AVO L

The value of AYOL on the right-hand
side of the equation is measured as de­
scribed above.

Be aware that mos t data sheets list
AYOL with a specific load attached to the
output-which usually is the mini mum
impedance of the instrument that is used
to make the meas urement. Typically, you
will find the value of RL to be 2000 ohms
or greater.

Bandwidth
As the frequency of the input signa l

increases , open -loop ga in decreases .
Many reasons are cited for that , but the
majo r cause is reduced perfor mance by
the transistors in the op-amp.

What occurs, in essence, is that the
output voltage of the operational amplifier
remains stable up to a point. After that
point, open -loo p ga in drops off rapidl y, as
shown in Fig. 2 . It is gene rally agree d that
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FIG. 3-SLEW RATE is defined as the amount of
time it takes for the output voltage to corre­
spond to a change in the input voltage. The slew
rate is expressed in volts of change per microse­
cond.
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FIG. 4-SLEW RATE is dete rmined by ·measu r­
ing how long a signa l takes to rise from 20% to
80% of the total voltage swi ng.

Slew rate
Whereas bandwidth indicates how the

op-amp is able to handle small-sig nal ana­
log inputs , it provides little information
on how the amplifier can handle dig ital
and large-signal inputs.

Digital pulses are unique in that , even
though the frequency of the waveform (ac­
tua lly, its repetition rate) may be low,
bandwidth requirements are quite high. It
is not unusual for digital pulses to have
rise times on the order of five nanose­
conds; a five nanosecond riset ime corre­
sponds to a frequency of 200 MHz!

The op-amp experie nces similar prob­
lems when trying to process large output
signals. Amplifiers used as high-voltage

Gain-bandwidth product
Another commonly specified op-amp

characteristic is called Gain-BandWidth
product , GBW. Esse ntially, it is the prod­
uct of the small-s ignal open-loop gain and
the frequency at that gain. It is expresse d
by the formul a:

GBW = AVOL x f

There is no sta ndard fre quency at
which GBW is measured , but most man­
ufacturers arb itrar ily spec ify GBW some­
where around 100 kHz . The actual test
frequency may vary and can range from as
low as I kHz to as high as 10 MHz .

so that the meter reads I volt. Now in­
crease the input frequency until the meter
reads 0 .707 volt. That is the 3-dB band­
width point, or BWO L '

Co nti nue sweepi ng th e frequency
while keeping your eyes on the meter. You
will notice a pronounced decline in output
as you do . When the output voltage de­
creases to about Yiooo of the input (I milli ­
vo lt) you have reac he d th e unity-gain
band width , fT' For an accurate measure­
ment , you must make sure that the input
voltage remains constant durin g the fre­
quency sweep.

after the gai n decreases by 3 dB (i . e. , falls
to 70% of its original value), the decline in
per form an ce makes it und esirab le for
many applicat ion s. Consequently, the
open-loop bandwidth , BW OL' is spec­
ified at the - 3-dB point.

Further increases in input frequency
cause further redu ction in output voltage
at the rate of 6 dB per octave. Eventua lly a
point is reached where the amplifier's gain
equals one (unity gai n). That is , the ampli ­
tude of the output sig na l equals that of the
inpu t signa l. No t surp ris ing ly, that is
called the unity-gain-b andwidth factor.

So me ti mes unity-gain band width is
simply listed as BW, implyin g total band ­
width , rather than the - 3-d B bandwidth .
But more often than not , it is describ ed as
fT' Continuing increases in input frequen­
cy beyond that point result in negative
amplification, or attenuation .

Bot h bandwidth pa rame ters can be
measured using the circ uit shown in Fig .
I. First stabilize the amplifier by compen­
sating for any offset values-you do that
using the procedure outlined earlier. It is
not necessary for the amplifier's DC out­
put to be at exac tly zero volts, but too
much of an offset will give a false reading .
Next , set the generator to deli ver a 5-H z
signal, and adjust the generator's output
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i· FFR'

i I I ! .
_ +1001 I ~. ,

~ ! !' I' I iT + 80, I i-Il' ,
t j . I I I i
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FIG. 2-FREQUENCY RESPONSE of an op-a mp
is constant up to a point, after wh ich it drops off
at a rate of 6 dB per octave. Cutoff freq uency (tTl
is reached when the amp litude of the output
voltage equals that of the input signal.
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FIG. 9-NOISE FACTOR(NFl is measured wit h a diode noise source and a 3-dB attenuation pad.

FIG. 8-0UTPUT IMPEDANCE may be determined by first nulling the op-amp for zero offset error and
then adjusting RL for one-half output. The valu e of RL equals the output impedance.
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Settling time
A closely related parameter is sett ling

so that the output swings over the entire
± power-supply voltage. SR is measured
on an osci llosco pe by notin g the amount
of time it takes for the waveform to pass
through the 20% and 80% point s on the
waveform, as show n in Fig. 4.

,,,,,,,,,,----: ----.----1------------1--- - ---"
: : ALLOWABLE

-----: SETTLING ;_ ERROR
: TIME : BAND

FIG . 5-SETTLING TIME is de f ined as the
amount of time the output signal takes to sta­
bilize at Its final value .

FIG. 6-SETTLING TIME is measured on an os­
cilloscope using a false summing node.

FIG. 7-POWER GAIN is the ratio of the sign al
power developed at the output to the signal
power appl ied to the input.
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Power gain
The Power Gain (PG) of an op-amp is

expressed in decibels . It is the ratio of the
signal power developed at the output to
the signal power applied to the input.

Power gain may be measured using the
circuit shown in Fig . 7. The test is made
by adjusting the value of RI so that the
input voltage to the amp lifier under test is
one- half the voltage output of the signa l
generator. Because Rl is in series with the

continued 011 page 130

Settling time (ts ) which is some times
listed as step response, is meas ured ac­
cord ing to the toleran ce of the overshoot
band width. Typica lly, settling-time re­
sponses are measured in steps, beginning
with 10 percent. That is , when the ringing
(the damped osci llat ion) has contained it­
self within 10 percent of the target value ,
settling time has been reached. In high­
precision circu its , tolerances of 0 .1 and
0 .01 perce nt are not uncommon.

The lower the loop gain, the faster the
settling time. Sett ling time depe nds on
feedback from output to input, so the
higher the loop gain, the longer it takes for
the amplifier to overco me external influ­
ences with in the loop:

time, which is defined as the time re­
quired, after the application of a step volt­
age (such as squarewave), for the output
voltage to settle and rema in within a spec­
ified erro r band around the final value .

As you can see in Fig. 5, a normal step
function causes the output to swing wider
than it shou ld, both overshooting and un­
dershooting the final value, in a gradua lly
reduc ing series of damped oscillations .
Eventually the signa l arrives at the prope r
output voltage . The time it takes to ac­
com plish that feat is called the sett ling
time of the op-amp.

You can measure settling time using the
circ uit shown in Fig. 6. To measure the
settling time of the op-amp accurately, a
" false summing node" has been crea ted.
Although it mig ht seem that the best place
to measure settling time would be at the
output of the op-amp, stray capacitance on
the test probe makes it impossible to re­
solve settling time to better than 0 .1 per­
cent. The false node elim inate s the error
by isolating the osc illoscope from the am­
plifier under test. However, beca use of the
voltage divider com posed of R4 and R5,
only one-half the actual error voltage ap­
pears at the false-summing node- a fac­
tor that must be taken into acco unt.
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One of a series of new kits from Europe,
this clock module is easy to build and fun to use.
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IN E U ROPE, TH E NAME T S M IS SYN ­

ony mo us w ith educat ion a l and use ful
electro nics kit s for the hobbyist. Now,
some of their products are available in thi s
country. Because the kit s fill an important
need for hobbyists, espec ially beginning
ones, we ' d Iike to take some tim e to intro ­
duc e them to you. In thi s article, we ' ll
look at one that's typi ca l of the line-an
easy-to -build, versa tile crys tal-contro lled
clock module .

Use it anywhere
The TSM 20/ clock module is excep­

tionally ada ptable. Powered by AC or
DC , it can be inst all ed virtua lly an y­
where-in anoth er piece of equipment; in
the dash of a ca r, truck, or boat ; or even in
a cabinet by itse lf. The device features an
alarm output that ca n be used to control
another circ uit , or to sound the optional
TSM //4 buzzer. Tim e readout is provided
by four 8-mm 7-segment LED displ ays ,
which can easily be see n from acro ss a
room , or on the road at night.

A sche matic diagra m of the ci rcuit is
shown in Fig. I. TIle heart of the c ircuit is
IC3. a custom Texas Instrument s TMS
38 99 clock IC that provides all of the
cloc k and alarm functions . and the di splay

driver. Note that the Ie is a proprietary
device and that it is available in the
U.S . only as part of the 201 kit.

TIle circuit includes two other IC's:
One, IC2, is a CD4060 ripp le counter,
which is configured as a cry stal oscillator.
Trimmer C5 allow s precise tuning of the
oscillator frequenc y. The other, ICI, a
CD4027 dual J-K flip-flop, di vides the
out put from IC2 to provide IC3 with the
proper tim e-base signa l.

The cloc k and alarm functions are con­
tro lled by four pushbutton sw itches . The
hour and minute settings are set using S3
and S4; the alarm is se t usin g S2; and the
alarm is turned on or off with SI ..

A half-wave rectifi er mad e up of 05 and
C I allows the unit to operate from either
an AC or a DC power supply. For DC
op erati on , use a 12- to 24- volt power
so urce . For AC operation, use a step­
down transformer to provide a 9-12-volt
input.

Building the circuit
All co mponents, except the pushb utton

sw itches, are mounted on two PC boards.
TIle 20/ kit . avail able from the suppliers
mentioned in the Parts List , includes two
etched and drill ed PC boards, with all

componen t locations clearly indicated .
The pattern s also are shown in PC Ser­
vice.

The circuit is extremely easy to build ;
the most difficult task is making sure all
components are oriented correctly. A
parts-p lacement dia gram for the main
board is in Fig . 2; the part s-placement
dia gram for the display board is in Fig . 3 .

Since most of the components mount
on the main board , let's start there . First ,
mount the five jumpers; note that one run s
beneath the socket for IC 1. Stu ff the board
with the remaining parts, starting with the
low-profile device s. Be sure to use IC
sockets for the Ie's . Connect the pushbut­
tons to the appropriate points on the board
usin g wires.

TIle four 7-segm ent displays are loc ated
on the displ ay board . Before mounting
them , however, be sure to install the two
jumper s .

The two boards are normally connected
using a right -an gle male header. However,
ju st about any scheme can be used .

Setup and use
Apply power, be ing careful to observe

the prop er polari ty. A flashin g display in­
dic ate s that the clock is working co rrectly.



FIG. 2-MOST OF THE COMPONENTS mount on the circuit's main board.
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PARTS LIST

All resistors Y4 watt, 5% unless other-
wise noted

R1-7.5 megohms
R2-1000 ohms
R3-6800 ohms
R4-1.8 megohms
Capacitors
C1-10 pF
C2- 22 pF
C3-o.1 f-lF
C4--470 f-lF, 25 volts, electrolytic
C5-3 pF-30 pF, trimmer, PC mount
Semiconductors
IC1-C04027 dual J-K flip-flop
IC2-C04060 14-stage binary ripple

. counter
IC3-TMS 3899 clock IC (Texas

Instruments)
01-04-1N914 or equivalent
05-1 N4001 or equivalent
0ISP1-DISP4--7-segment LED display,

common cathode
Other components
XTAL1-3,2768-MHz quartz crystal
S1-S 4-pushbutton switch, momentary

contact, normally open
Miscellaneous: PC boards, wire, solder,

etc.
NOTE: The TSM 201 kit is available for

$26.77, plus $1.50 shipping and han­
dling, from the following suppliers:
TSM in America, Inc, 2065 Boston
Post Road , Larchmont, NY 10538;
Nutron Computer Electronics, 821 E.
Roosevelt Road, Lombard, IL 60148;
Auto Sound Systems, 1269 East
Main St., EI Cajon, CA 92021. The
optional TSM 114Buzzer Kit is avail­
able for $7.38, plus shipping and
handling, from the same suppliers.
Include proper state sales tax , if ap­
propriate. The 201 kit does not in­
clude battery, AC power transformer,
or case.

FIG. 3-MOUNT THE FOUR DISPLAYS on the
display board. Note that one of the jumpers runs
beneath DISP4 .

If the 20/ is any indication , they should
enjoy sim i lar success in thi s country.
Those wh o purchase the kit will be pleas­
ed to note that it i spro fessio nally prepared
and packaged. FU11her, it s designed to be
used w ith little modification in alm ost any
timekeepin g or ti m ing appl icat ion. The
only negati ve is that the in structi ons are a
little rough around the edges due to tran s­
lati on probl ems. Despite that, they are
easi ly followed. R-E

played tim e and the actual time corre­
spond.

The clock is now ready for use. If you
w ish to take advantage of the alarm func­
tion , connect the T5M / /4 buzzer circuit ,
or anything else that you wi sh to contro l ,
between the positive side of the supply
and the alarm output.

Impressions
With a catalog of over 200 kits, T5M is

one of Europe's leading suppl iers of kits.
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Set the correct time using 53 and 54. If
you have a frequency counter. connect it
between pin II of IC2 and ground. Then
adju st CS for a frequency of 3.2768 MHz.
If you don 't have a counter. set CS to
midrange and allow the clock to run for a
day or s~). Then. compare the time di splay
to the actual time . If the clock is running
1 ~I St. decrease the capaci tance of CS
slightly : if it is slow. increase the capaci ­
tance. Allow the clock to run another day.
then check again . Repeat until the di s-

FIG . 1- THE HEART OF THE CLOCK CIRCUIT is IC3, a proprietary clock IC. Note that it can be obtained
in the U.S. only as part of the TSM 201 kit.
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reset ) w hen the pin 2 voltage (Vin )

is greater th an the set-po int volt­
age plu s delta and the pi nl vo ltage
is hi gh w hen the pin 2 voltage is
less th an the set-po i n t vo ltag e
minus thp. del ta vo ltage . That ac­
t io n prod uces a very pr eci se hys­
terisis loo p w ith a d ead band of
twice th e delta vo ltage cente red
aro und the set po int as show n in
Fig. 1-b. The LTC1 041 has many ap­
p licat ions in in strumentati on and
process cont ro l. Figure 2 shows
how it can be used in an ult ra-low­
power (2.4 /loW ) th erm ostat. The
circuit show n is sui tab le for tem­
peratu re regu lat io n ove r a range of
+50°F to +100°F.

Complete spec if icat ions and ad­
dit io nal app licat io ns, including a
DC-m otor cont ro l and a battery­
charger cont ro l can be found in
th e 1986 LTC Linear Oatabook . The
LTC1041 costs approximate ly $5.50
each in small qu antiti es. For add i­
tional in formation on th e devi ce
and on the data book , w rite to lin­
ear Technology Corp., 1630 M cCar­
thy Blvd., M ilp itas, CA 95035-7487.

GaAs amplifier brief
Using the Anadig ics AOA25001,

OC- 2.5-GHz Amp li fie r is the ti tl e
of an app lications technical br ief
giving detai led in format io n o n th e
use of GaA s (ga l l i u m-arse n ide)
mon o l it h ic am pli f ie rs p ro d uced
by Anadig ics, Inc. It beg ins wi th a
descript ion of the ADA25001 DC ­
to-2.5-GHz amp lifier, a GaAs de­
vice designed fo r hi gh gain and
w id e bandwidth in hi gh-data-rate
f ib er -opti c syste ms, rad ar pro­
cesso rs, hi gh- speed pulse ampli ­
fi ers, and cloc k- d r ive r ap p l ica­
t ions.

- SET POINT-

- DELTA + DELTA

I
I
I
I

- OEAD:BAND-
I
I
I
I
I
I
I
I
I
I

POWER ON - rtf
+v ....I L

--laoj.1s!--
REXT

GNO
OV VL Vu

INPUT VO LTAGE(V1N )

b

put is high w hen the sum of its
inputs is positive. The in puts are
in terconnected so that the pin 1
vo ltage is low (the RS fl ip-f lo ps are

A N EW AND INTERESTI N C M ONO LITH IC

d ev ice for pro cess-co n t ro l ap­
pl i Gat i on s-i s-th e-LTC1041~ban g­

bang" co ntro lle r from Lin ear Tech­
no logy Co rp. That CMOS co mpo ­
nent takes its name fro m it s ah ility
to turn a co nt ro l eleme nt eithe r
ful ly O N ("bang") o r fu lly O FF ("­

bang" ), w it h no midd le gro und, to
regulate th e value of the param­
ete r bein g co ntro lled.

Figure 1-a shows an ope rat io nal
bl ock diagr am of the LTC1 041 alo ng
w it h t he pin out of its 8-p in D IP
ho using. The SET PO INT inp ut deter­
mines the ave rage co nt ro l value
and the DELTA input estab lishes the
"dead ba nd", As show in Fig. 1-b ,
the deadband is centered on the
set-po int vo ltage and is twice the
vo ltage at th e DELTA in pu t. An un ­
usual sampling techno logy allows
independen t co nt ro l of th e dead­
band and the set poin t ; there is
abso lute ly no interact io n between
th e two .

A series RC netwo rk, co nnec ted
to pin 6, co nt rols the osci llato r fre­
quency and th erefore determi nes
th e sampling rate. Power is app li ed
to the two on-board co mparators
fo r approx imate ly 80 u.s at the start
of each sampling peri od . During
that t ime, the inputs to th e analog
sect ion ar e sam p led and co m­
pared . Power is rem oved from the
comparato rs as soon as they have
co mplet ed their task. The CMOS
lo gic hold s t he o u tp ut co nt in u­
ous ly w hi le co nsu m ing v i rt ua lly
no in pu t power.

Each of the two co mparato rs has
two d ifferent ial inputs. W hen the
su m of t he vo ltages o n a co m­
pa rator 's inp uts is negat ive, th e
output is low ; a co mparato r's o ut-
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Fast RS232C Interfacing and Jesting
LED Identification ofCable
Configurations

10 Standard, Low-Cost Models

Pocket andHand-beld Compactness
Speeds Up Trouble Shooting

~D· ~(~
See your nearest Beckman Industrial
distributor today, or send for free
brochure. We'llsend it toyou ina Zip.

Quick Cable Customizing

Test RS232C data
communications
interfaces- like
computers to
printers, computers
tomodems, and computers
to computers-fast and
easy in the palm ofyour
hand withBeckman Industrial's
low-eost, easy-to-use lineof testers. Each
is self-contained ina Thughpak case,
including five modelsina durableZippered
pouch, anda lO-yearwarranty on every
model. Prices start aslow as549.95.

TestRS232C
InAZip.

New tone ringer
The LS1240A is a recent add it io n

to th e SGS Semiconducto r family
of eco no m ica l two -t on e t el e­
phon e-rin ger devi ces. Th e new
rin ger has a hi gh outp ut-current
cap ab i l ity (150- mA m aximum),
whi ch is suff ic ie nt to d rive low­
cost dynami c transdu cers havin g
imped ances as low as 50 ohms.

Th e new r in ger, w hich is pin­
co m p at i b le w i t h t he sta nda rd
LS1240, ge ne rates an alte rnati ng
two-to ne drive signa l for the tr ans­
du cer. The ton e frequency and th e
alternation rate are co nt inuo usly
vari abl e and exte rn ally adjusta b le .

The req u ire d supp ly vo ltage is
d erived f rom th e AC rin g sig nal
and th e ci rcuit is design ed so that
no ise on th e line o r vari ation s in
the rin gin g signa l current canno t
affec t correc t o pe rat ion of t he
rin ger. An exte rna l po lar ity-guard
bridge and a protecti on Zener d i­
ode allow direct co nnec t io n to th e
te lephone line. The lC's low cur­
ren t co nsumpt ion pe rm its up to
fo u r of the devices to be ope rated
in para lle l. The LS1240A co mes in
an 8-p in mini ature D IP and re­
quires on ly six exte rna l co mpo­
nen ts. The pri ce is $0.82 each, in
minimu m q uanti t ies of 1000. SCS
Sem iconducto r Co rp., 1000 Bell
Road , Phoeni x, AZ 85022. R-E

to Sil ic o n ix custo me rs. Co n tac t
S i l ico n ix Tel em ark e tin g a t
800-554-5565 or 2200 Laurelwood
Road, Santa Clara , CA 95054.

C1
O.l,...F

R2 R3
Is

400nA
4.32K 4.99K

~
R4 R8
5K IC1 lOMEG

3 lTC1041 6 +
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' SEE TEXT All RES ISTORS

--- ------- EXCEPT R5 ANQ1!7_
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5611
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26VAC12WIRE
THERMO STAT
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The app licat ion di scussed in th e
brief is th e layout of a single-stage
amplifier using the ADA25001 to
provide flat gain response from 100
kH z to 2.5 GHz over a temperature
range of - 55°C to +125°C. Th e
layout includes a t emperatu re­
co m pensat io n lo op. Th e br ief is
avai lab le upon requ est to Mr.
Michael P. Gagnon , Anadigics, Inc. ,
35 Technology Drive, Warren, NJ
07060.

Computerized FET databook
Desi gn ers wh o use small -signal

FET's can now quickl y select th e
best device fo r a given app lica t io n
by using th e Si liconix Comput­
erize d Data Book, which provides
f ull detail s on th e co mpany's FET
product lin e on a 5Y4-inch fl oppy
di sk for an IBM PC o r PC-compati­
bl e compute r. The di sk also co n­
tain s an updated ve rs io n of th e
M OSPOWER Comp uteriz ed Data
Book, o rigi nally released in 1986.

Th e FET sect io n prompts th e
user to select one of seven major
app l ic atio n areas suc h as am p l i­
fi ers, ana log sw itches, cu rrent reg ­
ul ators, d iodes, d ual am p li f ie rs,
mi x er s/o scillators, and vo ltage­
co ntro lled resisto rs. A li st of key
param eters is the n generate d on
the sc ree n, and t he use r is in­
st ruc te d to enter a range of accept­
abl e pa ra meter va l ues . In re­
spo nse to th ose ent ries, the typ e
numbers of app ro priate Silicon ix
FET's are di spl ayed.

Th e data book o n a floppy is f ree
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Summing up
The RF power tran sistor is an unu su all y

complex semiconducto r device and diffi ­
cult to fully character ize . No t all info rma ­
tio n about RF-transistor characteri st ic s
have been ex plai ned in this article, no r are
all usuall y covered in a dat a sheet. The
circ uit-des igne r sho uld co ntact the man ­
ufacturer for more-det ail ed informati on
whe never it is appropriate . Most, if not
a ll . ma nufacturer s of RF tra nsis tor s have
exte ns ive applications support for the ex­
press pu rpose of ass isting the c ircuit de­
s igner whenever and w he reve r assistan ce
is need ed . R-E

imped ance is shown in Fig. 7.
The entire impedance meas uring process

is somewhat diffic ult and time-consuming
becau se it must be repeatedfof each fre­
quency of interest. using a test circuit that
will tunc the frequ ency range . Different cir­
cuit s must be designed and built for other
frequencies . which explains why it is some­
times diffic ult to get a semiconductor man­
ufacturer to supply impe da nce data for
special co ndi tions of opera tion, such as dif­
ferent frequencies . different power levels. or
dif ferent operating voltages .

Tradeoffs in specifications
Gain an d ru ggedn ess are the most ob ­

vious device param ete rs for co mpromise
in RF power specificatio ns . Devices w ith
high ga in-high with respect to thei r fig­
ur e of merit (e m itt e r periphe ry/base
area)-tend to be fragile ; i .e . , not rugged.
By us ing ma terials wit h high er resista nce ,
with a th icker epi tax ia l layer, and/or in­
c reased values of emitter res ista nce, ru g­
gedness ca n be enha nce d at the ex pe nse of
gai n. Likewi se , to ge t higher ga in, the
user may be asked to accept lower co llec ­
to r/b ase breakdown voltages (BV C BO ' or
BV C ES and BV CEO ) in or der to reduce
co llecto r resistance and thereb y increase
ga in . Tran si stors designed for ope ration
at high freque nc ies ca n be used at lower
freque nc ies to obta in increased ga in , but
suc h devices will usu all y be fragi le at the
lower freq uency.

FIG . 7-RF POWER TRANSISTOR IMPED­
ANCES are determined by measuring the
characteristics of a working circuit.

How to live
with someone
who's living
with cancer.
When one perso n gets

cance r. evcrvo ne in the familv
surrers. · .

:-.lobody knows bett er tha n
we do how much help and
understanding is needed. That's
whv our service and rehabili­
tat ic n progra ms e mphasize
the whole farnilv, nOI jus t the
cancer patient .

Among our regular services
we provide info rma tion and
guidan ce 1O parierus and families.
transport patien ts to and from
treatment , supp ly ho me ca re:
item s and assist patients in their
return to eve ryda y li fe.

Life is wha t conce rns us. The
lire o r cance r pancrus . The lives o r
their families. So you can see:we
are even mor e:than the research
organization we are so well
kn own to be .I No one £:lces cancer alone .

l' AMERICAN CANCER SOClElY '

er NF. The 50-ohm measurement is pre­
ferr ed for producti on testing because it
requ ires no tuning and ca n be done with
automated test equipme nt: for that reason. it
is freque ntly the value spec ified on da ta
sheets . Likewi se . gain is norm ally specified
for best NF cond itions and for a Z in of 50
ohms .

co ntinued [ ro m pa ge //2

POWER TRANSISTORS

MIXING
CONs,

°'-1:8
SWITCHES

MICROPHONE
CONNECTORS

£: cA6L£:S
SNAI<

" MORE THAN A CONTACT CLEANER"

CRAMOLlN \!> is a fast-acting , anti-oxidizing tubricant that cleans and
preserves all metal surfaces, including gold.

When applied to metal contacts and connectors, CRAMOLlN(!) removes
resistiveoxides as It forms a protective molecular layer that adheres to the metal
surfaces and maintains maximum electr ical conductivity .

CRAMOLIN • USED BY THOSE WHO DEMAND THE BEST:
Bell & Howell Hewlett Packard MCI(Sony) Nakamlchi
Boeing John A uke Mfg. Motorola RCA
Capitol Records Mclntosh lAbs NASA. Switchcratt

SINCE 1956

r=-~:-=-:P-.IIIP"I~~~~!"'!!"'P~"!!"
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Even the finest equipment in the world cannot guarantee noise-free operation.
One "dirty" connect ion anywhere in the electrica l path can cause unwanted
noise or signal loss.

change in V,... C ha nges as small as l lf'oare
read ily dete~table . ;'ith 5% or less nor­
mall y co ns ide red an accepta ble limi t. To­
day 's mo st so phist icated device spec ifica­
tio ns for RF power tran si sto rs use that
cri te r ia to de ter mi ne " succe s s" or
" fa ilure " in ruggedn ess testing .

Impedance parameters
RF power tran sistors are typically charac­

terized by impeda nce parameters rather tha n
small-s ignal 5 + parameters . Both Zin and

Other specs ZOllt of a device arc determined in a similar
Data shee ts for low-power RF transistors way; i.e .. place the dev ice under test in a

show such spec ial characteristics as noise circuit and tune both the inpu t and output
[ i g ure (N F) . muximum ava ilable ga il/ circui t elements to achi eve maxim um Po at
(GU ) and scattering (5) para meters . The the desired freque ncy of interest. At max-
5 pa;~;;~~lete r is normally taken with the de- imurn output power, the impedances of the
vice under test in a standard co mmerc ial device under test will mathematicall y repre-
fixture . Typ ica lly. they arc g iven as func- sent the input and outp ut network impcd-
tions of freque ncy and Ie' ances . Thus. termin ate the input and output

--NF- and- GNF- likewise- use-commercial--ports-of-the test-c ircuit;- rcmove the-device
equipment such as the Eato n 40 12 gai n- and measure impedance looking from the
noise analyzer. or the HP8970A noise figure device; first. toward the input to obtain the
meter. A transistor 's NF will vary with input conjuga te of Zi n and. second . toward the
impedance match . and as a result is gener- output to obtain ZO!.' which is normally
ally measured in a test fixture having inpu t given as the load required to achieve max-
tunin g . Usually. data is given with a circuit imum Po'
tuned initially for lowest possible NF. and A network analyze r is used in the actua l
then for a standard 50-ohm input. Meas ur- measurement process to determine the co m-
ing NF at a 50-o hm input impedance (Zin) is plex reflection coe fficient of the circuit. A
more repeatable. but norm ally yields a high- typical measurement se tup for measuring
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PC SERVICE

....-.----201 INCHES---.....
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MOST OF THE COMPONENTS for the TSM 201 clock module THE CLOCK 'S FOUR LED DIS-
are mounted on this board. PLAYS mou nt on this board.
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PC SERVICE

THE MOST POPULAR
WIRE·WOUND CB ANTENNAS

IN THE WORLD
Because... they perform!

FACT

"When CB was legalized in England,
'Hrestik' antennas were barred from sale
because the emitted signa l was too
strong. Fortunately, no other country,
inc ludin g the U.S. , li mi ts antenna
efficiency."

YOU CAN HAVE SECOND
BEST OR, 'Firestilt'!

Call or Write for FREE Catalog

'FirestiJ(' Antenna Company
2614 East Adams

Phoenix, Arizona 85034
(602) 273-7151

One of the most difficult tasks in build­
ing any construction project featured in
Radio-Electronics is making the PC
board using just the foil pattern provided
with the article. Well, we're doing some­
thing about it.

We've moved all the foil patterns to this
new section where they're printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you is that the printed page can be
used directly to produce PC boards!

Note: The patterns provided can be
used directly only for direct positive pho­
toresist methods.

In order to produce a board directly from
the magazine page, remove the page and
carefully inspect it under a strong light
and/or on a light table. Look for breaks in
the traces, bridges between traces, and in
general , all the kinds of things you look for
in the final etched board. You canclean up
the published artwork the same way you
clean up you own artwork. Drafting tape
and graphic aids can fix incomplete traces
and doughnuts, and you can use a hobby
knife to get rid of bridges and dirt.

An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and carefully wipe it
across the back of the artwork. That helps
make the paper transluscent. Don't get
any on the front side of the paper (the side
with the pattern ) because you 'll co n­
taminate the sensitized surface of the
copper blank. After the oil has "dried" a
bit-patting with a paper towel will help
speed up the process-place the pattern
front side down on the sensitized copper
blank, and make the expos ure. You'll
probably have to use a longer exposure
time than you are used to.

We can't tell you exactly how long an
exposure time you will need as it depends
on many factors but, as a starting point,
figure that there's a 50 percent increase in
exposure time over lithographic film. But
you'll have to experiment to find the best
method for you. And once you find it, stick
with it.

Finally, we would like to hear how you
make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad­
dress your letters to:

Radio-Electronics
Department PCB

500-B Bi-County Blvd.
Farmingdale, NY 11735
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MARI{ET CENTER
FOR SALE

IS it true...Jeeps for $44 through the government?
Call for facts ' 1 (312) 742-1142, ext. 4673.

DESCRAMBLER catalog. All brands. Special com­
bo Jerrold 400 and SB3 $165. Descrambler kit
$39.00 (assembles in half hour). Send $1.00. MJ
INDUSTRY, Box 531. Bronx, NY 10461.

OLDTIME radio programs on high quality tapes.
Comedy! Adventure! Music! Free catalog. CARL F.
FROELICH , Heritage Farm, New Freedom, PA
17349.

CLASSIFIED AD ORDER FORM

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S, 2697 Nickel, San Pablo, CA
94806. (415) 724-0587.

To run your own class ified ad, put one word on each of the lines below and send this for m along with your check to :

Special Cat egory: $23, 00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
- (No. refunds or cred lts .to r.typssetnnq .errors ca n·be ·made .unless·youclearly ·p rint·or type yo ur

copy.) Rates indicated are for standard sty le c lass if ied ad s onl y, See below for addit ional
charges for spec ial ads. Minimum: 15 words.

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard , Farmingdale , NY 11735

PLEASE INDICATE in wh ich category of classified advert is ing you wish your ad to appear. For
special headings, there is a surcharge of $23.00.
( ) Plans/Kits () Bu siness Opportunities () For Sale
( ) Education/In struction () Wanted ( ) Satellite Television
( )-------- --- ------------

T1-99/4A software/hardware bargains. Hard to find
items. Huge selection. Fast service. Free catalog.
DYNA, Box 690, Hicksville, NY 11 801.

APEXRscrewdriving bits. Any size. Complimentary
illustrated list. R. SHOCKEY'S, 5841 Longford,
Dayton, OH 45424. (513) 236-2983.

MICROWAVEantennas, multi-channel 1.9-2.7 ghz.
DUAL POLARITY Now only $49.95. Oldest and
largest manufactu rer. STAR ELECTRONICS
CORP., Call 1-800-247-1151 or 1 (602) 939-1151 .

FLASHLIGHT that needs no batteries measures 5'
x 3' ideal for every situation money back guarantee
$10.- SAMUELS ENTERPRIZES, 724 East 231
Street, Bronx, NY 10466.

HACKING, crashing, pirating, and phreaking. Who's
doing it, why they're doing it, and how they're doing
it. Sample programs, phone numbers, and the tools
of the trade. Hacker's Handbook, $12.95. Com­
puter Underground, $14.9 5, $1 postage to
CABLETRONICS, Box 30502R, Bethesda, MD
20814.

COMMODORE chips, distributor, factory fresh (e.g.
6526-$9.95 and many others). C64 power supply­
$27.95...."Commodore Diagnostician ", a com­
plete chart for diagnosing faulty IC's $6.95 + pp.
Send for complete chips/parts cata log. Com­
modore repair, 72 hour service, low prices (eg.
C64-$39.95). KASARA MICROSYS, INC.. 33
Murray Hill Drive, Spring Valley, NY 10977. (800)
642-7634 (outside NY) or (914) 356-3131.

LASERS, components and accessories. Free cata­
log, M.J. NEAL COMPANY, 6672 Mallard cr, Ori­
ent, OH 43146.

PHOTOFACT folders, under # 1400 $3.00. Others
$5.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

TUBES. new,unused. Send self-addressed, stamp­
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

Expiration Date

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42 .75)

16 ($45 .60) 17 ($48.45) 18 ($51.30) 19 ($54 .15) 20 ($57 ,00)

21 ($59 .85) 22 ($62 .70) 23 ($65 ,55) 24 ($68.40) 25 ($71 .25)

26 ($74 .10) 27 ($76,95) 28 ($79 .80) 29 ($82 .65) 30 ($85 .50)

31 ($88.35) 32 ($91 .10) 33 ($94 .05) 34 ($96 .90) 35 ($99.75)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay foryour ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number

z
~
m
s:
OJ
m
JJ

TV tunable notch filters, free brochure. O.K. VIDEO,
Box 6316025, Margate, FL 33063. (305) 752-9202.

TUBES "Oldest," "Latest." Parts and schematics.
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
RE Hammond, IN 46324.

RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert sci­
ences, hacking, etc. Huge selection. Free bro­
chure MENTOR-Z, 135-53 No. Blvd., Flushing, NY
11354.

AIDS? Yeswe have! Cable aids to help you. Zenith,
Jerrold, Scientific Atlanta, Oak, much more. No
Michigan sales! HOTRONICS, (313) 283-4299.

CABLE TV equ ipment. All majo r brands. Spe­
c ializing in Sc ientific At lanta, Jerrold, and
Zenith , add-ens. Our units have worked where
others have failed. Send $2.00 for cata log to K,D.
VIDEO, P.O.Box 29538. Minneapolis. MN 55429

SURVEILLANCE-counter, security, 52 prod ­
ucts -bu lletp roof to wirele ss! Cata log $2.00 :
SP YPRO- 04 5ER , POB 45521, Seatt le, WA
98145-0521.

Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUTTHIS INFORMATIONWILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$2.85 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues: 10% discount for same ad in 12 issues within one year: if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 50c
per word additional (20% prem ium). Entire ad in boldface, add 20% premium to total price. TINT
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD : $4.30 per word
prepaid. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD : add 25% premium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS: 1" x 2'14'­
$320.00: 2" x 2'14'-$640 .00: 3" x 2'14'-$960 .00. General Information: Frequency rates and prepay­
ment discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 12th of the third
month preceding the date of the issue. (i.e., Sept. issue copy must be received by May 12th). When normal
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day.

---------- /------- ---
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An in teresting and worth­
wnile pro j ect . Tnis EASY­
TO-BUILD ci rcuit l et s you
use any regula r TV set as
a simpl e OSCILLOSCOPE.
Buil d fo r l ess th en SlO.
110 IIlOIFICATIONS TO TV !
Si ngl e or dual t rac e .
Send for FREE CATALOG of
ot he r plans and ki t s.

FINALLY!

HI-FI speaker systems, kits and speaker compo­
nents from the world's finest manufacturers. For
beginners and audiophiles. Free literature. A&S
SPEAKERS, Box 7462. Denver. CO 80207. (303)
399-8609.

VOICE disguisers! FM bugs! Telephone transmit­
ters! Phone snoops! More! Catalog $1.00 (Refunda­
ble): XANDI ELECTRONICS, Box 25647, Dept.
60T, Tempe. AZ 85282.

STRANGE stuff. Plans. kits, new items. Build satel­
lite dish $69.00. Descramblers, bugs, adult toys.
Informational photo package $3.00 refundable. 01­
RIJO CORPORATION, Box 212.Lowell. NC 28098.

CRYSTAL radio sets , plans, parts , kits , catalog
$1.00. MIDCO , 660 Nor th Dixie Highway. Hol­
lYWOOd, FL 33020.

PLANS AND KITS

DECODING plans and theory booklets. Video tape
copy protection, removes flashing and jitter, 30
pages, $15.45. Jerrold DI and DIC decoder theory,
12 pages, $6.95. Gated pulse decoding plus new
universal single level suppression decoder. works
on Hamlin, Jerrold , Sylvania, Eagle, 39 pages,
$15.00. Video scrambling techniques, the original
secret manual, sinewave and Zenith SSAVI. 57
pages, $14.95. Hidden signals on satellite TV, 178
page s, $16.95. P.C. board and kits availa ble.
ELEPHANT ELECTRONICS INC., PO. Box 41865­
J, Phoenix, AZ 85080. (602) 581-1973.

PROJECTION TV...Convert your TV to project 7
foot picture. Results comparable to $2,500 proj­
ectors. Total cost less than $30.00. Plans and 8"
lens $21.95. Illustrated information free . MAC­
ROCOMA-GC , Washington Crossi ng. PA 18977.
Creditcard orders 24hrs. (215) 736-3979.

DESCRAMBLlNG! Latest informationpacked man­
ual! All systems. Schematics, theory, tumons, coun­
termeasures, $14.95. C.O.D.'s RETZ, 4021 Gilbert,
Dallas, TX 75219. (214) 528-0309.

CATALOG: hobbv/broaccastinqrt zoi) meters/ham/
CB: transmitters, antennas, scramblers, bugging
devices, more! PANAXIS, Box 130-F11, Paradise,
CA 95967.

SATELLITE descrambling manual , Video Cypher
II. Schematics, thorough explanation of digital audio
encodi ng, EPROM code, DES. (HBO. Cinema x,
Showtime .) $ 10 .95 + $ 1. 0 0 postage .
CABLETRONICS, Box 30502 R, Bethesda, MD
20814.

DESCRAMBLlNG, New secret manual. Build your
own descrarnblers for Cable and SUbscr iption TV.
Instructions, schematics for SSAVI, gated sync ,
sinewave. (HBO, Cinemax, Showtime, etc.) $8.95
+ $1.00 postage. CABLETRONICS, Box 30502R,
Bethesda, MD 20814.

DI
DETAILED PLANS : $4.9 5

TV-SCOPE
PENN RESEA RC H, Box 3543
Will lomsport, PA 17701

PICTURE flyer lists quality surplus electronics at
low prices. Since 1970. Send for the last 3 issues.
STAR-TRONICS, Box 683, McMinnville, OR 97128.

ADD 5 important features to your home tele ­
phone. SASE (805) 583-4272. B&M ENGINEER­
ING, Box 823, Simi Valley, CA 93062.

CABLE TV equipment S.A., Jerrold, Zen ith,
Hamlin, Oak, Eagle , fillers, remotes and more.
Best prices C.O.D.'s accepted, dealers needed .
Ours work where others failed and we gaurantee
it! TRANS-WORLD CABLE CO., (218) 543-6671.

PLASMA sphere fascinating lightning display. Build
5" unit for $50. plans $10, prefilled sphere parts kits
$50, complete units, catalog $2. RIESS, PO. Box
54625, Dept. E, Phoenix, AZ 85078.

TUBES, name brands,new,80% off list. KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

FREE remote control co nverte r with any de­
scrambler below: Oak VN12 $85.00: new Hamlin
MLD1200 $90.00: new SB3 $89.00: new Trirnode/
Bistate $125.00; Starcom-6 system $125.00; Zenith
cable $175.00; lega l to own you r equipme nt,
however, Federal law prohibits hookup without cable
comp an y perm issi on . PONDERSA , (3 03)
661-1659. (We ship C.O.D.)!

TUBES , $2.49, TV, audio. Special, 2000 types,
SASE brings lists. DMF, 6690 7 Mile, S. Lyon, MI
48178.

NEW 30 channel microwave TV antenna- com­
plete $149.95. Standard 2 channel $99.95. Lifetime
warranty-dealer pricing-C.O.D.- MC-VISA­
HIGH-TECH ELECTRONICS , 337 Vineyard Ave.,
Suite 300, Ontario, CA 91764. (714) 391-1655.

OAK 56 channel wireless remote converter/de ­
scrambler, original refurbished equipment, excep­
tional video, $175.00: legal to own your equipment.
however.Federal law prohibits hookup without cable
company permi ss ion . PONDEROSA . (303)
661-1659. (We ship C.O.D.)!

SEMICONDUCTOR and transmitting tube, quota­
tion sent on reque st. TSUTOM YOSHIHARA,
C1-105 Deguchicho-34, Suita, Osaka 564, Japan.

SCRAMBLING news. Monthly. No advertisers to
protect, no products to push and no axe to grind.
Unique, interesting, informative SHOJIKI , 1327R
Niagara St., Niagara, NY 14303.

RADIO tubes, parts . Unused. Origin al cartons.
Send $1.00 (refundable) for lists. DIERS, 4276-E2
North 50 Street, Milwaukee, WI 53216-1313.

GIANT shortwave listener's catalog. Features
shortwave receivers, antennas, accessories, radio
teletype, facsimile equipment and books. Freel UNI­
VERSAL SHORTWAVE RADIO, 1280 Aida Drive,
# RE, Reynoldsburg, OH 43068.

CUSTOM front panel nameplates for your projects.
For details: J & E ENTERPRISES, 2457 N. Mar­
mora. Chicago, IL 60639.

CABLE TV converters. "NEW" Zenith flash, Scien­
tific Atlanta, Jerrold, Oak. Zenith, Hamlin . Many
others. "New" v ideo hopper "The Copy Killer".
Visa, M/C & Amex 1 (800) 826-7623. B&B Inc .,
10517 Upton Circle, Bloomington, MN 55431.

SURPLUS auction , bid kit $1.00. ends 11/21/87.
Reserve your 1988 parts catalog. LYNBAR INDUS­
TRIES , 205 Main, Box 82 2. St. Joseph. MI
49085-0822.

ASSORTMENT # 103, (February '84 art ic le)
pr inted circuit, toko co ils, transistors, IC's, di­
odes, power supply, $25.00. Five!Sl12.50. Ship­
ping $3.00. JIM RHODES INC., P.O. Box 3421,
Bristol, TN 37625.

TUBES 59 ~ . Year Guarantee. Free catalog. Tube
tester $8.95. CORNELL , 4215 University. San Di­
ego. CA 92105.

CAD-Visionics EE01 for PC's $800.00 or best offer
(402) 346-6272. 809 So. 35th Avenue. Omaha. NE

~~--- 1 - -681 05. --

MANUFACTURE elec tronic equ ipment in your
home for the Army. Navy.Air Force, and NASA. Will
supply plan. Inexpensive easy to build equipment.
Government pays $4.000. Cost you $900. Profit
$3.100. Send $10 to SUBCONTRACT R&D,
136-31 222nd si. Laurelton. NY 11 413. Attention:
Wilner Nau.

INSIDE CALIFORNIA

L.A. AREA & TECH. INFO.

(213) 217-8912

(800) 223-9977

ORIG .
COST

LIQUIDATION
PRICE

CALL FOR FREE
INFORMATION
ABOUT THIS

AMAZING

LASER DECK

(800) 872-8878

INCLUDES

ITEMS MAY BE
PURCHASED SEPARATELY

QUANTITIES LIMITED

CONTINENTAL U.S.A.

1. LASER - (10 milliwatt)

2. LASER Power Supply

3. MIRRORS (5)
4. LENSES (3)

5. BEAM SPLITTERS (2)
6. POLYGON MOTOR, LENS & DRIVER

7. A-O MODULATOR

A-O DRIVER

8. LASER BRACKETS (2)

9. SENSOR (2)

$499

1490 W. ARTESIA BLVD.
GARDENA, CA 90247
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DO YOU

REALLY
GET THE BEST BUY

FROM

THEM?
~

t's face it: There will always be some outfit
that can undercut a published price. They

do it by having no overhead, and no
responsibility to you, the consumer.

"So, you want that Jerrold 450
combo? The one that Paclllc cable

Co..'nc., is offering for $199OO?

Well, that's a good price, but
here's what I'll do.. : ' What may

happen is that you may save a
couple of bucks at the time. But suppose

ther e's a problem (and it happens to the best
of them,) and you call that "Dealer".. . This could be what you ' ll hear:

"No, Steve isn't here . He moved out, the bum! And he owes me $43700 on the phone bill! No, I don't
know about any guarantees on your Gerald, who 's that? Listen, if you see that creep..." etc.

At PaclIlC Cable co., you've gotan established company who wi ll be here for you, time after time. We may be tough competitors, but we've
got a soft spot for our clients! Try us, and be treated right-and we' ll prove it by giving a one -year warranty on everything we sell.

Check our prices on SClentlllc Atlanta Unltsl

ITEM

RCA 36 Cha nnel Converter (Ch.3 output only) .. ..

Panasonic Wireless Converter (our best buy)

400 or 450 Conve rter (manual fine tune) . . •

* Jerrold 400 Combo . . . . . . . . . .. . .

Jerrold 400 Han d Remote Co ntrol . . .

* Jerro ld 450 Comb o .

* Jerrold 450 Hand Remote Co ntrol . .

Jerrold SB-Add-On .

*J erro ld SB-Add -O n w ith Trimode .

* M-35 B Combo unit (Ch.3 output only) .

* M-35 8 Combo unit w ith VariSy nc .

1 10 OR
ITEM 1 10 OR

UNIT MORE UNIT MORE

29.00 18.00 * Minicode (N-12) • . • . . . 89.00 58.00
88.00 69.00 * M ini code (N w 12) w ith Vari Sync . . . . 99.00 62.00
88.00 89.00 * Mi nicode VariSync with Auto On-Off 145.00 105.00

169.00 119.00 Econ ocode (min icode subs titute) .. ... .... ...... . 79.00 52.00

29.00 18.00 Econoc ode w ith VariSy nc . ... .. . 89.00 58.00
199.00 139.00 *M LD- 12oo-3 (Ch.3 output) ... . . . . . 99.00 58.00
29.00 18.00 *M LD-1200-2 (Ch.2 output) . . 99.00 58.00

89.00 58.00 " Zenith SSAVI Cable Ready . .•.. . . •. ... . •. . 175.00 125.00
99.00 70.00 Interference Filters (Ch.3 only) . . . • •. • . . ....... ..... .. 24.00 14.00

99.00 70.00 * Eagle PD-3 Descrambler (Ch.3 output only) . . 119.00 65.00
109.00 75.00 * Sc ientif ic Atlanta Add -o n Replacement Oescr ambl er • . ... 119.00 75.00

Nam e _

Acct. # Exp . Date _
z
o
<m
s:
OJ
m
])

o Mas tercardo Visao C.O.D.o Mo ney Ordero Cas hie r's Check

Quantity Item Output Pri ce TOTAL
Cha nnel Each PRICE

SUBTOTAL

California Penal Code #593-D forbids us from Shippi ng Add
shipping a ny cab le d escrambling unit to a nyone $3.00 per uni t
res iding in th e state o f California .

COD & Credit
Prices s u bj e c t to c hange w ithou t notic e Car ds-Add 5%

PLEASE PRINT TOTAL

Signat ure' _

Address City _

State _ _ Zip Phone Numb er (

FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE - I, the unde rs igned. do he reby declare unde r penalty of perjury
th at a ll produ cts pur ch ased , now and in the future, w il l only be use d on cab le TV sys tems w ith proper
authorization from local officials or cable company officials in accordance with a ll applicable federal and
state law s.

,---------------------------------------- -----------
I
I
I
I
I
I
I
I
I
I
I

CHECK US OUT-WE'LL
MEET OR BEATTHE OTHER'S
ADVERTISED WHOLESALE
OR RETAIL PRICES!

EtC,

IMPORTANT. When ordering, pleas e have
the make and mode l number of the equipment
used in your area-Thank you!

* Call for availabi lity

Prices subject to change without notice

Pacific Cable Co., Inc.
7325112 Reseda Blvd., Dept. R-11

Reseda, CA 91335
(818) 716-5914. (818) 716-5140

• NO COLLECT CALLS! •

Jerrold is a registered trademark of General Instruments Corp. Dated : Sig ned: _

133



ELIMINATE light and dark from copying new video
tapes. Completed and tested units $75.00. Sche­
matic $5.95 circuit board $5.00. BLEDSOE, P.O.
Box 3892, Central Point, OR 97502.

SOFTWARE!!! Make copies of protected software.
Machine costs under $100. Saves you hundreds,
even thousands! Send $3.00 for complete informa­
tion. MIKE McGLlNCHY, 214 Verano Dr., Los Altos,
CA 94022.

" ,

Shojiki Electronics Corp. 1327A Niagara St..
Niagara Falls. NY14303. COD 's 716-284-2163

• • • · SCRAMBLING.NEWS ' •••
PAY TV AND SATELLITEDESCRAMBLING

Schematics . theory. bypasses. 13cable . 7 sateihte. NewSA turn-

~us~e~~~~,~~O ·~if.~19ga~,~ enme;~G rft;thd~;1;~C1 re, f'o~'Bg;
MM DS Handbook MIC rowave hacking 59.95. Build Salelllle'"SvS­
lems Under$600 512.95. Any 3-527. Scramblin News . Monthly
Featurearticles . product reviews. law history, patents. 24.95'yr.
Sample S5. Wlnler calalog 51.

SATELLITE TV equipment. Buyers guide, discount
prices. $2.00 N.E.C.S. INC., Box 22808-R4, Little
Rock, AR 72221.

SATEL LITE TV

DESCRAMBLER. Build our low cost satellite TV
video only descrambler for all major movies and
sports. Uses all Radio Shack part s. Order P.C.
board and instructions by sending check, money
order, or Visa for $35.00 U.S. funds to: VALLEY
MICROWAVE ELECTRONICS, Bear River, Nova
Scotia, Canada, BOX-1BO. (902) 467-3577.

SATELLIT E TV receiver kits! LNA's! InstructionsI
Schematics! Catalog $1.00 (refundable) : XANDI
ELECTRONICS, Box 25647, Dept. 21X, Tempe, AZ
85282.

Eliminate the latest copyguard prob lems

units from $5995 to $16995

'.Def~ 'Euc tro'llics , ' ., ' . . (7U}998.fiSfi6
14JZ!Jkim 'U1f., OranJ!t, Ca.9Z~

1I:1! VIDEO TAPE

~ rJ ~~~ ' ! J 'COPYGUARD

FREE catalog 99-cent kits-audio, video, TV, com­
puter parts. ALLKIT, 434 W.4th SI., West Islip, NY
11795.

BUILD this five-digit panel meter and square-wave
generator including an ohms, capacitance and
frequ enc y met er. Detail ed instructions $2.50.
BAGNA LL ELECTRONICS, 179 May, Fairfield, CT
06430.

FREE microprocessors, memory chips, etc, Free
electronics magazine subscriptions, Free education
in computers , For information write MICROSAT
CORPORATION, 2401 N,E. Cornell, Bldg. 133, Mail
Stop 125, Hillsboro, OR 97124.

VIDEOCIPHER II manual 11 9 pages-$27.45! Oak
"Orion" manual 120 pages-$22.45! Macrovision
"Stabilizer"- $99.95! Plans- kits-descrambling
books . Catalog- $2 .00. MICROTRONICS, Box
6426, Yuma, AZ 85364-0840.

UNIVERSAL eight voltage regulated power supply.
Will power 99% of all discrete transistor and inte­
grated circuit devices. Handiest DC supply around.
Every electronic workshop should have one. Kit
without case $179.95. Complete kit $239.95. Wired
$449.95 . F.O.B. PEPPERKIT, 527-10th Stre et ,
Sparks, NV 89431-0811.

PLANS . Plasma display, H.v. generator, CB modu­
lator, Linear amplifiers, Painfield generators, shock
sensor. Plans for all $20.00 complete. AET, Suite
173, 5800-A, North Sharon, Amity Rd., Charlotte,
NC 28215.
---- - - - - - - -. - - - . - --- - DETECTIVES, experimenters. Exciting new plans.
NOVELT" tYlJ e e lec tronics proj ects for the Hard to find micro and restricted devices. Large
gadgeteer. Weird, unusu al, fasc inating ant:!.. fun'__catalog $5.00,Jefundable on. ts t order, WILSON ,_

- Free Informal1O n:-TAYl:O WEl:ECTRONICS, P.O. P.O. Box 5264, Augusta, GA 30906.
Box 1612, Destin, FL 32541.

$6995
ASSEMBLED

& TESTED

CALL FOR FRE E CATALOG

NEW!

PC/XT EPROM
PROGRAMMER

$169

P.O . BOX 381450 • DUNCANVILL E, TX 75138 • (214) 225-2309

* LAT EST DESIGN * PROGRAMS UPTO 4 DEVICES AT ONETIME * FEATURES EASY
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. * USES AN
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM
BURNI NG. * THIS PLUG-I N BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS
CONT AI NING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONAL ITY MODULES
REQUIRED * AUTO MATIC VPP SELECTION: 12.5V, 21V, OR 25V. * EPROM DATA CAN
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND
27512A. * ASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. $169 WITH
SOFTWARE.

CANON 80 COLUMN PRINTER - $39.95

Digital Research Computers

JUST RECEIVED SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 10 UNITS AT
ONE TIME - $299.

ORIGINALLY MANUFACTURED FOR THE PC JR. BUT WITH OPTIONAL CONNECTOR
WILL WORK WITH PC, XT, OR AT. REQUIRES SERIAL I/O . THIS THERMAL PRINTER IS
QUIET AND USES EASY TO GET 8'h IN. ROLLS OF PAPER. 50 C.P.S., UPPER AND
LOWER CASE, PLUS GRAPHICS. ORIGINAL LIST PRICE $199.00. ADD $3.Q() FOR
PC/XT CONN ECTOR. ADD $5.00 UPS.

TEXT TO SPEEC H BOARD!
PC/XT COMPATIBLE. MAK E YOUR COMPUTER TALK!

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL
INSTRU MENTS SP0 256-AL2 SPEECH CHIP AND THE CTS256A·AL2TEXT TO SPEECH
CONVERTER.
THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD AND REQUIRE S A CO M
SERIAL PORT. BOARD MAY ALSO BE USED IN A
STAND ALON E ENVIRONME NT WITH ALMOST
ANY CO MPUTER THAT HAS A RS232 SERIAL
PORT. FEATURES ON BOARD AUDIO AMP OR
MAY BE USED WITH EXTERNAL AMPS.
DEMON STRATION SOFTWARE AND A LIBRARY
BUILDING PROGRAM ARE INCLUDED ON A 5'1.
INCH PC/XT DISKETT E. FULL DOCUMENTA­
TION AND SCHEMATICS ARE ALSO INCLUDED.

CU~\
~~\C~

' 3095 $2840
/1-3J /4·UPj

5'10" CUP MIDRANGE
Tuned cup Paper cone . 1" voice
coil, 93 oz. magnet 50 wall s RMS.
70 watts max . Response. 320-6(X)Q
Hz. 8 ohm impedance,

' 280.020 ' 1150 $9 95
(1 -9) (1().UP)

<JD P IO N E ER'

<JD P IONEER'

15" WOOFER
20 0z mag net. 60 watts RMS. 90
wall s max , 8 ohm im peda nce 1'h"
voice co il 25-2000 Hz.

1290-160

HORN TWEETER
3" wide orsoersronho rn tweeter
1800-15.000 Hz respo nse, 35 wall s
RMS. 50 watt s max 8 ohm
impedance

HARDWARE AND ELECTRONICS

t 270-050

<JD PIONEER'

FREE CATALOG

Call or wr ite today fo r your free
cata log co nta ini ng speakers, semi­
co nducto rs, CATV products, to ols,
hardw are, TV-VCR part s, and
more.

.1 5 day money back guaranIH . • $10.00 mini mum
order. • COD orders accepted. • 24 hc ur snipping.
• Shipp ing cnarge : UPS ch art rate ($2.50 min­
imum cnarge) . Hour s 8:30 a.m. • 6 p.m. EST M·F.

PARTS EXPRESS INrlINC.
340 East Fir st St

Dayton . Ohio 45402

<JD PIONEER'

B" POLY WOOFER
Clear ribbed pol ypropy lene cone
60 watt s RMS. 90 watts max
po wer. 20 oz. magnet 35-2500 Hz
4-8 ohm compatib le

' 290·055 '2050 $1 8 95
(1-3) (4-UP)

$3 95
(80-UPI

$495
(1-79)

<JD PIONEER'

9

t 270-010

12" POLY WOOFER
Cle ar po lypropylene co ne 65
walls AMS. 11 OZ, magn et Ferro
tnno coo led 1'h" voice COlI. Tnm
nng Inc luded 25-2500 Hz

' 290·100 ' 1550 $1 3 95
(1-3) (4-UP)

PIEZO TWEETER
Mfg MKSN1005A, 3'''''' x 3'''''' . No
crossover required 50 walls max ­
unum Input powe r

@ MOTOROLA

CROSSOVERS

;2~~': walt $3 95

;2~-~ walt $7 50

~~~1~00 wall $1250

CALL TOLL FREE
1-800-255-3525

In Ohio: 1-800-322-3525
Local: (513) 222-0173
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ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA. RE-O Bux 248

Walnut Creek. Calif. 94597

EARN thousa nds with your own part time elec­
tronics business. I do. Free proof, informatio n. IN­
DUSTRY, Box 531, Bronx, NY 10461.

HOME assembly. Assemble PC boards for video
acceso ries . We supply materials. No experience
needed $7 .50 pe r hour. Send sel f-a dd ressed
stamped envelope, to: MICRON-E LECTRONICS,
Box 4716 Akron, OH 44310.

DEALERS wanted . Notch fillers fur any channe l.
Send for fur ther informat ion or $15 for sample unit
(specify output channel of converter). DB ELEC­
TRONICS, P.O. Box 8644 , Pembroke Pines, Fl,
33084 .

MAil-ORDER money pours in daily! I make it, so
can you. Full detai ls $10. postpaid . SERENDIP ITY,
675 Conklin Street , 1-B, Farmingdale. NY 11735.

YOUR own radio station! AM, FM. cable. Licensed
or unlicensed. BROADCASTING, Box 130-F11,
Paradise, CA 95967 .

PROJECTION TV ...Make $$$'s assembli ng proj­
ectos ...easy... results comparable to $2,500 proj­
ectors. Total cost less than $30.00. Plans, 8" lens
and dea lers information $20.50. Illustrated informa­
tion free. MACROCOMA-GCX, Washington Cross­
ing , PA 18977 . Cred itcard orders 24 hrs . (215)
736-2880.

BUSINESS OPPORTUNITIES

INVENTORS

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early,hard-to-find, andmodern tubes.
Also transformers, capacitors and
parts for tube equipment. Send $2.00
for 20 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. Firsl St.- Tempe, AZ 85281-602/894-9503

INVENTORS! Can you patent and prof it from your
idea? Call AM ERICAN INVEN TORS CORPORA­
TION for free informatio n. Over a decade of service.
1-(800) 338 -5656. In Massachusetts or Canada call
(413) 568-3753 .

WANT ED excess invento ries of I.C.s, disk drives,
circuit boards , computers, etc . WESTERN TECH,
(818) 882-1355. (CAL.)

'THIS IS AN EXPANDED·TYPE AD WITH A
iflNT SCREEN. See how it jumps out on the
page. To order your ad in this format calcu­
late the cost at54.30 perword for the ex­
panded-Iype and add 25% for the tint
backg.round.

WANTED

TElEASE- MAST ass or tment # 301 (October '86
article) printed ci rcuit, IC's, transi stors, diodes .
$25.00. Shipping $3.00. JIM RHODES , INC., P.O.
Box 3421, Bristol, TN 3762 5.

CABLE TV Secrets-the out law publication the ca­
ble companies tried to ban . HBO. Movie Channel,
S howt ime , descramblers , con verters, etc . Sup ­
pliers list included $8.95 . C,c.B l E FACTS, Box 711­
R, Pataskala, OH 43062 .

Cable Convert ers & Decoders
1 10

•JerroldS.B. AddOn $89.00 $58.00
•JerroldTri-Bi AddOn $98.00 $78.00
JerroldStarcomCSV $139.95 Call
MTSConverter + Remote...................... $85.00 $69.00
Jerrold 450DRZ-3A $95.00 $79.00
Parental Control MTSPius $100.00 $85.00
Hamlin MLD1200-3 $98.00 $58.00
Scientific Atlanta AddOn $140.00 $99.00
M-35BCorrooWithVariSync. ............. $99.00 $69.00
MiniCodeN-12VariSync...................... $99.00 $58.00
442VariSync(N-1 2 Substitute) $89.00 $58.00
WirelessVideoSender.......................... $45.00 Call

·S.B. TRi-B1 FlashingGotYouDown? TryoriginalJerrold
Equipment it might just solveyour problems. Call orwrite'
for Free Catalog. Allproducts Guaranteed 90daysplus. DESCRAMBLER MODULE

M.D. Elec tronics 5078 So . 108th Suite 115 . . .
OiTi"ahaNE:-6B137 Pho iit"i402i'554:0417 - - - --COMP l:ETE -cab l e~TV-decoder l n-a-mJn I -modu l e .

Latest technology upgrade for Jerrold SB-3 or Ra­
dio-Electronics Feb. 1984 project. Available at very­
low cost. For literature, SOUTHTECH DISTRIBUT­
ING. (813) 222-3293.

INVE NTIONS, ideas, new products wanted! Indus­
tr y prese ntat ion/nat ional expos it ion. Ca ll free
1-(800) 288-ID EA . Ca nada , 1-(800) 528-6060 .
X831.

INVENTORS! AIM wants-ideas, inventions, new
products, improve ments on existing products. We
present ideas to manufacturers. Conf ide ntiality
gua ranteed . Call toll free 1-(800) 225-5800 for infor­
mation kit.

................. jqo.oo

, , $55 /65
.. ... . . .- $18

STATE OF ARTS
• Th il Pr.-em plifilr employ. 18 pel" of HIGH

Q U....LITy N channel and P ch....nel F ET I nd
1" mlttl film res il10r to form I rt11. of art .
full compMmM'ltliry symmetr ic mirror circu it .

• It u.. .oCR" RIAA EO PtI-«nplifief to
mi nimill TI M distort ion .nd to oCUlin high­
fidelity .

• T h. poww IUpply il biNd on by pM' coupling
DC stlbiliztr which u.. ell.1 A design to obt.i n
low intlrnel imptdenc. It h igh f~uency Ind to
grlltly reduce t r.nlilnt dirtortion .

• Prof, uionel ri ley dl lay circui1 prIY.nu noise
which m tY ooc:u r d uring power on I nd off .

• All FETs -. t" t ld tnd paired in the f.ctOfY
10 no probllm il likely to occu rtd du ring bu ild·
ing .

• 11 Qn be directly conr'llCtld 10 Iny ~ am ­
pl ifier . The ben pert,*" is T........77 120W MOS
FET power amplifier .

KIT / SS. WITH TE STED ,
MET LCABINET .

o;vty

.:. Out put vo ltage is ad justable from O-'SV DC, two curr. n1 limi t
range Ire ......ilabl e for selec t io n : 200mA o r 2A .

.:. An el. bo ra ted pr0 1K t io n sys1em is spec ia lly des igned, a ' 8 8 ' sou nd and
a spark ling ligh t w ill appe ar wh en the ou tput is o....r1oaded .

.:. High stability and reliabili ty is resu lted by em p loyi ng high qUl li1Y
voltage regu lated lC .

.:. King-size meter m-'tes 1he readin g of ....olt~ . nd curre nt mOrl clear ly
~nd ICC\ol ra1e ly.

.:. A ref ined case, met er end . 11 ICcenory .....nclosed fo r both klt and
asse m b led fo rm . It is mon su itabl. fo r pr ofeu io na l o r am ateu r u se .

FE ATURE S
1 FOUR G RO UPS OF IN DEP EN DENT OUTP UT SYSTEM 1000w/CH MAX
4680W 1100· 1 17V) 2 PROFESSION AL COL OR CO NT ROL SY STE M (KEY.
80ARO T YPE I 3 INDEPE ND ENT INPUT S IGNAL ADJUSTMENT" FOUR
G RO U PS OF INDEPENDENT DIMMER CO"lTROL 5 SPEED CO NT RO L
C HASER 6 AUTO MA T IC CHASIN G CO NTRO L SYSTE M 7. FOUR KINDS
OF SPE CIA L CHA S ING PR OGR AM B COMBINA TI O N O F PR OGR AM AND
MU SIC CHA SING EFFE CT 9 FORWAR DI BACKWAR D CHASI NG
CONT ROL SM·32 8 col o r Iogh t cc nncttler IS spec'lliztd for b ,.lIroom . night rtu b
d iSCO ,.nd Id vI" lseme nt hght lng 11co nsorts With sev otr,.1 co lor co ntr ol Chtr x t ·
ensues. wh ich em p loy pr o feSSlo nl1 co lor co ntr ol systtm ,.nd ke ybolrd p rogrt m
se lection Ther efor l , ,t ,&clIPl b le o f pr odU Cing ligh ti ng ef fects by uSing ch,.s,ng
pr ogr l ", ,nd fluct u ll ing mu sIc Signl ' Ther e ,.re t WO klrnh of Ioghtln g effec ts
The f,rU t ype IScc nt rcued b y 'm uSlC' Slgn,.1 In o rder to Id) ust t he bngl'llnen 01
lo ur gro up s o f IIg ht ings. elC h m USICSIgn,.1 Will be &ep,. rlt td Into h igh . med ium
low A, I nd low B fr eq uency rl ngl Fu rthermore, f loC h group o f I.gl'ltlngs IS ,n ·
co rco retee WIth I n ,ndl pe nde n t slgnl t Id) u$lment The sr~ond kind II compos
ed 01 electrlCI+ ClrCUIU ,.nd t h iS IS th e ma in p,." for ~ rtltl ng,. spec.,.1 light ing

euecr It ha&fou r chilling pr ogr amme
OlrT'IlnSIOns U 5/16 " It 8 15/1 6" It 3 3/16"

An wtth t lSt ld ,..... ,. .,.. $150 .00

O F F IC E HOURS: (PACIFIC TIM E)
MON.-F RI. 9:30 to 5:00 SAT . 10:00 to 5 :00

120W MOSFET POWER
1 AMPLIF IER

, p...ll.l

MU LT IPURPOS E ME L.ODY GENER....TO R
ThiS mu IN)l,lrpol t m elody ~lMfltor IS m-a With th e lillU CM OS LSI technology ,
O~.t,ng on ....ry low t urr, nt, it elIn pley s 8·10 d iffe ren t so,. by USIng two AA
SiZed bltt t rits lDC3V l. Applicltlans inc luM th . " u~s ,n , 1lK;tr on IC door bf,lIs, m \lliil;,1
box .rod , Ite t ron,c clock .1i1fm .,' I nd many mo r. . Bttt.r 51111, yo u eMl ChOOM
bc twMn 3 model&bo th conU lning S-10 popullr, mllod iou&tunn

KIT ..._ ..._ ._ . ._..._ _. .._ ...._._~_. "._._...$ 61.28

Met al Cabmet /X·Form.r (OPt lONl) ~ 5 26 00/5 19 88

T ERMS; 510 min orde r I 520 min ctll rll' elf d o~ I ChKk, mo ney order or phon .
ordw KC~1td I We &hip UPS Ground I Add 1~ of tOtl' O«lw Imin 52.501 for
shipj)il'lll, ouuidl USA .dd 20% (min $5 .00 ) • Trlnsit I n $U rl~ ; Idd 5" of totll
louuidt USA only) • CA r. sidents .dd SllII tax I All mHchMldiH Il.lbi"::1 to pl'ior sal.
I PriCft arl subjtoctto Cl'lWlll' without notic. I ....ny good s pi'"0Ytd to be dl flCt i..... MUST ,
BE RETURNED IN ORIGIN....L FORM WITH A COPY OF YOUR INVOICE WITHIN
30 DAYS FOR REPLACEMENT.

T ....·SO....
• Jlng11S11i

S,llntnight
Rudo lph, the rtd·nos«! rll ndee r
o COmt , All yl fl lt hful
Si ntl Cl,us il com ing to town
Joy to thl world
I WI&h you I marry X'mII&
HMk, tM hHl ld An;els SII"IlI

T....·50S
• London Bngl. is fillil"lllDown
• Arl you SIHPing
• Joy Symphony
• Wirgenlitd

: ::;P:";'i'"~:~ ~\ ' I
• Home S_ lt homl ~

• Mllody on purpl l bt mboo

TA -SOC ~~
• L'I IY VNI ILNing W, tl r) \ @
::~=~-; ,,:: : ::: .~. . O~~
E L ECT RO N IC ECH O A N D
R EV ER BERAT IO N
A M PLI FI ER



Copies ofarticles from this
publication are now available from
the UMI Article Clearinghouse.
Mail to: University Microfilms International
300 North ZeebRoad.Box91 AnnArbor, MI 48106

OPPORTUNITY
WITHOUT RISK.

The biggestimprovement in
40years has madeU.S. Savings
Bonds an ideal investment

Avariable interest rate lets
youshare inrates offered by
today's securitiesmarket Nolimit
onhow muchyoumight earn.

Whatmakes thisimproved
Bond ideal is that you'reprotected
byagu~reedrrillillnwn.Andu

the Bond is heldto maturity, you'll
double yourmoney.

Take another look at this
opportunity without risk.

~~ s».
!~-~~~

Take ~ ~ *
. stocJl~GS f,01
IDA merica.
~ A public service of this publication~~~~ and The Advertising Council.

THIS IS ABOLDFACE EXPANDED AD . If you
like this format , request it. Your cost is
$4.30 perword , plus 45% for the boldface
and tint background .

SCIENTIFIC ATLANTA & SB-3
SCIENTIFIC Atlanta models 850Q-..8550, remote
incl uded. .. $240.00. SB-3 's .. _$74 .00 . TRI­
BI 's..,$9 5.00. SBSA-3's..,$99.00, Zenith (Z-Tac)
descrarnblers...$169.00. N-12 (Van-sync) ...$89,OO.
M-35 B (van-sync)...$99.00. Jerrold-450 and 550­
Meg converters ...$95.00 . Dealer discount on (5)
units. Brochure available , CalL..N.A.S., (213)
631-3552.

ffF WRITE FOR

J~McGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll free 1-800-346- 2433 for orderin g only.

1901 MCGEE STREET KANSAS CITY, MO.~108

TELEPHONE VOICE
SCRAMBLERS

EDUCATION & INSTRUCTION

Multi-Ch ann el 1.9 to 2.7 GHz · 40dB Gain
12-Channel Syst em complete S104.95

2-Channel System complete $84.95
Dealership s, Qty. Pric ing , Replacemen t Parts

PhilliPS-TeCh Electronics
p.D. Box 8533• SCotbdaIe, AI. 85252

LIFETIME (602)947·7700 1S3.00Credil.llphoneordersll
WARRANTY MasterCard. Vi.. . COO',

PERSONAL computer owners can earn $1000 to
$5000 monthly selling simple services part time.
Free list of 100services. A.I.M.J.K., Box 60369, San
Diego, CA 92106-8369.

SCRAMBLE your telephone conversations.
Fully self-contained voice privacy system that pre­
vents unauthori zed interceptions. Highly recom­
mended for Cell ular and I.M.T.S. telephones. Call ­
N.A.S. (213) 631-3552.

HAM licenses supereasy. Cut exam preps 50%.
All classes. Free catalog. SASE. BAHR , 2549-E6
Temple, Palmbay, FL 32905 .

EC .C. Commercial General Radiotelephone
l icense. Electronics home study. Fast, inexpensive!
"Free" details. COMMAND , 0 -176, Box 2223, San
Francisco, CA 94126.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

Be aTV/VCR
Repair Specia list

NoWyou can trainat home inspare timeforamoney-making
career as a TViVCR Repair Specialist. No previousexperi­

ence necessary. No need to quit your job orschool. Everything
isexpiained ineasy-to-understandlanguagewithplentyof draw­
ings, diag rams and photos. We show you how to troubleshoot
and repair video-cassette recordersandTVsets, how to handle
housecallsand shoprepairs foralmost any make of televisionor
VCR. Tools are included with your course so you can get
"hands-on" practice asyou follow your lessons step by step.
Send for free facts about the exciting opportunities in TVNCR
Repair and find out nowyou canstart making money in this
great career. MAIL COUPON TODAY K".

r ICS ScHOiii. OF rViVCR REpAiR, 'De'PtD EOA7I SIHCf: l UI Scranton, Pennsylvani a 18515 I
I Pleasesend mefullinformation andcolor brochureonhowI canI

learn TVNCR Repair at home in my spare time. I understandI thereisnoobl igation andno salesmanwill visit me. I
Name Age_ _ 1I Address: _

I City/Slate/Zip I
L!.h~L_) ~

Jerrold Products include " ew Jerro
Tri-Mode," SB-3, Hamlin , Oak VN-12,
M-35-B, Zen ith, Magnavox, Scientific
Atlanta, and more. (Quantity dis­
counts) 60 day warranty. For fast ser­
vice C.O.D. orders accepted. Send
SASE (60 cents postage) or call for info

- - - (312) 658-5320 . MidwestElectronics,
Inc.!, HIGGINS ELECTRONICS, 5143-R
W. Diversey, Chicago, IL 60639. MCI
Visa orders accepted . No Illinois orders
accepted . Mon. -Fri.-9A.M.-6P.M.CST

$49 0 0

GMB SALES, INC.
2700 Middle Country Rd.

Centereach, N.Y. 11720

Stocking Large Inventories
Fastest Service

--.ForOraersOnly C-al-I-

1-800-874-1765
Nan

1-800-874-1764
N.Y. Only

For ALL Other Inquiries Call
516-585-8111

CIRCLE 199 ON FREE INFORMATION CARD

BUY ALL 3 AND GET 1 FREE
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Plug a Friend into Radio-Electronics
this Christmas ... and Save $12!

This Christmas give an electrifying gift
~plug..!l friend into Radio-Electronics and
brighten his whole new year! Whether
electronics is his livelihood or his hobby, your
gift will sharpen his focus and illuminate the
whole spectrum of electronics throughout the
coming year.

Radio-Electronics will keep him informed and
up-to-date with new ideas and innovations in
all areas of electronic technology ...
computers, video, radio, stereo, solid state
technology, satellite TV, industrial and medical
electronics, communications, robotics, and
much, much more.

He'll get complete plans and printed circuit
patterns for building valuable test equipment
and electronic devices for home and car ­
practical money-savers like these ... a TV
signal descrambler ... a video test generator . ..
an auto exhaust analyzer ... a clockboard for
his PC ... a radio commercial zapper ... a
solid state barometer ... a working robot ...
and many others!

PLUS ... equipment repair and
troubleshooting . .. circuit design ... new

product news and buyer's guides service
clinics~quipment test reports a special _
"Computer Digest" section ... regular columns
on video, stereo, radio, circuits, solid state,
satellite TV and robotics ... and lots more
exciting features and articles.

SAVE $12 ... OR EVEN $24 ... For each gift
of Radio-Electronics you give this Christmas,
you save a full $12.00 off the newsstand price.
And as an R-E gift donor, you're entitled to
start or extend your own subscription at the
same Special Holiday Gift Rate - you save an
additional $12.00!

No need to send money ... if you prefer, we'll
hold the bill till January, 1988. But you must
rush the attached Gift Certificate to us to
allow time to process your order and send a
handsome gift announcement card, signed with
your name, in time for Christmas.

So do it now ... take just a moment to fill in
the names of a friend or two and mail the Gift
Certificate to us in its attached, postage-paid
reply envelope. That's all it takes to plug your
friends into a whole year of exciting projects
and new ideas in Radio-Electronics!
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COIOPEducation
You earn a futurewhen youearn a degree.

r.trI For a free booklet write : Co-op Education ' P.O. Box 999 ' Boston, MA 02115
~~ A Public Serviceof This Publication· '0> 1985National Commission for CooperativeEducation

NOTHING IMPRESSES
AN EMPLOYER UKE

DROPPING
OUT OF SCHOOL.

PLANS - BuildYourself-All Parts Availa~e InStock
• LC7-BURNINGCU TIING CO, LASER $ 20.00
• RUB4-PORTABLELASERRAY PISTOL .. 20.00
• TCCI-3 SEPARATETESLACOIL

PLANS TO 1.5 MEV... 2000
• IOG1-ION RAY GUN......... 1000
• GRA1-GRAVITYGENERATOR 10.00
• EML1-ElEGTRO MAGNET COILGUNIlAUNCHER ....... 6.00

KITS
• MFTlK- FM VOICE TRANSMlnER3MI RANGE 49.50
• VWPM5K- TELEPHONETRAN5MlnER3MI RANGE 39.50
• BTC3K-25O.oo VOLT 10-14' SPARK TESLA COIl 199.50
• LHC2K-SIMULATED MULTICOLORLASER 39.50

:~~JtJ~:~~OW~\~m~T~~~ENSE OEVICE 6950 Afterseveralyearsofintense study, a lot ofcollege graduatesfinally learn
•~~~;i~~:~~I~~~~:Ni' ·SHOCK WAijE·pisTiii: :: : .. . ~~:~ something. They're not qualified for the job they want.
• ~6~~~o5~gEA~g:PLASMA. .. .. . . .. .. . 149.60 Fact is, many graduates never find a career intheir field ofstudy. All their
• MVPIK SEE INDARK KIT . 16950 timespent instudy. Notenough time inthe field.
~~~~~Jt~T~?o LORE O VARIABLE That's whythere's a nationwide program for college students called Co-

MOOE PLASMA GLOBE "7" 42500 operative Education. It allows students to alternate studiesat the college of
• BTC10-50.000 VOLT-WORLO·SSMALLEST th · h ' ith id 'cal k . . th f thei h '

__• TLGESUL4~ ~01IMLw....H..e.N..e..V..I.S..I.B.L..E...R.E..0...tA...S..E..R..G..U..N..•.·.·.·. ·.·. ·. ·.·. ·. ·. ·.·. ·.·.·.·.·.·. 29944..5500_1 eIrC OlCe WI pal , practi wor expenencem e career 0 eIrc Olce.
v-- Toparticipate mCo-op Education you don't have to fit into any particular• TAT20 AUTO TELEPHONE RECORDING DEVICE 24.50

• GPV10-SEEINTOTALOARKNESSIRVIEWER 299.50 socio-economic group. Youdon't have to bea straight "A" student either.
• lISTlO-SNOOPERPHONE INFINITY TRANSMlnER 169.50 All all d be ' . gh I h I
• IPG70-INVISIBLE PAIN FiElDGENERATOR- you re y nee to , IS smartenou to eavesc 00 .

MULTIMODE 74.50

• CATALOG CONTAININGDESCRIPTIONS OF ABOVE PLUS
HUNDREDSMORE AVAILABLE FOR SI.OOOR INCLUDED FREE
WITH ALLABOVE ORDERS.
PLEASE INCLUDES3.00PH ON ALL KITSAND PRODUCTS
PLANS ARE POSTAGE PAID.SENDCHECK. MO.VISA. MCIN
US FUNDS.

INFORMATION UNLIMITED
P.O. BOX716 DEPT.RE, AMHERST. NH 03031

CIRCLE 63 ON FREE INFORMATION CARD

DIP IC SOCKETS
8 PIN/.09, , .. PIN/.13, 16 PINU 5, 18 PIN/.H , 20
PIN/ .19, 22 PIN/.21. 24 PINI.23, 28 PIN/.26, 40 PINI.28
Zero Insert ion Test Socket 28 PIN . " .5.00

TOKO COILS FOR FEB 1984
TV PROJECT

Toko , 's BKAN-K5552A XX(2), ' E52OHN·3000023
(.071uH) & L-2(12uH) Fixed. 1 set of4 pes $6.00, 3 Sets
$15.00 , 10 Sets $" 5.00.
Opto Isolator H11AX(TransistOf Type) ":'65
Opto Isolator HXXCX(SCR Type) 85
Hewlett Packard Clock (No Specs) . . • . 2.50
Line Cord 6 feet UL Listed SPT 2 . . .60
Scope Probe Set w/Everything xl1x l0 24.95
Wire Stand Offs .•... .• . . . .. •.•... •..... 101$1
Zener Ass't - 65 pes Tota l - Includes Minimum 3
Different l W Devices . . . . • . . • . . . . . . . • , ... $1.95
Resistor Ass 't - 1,000 pes as Value s Minimum.
Popula r Values (lK,10K,lOOK) Includ ed. Mostly 114 &
lt2W. Some 1 & 'lW. Lots of Precisions. Carbon Film.
Taped and Ree led for Easy Sorting •..•.• . . $9.95
Jumper Plugs (Cambian) - Male to Male for Bread·
boa rd & Connec tors ...•... __• _ . _.. •. 10/$1 .25
9VDC Wall Transform er, 200ma • . . _.• $2 .95
9VDC Wall Transfo rmer, 500ma . .. • . • $3 .95
12VDC Wall Tran sformer, 400ma .••.• .. •.• $6 .95
6.3V 1.2A Transformer . . . . . . . ., .• $ 1.60
12.6 VCT l A . .. . .. . . . . . . . .. . . . . ... $3 .50
7 (Seven) Amp Tapped Transfor mer - 7 112115VAC
or 9V118VAC .• ...••.•• . .. . •• • . . ........ $8.95
MUffin/Spr ite Style Fan ' SU2C7 (EG & G Rotron).
3 112· Sq , 115V • . .. $5.95
Jumbo Red LED' s • . • . , . . . 151$1.00, 1001$6.00
Jum bo Green LED's .. •..... 101$1.30, 1001$10.00
Ju mbo Yellow LED's 101$1.40, 100/$11.00
Jumbo Yollow Hi Intensity with Rt Angle & Black Caso
Features •. . . 101$1.20, 1001$ 10
Ju mbo Amber LED's.....•.• 101$1.40 , 1001$11 .00
Min i Yellow Hi Intens ity with Discreet, Pale Blue
Lens/Ca se Feature 1011.20, 100110 LED ClipsJRings
for Ju mbo . . . . . .. . . •.. • • , 151$ 1, 1001$6

50 PIN IDC Ribbon Cable Connector . . .50
36 PIN Rt Angle " Snap Off" Header . . .50
14 PIN Heade r lor Ribbon Cable . •...••. . •• 31$1
7 PIN Male Header ••.•• 201$1
IC Storag e " Bug" Box . . . . • •• $2."5
Heavy Duty Alligator Clips (10 Sets) .. • _ .•• $2.30
Regular Alligator Clips (10 Sets) . • . . . • • . • • $1.80
Wi re Strippers (Spring Loaded , Adjust.) $2.50
5- Needl e Nose Pliers (Spring Loaded) . . . • $3.95
4 1 12 ~ Diagonal Culters (Spring Loaded) . . . . $3.95
Nut Driver set for 3116· , 1I4 ~ , 5/16· •... • . .• 31$2
Jeweler 's Screwdrivers (4 pes) .•... • . .. • .. $2.65
Desolder ing Pump (Solder Sucker) . . • . . .. $4.00
Replace ment Tips for Solder Sucker . . . . . 21$3.00
25W Precision Solderin g Iron . . $5.00
Safety Gogg les . . $2.95
De-Solder ing Braid (5 Foot Roll) 99
Solder Aid Tool Kit (4 pes) $3.00
Mode l 610B Logic Probe (Penci l Type) $18.95
Model 620B Log ic Pulser (Penci l Type) _ . , $18.95
.01uF 100V Mylar Cap . .• . . .. 20/$ 1
.1uF 200V Mylar Cap . . 151$ 1
?Mystery? Bag 11 The " OHM" Bag . . . . $1
?Mys tery? Bag '2 The " Volt " Bag . • . . • . . . . . $1
?Mys tery? Bag ' 3 The " Circuit" Bag . . • . .• .• $1
?Mys tery? Bag ' 4 The " Frequency" Bag . .•.• $1
?Mystery? Bag ' 5 The " Tolerance" Bag .....• $1
No Returns or EXChanges with Mystery Bags
9V Battery Snaps . • . . ••• . . .•. . . • . . • 71$1
Self Adhesive Rubber Stripping - Cut to Any Lengths
You Choose (3M·Bumpon) , 3 FeetlS2, 10 FeeVS5.oo,
50 FeeUS2O.00.
Hi Rel iability T0- 3 Sockel (Augut) . . . . .. . .85
Low Fluid Leve l Detector Kit - Parts , PC Board &
Instructions . . . . • .. . •. .. • . . . .. • • ... . .. • . . 4.95
Soldering Iron Convenience Stands ••..... 51$1.00
Volta ge Mate Switchi ng Regulator Kit ... . . $18.95

COMMODORE COMPUTER KEYBOARO &MOTHER·
BOARD COMBO. INCLUD ES ARTICLEFOR COM·
PATIBILITY (INTERFACE) $12.95

DC Voltage l00~V 10 1000Y

~g ~= ~~::I~ '~ $51 9 5
AC Curr..,t O. l~A to 10A
HI·Lo Reslstsm:. o.,g 10 2OMO
CapKltanc. 1pF 10 2O~F

DIocM T..t lonward volt age t.sUng
HI'( t..t Irans l.IOt t..Ung

UHF-TV PREAMP
(As featured in Radio Elect ron ics March I
May artic les . 1982)
This inexpensive an tenna mount &d pre·
amp can add more than 25 dB 0198i n to
your system . Lot s of satisfied custom ers
and repeat orders for this hi9h Qualit y #(;1,
which incl udes all compOnent parts, PC
BD. Case. Power Supply and Balun $34.50
Assembled Version . . S5 7.50

MODEL 705 Digital Multimeter
..m;U1I.11U UlIjII

Terms: MICRO·MARTaccepts V'sa MCand telephone CO Os Mm,mumorder $10 00 Shlppr"9­
US or~ers. $250 Canada and other countrres S350 Shlppmg rale adJusted where applrcable
NJ reSidents add 6"1> salesta,
MICRO-MART. 508 CENTRAL AVE..WESTFIELD. NJ 07090 • 12011654-6008

MAN69 10 - Double Digit 7 Segment Display, Hi
Eff icien cy Red .56- Comm Ann • 1.25
MM5481 - 14 Segment Driver Chip . .. .75
Hewle tt Packard 7 Seg ... . Red An n17651 . . . 95
7 Seg .r Bent Lead (Hobby Grade) .•• . "1$ 1
7 Seg . 6 ~ Bent Lead (Hobby Grade) .•..•..• 31$1
1.5A SOV Br idge (10-5) . . SO
4A SOV Br idge (KBU05) . . . _..75
SA 600V Bridge 5/3 . Square • 1.00
lOA 50QV Bridge 5/8· Square 1.15
25A 200 Bridg e (Solder Lug Type) . .. .... .•. 2.00
12VOC SPST Reed Relay PC Mount •. ... .... .60
SPST PB Switch (Keyboard Type) . . 31$1
Mini Toggl e DPDT (Lock Latch Feature ) . .75
DPDT " Snap In " Rocker with Bulb Socket . . .. .95
Push-Lighted Switch (No BUlb) Off - Mom - .45
Pushbutton OPST Off - Mom PC Mount . .. . 31$1
CPDT Push Button SA 125V • .. .65
TPDT " Bat" Handle Toggle (On Off On) 1.65
DPDT Rt Angle PC Toggle (On Off On) 95
11 LED Bar Graph Display. 2-31"-. Rectangular LEO's
(Speci ty Red , Green, Amber ) .. ... ..• .. . . . . . 2.69
Giant Alpha Numeric Display 1·1/2· x 2· 7 x 5 (35 Total)
Red LEO Malr ix . . . . 4.95
22uf 35V Solid Tantalu m (Kemet) • . .•.. . . 311.00
Radial Lytics - luF 5lN .13, 2.2uF 5(J\/ .13, 3.3uF 5(J\/

.1" , 4.7uF 40V .12, 10lJF SOV_1" 22uF 35V .15, 33u F
35V .15, " 7uF 50V .15, l 00uF 35V .20, 220uF 35V .22,
330uF 35V .33 "70uF 35V .39, i.ooour 16V .45
l ,ooouF 75V Axial .•. .75
3,200uF SOVTwist Lock . . . . . • .65
3,300uF SOVAxial Lyt ic • . . • • . • • . • • . • . . • • . . . .85
5,ooouF 40V Compute r Grade (Mallory) . . . . . • 1.SO
Cerami c Monol ith ics - All 50V or Higher :
33OpF, ..70pF, .001uF, .OO18uF, .0022uF, .0027uF,
.0000uF, .OO39uF «All 301$1). .01uF - 201$1 , .022uF
151$1, .1uF 101$1 .22uF 101$1
Cry stal Cloc k Osctltaror 1" .9760 MHZ. .50
UCN..116B - OSC/Freq Div Clock IC 5/1.00
AM/ FM Radio IC w/Data Sheet ('2204) 15/$1 .00
Slide Pots - 1 Each 50K, 100K, 1.2M.2M,5M - $1
74165 (Shift Regis ter) House'8095 . . • . .. . .. 101$1
ULN223 1 (Delco DM50) Dual Preamp IC 211
Switch ing Power Supply - Plus & Minus 5 & 12 Volts
2OOW. by Conver • . . . .. . . . . . . . . . . . . . . . . $" 9.95
MRF90 1 (Hobby - You Test) . . .. . . . •. • . • . 101$1
Pit\er PTl 0V 3/8. Horizontal Mount Trimpots l 00 0HM,
lK, 5K, 10K, 2OK. 50K, 1ooK, 2OOK, SOOK, 1M.
Sing le Turn . . . . .. . •••.• . .•. .•. .•.... .• 4/$ 1
Multi Tum Precision Trimpots, 50 OHM, l 00 0HM, 200
OHM, 250 OHM, 5OO0H~, l K, 2K, 5K, 10K, 2OK, 25K,
SOK. lOOK, 200K, 250K, 500K, 1Meg .75 Each, 100'$66
Zenith TV Replacement IC Special $1 Each 221-42,
221-43, 221-48, 221·69 , 221·79, 221-87, 221·96,
221-104, 221-105,221·106,221·140.
Mohon DetectOf Module (Includes ULN2232 IC & Caps),
$2 Each, 71$10, 251$25 .
Motion Delect, ULN2232 IC Only 31$2, 20/$10 Black,
Plastic Case for Detector •..•.•......• ... , $2.25
Minia ture Speake r for Detector . • . . . . . • . . • . . • .75
Mode l SG-105 Signal Generator - 20Hz to l SOkHz,
Low Distort ion, "6 STEP . . . . • . • . . • . . • • $45.95
221« PIN Edgecard Conneclor . . . . .. .. .65
40 PIN IDC Ribbon Cable Connector . . . ... •• .40

TRANSISTORS
& OlODES

MAF90 1 115
PN2222A lOll
2N2222A . ' 1.
P tl290 1A 1Ot l ·
lN2'9Oo'A 50'1·
2NlOSS SS
pt n 64 J IOt1.
PN) <)().j 10/1,
PNJ906 10/ 1·
250898 2 50
lSC1 171B 1 2$
HOUSE_ l'6
TO III NPN 2511
l N914A 4(111.
' N. U S 4011.
l N400 1 301'

,, ' N400..- 2501 1
l N4007 l St l
IN!t2]1 B 511

NE$$S so
UA741 2$
UA7N so
MC1330 so
MC IJ SO 1 40
MCI J 98 eo
UA1.sa 25
ULN2283 I so
LM2gQJ 50
LM2900l so
,,",C 7805 . 5
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Jazzy Sight 'n Sound
(1) (2)

(1) Brilliant Red LED . #276-066 1.19
(2) Big Red LED . #276-064 3.49
(3) Trl-sound Siren . Extra-loud buzzer
outputs. #273-072 . . . . . . . . . . 5.95
(4) Melodic IC Chime. #273-071 . . 7 .95

Builder Barga,ns
(5)

(7)

(5) High·Torque, Low·Vo ltage Motor.
1.5-3 VDC, app rox imately 8300 RPM .
#273-223 . . .. . .. 7ge
(6) 1:1 Audio Transformer. For phone
inlerconnecls . #273-1374 3.49
(7) Magnet Wire. Th ree spool set-22,
26, 30 gauge. #278-1345 . .. . . 4.49

Our Finest B~nchtop Digital LCD MUltimeter

9995
Low As $15
Per Month -

• Manual or
Autoranging

• Min IMax Values
Can Be Stored

A champion performer for shop or laboratory. The 31-segment analog bar
graph display makes input peaks and trends easier to follow. Transistor
checker measures hFE (gain), diode-check for semiconductor junctions.
Memory function and buzzer continu ity checker. Measures to 1000VDC, 750
VAC, AC/DC current to 10 amps, resistance to 30 megohms. Input impe­
dance: 10 megohms on DCV/ACV. Fused, overload protected. #22-195

(10) (13) ~ ~

(9)

(8) Cabl e Stripper. For all po pular sizes .
#278-240 . .. 11.95
(9) Coa x Cable CUller. Blades do not flat­
ten cable, pre serve imp eda nce.
#278-244 4. 95
(10) Professional Crimp Too l. For all
coax connectors. #278-243 . . . . . 12.95

(11) Solderless 90· Plugs. Two red ,
two black. #274-383 . . .. Set of 4/1 .59
(12) Shielded Plug .
#274-339 Set of 2/1.49
(13) Shie lded Jack.
#274-338 . . . . Set of 2/1.49
(14) Du al Phono J acks . Chass is
moun t. #274-332 Set of 2/1.19

Fig. Type Positions Cat. No. Ea.

1' 5 1 Male , I 9 1 276-1537 1.49
16 Female 9 276-1538 2.49
17 Hood 9 276-1539 1.99

Type Positions Cat. No. Ea.

I
Male I 25 1 276-1547 ' .99

Female 25 276-1548 2.99
Hood 25 276-1549 1.99

(18) Printer Connector. Solder
type, 36-positi on. For para llel
printers. #276-1534 4.99
(19) RS232 Inline Tester . Diag­
nose interface problems without
costly repair calls.
#276-1401 14.95

s.P
I . l f

s."

(23) ' I. -Wall Carbon Film Resistors.
100 Asstd. #271-311 1.98
(24) '1.·Wall Carbon Film Resistors.
500 Asstd. #271-312 . . 7 .95
(25) Set of 12 Asstd . Trimm ers.
#271-1605 1.98

~~~,U~ermistor. ~ 50 t o .+ .1 10~C : 1.99

voice Synthesis ICs
SP0256-AL2 Speech Synthe­
sizer IC. Give your computer a
voice! Built-in program makes it
easy to interface with most comput­
ers. Requires 3.12 MHz crys tal
(special order). 28-pin DIP.
#276-1784 12.95
CTS256-AL2 Text-to-Speech IC.
Preprogrammed 8-bit proce ssor
translates ASCII characters into
control data for #276-1784 above.
Wit h data and sche mati cs. Re·
quires 10 MHz crystal (available
from our warehouse via special or­
der " Hotline" ). 40-pin DIP.
#276-1786 16.95

NEW! TDA7000 FM Receiver on a
Chip . Combines RF mixer, IF and
demodulator stages in one IC. Just
what you need to build a small, in­
expensive FM band receiver or
public service band monitor. In­
cludes application notes.
#276-1304 5.95
NEW! TDA1520A zo-wan High­
Power, High·Fidelity Aud io
Power Amp . Build your own qual­
ity audio amplifier! Nine-pin single
inline package. Very iow distortion .
20 to 20,000 Hz response . Re­
quires 15 to 50 VDC. With data.
#276-1305 5.99

Our Newest ICs
(24)

NEW , (26)
(25) •

Irresistables

~ ~, ,,'(23)

Hard-to-Find Parts

1Im-..'~'!lI NEW
"7! ",",_ ",", (21)

(20) CPUIRAM Backup Cap acitor. For
CMOS microprocessors . 0 .1 farad , 5.5
WVDC. #272-1440 2.95
(21) Du al-Gang ed 335 pF Pot . PC moun t.
With knob , pinout. #272-1337 4.95
(22) 6-50 pF Trimmers . PC/perfboard
mount. #272-1340 Set of 2/1.59

1(20)

NEW

RAM & Data-xfer ICs TOp-Quali t y Op Amps Musical Chips CMOS and TTL ICS

A DIVISION OF TANDY CORPORATION

Prices apply at part icipating Radio Shack stores and dealers

ltadl8 IhaeROver 1000 items in stock: Binding posts , Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Conne ctors, Fuses, Hardw are, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectifiers , Resistors, Switches, Tools, Transformers, Trans istors, Wire , Zeners, more!

* Revolving credit from Radio Shack . Actual payment may vary depending on purchases.

Why gamble with mall order? Factory
fre sh, warr antied popular parts in sto ck
and Radio Shac k close.

4164-64K Dyn amic RAM. Factory fresh ,
150 ns access , low-power design . Uses sin-
gle 5 VDC supply. #276-2506 3.95

TMS 4256- 256 K Dyn amic RAM . 150 ns
maximum access time. Low-power design
(230 mV typ ical). Uses single 5 VDC power
supply. 16-pin DIP. #276,1252 6.9 5

MC1488 RS23 2 Quad Line Dr iver. Lets
you hook up terminals and remote periph­
era ls wi th a simple " twisted pair " cable . 14-
pin DIP with data. #276-2520 1.29

MC1489 RS232 Quad Line Rec eiver. For
use with above line dri ver. 14-pin DIP with
Data. #276-2521 .. 1.29

7 41. Gen eral-purpose w o rkho rse .
Frequen cy-compensated , 8-pin DIP.
#276-007 79¢
1458 Dual Op Amp. Interna liy compen­
sated. Two independent op amps in an B­
pin DIP. Split supp ly, 5 to 16 VDC .
#276-038 9ge
LM324 Quad Op Amp . Operates on 3 to
30 VDC or split 1.5 to 15 VDC supply. 14-
pin DiP. #276-1711 1.29
TL082 Dual BIFET Op Amp. Low-noise,
high-Z inputs. Split 4 to 1B VDC supply. 8­
pin DIP. #276-1715 .... 1.89
LM339 Quad Com parator. Four inde­
pendent voltage comparat ors in a 14-pin
DIP. Single 2 to 32 VDC supply.
#276-1712 99¢
LM567 Tone Det ector. Use for Touch­
Tone, remote control and FSK decoding.
Requir es 4.75 to 9 VDC. 8-pin DIP.
#276-1721 . 1.99

UMC 3482 12-Tune Melody Syn­
thesizer IC. Just the thing for musi­
cal doorbells. clocks, games and
phone music-on-hold. Has an on­
chip audio preamp . Some of the
tunes are Happy Birthday, Row­
Row-Row Your Boat and other all­
time " camp" favorites. Operates
on 1.5 VDC, 16-pin DIP. With data
and circuit examples.
#276-1797 2.99

AY·3-8910A Programmabl e
Sound Generator. Produces an
astonishing variety and range of
sounds! Three independently pro­
grammable analog outputs. Single
5 VDC supp ly, 40-pin DIP. With
Data. #276-1787 9.95

All include pin-out and specs and
are 100% prime.

Description Type Cat. No. Each

Quad 2-lnput NOR Gate 4001 276-2401 .99
Ouad 2-lnput NAND Gate 401 1 276-2411 .99
Dual Type·OFlip Flop 4013 276·2413 1.19

Oecade Counter/Divider 4017 276-2417 1.49
Inverting Hex Buffer 4049 276-2449 1.19
Ouad Bilateral Switch 4006 276-2466 1.19

Oescription Type Cat. No. Each

Ouad 2-input NANOGate7400 276·1801 .B9
Hex Inverter 7404 276-1802 .99
Ouad 2-lnput ANOGate 7408 276-1B22 1.29

BCD to 7-Seg. Driver 7447 276-1805 1.69
Div. by 2/5 BCD Counter7490 276-1808 1.19
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TEST

TENMA 100MHz
Multifunction Counter
_ Eight digit non-glare LED display
_ Selectable gate time _ Frequency,
period, totalize and self test functions
_ Data hold _ Selectable allenuator and
variable trigger level _ Switchable AC
and DC coupling systems #72-465

TENMA 1GHz
Multifunction Counter
_ Eight digit non-glare LED display
_ Selectable gate time _ Frequency,
period , totalize and self test functions
_ Data hold _ Selectable allenuator _AC
coupling system #72-460

TENMA Dual Trace
35MHz Oscilloscope
_Two 10:1 probes included _ High brightness CRT
with internal graticule _ 6KV accelerating potential
_ 5x vertical and horizontal magnifiers _ Delayed
triggering sweep _ Front panel electrical trace
rotation _ Alternate triggering permits viewing of
asynchronous channel A and channel B signals
#72-330

TENMA
Sweep Generator
_ Produces square, sine, triangle,
ramp and pulse wavefonns
_ Continuously variable sweep
width and time _ Variable and fixed
output allenuators _ Voltage
controlled frequency (VCF) input
#72-475

TENMA
Audio Generator
_ Generates sine and square
waveforms _ Six step and
continuously variable
allenuators _ External sync input
_ Comes complete with test
leads and owners manual
#72-455

For more test equipment, see pages
145-158 of our newest catalog !

TENMA
AC Millivoltmeter
This is perfect for servicing and
design ing audio products as
well as measuring the outpu ts of
audio and video heads.
_ 31f2' mirrored scale
_ Calibrated in mV RMS and dB
_ Amplified output for observing
microvolt signals on
oscilloscope _ Comes comple te
with test leads and owners
manual #72-450

TENMA
Pulse Generator
_ TTL or CMOS pulse output
_ Built-in logic tester _ Can be used
with oscilloscope to provide sweep
delay _Variable pulse width and
spacing #72-470

Laser Power Meter
_ Measures output of laser devices
on audio and video disc players
_ Two wavelengths and three power
ranges give this instrument the
versatility to be used in servicing
the equipment of many CD and
laser disc manufacturers #70-420

For A Wide Variety Of Electronic Parts
Call Toll Free 1·800·543·4330
In Ohio, 1-800-762·4315 - In Alaska and Hawaii, 1-800-858-1849

:LE 87 ON FREE INFORMATION CARD
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74HCTOO
74HCT: Direct . crop-in replacements for LS TTL

and can be int ermi xed w it h 74lS in the same circuit .

HIGH SPEED CMOS
A new fami ly of high speed CM OS k)gic featuring

the speed of low power Schottk y 18ns typical gate
propaga tion delay). com bined with the advantages of
CM OS: very 'ow power con sump tion . superior noise
immunity. and improved 0U1pUt drive.

74HCOO
74HC: Operate at CMOS logic levels and are ideal

for new. all·CM OS designs.

1.19
.89

2 .49
.8 9
.9 5

1.15
.9 9

1 .89
1.89
1 .89

.8 5
1.39
1.89
4.99

.99
2.29
2.29
1.39
1 .39
1.99
1.39

.89

.89

' 11 9 .00
. 17 5 .00

.79

74HCTl66 3.05
74HCTl74 1.09
74HCTl93 1.39
74HCTl94 1.19
74HCT240 2.19
74HCT24 1 2 .19
74HCT244 2.19
74HCT245 2 .19
74HCT257 .99
74HCT259 1.59
74HCT273 2.09
74HCT367 1.09
74HCT373 2.49
74HCT374 2.49
74HCT393 1.59
74HCT4017 2 .19
74HCT4040 1 .59
74HCT4060 1 .49

74HC148
74HC151
74HC154
74HC157
74HC158
74HC163
74HC175
74HC240
74HC244
74HC245
74HC257
74HC259
74HC273
74HC299
74HC368
74HC373
74HC374
74HC390
74HC393
74HC4017
74HC4020
74HC4049
74HC4050

9.600

8.000
8.000

Intensity
(uW /Cm')

74FOO

1450ns) 4 .95
(450nsIl5V) 3 .49
(350n sIl5V) 3 .95
(450nsIl5V) 5 .95
(450nsIl5V) 3 .95
(250nsIl5VIl21V PGM) 3 .95
(200ns1l5V1l21 V PGMI 4 .25
(250nsIl5VllCMOS) 4 .95
(450nsIl5V) 3 .49
(250nsIl5V) 3 .69
1200ns1l5V) 4 .25
(350ns1l5V1l24 PIN) 15 .95
(250ns1l5Vj 4.25
(250nsIl5VIICMOS) 7 .95
(250nsIl5V) 5 .95
(250nsIl5V) 11 .95
(250nsIl5VllCMOS) 12.95
21V PGM=Prograrn at 21 Votts

EPROM ERASERS
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1.35
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1.19
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1 .19
1 .19

.6 9
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Capacity
Chip

YES
NO

YES

74HCTOO
74HCT02
74HCT04
74HCT08
74HCTlO
74HCTll
74HCT27
74HCT30
74HCT32
74HCT74
74HCT75
74HCTl38
74HCTl39
74HCTl54
74HCTl57
74HCTl58
74HCTl61
74HCTl64

74HCOO
74HC02
74HC04
74HC08
74HC10
74HC14
74HC20
74HC27
74HC30
74HC32
74HC51
74HC74
74HC85
74HC86
74HC93
74HC107
74HC109
74HCl12
74HC125
74HC132
74HC133
74HC138
74HC139

2708 1024 .8
271 6 2 04 SxS
2716·1 2 048.8
TMS2532 40 96x S
2732 4096xS
2732A 4096x8
2732A·2 4096xS
27C64 8192.8
2764 8192x8
2764·250 8192.8
2764·200 8192.8
MCM68766 8192x8
27128 16384.8
27C256 32768.8
27256 32768.8
27512 65536.8
27C512 65536x8

5V=Singl e 5 Von Supp ly

CIRCLE 113 ON FREE INFORMATION CARD

HIGH·TECH ****
80387 $495.00

* 16 MEGAHERTZ MATH CO-PROCESSOR IN A
PIN GRID ARRAY* FOR INTEL INBOARD AND OTHER 80386
BASED COMPUTERS* GET ALL THE SPEED AND POWER YOUR
MACHINE CAN DELIVER* GREAT ADDITION FOR CAD , SPREADSHEET
AND OTHER POWER PROGRAMS

8000 V20SERIES 6500
1.49 V20· 5MHz 8.95 1.0MHz 3 2.7 6 8 KHz .95 74LSOO .16 74LS165 .6 58039 1.95 V20· 8 MHz 10.95 1.0 MHz 2.95 74LSOl .18 74LS166 .958052AH BASIC 34 .95 V30 8 MHz 13.95 6502 2 .69 1.8432 2.95 74LS02 .17 74LS169 .9 58080 2.9 5 ·R epl ac e. 8088 to 65C02 1CM0 5)12.95 2 .0 1.95 74LS03 .18 74LS173 .4 98085 2.49 speed up your PC 6507 9 .95 2 .097152 1.95 74LS04 .16 74LS174 .398087 5M Hz 129.00 by 10 to 40% 6520 1.95 2 .4576 1 .95 74LS05 .18 74LS175 .398087-2 BMHz 169.95 6522 4 .95 3 .2768 1.95 74LS08 .18 74LS191 .4 98088 6 .95 6526 26.95 3 .579545 1 .95 74LS09 .18 74LS192 .6 98088-2 9 .95

CRT
6532 6.95 4.0 1.95 74LS10 .16 74LS193 .698155 2 .49 6545 6.95 4.032 1.95 74LSll .22 74LS194 .6 98748 7 .95

CONTROLLERS
6551 5.95 5 .0 1.95 74LS12 .22 74LS195 .6 98755 14 .95 6561 19.95 5 .0688 1.95 74LS13 .26 74LS196 .5980286 129.95 6581 34.95 6 .0 1.95 74LS14 .39 74LS197 .5980287 6M Hz 199.95 6845 4.95

2.0MHz 6 .144 1.95 74LS15 .26 74LS221 .5980287-8 BM Hz 299.95 68B45 8 .95 6 .5536 1 .95 74LS20 .17 74LS240 .6 96847 11.9580287-10 1OMHz399.95
H046505SP 6.95 6502A 2 .95 8 .0 1.95 74LS21 .2 2 74LS241 .6 9
MC1372 2 .95

6520A 2.95 10.0 1 .95 74LS22 .22 74LS242 .6 9
8275 2 6.9 5 6522A 5 .95 10.738635 1.95 74LS27 .2 3 74LS243 .69

8200 7220 19.95 6532A 11.95 12.0 1 .95 74LS28 .2 6 74lS244 .6 9
CRT5027 12.95

6545A 7.95 14.31818 1.95 74LS30 .17 74LS245 .7 9
8205 3 .2 9 CRT5037 9 .95 6551A 6 .95 15 .0 1.95 74LS32 .18 74LS251 .49
8212 1.49 TMS9918A 19.95 3.0MHz 16.0 1.95 74LS33 .2 8 74LS253 .4 9
8216 1 .4 9 17.430 1.95 74LS37 .26 74LS256 1 .79
8224 2 .2 5 6 .95 18.0 1 .95 74LS38 .2 6 74LS257 .39
8237 4.95 18.4 32 1 .95 74LS42 .39 74LS258 .4 9
8237-5 5 .49 DISK 2 0. 0 1.95 74LS47 .7 5 74LS259 1 .29
8250 6 .9 5 22.1184 1.95 74LS48 .8 5 74LS260 .4 9
8251 1.69 CONTROLLERS 24.0 1 .95 74LS51 .17 74LS266 .39
8 2 51A 1.89 32.0 1.95 74LS73 .2 9 74LS273 .7 9
8253 1.89 1771 4.95 CRYSTAL 74lS74 .24 74LS279 .39
8253-5 1.95 1791 9 .95 74LS75 .29 74LS280 1 .98
8255 1.69 1793 9 .95 OSCILLATORS 74LS76 .29 74LS283 .59
8255-5 1.89 1795 12.95 74LS83 .4 9 74LS290 .8 9
8259 1 .95 1797 12.95 1.0MHz 5.95 74LS85 .4 9 74LS293 .89
8259-5 2.29 2791 19.95 1 .8432 5 .95 74LS86 .22 74LS299 1 .49
8272 4.95 2793 19.95 2 .0 5.95 74LS90 .39 74LS322 3 .95
8279 2 .49 2797 29 .95 2 .4576 5 .95 74LS92 .4 9 74LS323 2 .49
8279-5 2.9 5 8272 4.95 2 .5 4 .95 74LS93 .3 9 74LS364 1 .95
8282 3 .95 UP0765 4 .95 4 .0 4.95 74LS95 .4 9 74LS365 .39
8284 2.9 5 MB8876 12 .95 5.0688 4 .95 74LS107 .34 74LS367 .39
8286 3.95 MB8877 12.95 6.0 4.95 74LS109 .36 74LS368 .39
8288 4.95 1691 6 .95 6 .144 4.95 74LSl12 .2 9 74LS373 .7 9

2143 6 .95 8 .0 4 .95 74LS122 .4 5 74LS374 .7 9
9216 7 .95 10.0 4 .95 74LS123 .4 9 74LS375 .9 5

12.0 4 .95 74LS124 2.75 74LS377 .7 9
Z-80 1 2 .480 4.95 74LS125 .3 9 74LS378 1.18

15.0 4 .95 74LS126 .3 9 74LS390 1 .19Z80·CPU 25 MHJ 1.69 B-1T RATE 16.0 4 .95 74LS132 .39 74LS393 .7 9
4.0MHZ GENERATORS 18.432 4 .95 74LS133 .4 9 74LS541 1 .49

20 .0 4 .95 74LS136 .39 74LS624 1 .95
1.7 9 24.0 4 .95 74LS138 .39 74LS640 .9 9
1.89 MC14411

74LS139 .39 74LS645 .99
5 .95 BR1941

74lS145 .99 74LS669 1 .29
5 .9 5 4702

MISC. 74LS147 .99 74LS670 .89
1.89 COM8116

74LS148 .99 74LS682 3 .2 0
5 .9 5 74LS151 .39 74LS683 3 .20
5 .9 5 74LS153 .39 74LS684 3 .20
5 .95 UARTS 74LS154 1.49 74LS688 2 .40

6.0MHZ 74LS155 .59 74LS783 22 .95
74LS156 .4 9 81LS95 1 .49
74LS157 .35 81LS96 1 .49
74LS158 .2 9 81LS97 1 .49
74LS160 .29 81LS98 1 .49
74LS161 .39 25LS2521 2 .80
74LS162 .4 9 25LS2569 2 .80
74LS163 .39 26LS31 1 .9 5
74LSl64 .49 26LS32 1 .95

STATIC RAMS / DYNAMIC RAMS
2101 256x4 (4500' 1 1.95
2102L·4 1024xl (450ns)( LowPOINer) .99
211 2 256)(4 (4 500.) 2 .99
2114 1024x4 (4500.) .9 9
2114L-4 1024.4 1450nsllLPI 1.09
2114L-2 1024.4 1200nsllLPI 1 .49
2114L-15 1024.4 1150nsllLPI 1 .95
TMS4044-4 4096.1 1450nsl 1 .95
TMM2016·1S0 2048x8 1150nsl 1.49
TMM2016-100 2048.8 1100nsl 1 .95
HM6116-4 2048.8 1200nsllCMOS) 1 .79
HM6116-3 2048.8 1150nsllCMOS) 1.85
HM6116LP-4 2048.8 1200nsllCMOSllLP) 1 .85
HM6116LP-3 2048.8 1150nsllCMOSllLP) 1.90
HM6116LP-2 2048.8 1120nsllCMOSllLP) 2 .45
HM6264P-15 8192.8 (150nsllCMOS) 3 .8 9
HM6264LP-15 8192.8 (150nsllCMOSllLP) 3.95
HM6264LP-1 2 8192.8 (1 20 nsll CMOS ll LPI 4 .49
HM43256LP-15 32768.8 (1 50 nsll CMOS ll LPI 12 .9 5
HM43256LP·12 32768.8 (1 20 nsll CMOS ll LPI 14 .9 5
HM43256LP-l0 32768.8 (1 00 nsllCMOSll LP) 19.95
4116-250 16 384x1 12500.) .4 9
4116-200 16384x1 1200ns) .89
4116-150 16384x1 11 500.) .9 9
4116-1 20 16384x1 1'20ns) 1. 49
MK4332 32768x1 1200ns) 6.95
4164-150 65536x1 (150ns) 1.29
4164-'20 65536x1 (l20nsl 1.55
MCM6665 65536x1 (200ns) 1.95
TMS4164 65536x1 (150ns) 1.95
4164-REFRESH 65536x1 (150ns)(PIN 1 REFRESH) 2 .95
TMS4416 16384x4 (150ns) 3 .75
41128-150 131072x1 (150n.) 5.95
TMS4464-15 65536)(4 (150ns) 4.95
41256-150 262144x1 (lS0ns) 2 .95
41256-120 262144xl (120ns) 3.95
41256·100 262144x1 (lOOnsl 4 .95
HM51258-100 262144.1 (100nsllCMOS) 6 .95

_'_ M B-12 0__1048576xl_(120ns) 19 .95 .
1 MB-l00 1048576xl (lOOns) 24.95
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FORTRONICS
MONOCHROME

• IBM COMPATIBLE TIL INP UT
• 12 " NON ·GLAR E SCRE EN
• VERY HIGH RESO LUTION :

1100 LINES (CENTER)
• 25 MH z BANDWIDTH
• CA BLE FOR IBM PC INCLUD ED

AMBER DRDREEN AVAI LABLE

$99.95$279.95

CASPER
RGB MONITOR

" CO LOR /GREEN /AMBER
SW ITCH ON REA R

" DIGITAL RGB -IBM COMPATIBLE
* 14 " NON ·GLARE SCREEN
• RESO LUTION : 64 0H x 240 V
• ,39m m DOT PITCH
• CABLE FOR IBM PC IN CLUD ED

$399.95
APPLE COMPATIBLE INTERFACE CARDS.

SWITCH BOXES
ALL LINES SWITCHED, GOLD PLA TED
CONNECTORS, QUA LITY SWI TCHES

CASPER
EGA MONITOR

* EGA & eGA COMPATIBLE
• SCANNING FREQUENCI ES,

15 .7 5 I 21 .85 KHz
* RES : 640 x 200 I 350
• .3 1mm DOT PITCH, 25 M Hz
• 16 CO LORS OUT OF 64
* ' 4 " , BLACK MATR IX SCREEN

• OUPUCATE OR BURN ANY
27xx SERIES EPROM
(2716 TO 27 1281

• MENU-DRIVEN SOFlWARE
• HIGH SPEED WRITE ALGO­

RITHM

Rp·525 $5995

IBM PARALLEL PRIN TER CABLE
CENTRONiCS (MALE TO FEM ALE)
CENTRONICS (MALE TO M ALE)
MODEM CABLE (FOR IBM )
RS232 SERIAL (MALE TO FEM ALE )
RS232 SERIAL (MALE TO M ALE)
K EYBOA RD EXTENDER (CO ILED)
APPLE II JOYSTICK EXTENDER

MOLDED INTERFACE CABLES
6 FOOT, 100% SHIELDEO, MEETS FCC

•

8C·10

•••••

I p·135
$129.95

• 'h: HT i DIRE CT-DRI VE
* 100% APPLE COMPATIBLE
* SIX MONTH WARRANTY

Ip·150
$99.95

DISK DRIVES
FOR APPLE COMPUTERS

* FULL HT SHUGART MECHANISM
* DIRECT REPlACEMENT FOR APPLE

DISK II
.. SIX MONTH WARRANTY

* 100% APPLE lie COMPATIBLE,

~i~~llllloL~lj,bNl:'~ltHIELOED
CONNECTOR

* h~~JERELlABLE SLlMLlNE DIRECT

* SIX MONTH WARRANTY

MONITOR STANDS
MODEL MS·100 $12.95

ID·3C
$139.95

* TILTS AND SWIVELS
* B U ILT-IN POWER STATION

INDEPENDANTLY CONTRO LS U P TO 5
120 VOLT AC OUTLETS

* BUILT-IN SURGE SUPRESSOR
,... UL A PPROVED

* T ILTS AND SWIVELS
* ST U RD Y A BS PlASTIC CON STRUCTION

MODEL MS·200 $39.95

* SET X -Y AXIS FOR AUTO CENTER OR
FREE MOVEMENT

* FIRE BUTTON FOR USE WI TH GAME
SOFTWARE

* ATTRACTIVE, SOUD, PlASTIC CASE
* INCLUDES ADAPTOR CA BLE FOR IBM.

APPLE 1I,IIe

DISK DRIVE ACCESSORIES
FDD CONTROLLER CARD . $49.95
lie A DA PTOR CABLE $19.95

ADAPTS STANDARD APPLE DRIVES
FOR USE WITH APPLE /Ie

JOYSTICK

K8-1000 $79.95
CASE WITH KEYBOARD

FOR APPLE TYPE MOTHERBOARD
* USER DEFI NED FUNCTION KEYS
* NUMERIC KEYPAD WI CURSOR CO N TROL
* CA PS LOCK * A UT O- REPEAT

CIRCL E 182 ON FREE INFORMATION CARD



$199.95

$269.95

MICROPROCESSOR PROGRAMMER
PROGRAMS 8741/2/8/9 PROCESSOR CHIPS

* EASY TO USE MENU-DRIVEN SOFTWARE
SUPPORTS READ. WRITE. BLANK CHECK
A ND V ERIFY OPERATIO NS

• PORT ADDRE SS SELECTION IS US ER
CON FI GU RA BL E

.. SAVE A ND RESTORE PROGRAM IM A G ES
ON DISK

* IN CLU DES SOFTWARE FOR STANDARD
H EX AND INTEL HE X FORMATS

MCT-MP

MCT DEVELOPMENT TOOLS
MCT-PAL PAL PROGRAMMER

ONE ARRA Y LOG IC CHIP CAN REPLACE 4-5 TTL IC.
• PROGRAMS 20 & 24 PIN PA LS FROM TI .

NSC& MMI
• EASY TO USE MENU-DRIVEN SOFTWARE

A LLOWS PROGRAMMING, VERIFICATION
READI NG, MAP BU ILDING & BURNING
TH E SECURITY FUSE

.. READ AN D SAVE BURN PROFILES IN
J ED EC FORMAT ON YOUR DISK

CUPL STARTERKIT $4995

MCT-EPROM EPROM PROGRAMMERS $129.95
PROGRAMS 27xx AND 27xxx SERIES EPROMS UP TO 27512

.. SUPPORTS VARIOUS MANUFACTUR ERS
FORMATS WITH 12.5.21 AND 2 5 VOLT
PROGRAMMIMG

• MENU-DRIVEN SOFTWARE ALLOWS
EASY MANIPULATION OF DATA FILES

.. SPLIT OR COMBINE THE CONTENTS OF
SEVERAL EPROMS OF DIFFERENT SIZES

• READ, WRITE, COPY . ERASE CHECK AND
V ERIFY WITH EASY ONE KEY SELECTION

• IN CLU DES SOFTWAR E FOR STANDARD
HEX AND INTEL HEX FORMATS

4 GANG PROGRAMMER $18995

10 GANG PROGRAMMER $29995

MCT-MGP $59.95
COMPA TlBLE WITH IBM MONOCHROME AND HERCULES GRAPH ICS STANDARDS

• SHORT SLOT CARD US ES VLSI CHIPS TO
IN SU RE RELIABILITY

.. PARALLEL PR INTER PORT , CONFIGURABLE AS
LPn OR LPT 2

• 720 x 348 GRAPH ICS MODE
• LOTUS COMPATIBLE
* CAN RUN WIT H CO LOR GRAPH ICS CARD IN

TH E SAME SYSTEM

MCT DISPLAY CARDS
- MCT-EGA -$149.95

100% IBM COMPA TlBLE, PASSES IBM EGA DIAGNOSTICS
.. COMPATIBLE WITH IBM EGA , COLOR GRAPH ICS

AND MONOCHROME ADAPTORS
.. TR IPLE SCA N N IN G FREQUENCY FOR DISPLAY

ON EGA, STANDARD RGB OR HIGH RES ­
OLUTION MONOCHROME MONITOR

.. FULL 256K OF VIDEO RAM AL LOWS 640 x 350
PIX ELS IN 16 OF 64 COLORS

• LIGH T PEN INTERFACE

MCT-CG $49.95
COMPA TlBLE WITH IBM COLOR GRAPHI CS STANDARD

.. SHORT SLOT CA RD USE S V LSI CH IPS TO
INS URE RELIABILITY

.. SU PPORTS RGB, COM POSIT E M ONOCH ROM E
& COLOR AND A N RF MODULATOR OUTPUT

.. 320 x 200 COLOR GRAPHICS MODE
• 640 x 2 00 MONOGRAPHICS MODE
.. LIGHT PEN INTERFACE

EXTERNAL
NO SOFTWARE INCLUDED

EASYDATA-12D $119.95
1200 BAUD

EASYDATA-24D $219.95
2400 BAUD

EASYDATA MODEMS
All models feature auto-dial/answer /redial on busy, Hayes compatible,power up self
test, touch tone or pulse dialing, built -in speakor, PC Talk III Communications
software, Bell Systems 103 & 212A full or half dup lex and more.

INTERNAL
EASYDATA-12H $79.95

1200 BAUD HALF CARD

EASYDATA-12B $99.95
1200 BAUD 10" CARD

EASYDATA-24B $179.95
2400 BAUD FULL CARD

$79.95

IBM COMPATIBLE
FLOPPY DISK DRIVE

.. INCREASE THE SPEED OF YO UR PC /XT
OR CLONE BY 67 % OR MORE!

.. SIMPLE NO -SLOT IN STALLATI ON
• SOFTWARE OR HARDWAR E SPEED

SE LECT ION
• 8 MHz V2 0 PROCESSOR &

SOFTWARE INCLUDED
.. SE LECT FOR 3 TURBO FREQU EN CI ES
.. EXTERNAL RESET SW ITCH
.. OPTIONAL 8088 8 MHz PROCESSOR

AVAILABLE
.. KIT INCLUDES CABLING, TEST CLIP

AND SWITCHES

$69.95

JDR PART W: FDD-m

GOOD QUALITY DRI VES
B Y MAJOR MANUFACTURERS SUCH AS

QUME , TANDON & CDC
'* 51/4" HALF HEIGHT .. DS /DD
'* 360K STORAGE CAPACITY " 48 TPI

$69.95
NICKEL EXPRESS

PC/XT SPEED UP KIT
FROM RIM ELECTRONICS

PLEASE NO TE:
Certain early PCs may no t ru n at 8 MHz·
these machines may be sw itche d to one of
the slower speeds:
6.66 MHz=4O"1o 7.37 MHz=SSOh aoMHz--67Ifo

IBM COMPATIBLEKEYBOARDS
MCT-5060 $59.95
• IBM AT STYLE LA YOUT
• SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES
• EXTRA LARGE SHIFT & RETURN KEYS
• LEO INDICATORS FOR SCROLL, CAPS &

NUMBER LOCK
• AUTO REPEAT FEA TU RE

:=--=- -=--:=-=-==::..1

~
.. SW ITCH CU T·O UT ON SIDE FOR PC/XT

STYLE POWER SU PPLY
.. CUT -OUT FOR 8 EXPANSION SLOTS
.. IN CLU DES SP EAKER
• A LL H ARDWA RE IN CLU DED

$34.95
XT STYLE SLIDE TYPE CASE $39.95
AT STYLE SLIDETYPE CASE $89.95

IBM COMPATIBLE
31f2" FDD KIT

$149.95
IBM XT STYLE

COMPUTER CASE

JDR PART W: FDD-3.5 KIT

.. 720K FORMAT, DOS 3.2 COMPATI BLE

.. ALLOWS DATA INTERCHANGE W ITH
NEW IBM M ACHINES

.. MOUNTING H A RDWARE FO R 51;;"" SLOT

.. BOTH AT & XT V ERSION S AVA ILABLE

• IBM ENHANC ED STYLE LA YOUT
.. SOFTWARE A UTOSEN SE FOR XT OR A T

.!~~~~~~~~;@~u COMPATIBLES

.. 12 FUNCTION K EYS
• EXTRA LARGE SHIFT & RETURN KEYS
• LED INDICATORS FOR SCROLl. CAPS &

NUMBER LOC K
• AUTO REPEAT FEATURE
• SEPARATE CURSOR PAD

MCT-5151 $69.95
KB5151 '" EQIUVALENT

CIRCLE 183 ON FREE INFORMATION CARD

TOTAL SYSTEMCONTROL FROM ASINGLE SLOT
SAVE THOSE VALUABLE SLOTS FOR SPECIALITY CARDS

MCT·MGMIO $119.95
• HERCULES COMPATIBLE MONO·

GR APHICS, 720 x 384 PIXELS
• GAME PORT
.. PARALLEL POR T & CLOCK/CALENDAR
* SERI AL PORT IN CLUDED, OPTIONAL

2n d SERIAL AVAILABLE
.. SUPPORTS BOTH 0 5 /00 & OS / Q D

USING DO S 3 .2 OR HI GHE R

QUALITY IBM COMPATIBLE MOTHERBOARDS
TURBO 4.77 / 8 MHz $109.95

JDR PART #: MC T-TURBO
.. 4 .7 7 OR 8 M H z OP ERATION W ITH 80 88 -2

& OPTI ON AL 8087-2 CO· PROC ESSOR
* D YN A MICALLY A DJUSTS SPEED DUR ING

DISKE TT E OP ERATION FOR MAXIMUM
THROUGHPUT A N D RELIABILITY

• CHOICE OF NORMA L I TUR BO MODE OR
SOFTWA RE SEL ECT PROCES SOR SPEED

STANDARD MOTHERBOARD $97.95
JDR PART . : MCT-XTMe

80286 6 / 8 MHZ $379.95
JDR PART #: MC T-ATMB

·8 SLOT (2 EI GH T BIT . 6 SIX TEEN BIT) AT

MOTH ERBO ARD ~~~~~~
_* HARDWARE SELECTIO N QF 6 OR 8 MHz

. 1 W A IT STATE

* RESE T SW ITCH . FRON T PA N EL LEO Iliil~III~~INDICATOR AN D KEYLOCK SUPPORTED
• SO CKETS FOR 1 MB OF RAM AND 80287 ON

BO A RD
.. ON BOARD BATTERY BA CK ED CLOCK

O PERATES WITH PC ·DOS OR MS ·[)OS

144
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Model ST·277 5'// ' half heigh t

'AS$ii gRLL)Mod el ST-251 5 '// ' half height

'$'469'

MCT-FH

MCT-HOC $79.95
HARD DISK CONTROL FOR WHA T OTHERS CHARGE FOR FLOPPY CON TROL

.. IBM XT COMPATIBLE CONTROLLER
SU PPORTS 16 DRIVE SIZE S IN CLUDING
5. 10.20.30 &. 40MB

.. OPT ION S INCLUDE THE AB ILITY TO
DIV ID E 1 LA RGE DRIVE INTO 2
SM A LLER. LOGICA L DR IVES

.. IN CLU DES CA BLI NG FOR 1 INTERNAL
DRIVE

MCT-RLL $119.95
GET UP TO 5CP1o MORE STORAGE SPACE QN YOUR HARD DISK

.. INCREASES T H E CAP A CITY OF PLA TED
M EDIA DRIVES BY 50 %

.. RLL 2.7 ENC ODING FOR M ORE
RELI ABLE STORAGE

* TR A NSFE R RATE IS AL SO 50% FA STER;
750K / sec vs 50 0K / sec

* US E WITH ST- 2 38 DRIVE TO AC H IEV E
30 + MB IN A H ALF H EIGHT SLOT

e5S9Seagate
HALFHEIGHTHARD DISK DRIVES

40 MB 60 MB

DISK CONTROLLERCARDS
FROM MODULAR CIRCUIT TECHNOLOG Y

MCT-FDC $29.95
QUALI TY DESIGN OFFERS 4 FLOPP Y CONTROL IN A SINGLE SLO T

.. INTERFA CES UP TO 4 FDD s TO AN IBM
PC OR COMPATIBLE

.. IN CLUDES CABLING FOR 2 INTERNAL
DRIVES

~ USES STANDARD DB37 CO N NE CTOR
FOR EXTERNAL DRIVES

.. SUPPORTS BOTH DS/DD AN D DS /QD
WHEN USED W I DOS 3.2 OR JFORMAT

Systems include half height hard disk drive. hard disk drive controller, cables
and instructions. All drives are pre-tested and warranted for one year.

HALFHEIGHTHARDDISK SYSTEMS

20 MB 30 MB
- $299' $329--

COPYRIGHT 1987 JDR MICRODEVICESCIRCLE 184 ON FREE INFORMATION CARD

MCT-EMS $129.95
2MB OF LOTUS/INTE L/MICROSOFT COM PATlBLE MEMORY FOR THE XT

* CONFORMS TO LOTU S/INTEL EMS
* USER EXPANDABLE TO 2 MB
* US ES 64K OR 25 6K DYNAMIC RA M

(NO M EMO RY IN STALLE D )
* USE AS EXPANDED OR CONVENTIONA L

M EMORY. RAM DISK OR SPOOLER
* SOFTWARE INCLUDES EM S DE V ICE DRIVE RS.

PRI NT SPOOLER A N D RA M DI SK

* A FINE EXAMPLE OF FLE XIBILITY:
OFFERS EXTENDED (AT M EM ORY ) OR
EXPANDED (LIM /EMS) M EM ORY AS W ElL AS
THE A BILITY TO FILL OUT CO N VENTIONAL
(640K) MEMORY

.. 2 MEGABYTE CAPA CITY IN A SINGLE SLO T
* "RAMDI SK. PRINT SPOOLER AND LIM /EM S

SOFTWARE INCLUDED
* SPECIAL MEMORY MAP A NALYSIS INCLUDED

MCT-ATEMS-MC $3495
PIGGY BACK BO ARD (ZERO K INSTALLED)

MCT-MID $79.95
A PERFECT COMPANION FOR OUR MOTHERBOARD

* 2 DRIVE FLOPPY DISK CONTROLLER
* INCLUDES SERIAL PORT. PAR ALLEL PORT,

GA ME-PORT-AND CLOC K / CA LENDAR =-'-----a
WITH BATTERY BACK-UP l~j~~H* SOFTWARE FOR A RAMOISK. PRINT SPOOLER
AND CLOCK/CALENDAR

MIO-SERllL 2nd SERIAL PORT $1595

MCT-ATEMS

RAM CARDS
FROM MODULAR CIRCUIT TECHNOLOG Y

MCT-RAM $59.95
A CONTIGUOUS MEM ORY SOLU TION FOR YOUR SHORT OR REGULAR SLO T

* SHORT SLOT, LOW POWER PC COM PA TI B LE
DESIGN

* CAN OFFER UP TO 57 6 K OF A D DIT IONAL
MEMORY

* USER SELECTABLE CONFIGURATION
A M OU N TS OF 192. 38 4. 512. 256 &. 576K.
USING COMBINATIONS OF 64 &. 256 K RAM

MCT-10 $59.95
USE WITH MCT-FH FOR A MINIMUM OF SLO TS USED

* SERIAL PORT A DD RESSA B LE AS COM1 . COMZ. ...!!"!;!!""_
COM3 OR COM4 .

* PA RALLEL PRINTER PORT ADDRESSABLE A S
LPTl OT LPTZ (x378 OR x278 1

...CLOCK/CALENDAR WITH A BATTERY
BACK-UP

IO-SERllL 2nd SERIAL PORT $1595

MCT-ATMF $139.95
ADDS UP TO 3 MB OF 1 BIT RAM TO THE AT

* USER EXPANDABLE TO 1.5 MB OF ON-BOARD Ji;;~i:;;~:lm~fil~~r.!MEMORY (NO MEMORY INSTALLED )
* FLEXIBLE ADDRESS CONFIGURATION
* INCLUDES SERIAL PORT AND PARALLEL PORT
* OPTIONAL PI GGY BACK BOARD PERMITS

EXPANSION TO 3 MB

ATMF-SERIAL 2nd SERIAL PORT $2495

MCT-ATMF-MC $2995
PIGGYBACK BO ARD (ZERO K INSTALLED)

MCT-ATIO $59.95
USE WITH MCT-A TFH FOR A MINIMUM OF SLO TS USED

* SERIAL PORT ADDRESSABLE AS COM1 , COM2.
COM30R COM4

* PARALLEL PRINTER PORT ADDRESSABLE A S
LPTA OR LPTB (x378 OR x27 8)

* GAME PORT
* USES 16450 SER IALSUPPORT CHIPS FOR HIG H

SPEED OPERATION IN AN AT

ITIO-SERllL 2nd SERIAL PORT $2495



EMI FILTER $4.95

2 VOLUME SET
Ie MASTER

THE INDUSTRY STANDARD

$129.95

2 co nd uctor .39 3 conductor .9 9
3 co nductor w /fomal e soc k et 1.49

MUFFIN FANS
3.1S" so 14 .9S 3.63" so 14.9S

3.18 " SaUARE 16.9S

6' LINE CORDS

PS -A

S-100
BARE · NO FO IL PADS . • •. .•• •. . • 5 15. 1 5
HQRIZONTAL BUS . . . •. • • . . . . . .• 52 1.8 0
VERTICAL B US . • . . .• . ••• . • • • • • $2 1. 80
SINGLE FOil PADS PER HOLE . . • . .. 52 2 .7 5

APPLE
BARE· NO FO llPAOS . ..• . . . . . . . 5 1 5.1 5
HORIZONTAt BUS • . • • . • • . • • • . . • 522. 7 5
SING LE FOI L PADS PER HOLE • • • • . • 52 1.S 0
FOR APPLE li e A UX SLOT . • . • • • •. • 530. 0 0

PS-IBM /l50

BO TH CARDS HAVE SILK SCREENED LEGENDS
AND INCLUDES MOUNTING BRACKET
WITH +5V AND GROUND PLANE • • •. $27 .95
AS ABOVE W /OECODING LAYOUT • ••• $29 .95

$69.95

P100-,
P100·2
P100-3
P100-4

AT
IBM -PRA T LARGE t 5V & GROUND PLANES • • . .• 52 9 .9 5

LITHIUM BATTERY
A S USED IN CLOCK CIRCUITSI@
3 VOL T BATTERY
BATTERY HOLDER

$89.95
.. FOR IBM PC·ATCOMPATIBLE
.. 220 WATTS
.. +5V @ 22 A. +1 2V@ SA

·SV @.SA . -12 V @ .SA
.. 1 YEAR WARRANTY

SWITCHING POWER SUPPLIES
$59.95

* FOR IBM PC -XT COMPATIBLE
'* 13 5 WATTS
'* +5V@ 15A, +12V@ II .2A

·SV @ .SA.-12V @ .SA
'*ONE YEAR WARRANTY

BIUlO YOUR OWN
Z80 COMPUTER $19.9 S

5 17 .9 5
$18.9S
5 1S.95
5 1S .95
51 9 .95

$49.95
.. USE TO POWER A PPL E TYPE

SYSTEMS. 79 .S WATTS
,. +5V @ 7 A . +12V @ 3A

-SV@ .SA . · 12V@ .SA
,. APPLE POWER CONNECTOR

.. FOR IBM PC·XT COMPATIBLE

.. 150 WATTS

.. +12 V@ 5.2A . +5V @ 16A
-12V @ .SA . -SV @ .SA

* ONE YEA R WARRANTY

$34.95
,. 75 WATTS. UL A PP ROV ED
" +5V @ 7A. +12V @ 3A

- 1 2V @ 250ma. - 5V @ 300ma

PS-IBM-150

BOOKS BY STEVE C1ARCIA

EXTENDER CARDS
IBM-PC 529.95
IBM-AT 539.95

PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN ASSORTED COLORS $27.50
1 000a : 5 .5 ", 6 .0", 6.5", 7.0"

2 500a: 2 .5 ", 4 .5 " , 5 .0 "
5000a: 3 .0 ", 3 .5 " , 4 .0"

SPOOLS
100 foot 54.30 2 50 fe ot $7 .2 5
500 fee t $ 13 .25 1000 foot S21 .9 5

Please specify color:
Blue, Black, Yellow or Red

BAROAIN HUNTERS CORNER

HYUNDAI
MONOCHROME

MONITOR
* 12" NON-GLARE AMBER SCREEN
* IBM COMPATIBLE TTL INPUT
* ATTRACTIVE CASE WITH TILT &

SWIVEL BASE

ONLY $69.95
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SEND FOR
f................~....................~...........................-.-,.................._ ..................._ ....." "..-........................-........................~......................~....../ ..................,
~ + QUALITY PARTS + DISCOUNT PRICES # FAST SHIPPINGI ~

FREE i ALL ELECTRoniCSCORR I1987 CATALOG
~"""""'f"'S"U1f"''''

lUi " "!Ii
OUR NEW MAILING

ADDRESS IS:

tJ~~~~~~ill@/@Q~~/~~J
P.O. BOX 567

VAN NUYS, CA 91408

800-826-5432

BLACKLIGHT ASSEMBLY ELECTRET CONDENSER MIKE LIGHT ACTIVATED LED' S =-=- ~ MOTION SENSOR Standard J umbo DiffusedJt:l ~
....;;;> --= T 1-3/ 4 S i zeThi s device. Mousert 25LM044 Highly conta ins a IJIIII~I RED 10 fo r $1. 50

, sensit ive mini microphone. photocell CATt LED- l 100 fo r $13. 00
6" wire l e a d s . 0 . 39 " d ai . which senses " 100 0 for $110. 00

.~
X 0 .27" high . Orooi directiona l . sudden change rn Wo

~ Ope rates on 2-10 Vdc @ l e s s in a mbient ~ GREEN 10 for $2 . 00
Comp lete , )) t han 1 rnA. lK impedance . 50 to light. Cou ld '\l=' CATt LED- 2 10 0 for $17 . 00
f unct10 n l.ng 8 K Hz range . be used as a door annunc iator 100 0 f or $1 50.0 0
assembly Ln c Lude s ba l last , CATt MKE- l $1 . 00 EACH or modified to trigger othe r
on -off switch , po wer cord , sockets dev ices . 5 1/2' X 4" Xl' . YELLOW 1 0 for $2. 00

CATt LED- 3 1 00 fo r $17 .0 0a nd F4TS- BL bl ack l ight . Mounted on NI-CAD CHARGER / TESTER Operates on 6 Vdc . Requires
1000 fo r $150.00a 7 1/ 8" X 3 1/8" me t al p late . Use 4 AA batter ies (not included).

fo r spec ial effects l i gh ting or DELUXE un iversal~ CATt LSMD $5 . 75 per u nit FLASHINGLED ==-.::.
erasing EPROMS. charger and tester . •.

w/ bui l t i n fl ash i ng ci rcuitCATt BLTA $10.00 EACH for a lmost every
size NI -C AD battery THIRD TAIL LIGHT operates on 5 Vol ts • • •

avai la b le. RED $1. 00 eachSWITCHING POWER SUPPLY CATt UNCC- N $1 5 .00 each
'M h Lqh-r t .ech ! CATt LED- 4 10 fo r $9.5 0

Compact,_w e ll regu lated_switching ___ _~_RECHARGEABLE___ Lamp as se mb Ly , > ,,, '
powe r su pply d esig ne d to powe r Te xa s NI-CAD BATTERIES Red -lens ~s-2 3/4 " GREEN $1. 00 each

Ln s t r ume n,, _ . ... . '"'~ AAA SIZE $ 2.2 5
X 5 1/ 2" moun t e d on CATt LED- 4G 10 f or $9. 50
a 4" hi gh pedes ta l

I NPUT: 14-25 va c @ 1 a mp AA SIZE $ 2.00 with up-down swivel BI - POLAR LED ==DOUTPUT : + 12 vdc @ 3 50 rna. ; AA with solder tab $ 2.20
+ 5 vdc @ 1. 2 a mp ';' C SIZE 1.2V1200mAH $4.25 adj ustment . Has

Li gh t s RED one direction,
hi ~ 6UB-C 61ZE solderlab $4.25

12V replaceable bu lb.- 5 vdc @ 200 rna. CATt TLB $3 .95 each '" e " GREEN the o t her . Two lead .
SI ZE: 4 3/4 " squa re . ' , 0 SIZE 1.2V1200mAH $4.25 CATt LED- 6 2 for $1. 70
I ncludes 18 Vac @ 1 amp

LED HOLDERSwal l t r ansfor mer des i gned~ SOUND EFFECTS BOARD RELAYS TRANSISTORSto po wer t h is s upp ly .
2N2222A Two Pie c eCATt PS- TX $5 .00 / set ' P. C. board with 2 1/4" speaker ,

12VOC-
4POI Holder ea10 for $ 45 . 0 0 2 LEOs, I C, battery snap , other P.C . mount 3 fo r $1. 00

co mponents 2 3/8" X 3". 5 amp co ntacts PN2222A CATt HLED 10 for 6 5c

SLIM LINE FAN Whe n switch is pus hed~ 150 oh m co i l
bo ard beeps and l e ds~ Si ze: 1 1/ 4" X 4 f o r $1. 00

CLIPLIGHTE
~ ro,,, .,,,n,, New i i s va ligh t. Operates~ "':: - 1 3/4 " X 7/ 8" 2N2904

LED HOLDERcooling f an. 3 5/ 8 " s quare (~o~Vi ~~i~~~~) . ~~ :> CATt 4PRLY- 12PC $3 . 50
@ X 1 " de e ,? Meta l hous ing . 10 for $3 0 . 00 3 f or $1. 00 Makes L.E.D . g

. 5 blad e 1mpeller. CATt ST-3 $1.25 each 10 AMP SOLID STATE 2N2905 l oo k l i ke a
, CATt SCFE-11 5 $8 .50 e ach f ancy i ndi cator.

10 fo r $75. 00 Conr r o Lr ""'~ 3 for $1. 00

VENTED PROJECT CASE Loa d: 10 AMPS, 2N3055 CLEAR CATt HLDCL-C

BopLa '"' m , ~
120 Vac RED CATt HLDCL- R1 mA METER , Size : 2 1/ 2" X $1.0 0 each GREEN CATt HLDCL-G

Modute c 0-1 mA ~~"I~I
Vented top a nd 3/4" X 7/ 8 " PN3569 YELLOW CATt HLDCL- Y

s igna l s t rength bot t om. Bl a c k CATt SSRLY- l0A $9 .50 4 o f on e c olor $1. 00
me t er wi t h KLM l og o. ~

~ J
plastic with 10 fo r $8 5. 00 10 for $1. 00
r emovable e nd pane ls .1/ 4' X 1 3/ 4" X 7/ 8' deep.
~" X 8 1/ 2" X 3" COMPUTER GRADE TRANSFORMER SWITCHESCATt MET-2 $2 .0 0 each CATt MB- 71 8 $12 .5 0 each

CAPACITORS 4-
MINIATURE TOGGLE

l
1,400 MFD 200 VDC SWI TCHES

PUSHBUTTON PHONE 2 K 10 TURN
2" di a . X 3" high

r a ted 5 Amps

Sp e ctra-phon e Mode l • OP- l
Mul it - tur n pot CATt CG-142 0 $2. 00 s....r.tox-ore~Spectro l t MOD 534 - 716 1 7,500 MFD 200 VDC

non- t hre a ded
1 pie ce t elephon e with CATt MTP- l0 - 2 $5 . 00 each 5.6 Volt - 750 ma bu s hing
rota ry (p ulse) output . 3" dia . X 5 7/ 8 ' h . P .C. mou nt . 1'1 "

~ Ope ra te s on mos t r ot ary or
6-12 veeMOTOR

CATt CG-75 $4 . 00 CATt TX- 56 $3 .0 0 CAT. MTS- 40 PC 1!.I.'f
touch tone systems. Fe a t u r e s

~~ 22,000 MFD 25 VDC 75c each
l a s t minute r e di a l and mute Mabuchi • RS- 550 S 12 V.c.l- 1 a~ 10 ,f o r $7.00

~
bu tton . Includ e s co i l co rd

~!
Permanent magnet mot or. 2 ' d ia. X 4 3/4 " h . CATt TX-1 21 $4.00 s.••.r ,r_",with s t a ndard modular plug . 7/1 6" dia X 2 1/4" l ong . CATt CG-22 $2. 50

~
I VORY. 2 ,6 00 RPM @ 6 Vdc - 200 rnA 72 ,000 MFD 15 VDC 12 V.c.l - 2 a~ So lder lug

~
CATt PHN- l $8 .5 0 EACH 5,3 00 RPM @ 1 2 Vdc 2" dia. X 4 3/8 " h . CATt TX-122 $4.85 termina l s .

2 FOR $1 5 . 0 0 ~ CATt DCM- 7 $3 . 00 each CATt CG-130 $3 . 50 12 V.c.l- 4 a~
CATt MTS-4
$1 . 00 each

48 KEY ASSEMBLY XENONFLASH TUBE CATt TX-1 2 4 $7 . 00 10 for $9 .00

GiI '- VIC 20 MOTHERBOARD ~ 18 Volt - 650 ma o.•.o.r. ,,~,r ,

-~=I
3/4 " l on g X 1/8 " d da , CATt TX-1 8 6 $2 .00 Solder l ug
CATt FLT-l 2 for $1. 00 t erm i nals

W{'ffF"""'W 'Eff
10 for $18. 00 CATt MTS-8 'w;yBB\ : : ;ft!'{": : : POLARITY

~
24 V.c.l- 1 a~ $2 .00 each

~ uuuiu: gaaa SWITCH CATt TX- 241 $4. 85 10 for $19 . 00

NEW T. I. KEYBOARDS. tJ/J~tJJ7g_~~~D[ja Des igned to contro l an 24 V.c.l - 2 a~
MINI PUSH BUTTON

Or igi na l ly us e d on externa l coaxia l re lay S.P.S.T. ~compute r s , these on a sate l l ite T . V. CATt TX-242 $6 . 75
keyboards contain system. Ideal for parts. momentary .
48 S.P.S . T. me cha ni cal 26 I C' s i nclUding 6502A and 6560. Con t ains a 5 Vdc relay 24 V.c.l - 3 a~ Pu s h to make .
swi tches . Terminates 2 ea . 6522, 2 ea. 8128, 2 ea . 901486 , and many o t her parts o n CATt TX-243 $9 .50 1/ 4" bu s h i ng .
to 15 pin connector. 3 ea . 2114. Not guaranteed but great a P.C . board . Red button.

24 V.c.t. - 4 a~ CATt MPB-l 35c eachFr ame 4" X 9" for rep lacement parts or experimentat ion. CATt RDPS $1 . 75 each 10 fo r $3 .0 0CATt KP-48 $3 . 50 each CAT t VIC-20 $15.00 each 10 f or $15.0 0 CATt TX- 244 $1 1. 00

~ SOUND AND VIDEO TELEPHONECOUPLING

STORES MAIL ORDERS TO: TOLL FREE MODULATOR =-- TRANSFORMER

LOS ANGELES ALL ELECTRONICS 800-826-5432 TI t UM1381-1 . Des igned for ~ DP.O.BOX 567 INFO:(818) 90 4-0524 STANCOR ,
905 S.VERMONT AVE . VAN NUYS, .,. "" 0 , .,. ,..,.,.". '"",~ t TTPC- 8 r-be used with video cameras , ~
LOS ANGELES, CA CA 91408 FAX~818)781-2653 ga mes or other a ud i o/ vide o =~: 600 ohms cv t , ~90006 TELEX QUANTITIES LIMITED ~ sources. Bui lt i n A/B s wi t c h ..
(213) 380-8000 TWX-101010163 MINIMUM ORDERS 110 .00 VIS4 enables us e r to switch from to 600 oh ms c .t.

VAN NUYS ALL ELECTRONICS
CALIF. ADD SALES TAX

x,v , en t; enna wL'thou t; """- ~
P.C. board moun t .

USA: 13.00 SHIPPING 3/4' X 5/ 8 ' X 3/4 "

6228 ~EPULVEDA BLVD.
NO C.O.O.!

[II
nection . Operates on channe l

Fo re ign Customers FOREIGN ORDERS: 3 or 4. Requires 12 Vdc. Hook CATt TCTXSVAN N YS, CA 91411 Send $1 .50 postage INCLUD E SUFFtCIENT up d iagram inc l uded. -... $2 . 50 each
(818) 997-1806 for FREE Cata log ! l SHIPPING CATt AVMOD $5 .00 each U-JI""
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7 4LS

NEC V20 & V30 CHIPS

lM1458N. . . . . . .39
lM1 488N .49
DS14C88N (CM OS) 1.19
lM1 489N .49
DS14C8 9N ICMOS ) 1.19
LM14 96N 89
MC1648P 3.49
LM1 8 71N 1.95
LM1 8 72N 1.95
LM1 896N- 1 1.49
ULN2003A. . , .. . . . .79
XR2206. . . 3 .95
XR22 11 2.95
XR2243 1.95
26LS29. .. 3.95
26LS31 . . 1.19
26LS32. . . 1.19
26 LS33. . . . 1.49
LM29 01 N .39
LM29 07N 129
LM29 17 N (8 pin ) 1.95
M C3419CL . .. . 6.95
M C3446N 1.69
M C3450 P 1.95
M C3470P. . . . . .. 1.95
M C3 471P . . .. 1.95
M C3479P . .. . 4.79
M C3 48 6P. 1.69
M C3 48 7P 1.69
LM 3900N .49
lM3905N 1.19
LM 3909N. . . 99
lM391 4N 1.95
LM3916N 1.95
NE 553 2. .69
N E5534. . . • . . . , . . .. .69
7OO5K (LM 340K-5 ) .. 1.29
78 12K (LM340K- 12) . 1.29
78 15K (LM340K-15) . 1.29
7OO5T (LM340T-5) . . .49
781 2T (LM340T- 12) . .49
78 15T (LM340T- 15) . .49
7905K (LM320K-5) . . 1.35
7905T (LM320 T-5) .. .59
75472. . . . . . . . .59
75477 89
MC1451 00P 32 5
MC145406P 2.95

.29 74HCT139.. .. .. .. .. .59

.29 74HCT157. .69

.29 74HCT174. .69

.29 74HCT175. .69

.29 74HCT240. .99

.29 74HCT244.. .99

.49 74HCT245. . . . . 1.19

.49 74HCT373 1.19

.59 74HCT374 1.19

SATELLITE TV
DESCRAMBLER CHIP

74HCT - CMOS TTL
74HCTOO.
74HCT02.
74HCTQ4. . .
74HCT08.
74Hcno .
74HCT32 .
74HCT74
74HCT86. .
74HCT138

ICSOCKETS
Low Profile Wire Wrap (Gold) L~ #3

8 LP. .11 8 WW. . . . .59
14LP. .12 14'INW. . . .65
16LP. .13 16 WW.. . .69
24 LP. .25 24WW. . . .. 1.19
28LP. .27 28WW. . . . 1.39
4OLP 29 4OWW 1.89
SDldertlll Standard (Gold&lln ) &Header PlugSockets AlsoAqillble

74HCHI-SPEED CMOS

LINEAR

74C-CMOS
74COO . . . .29 74C174. .79
74C02. . .29 74C175 .79
74C04. . .29 74C221. . . . .. 1.79
74C08. .. .3 5 74C240. . . 1.79
74C 10. . . .3 5 74C244 1.79
74C 14. .59 74C3 73 1.95
74C32. .3 5 74C3 74 1.9 5
74C 74. . . .59 74C912. . . . . . . . . . 8.95
74C85. . . .. 1.49 74C915 1.39
74G86. . .35 74C920. . . . 6 .95
74C89. . .. 5.49 74C92 1. . . . . 6.95
74C90. . . . . . . . . . . . . .99 74C922. . . . . 3 .95
74C154 . . . . 2.95 74C923. . . . ... 3.95
74C173 .. 1.05 74C925 .. 5.95

DSOO26CN .. . 1.9 5
TL 0 74 CN. . . .. 1.19
TL084CN . . . .99
AF1 00-1 C N ~ 8.95
LM307N 45
LM309K. . . 1.25
LM311N . .45
LM 3 17T. .79
LM 3 18N. . .99
LM319N. . 1.29
LM 323K 3.95
LM 324 N 39
LM338 K. . 4.95
LM 33 9N . .39
LF347N . .. 1.79
LM348N.. . .. 69
LM350T. . . 2.95
LF3 51N. . . . . .39
LF353 N . . . . .49
LF355N .79
LF35 6N .. .89
LF357N . . . 1.09
LM358N. . . .49
LM360N . .. 2.19
LM361N. .... . 1.79
LM38ON-8 . . . .99
LM386N-3 . .89
LM387N. .99
LM393N. . .39
LM399H 2.95
LF411CN. .79
TL 497ACN 1.49
NE540H IC540H) 2.95
N E5 55V. . .29
XRL5 55. . .59
LM556N. .49
NE558N. . .89
LM565N. .99
LM567V. .79
NE592N. .89
LM741C N. . . .29
lM747CN . .59
M C1 35 OP 1.09
M C1 372P 1.95
MC1377P 2.29
MC1398P 8.95
lM1 41 4N. .. 12 9

The MM5321 IS a TV camera sync gene rator designed to
supply the basic sync functi on s for either colo r or mono­
chrome 525 line/60Hz interfac ed and camera video recorder
app licatio ns. COLOR BURST GATE & SYNC

ALLOW STABLE COLOR OPERATION

MM5321 N. . " $11.95
INTERSIL Also Available!

Part No. Price Part No. Price
74 Hcoo. ..... .... .25 74 HC175. . .. .... . .69
74 HC02. . .. . . . ... .25 74HC221 . ... . . .. . 1.19
74HC04. . .. ..... .29 74 HG240.. . ... .. .99
74 HC0 8 .......... .29 74 HG244 .......... .99
74HC10 . ..... . .. . . .29 74 HC245. ... .. .. . .99
74 HC 14. .. .. .49 74HC 253 . ....... .59
74 HC3 0. .. . . . . . .29 74HC259. .89
74 HG3 2. ... . .29 74HC2 73. .. . .99
74HC74 .. .. .39 74HC3 73 . ... .. .. .99
74HC75... .39 74 HC3 74 . .99
74 HC 76. . .45 74HC595. ....... ... 1.29
74 HC8 5. . . . .. .79 74HC688 . ... ... .99
74HC86.. . .. .39 74H C9 43 ... ... 8.9 5
74 HC 123. . .... .. . . .89 74 HG4040. . .99
74 HC 125 .. .... .49 74 HC4 04 9 . .. .59
74HC1 32 .. ... . . . .. .69 74H C4 050 .. .59
74 HC 13 8. . ... .. .49 ' 74 HC4060. ... . .. . .99
74 HC139. ...... .. .49 74 HC451 1. . ....... 1.29
74 HC154. . . . . . ..... 1.49 74 HC4514. . ... .. .. 1.79
74HC1 63 . . ... .65 74 HC4538. . .89
74HC174. . ... .. .69 74 HG4 543. .. . .. . .. 1.19

Price

800 0 SERIESCont.
Part No. Price

8228 2.95
8237-5. . . . . . . . . 4.95
8243 2.2 5
8250A. 6.49
8250B (For IBM) 6.95
825 1A. . .. 1.89
8253-5 . . . . . . 1.95
82 54. . . . 4.95
82 55A-5. 1.89
82 57 -5 1.95
82 59- 5.. .. .. 2.25
82 72 . . 4.95
82 79- 5 2.95
8741 9.95

~~~~~~~i iilVj·:. ~:§~
8749. . . 9.9 5
87 5 1. . 39 .95
8755 14.9 5

DATA ACQUISITION
A DC0OO4LCN 3.19
ADC0808CCN. 5.95
ADC 0809CCN 3.9 5
ADC0816CCN 11.95
ADC 1205CCJ-1 19.95
DACOOO8LCN. 1.95
DAC1 OO8LCN 4.9 5
AY -3-10150 4.95
AY -5-1013A . . 2.9 5

WD 1770. . . . . 11.95

SI3052P. . . 2 .4 9

6502. . . . . 2 .65

6 504A. . . . . . . 1.95

6 5 0 7 . . . 4 .3 9

6510.. 9 .9 5

6 5 2 0 . . . 1.9 5

6522. . . 3 .95

6525. 4 .95

6526. . . . 14 .95

6529. . 2 .95

6532. 6.49

6545-1 . 4 .95

6551 .. 4.49

6560. . .. 10 .95

6567 14 .95

6569 . . . 2 4 .95

6 572. . . 8 .95

6 5 8 1 (12V) 14 .95

6582 (9V) 14 .95

8360 . . . . . .. 14 .95

8 5 0 1.. . 10 .95

8502. 7 .95

8 563. . 15.95

8564 . 9. 9 5

8566 24 .95

870 1. 9 .95

"8 721.. .. .. .. . 14 .9 5

8722 . . 9 .95

"251104-04 10.95

3 180 18 - 0 3 10 .9 5

3 180 19 - 03 10 .95

3 18 0 20 - 0 4 10 .9 5

3 25302 - 0 1. 10 .9 5

"325 5 72-0 1 24 .95

"8 2S 10 0 PLA 15 .9 5

9 0 12 2 5 - 01. 11.9 5

9 0 12 2 6 - 0 1. 11.95

9 01 2 27 - 03 11 .95

901229- 05. . 11 .95

'No specs . available
"Note: 82S100PlA =

U17 IC-64)

Part No.Price

2816A
2817A
2865A
52 B 13121V)

TMS2 51 6
TMS2 53 2
TMS2532A
TMS2 564
TMS2716
1702A
2708
271 6
27 16-1
27 C1 6
27 32
2732A-2 0
2732A-25
27C32
2764-20
2764-25
2764A-25
2764-45
27C64-15
27128-20
27 12 8-25
27 128A-25
27C128-25
2 7256-20
27256-25
27G256-25
27512 -20
275 12 -25
68764

2016-12
20 18-45
2 102-2L
2 114N
2 114 N -2 L
2 1C14
2 149
5101
6116P-3
6116LP-3
6264LP- 12
6264P-15
6264lP-15
65 14
43256-15L

4 11 6-15
41 28-20
4 164-120
4 164- 150
4 164 -200
TM$441 6-12
8118
4 1256-120
41 256-150
50464-15
51 1000P-10
51 4256P-10

16.384 x 1 (15Ons) . . . . .89
131 .072 x 1 (200ns) (Piggyback) .. 3 .25
65.53 6 x 1 (12OnS). . . . . 1.75
65 ,536 x 1 (1SOn s) . . . . . .. . 12 5
6 5,536 x 1 (200ns) . . .99
16.384 x 4 (120 ns) 3.49
16 .384 x 1 (12Ons) .49
262 .144 x 1 (120 ns) . . 3 .95
26 2.144 x 1 (15Ons) 325
6 5,536 x 4 (15Ons) (44 64) 4.95
1,048.576 x 1 (100ns) 1 M e g 24 .95
262,144 x 4 (100ns) 1 Meg. . ... 29.95

- - - - - - STATIC RAMS ------
2048 x 8 (1 20 ns) 1.69
2048 x 8 (4 5n s). . . . . . 6 .95
1024 x 1 (2 5Ons) Low Power . . . 1.95
1024 x 4 (450ns). . .99
1024 x 4 (2oons) Low Power . . . 1.49
10 24 x 4 (2 00ns) (C M O S). . .49
1024 x 4 (4 5ns) 2.49
256 x 4 (450ns) CM OS 1.9 5
2048 x 8 (150ns) CMOS. . 1.89
2048 x 8 (150ns) LP CMOS. . . . . 1.95
8 192 x 8 (120ns) LP CM05. . 4.25
8 192 x 8 (15On s) CMOS 3.49
8 192 x 8 (150 n s) LP CMOS 3.75
1024 x 4 (3 50 ns) CMOS 3.49
32 ,768 x 8 (15Ons) Low Power 1 1.95

- - - ---- EPROMS - --- ---
2048 x 8 (45Ons) 25V 6.95
4096 x 8 (4 5Ons) 25V. . . . 6 .95
4096 x 8 (45Ons) 2 1V .. 5.95
8 192 x 8 (4 50 ns) 25V. . .. 9.95
2048 x 8 (450ns) 3 Vo ltage 9 .95
256x8 (11'5).. . .. 6.95
1024 x 8 (45Ons). . . 4.95
2048 x 8 (45Ons) 25V 3 .75
2048 x 8 (3 50ns) 25V 4 .25
2048 x 8 (4 50ns) 2 5V (C M O S) .. 5.49
4096 x 8 (45Ons) 25V . . . . . 3 .95
4096 x 8 (2 oons) 2 1V 4.25
4096 x 8 (25O ns) 2 1V 3.95
4096 x 8 (450ns) 25V (CMOS) . . 5.95
8 192 x 8 (200ns) 2 1V 425
8192 x 8 (250ns) 21 V. . . . . 3 .75
8 192 x 8 (25Ons) 12.5V . . . . 3.9 5
8192 x 8 (4 50 n s) 2 1V 2 .95
8 192 x 8 (15Ons) 21V (CMOS) 6.49
16.384 x 8 (2 00ns) 2 1V 6 .95
16 .384 x 8 (2 50 ns) 21V 5.95
16.384 x 8 (2 5Ons) 12 .5V 525
16.384 x s (250ns) 2 1V (C M OS) ,. 6.9 5
32.768 x 8 (2 00ns) 12 .5V. . . . 6 .95
32.768 x 8 (2 5On s) 12.5V 6.49
32.768 x 8 (2 5Ons) 12.5V (C M05) . 8 .95
65 ,536 x 8 (200ns) 12.5V 13 .49
65 .536 x 8 (25Ons) 12 .5V 11 .95
8192 x 8 (4 50 ns) 25V. . 13 .95

EEPROMS
2048 x 8 (35O ns) 5V Re adlWrite .5.95
20 48 x B (35Ons) 5VReadlWrite . 7.95
81 92 x 8 (25Ons) 5V Read!Write . 9 .9 5
2048 x 8 (35O ns) 5V Read O nly . .. 1.49

MISCELLANEOUS CHIPS
Part No. Price

0 76 5AC. 4.95
WD9216 . . 6.95
zse, la OA, zana SERIES

ZOO. . . . . . . . .. 1.25
ZOO-CTC. . . . . 1.79
ZOO-DART. . . . 4.9 5
Z80-PlO. . . . . .. 1.79
ZSOA .. • . ....... . 1.69
ZOOA-CTC 1.79
ZSOA-DART. . .. . . 4.95
Z80A-PlO.. .. . .. 1.69
ZOOA-S IOI O 5.75
ZOOS. . . . . . . . . 3.49
ZOOS-C TC . . .. . . 3.95
ZooB-PlO.. .... .. 4.29
6500 /6800 /68000 SER.
6502 2.6 5
65C02 (C M OS) . . . 8.95
6520. . . 1.95
6522. . , 3.95
6532. . . . 6.49
65 5 1. ...• .. .. . . .. 4.49
65COO2(CMOS). .. 19.9 5
6800. . . . . 1.9 5
6802. . .. . 3.95
6810. . . 1.2 5
6821. . . .1 .75
6840 . . . 3 .95

Part No.

MICROPROCESSOR COMPONENTS

CD4076. . .59
C 0 4081. ... .2 5
CD4082. . .2 5
C D4093. . .3 5
C 0 4094.. .89
C040100. . 2.49
C 040107. .49
CD40109. .79
CD4510. . . .69
C 0451 1. . .69
C04520 .75
C 04522. . . . . .79
C D4538. . . . . . .79
C 04541 . . . . . .89
C 04543. . . .79
C04553. . . . . . . .. 4.95
C04555. . . . . . .79
C 04559 . 7.95
C04566 2.49
C 0 4583. .89
C D4584. .39
C0458 5 89
M C1 44 11P 8.95
MC144 90P. . . 4.49

.19

.69

.19

.29

.29

.49

.59

.59

.49

.35

.29

.65

.29

.29

.59

.59

.59
...... 1.49
..... .29

. .. 1.29
.25
.25
.25
.25

C0 4oo 1. .
C 0 4OO8
C 040 11 . .
C04013..
C 0 4016.
CD4017..
CD4018 . .
C04020 .
C 0 40 24...... . • ••..
C D4 027. . .
CD4 03 0... ..
CD4040.. ........
CD404 9..
C D40SO.
C0 40 5 1.
CD4052.
CD4053..
CD4063..
C 04066. .
C 04067..
C 04069. .
C04070...
CD407 1. .
C D4072. .

CD-CMO S

74LSOO . . .29 .19 74 LS1 6 5. . .7 5 .65
74 L5 02.. .29 .19 74 LS 166. .99 .89
74L5 04. . .3 5 .25 74 LS173. .59 .49
74LS05. . .35 .25 74LS174 .49 .39
74LS06. . . 1.09 .99 74L5 17 S. . .49 .39
74 LS07.. .. 1.09 .99 74 LS 189.. . . 4.59 4.49
74 LS08.. .29 .19 74 L5 19 1. . .59 .49
74 LS 10 . . .29 .19 74 LS 193.. .79 .69
74 LS 14. . . .49 .39 74 LS22 1. . .69 .59
74LS 2 7.. .35 .25 74LS240. .69 .59
74 LS 3 0. .29 .19 74 LS243... .69 .59
74L532. . .3 5 .25 74 LS244.. .69 .59
74 LS 4 2.. .49 .39 74 LS245.. . . .89 .79
74LS 4 7.. .99 .89 74LS259. . .99 .89
74LS 73... .39 .29 74 LS273. . .89 .79
74LS74.. .35 .2 5 74 LS279. .49 .39
74 LS75.. .39 .29 74 LS322. .. 4.05 3.95
74L576.. .55 .45 74 LS365 .49 .39
74LS85. . .. .59 .49 74LS366. .49 .39
74 LS86. .. .35 .2 5 74LS367. .. .49 .39
74LS 90. .49 .39 74LS368. .49 .39
74LS93. . . . .49 .39 74 LS373 .79 .69
74LS 123. .59 .49 74 LS374. . .79 .69
74 L5125. . .49 .39 74LS393. . . .89 .79
74LS 138.. .. . .49 .39 74LS590. .. 6.05 5.95
74L5139.. .49 .39 74LS624 .. 2.05 1.9 5
74L5 154.. .. . 1.09 .99 74 LS629.. ... 2.95 2.85
74 L5 157. ·. .45 .3 5 74LS640.. . . . 1.09 .99
74LS1 S8. . .45 .35 74 LS645. . . .. 1.09 .9 9
74 LS 163 . . . .59 .49 74LS670 ... . 1.09 .99
74LS164 .. .59 .49 74LS688 . 2.39 2.29

74S/PROMS·
74Soo. . .29 748188*.. . . . . . . .. . 1.49
74504.. .29 74S 189. . .... 1.69
74808. . .3 5 745196. . . . .. . . 2.49
74S 10 . . .29 74 S240. . . . . . .. 1.49
74S3 2. .35 74S244. . 1.49
74S7 4 . .45 748253. .79
74585. . . 1.79 74 S287*. . . . . . . 1.49
74S86. . . . .49 748288*. .... .. 1.49
748124. . ... . 2.75 745373. ... 1.49
74$174. . .79 745374. ...... 1.49
74S 17 5. .79 74$472*. .. .... 2.95

74F
74FOO. . .29 74 F 139 . .69
74 F04. .. .29 74 F157. .69
74F08. .29 74F193. 2.95
74 F10. .29 74 F240.. . .99
74 F32. .29 74 F2 44 . .99
74F74... .39 74 F253. .69
74 F86. . . .39 74F 3 73. .99
74F138. . . . .69 74 F374. .99

Replace th e 8086 or 8088 in Your IBM-PC and
Part No. Increase Its Speed by up to 40~! Pric e

UPD70108-5 (5M Hz ) V20 Ch ip• • • • • $ 8.75
UPD70108-8 (8MHz) V20 Ch ip • • • • • $10.75
UPD70108-10 (10MHz) V20 Ch ip • • • • $29 .95
UPD70116-8 (8MHz) V3DChip• • • • • $13 .75
UPD70116-10 (10MHz) V30 Ch ip • • • • $29.95

7400
Part No. 1-9 10+ Part No. 1-9 10+

7 400. . ... . . . .29 .19 7485. .. . . . . .65 .55
7402 . . . . .. . .29 .19 7486.. .. .. .45 .3 5
7 404. . . . .. .29 .19 7489. . . . .... 2.05 1.95
7 4 0 5. ...... .3 5 .25 7490.. .. . . .49 .39
7 406.. .39 .29 7 493. .. .. .. .45 .35
7407.. .39 .29 741 21 . . . .. .45 .35
74 08. _ . . .. .35 .2 5 74 123.. .55 .45
7 4 10 . . . .. . .. .29 .19 74125... .. . .55 .45
7414. ... ... .49 .39 74126. . .. . .. .69 .59
74 16 . . .. . .39 .29 74143.. . . . 3.95 3.85
74 17 . . .39 .29 74 150. . . ... 1.35 1.25
742 0 . . .3 5 .25 74 15 4. . .. .. . 1.3 5 1.25
7430.. .3 5 .25 74 158. ...... 1.59 1.4 9
7432. . .39 .29 74173. .. .85 .75
7438. . .. .. .. .39 .29 74174. . . .59 .49
7442. .. . .5 5 .45 74 175. . .59 .49
7445... . .. . . .79 .69 74176.. .99 .89

44 6--___. _-89 _ 79 _74 18 1••_ • • ...- 1.g S _ 1.85
7 447. . .89 .79 74189. . . . . . . 1.95 1.8 5
7 448. _ .. . _2 .0 5 1.95 7 4 19 3. ... .. .79 .69
7472. _ .89 .79 7419B. ...... 1.85 1.7 5
7473. _ .. . . .39 .29 74221. . . .. .99 .89
7474.. .... .. .39 .29 74273.. . .. .. 1.95 1.85
747 5. . ..... .49 .39 74365... .65 .5 5
747 6.. .... .. A 5 .35 743 67. . .. .. .6 5 .5 5

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCKl • CALL FOR QUANTITY DISCOUNTS
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Seagate 20,
30 & 40MB
Half Height
Hard Disk

Drives

• 80 Col.l64K RAM • Doubles
amount -of data your Apple lie
can display as well as its mem­
ory capacity ' Ideal fo r word
proc ess ing' Co mplete wi th
instructions

JE864 $49.95

TA450S $ 11.95
Torin Industries (4.68- sq., 50 cfm)

SU2A 1 $11.95
EG&G Rotron (3.125- square, 34 elm)

30003 Nattonallinear Data Book (82).. • • • • $1 9.95
30005 l og ;e Data Book • Vol. II (84)•• . . . . . $19 .95
3000 9 Inters" Data Book (87)• • • • • •. • . . • $ 14.95
21398 C"OS Coo kbook (86) $14.95
210 830 Intel .....o ry Hand boo k (87 )• • .• • •• $17.95
230 843 In' el ,, ;erosyot... Hndb k. Set (87)•••• $2 4.95

Jameco PC/XT
& ATCompatible

Disk Drives
J E1022 (Pictured)

JE1020 (36 0K Drive, PCIXT/An •• • $ 89.95
JE1022 (1.2"B, ATCompa tible) ••• $109.95

DATA BOOKS

ST225K (Pictured )

ST225 2O" B Drive only (PC/Xl/An $269.95
ST225K 20"B w/Con lroll.. (pclXT) $329.95
ST238K 30 " B w/Co nt. (PC/Xl/An • • $369.95
ST251XT 40 " B w/Con lCard (PCIXT) • $549 .95
ST251AT 40 " B w/Co nt.Ca,d (An • • • $589.95

ADD12 (DiSkD,,,,,II, ;,+./Ie) $99.95
Additional Apple Compatible

Products Available

JE 23 JE 24 JE 27

Part Dim. Conta ct Binding
PriceNo. l " x W" Point s Posts

JE20 6\; x 'I> 200 0 $ 2.29
JE21 3 '~ X 2\, 400 0 $ 4.49
JE22 61>X 1 ~' 630 0 $ 5.95
JE23 61'2 X 21. 830 0 - $ 7.49
JE24 61'2 X 31. 1,360 2 $14.95
JE25 6 \~ X 41,4 1,660 3 $22.95
JE26 6 ~'I X 5~ 2,390 4 $27.95
JE27 7\< X 71'2 3,220 4 $37.95

Extended 80-Column
Card for Apple lie

Multi liD wlController
& Graphics for PC/XT

• Graphic s: 720 x 348 • 16 out of 64 co lors
• Manual included

JE1055 $179.95

• Printer Port
• RS232 Port
• Game Port
• Manual included

JE1060 (Pictured)

liD Cards for
PC/XT/AT

• Text : 40 or8D x 25 • Graphics: 320 or 640 x
200 • Parallel Printer Port • Manual included

JE1052 $49.95

Part No. Description Price

JE1043 1.2"/36 0K Floppy Contro l. $ 49 .95
JE1015 Xl /AT Style Keyboa ,d • • • • $ 59.95
41256-120 S12K RA.. (18Ch;ps) .. $ 71.10
JE1012 Baby AT A;p-TOIlease• •• • $ 69.95
JE1032 200W_ Supply• •• • • s 89.95
JE1022 5110 ' High Den s ;ty Disk Drive $109.95
JE1003 Baby AT " oth e rboa rd
(Zero- K RA"-Incl. Awa,d BIOS RO") • $4 29.95

• Regular List $880.80
SAVE $B0.B5!

JE1008 IBM"' AT Compatible Kit. •••••••• $799.95
Jameco's IBM PC/XT Compatible Kit

"-',.------1~~~4~~~~\~I~~i~).~. : : m:~g
JE1010 Aip-Top c $34 .95
JE1015 Xl/AT Style Keyboard • • • $59 .95
JE1030 150 W. tt _ Supply • • $6 9.95
JE1050 "ono/Graph. Crd.wlP._ $59 .95
JE1020 5110- DSDD Disk llriYe • • • • $8 9.95
GREEN 12-Mono.G reen Monrtor 599.95
JE100 0 xr Motherboard (Zero-KRAM-incl.

Award BIOS RO" )• • •• • $99.95

FREE! aUICKSOFT PC
WRITE WORD PROCESSING
SOFTWARE INCLUDED!

Regular List $572.10
JE1004 (IBM '" PC/XT Compatible Kit) •• •• • $499]5
Jameco's 4.7718MHz Turbo IBM Compatible Kit
Same as JE1004 exce pt comes with 640K RAM. JE100 1 (Turbo) 4.77 / 8MHz
motherboard,JE1071 mu lt i I/O with co ntro ller and 9raphics, and AMBER monitor.

SAVE$95.70 Regular List $695.65
JE1005 (IBM'" PC/XT Turbo Compatible Kit) • $599.95

IBM Compatible Motherboards
• 4.77/ 8MHz operatio n (Turbo only) 4)
• 8087 Math Co-processor ca pability •

• BIOS ROM includ ed

JE1001 4.7718MHz ..~ $119.95
JE1000 4.77 MHz ....~ $ 99.95

• Printer port • RS232 port • Aoppy controller
JE1060 I/O for Xl•••• $59.95 .Graphi cs ' Manual inc luded

JE1065 I/O for AT•••• $59.95 JE1071 $129.95

Color Graphics Card EGA Card for PCIXTI AT
for PC/XT/AT

Additional Add-Ons Available!

INTRODUCING JAMECO'S NEW
COMPUTER KITS!!

Jameco's IBM™AT Compatible Kit!
~s~~~~~.9S Mini-286 6/8/10/12 MHz Kit!
EGACard
J E10SS $179 .95
(not inc luded)

/-~~:~-~~:.~~,:~~
... - t ·- ' ...
f- - - - • ~ ~ t '
.;- . .. ,. ~:- ~ =~ ,

TANDY 1000
Multifunction

Board with
Clock Calendar

$20 Minimum Order - U.S. Funds Only
Shipping : Add 5% plus $1.50 Insurance

Cali fo rnia Residents: Add 6%, 6112% or 7% Sales Tax Data Sheets - 50¢ each
/BM ".rogistered'mde"",rlcofln'em .,;on.IBwiness M.chines Prices Subject to Change

J
®~ Send $1.00 Postage fora

Send $1 .00 Postage fora ameco~ FREE1988CATALOG
FREE Seasonal Flyer VlSA'"
FAX 415-592 -2503 ~ Telex: 176043

11/87 ~ fffffffffffff © 1987 Jameco E!ectronics

1355 SHOREWAY RD., BELMONT, CA 94002 • FOR ORDERS ONLY 415-592-8097 • ALL OTHER INQUIRIES 415-592-8121

T20M B

SX20MB

ZlJC:I{ I :m~OAI~ I)
TANDY 1000

Expansion Memory
Half Card

Expand the memory of your
Tandy 1000 (128K Version) to
as much as 640K. Also includes
DMA controller ch ip.

TE512 'nc 'ud.. S12K RA $119.95
TANC Plug-in C~k option chip (only) . • • • $39 .9 5

20Meg Hard Disk
20MB Hard Disk Drive Board
for Tandy 1000. . .. . . . • • $4 94.95
20MB Hard Disk Drive Board
for Tandy 1000SX $499.95

JE232CM (Pict ured)

*CM1 (300 B"odemVl C-20 ,C -64 ) . $19 .95
*JE232CM (RS232 Inler; VIC-20, C-64) • $39.95
CPS10 (C-64 Powe. Su pply)• • • • • $39.95
CPS128 (C-128 Powe' Suppl y)•••• $59.95

'Also compatib le with C- 128 in 64 mode only.

Expa nd the memory on your Tandy 1000 (128K Version) to as
much as 640K . Complete with an RS232 port, cl ock/calendar,
RAM Disk, Prin ter Spooler and on-board DMA co ntroller chip.

MT512 tnclud.. S12KRA"• • • • • • $199.95

Commodore VIC-20
Motherboard

May have to troubleshoot or just use for spare parts.
CV20 Includ es: (1) 6560, (2) 6522, (1) 6502 , (2)
6116P-4 , and muc h more!

CV20 (VIC-20 "otherboa,d)••••• $ 9.95
089033 (SA"S VIC-20 Sc he m.t;co) • • • $19.95

Additional Accessories
for Commodore

VIC-20, C-64 & C-128

CV20

lem!r,,~,g General Purpose
..lEW! Prototype PC Boards
III • Wire Wrap

• • Component
Testing

• Point-to­
Point Wir ing

• 31/62
JE417 (P;ctu'ed) Connection

JE4 11 (6"" , No Pads , Ge n. Pu",.)• • •• • $12 .95
JE41 5 (6"" , No Pads , PC/XT)• • • • • • • $14 .95
JE417 (6"" , Plated w/Pads, PC/XT)• • • • $19.95

Extender Boards
Designed for

Troubleshooting
and Testing__

J E419 (Pi ctu red)

JE419 (SIIo · Exlend e ',22/44Connecto,) •• $19.95
JE421 (4\10 ' Extende', 31/62 Conn ecl o,) • • $19.95

CIRCLE114 ONFREEINFORMATION CARD



\.Nhat's New at
AMERICAN DESIGN COMPONENTS?

- BATTERIES ­
FANS - BLOWERS

- .... -
- - .

\, "t-- . -
4IB>~ ......
.~­
~i,;;"UII--- ---

GELL CELL/LEAD ACID
BATTERIES . . .

12VDC. Mtd. in metal housing.
Schematic supplied.

12" , Green Phosphor
Item #68 11 $19.95 New

9 " , Amber
Item #14332 $ 14.95 New

RECHARGEABLE - Used for solar
energy storage, alarm systems,
remote control boats, robots, etc .

SWITCHING POWER
SUPPLY

Other uses-runs CB & esr rsdios.
Comes ready to plug in!
DC Output : - 5V @ .5 amp.

+ 5V @3 amp.
+ 12V @ 6amp.

Input 115V/60 Hz. Dim.: 9Yo"W
x 3Y," H. (Rubber ft . incl.)

Item #950 1 $24.95 New

115 & 230V , 47 - 440 Hz.
Input: 90 - 135 V/180 - 27 0V
Output : 5VDC @ 5.5A

+ 12VDC @ A A
- 12VDC @ .3A

Perforated metal case enclosure .
Dim.: 9%" L x 3%" W x 2"H .
Mfr - General Inst rument

Item #7983 $14.95 New

COMPUTER GRADE
POWER SUPPLY

Item #14 3 3 1

$549.95 New

COMMODORE
CARTRIDGES

C -64
Consists of 12 asstd, cartridges.
Includes: Number Nabber, Stllr
Post, Finaneilll Advisor, Rlldllr
Rllt, Jupiter Land, Mllgie Com­
pos . Viduzz/es. Golf. Eesy Ce/c.
Simon &lsk, Dragon 's Den, &
ABC Voice. Item #13573

Set of 12 - $49.95 New

C16 & +4
Consists of 9 asstd , cartridges.
Includes: Seript + 2, Cllle Plus,
Sctipt «, Jeck Attsck, PI,els Ad­
ventures, A tomie Miss , Strange
Odyssey, Finllnc illl Advisor, &
Logo . item #13572

Set of 12 - $29.95 New

COMMODORE/AMIGA
POWER SUPPLY

I I I

Commodore VIC 20 CPUboard &
mecha nical keyboard . Guaranteed
not to work. (For parts only .)

Item #12 144 $14.95 RFE

COLECOVISION
Accessories . • •

• Illumi nated cap and number
lock indicato rs.

• Low profi le design.

Item #1104 1

5~ "

1 /2 HT.
DISK
DRIVES
48/96TPI
1.2 Mb .
(AT
Comp at.)
DS/single-double density; 80 track.
Mlr - Panasonic #JU-47 5
Item #10005 $119.00 New
96 TPl, DS/Ouad Density
(DOS 3.2 Compatible)
Tandon TM55- 4; DSIQuad

Item # 1904 $79 ,00
2 for $150.00

Insides of the
COMMODORE
COMPUTER

Contains:
• 2 5 6K RAM;
• X T/A T Style Key b o a rd ;
• 5 ;4 " Full-Height Floppy

Dis k Drive

• 1OMb Full-He ight H a rd
Dis k Drive

• H ard Disk & Fl oppy Disk
Controller C ards

• Color/Monochrome Monitor Card
(monitor not included).

lIBM~

Compat.)
Fit s standard 5 Y4 .. spac ing. Shock
mtd . High speed, low pow er.
Mlr - Seagate/Tandon
Item #13250 $159.00 New
Controller Card for above

Item #10 150 $89.00

5~",

10Mb

HARD
DISK
DRIVE

Also includes
pow er supply ,

instruction
'manual, modu lator ,

and one Donkey Kong cartr idge .

Item #74 11 $29.95

COLECOVISION to

ADAM Expansion Kit

COLECOVISION
GAME

MAGNIFYING . •
LAMP di
. P

THERE'S NO RISK.
With Our full 90-day w arranty,

any purchase can be return ed for
any reason for full credit or refun d.

W e w arehous e 60,000 items at
Am erican Design Components ­

expensive, often hard-to-find com ­
ponents for sale at a fra ct ion of their
original cost !

You'll find every part you need ­
either brand new , or removed from
equipment (RFE) in excellent condi­
tion . But quantities are limited. Order
from this ad, or visit our retail show­
room and find exactly what you
need from the thousands of items on
display.

QPEN MON. - Sal., 9-5

Complete, less top cove r plate . Frict ion
feed. Takes standard paper 8 %" x 11",
(Custo mer returns; tes ted - operat ional.)

Item #8839 $69.50

(Less
printer)
No w iring nee. (just plugs together). Hook-up
diagram included. Includes: Keyboard, 1 cas- ~::':':'''::''':'::'':'='::''''''':::''=:::':::::;~~::':':::...l'~~~::=..:........z.;:::::~~~:':::'...L._=::':'':~:'::'':_::'':::'':'':::'':::':'::'::~~:-::::~=::===~::;::~==~:.:....t
sette digital data drive, 2 game controllers,
power supply. and one cassette . Capable of
running CP/M. has built-i n word processor.

Item #74 10 Complete - $99.00

ADAM
5~"

DISK
DRIVE

ADAM COMPUTER

Gives~,,~m~ -.-_.
reliable data storage
& retrieval. Can hold up
to 160 K bytes of information. Uses
industry -standard SS/OD disks. Connects
direct ly to you r Adam memory console.
Comes w /cJisk drive pow er supply, Disk
Manager disk and ow ner's manual.
Mfr - Coleco, model 7817
Item #12830 Uk eNew - $199.00

ADAM PRINTER

(J)

S:2
z
o
a:
I­o
W
..J
W

o
o
«
a:

This expansion module just plugs
into your ColecoVision. With printer
pow er supply and data drive (both
included), you w ill have a working
Adam Computer. Adam keyboard,
one Smart basic cassette and hook­
up diagram also included.

Item #9918 $59.50

EXPANSION MODULE #2
Play arcade quality driving & rac­
ing games on you r ColecoVision.
Incl. Turbo cart ridge .

Item #13 146 $39.95 New

ROLLER CON TROLLER
Gives fu ll 360 0 game control. Hi­
speed actio n of an arcade. Can be
used wi the Adam. lncl. Slilhe, cart .

Item #13 147 $39.95 New

SUPER ACTION
CONTROLLER SET
Gives you indiv . control of 4 + on­
screen players. lncl. &lsBba' cart.

Item #13 148 $39.95 New

DC Output : + 5V @ 8 amps.
+ 12V @ 1 amp.

- 5V @ 250 mao
Input : 11OVAC/60 Hz., ± 20 %
Dim. : 12"L x 3Y," H x 5Y," D
Enc!. in alum. housing. Fan cooled.
Mf r - Shindenger Electri c

#130 569SX D
Item #14707 $19 .95 New

CIRCLE 198 ON FREE INFORMATION CARD



liThe First SourcelJ
- for electromechanical & electronic

equipment and components - AMERICAN DESIGN COMPONENTS!

75115 $1 .07
75 123N 1.3 4
75124N 1.3 4
75138N 2.65
75 154N 1.25
75450N .53
75451CN .4 4
75452CN .44
75453CN .44
75463N .53
75472 .80
75492N .7 1
76477 3.55

Z8000 Series . . .

Z80 $1 .57
Z80 -CTC 1.61
Z80-DART 4.45
Z80-DMA 4.45
Z80-PIO 1.61
Z80 -SIO/1 4.45
Z80A 1.66
Z80A·DART 4.72
Z80A·DMA 5.35
Z80A-PIO 1.75
Z80B 3.55
Z80B-CTC 4.45
Z80B-PIO 4.45

EPROMS. . .

TMS2532 $3 .55
TMS2 564 8.05
2708 3.55
TMS27 16 5.99
2716 2.24
27C16 8 .95
2732 2.50
2732A-25 2 .95
27C32 9 .85
2764-25 2 .95
2764A-25 2 .95
27C64 6.25
27128-25 2.65
27 128A-25 4.45
27256-25 7 .15
27C256-25 12 .55
68701 9 .95
68705 9 .95

6800 Series . . .

6800 $2 .12
6821 2.72
68A09EP 5.95

NEON TRANSFORMER
(Hi -Voltage)

DS8T28N $1.57
LM1456V 1.75
LM1 458N .44
LM1488N .62
LM1496N .90
LM1899N 1.43
ULN2003A .90
DS26LS31CN 1.34
DS26LS32CN 1.34
LM290 1N .53
LM2903N .53
LM2907N 1.75
LM2917N 1.39
LM2917-14N 1.34
LM2931CT 1.07
MC3346P .90
MC3486 1.3 4
MC3487 1.34
SG3524 1.75
LM3900N .53
LM3914N 1.75
RC4136N .80
RC4151NB .90
RC4193NBIDE)2.65
7805K 1.21
7B12K 1.21
7815K 1.21
78 18K 1.21
7824K 1.21
7805T .44
7812T .44
781 er .44
7818T .44
7824T .44
78S40 1.75
7905K 1.21
7906K 1.2 1
7912K 1.21
7915K 1.21
7918K 1.21
7924K 1.21
7905T .53
7912T .53
7915T .53
7918T .53
7924T .53
79 L12AC .53
79L15AC .53
LF13201 N 2.33
LM13600N 1.07
LM1889 1.85
75 107N .90
75108N .90
7 5110A 1.34

MECHANICAL
KEYBOARDS . .

- MOTORS - TIMERS - PUMPS ­
POWER SUPPLIES - VOLTAGE REGULATORS

INTEGRATED CIRCUITS .

Provides th e most eff ecti ve
att enuation of ' Iine-tc-qround'
and ' Iine-t a-Iine' no ise acro ss t he
fr equen cy range.
Dim. : 2.6 2" x 1.98" x .8 1".
Mfr - SAE (equlv . t o Ccr com ,

type 6ECII
Item #10 959 $4.95

2 for $9.00
Fig. 2

Sh aft 1'/. " L
x %" di a.

40 CFM, ball bearing, .3 amps.
Dim .: 1" t hin x 3 5/ , " square
Mfr - IMC #36 10-LB0 12

Item #13598 $12.95
EMI
FILTER
6 Amp.,
120 /
240 Volt

27 CFM
MINI
FANS

115VAC; 50 /60Hz.; 12W . Low
noise level fans. can be mtd . for
blow ing or exhaus t .

1 y," STANDARD
7 meta l blades
Dim . : 3 1i~ " sq . x 1%H deep
NEW - Rotron #SU2A 1

Item #59 70 $ 7 .9 5
USED - Rotron

Item #18 73 $5.95
12 VDC
MINI
BOXER@)
FANS

- %" deep-s-

!
Shaft 9 '/, , " L !

X %" dia.

AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE , N .J . 07074 MINIMUM

YES! Ple ase send me the fo llowing items: 0 My check' or money order is encl osed . ORDER
Item How 0 Ch arg e my c redit card . $15 .
No. Many? Description Price Total 0 V isa 0 Mast er Card 0 Amex RE-117

Card No.

Exp . Date

Fits Atar i, Apple , Commodore,
and our #10 336 PC8300 Com­
puter. Has 4 -ft . cord w ith plug.
Dim. : 3 %. " sq. x l Yz " H.

Item #12 143 $5 .95 New

STEPPING MOTORS
for ROBOTICS . ..

Fig . 1 t.
Precision
steppers with
increments from
1 to 7.5 degrees. ~
Speeds up to
5, 000 steps.

Stall 7300 VAC
Itam Step Volts Torque @ 5 Ma.
No. Angle DC oz/ in Type Mf r. & Part No. Fig Price 48-KEY _ TImex Z81 /1000 May be used for powering neon

Item #67 12 $5.95 New light s, replacing oil burner Igniti on
54 31 5 17 PM N.A . Phillips $9 .95 ea. t ransformer, building Jacob' s lad-

A8 23 10 -M2 2/ $14.95 75-KEY - Timex or Adam der Ispark gap). A high-volt . out-
5275 1.8 1.8 72 PM Superior Electri c 2 $ 1 9 .9 5 ea. For computer upgrade . . . put : Y4 quick connect termina l &

2/$37.50 Item #74 29 $5.95 New case ground input fully enclosed
2 rtJ M061-FF-620 1B metal case. Weight : 12 Ibs.

7630 1.8 3.0 20 0 PM Superior Electric 2 $34.50 ea. 66-KEY - CommodoreC-16 Base mount : 4)1, "H x 5%" W x 6',!,"
M0 92-FT-402 2/ $ 5 9. 5 0 Item #9394 $5.95 New Item #151 $9.95 RFE

115 CFM
MUFFIN @)
TYPE
FANS

J15VAC/60Hz.; 21W .; 28 A.;
3100 RPM; 5-blade model; alu­
minum housing. Can be mtd . for
blowing or exhaust .

NEW - ltem #1864 $12.95
USED - Howard Ind. 3-15-345 5

Item #534 5 $5.95
150 CFM SUPER
VENTURI
FAN

Ball bearing; 115 VAC, 60 Hz.;
.19 5/. 178 amps. Has 2 sets of
rntg . holes (fit s stand ard rack or
large r). Can be mtd . f or blow ing or
exhaust. Dim . : 5" sq . x 1 Y2 Of deep .
Mfr - Rotron

Item #18 66 $19 .95 New

JOYSTICK
CONTROLLERS

140 VA
M INI
MICRO­
COMPUTER
REGULATOR

~ .

. .
~ ~. ---- --------

MICROCOMPUTERS
w ith EPROM
MC68701 -

An 8-bit single chip microc omputer unit , en­
hance s the capabilit ies of th e M6800 fami ly.
TTL campat . Req. one + 5V pow er supply
for nonprog. operat ion. lncl. 2K eprom, 128
bytes RAM, serial comm. interface (SCI), par­
allel 1/0 & 3-funct ion progr ammable timer .

Item #9496 (housenumbered) $9.95
MC68705 -

COMPUTER & GAME
- EQUIPMENT -

15" , green phosphor, high resolution (12
lines cent er) and bandwidth fro m 1OHz to
30Hz ± 3dB. Operating volt . :
120 /240VAC, 50 /60 Hz., 6 5VA max.
Mfr - Mo torola - A lpha Series

Item #1004 4 $34.95 New

PC 8300 HOME COMPUTER
(Adv anced version of the Timex 10001

~ i1

15" COMPOSITE
VIDEO MONITOR

State Zip

All inquiries and free cat alog requests call 201-939 -2710.

Provides vo ltage regulat ion and ultra ­
iso lation for m icro processor-ba sed equip­
ment. Cont ains less t han 3% harmoni c
distort ion, better than 60 dB t rave rse
noi se rejectio n. Contai ns dual out let f or
CPU & monitor, and 6 ft . line cord.

Input : 95 - 130 V, 60Hz.
Output: 120 V @ 1.17A

Dimen . : 11%HL x 4~.HH x 5%t W
Mtd on met al base w ith rubber ft .
Mfr - Sola #63- 13-114

Item #9 9 99 $99.00 New

Total
Shipping & handling , w e ship UPS unless

ot herw ise spec if ied . A dd $ 3 plus 10 % total.
Canadi an: $3 plus P.O. cost . Charge only .

Sales Tax (N.J . residents only,
please add 6% of tota ll

ORDERTOTAL

CIRCLE 198 ON FREE IN FO R M A T IO N CARD
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ADVERTISING INDEX
RADIO-ELECTRONICS does not assume any responsibility for errors that may appear in the index below.

Free Information Number Page
81. 214 A. I.S. Sa tellite 20.29 82 Di!:i-Key . . . 140 61 Microprocessors Unltd.

Hida n Assuciates . . . 28

Blue Sta r Industries 28

Heckma n In du strial 125

. 130

. 20

. 20

. 29

. . 29

. .. . 24

. . . . 129

. 10

. 106

. . . 16-19. 90

. ... 106

... .... . 136

.. .. .. . CY3

. CY2. 42

. 132

. . . . . . . 29

... 28.29

. . . . 127

. . . 133

. 80

. 134

. . . 118- 12 1

139

. 130

. 9. I I

. 13. 15

Valve Corp.

WPT Publi cations .

Wahl C lipper . . . ..

United Electronic Supply ...

United Imports ..

Univers al Short Waw Rad io . .

VIP .

Pom ona ..

Tektroni x .

Tim e Line .

Tim e Motion

Trans-Am

Pacific Ca ble

T SM .

Parts Express .

Prentice-Hall . . .

Radio Shack . .

SE L Lab s.

NuScope Associates . .

NRI .

Silicon Valley Surplus ...

Omnitro n .

213

209

187

176

218

207

177. 178 Sencore .

179. 180 Sencore .

186

204

92. 193

220

215

211

206, 217 OCT E Elect ronics

110

202

101

203

78

191

. 29

. .. 23

... 136

. .. 134

148-149

.. . 141

. 135

. . 5

. . 53-55

.. 138

. . 28. 29

. 128

.. . CY4

. ... 27

. . ... . .. . 20

. . 28

. 22.38

. . . . .. . . . . .. . . 29

........ . ......... . 8

McGra w Hill Book Club

McGra w Hill Book Club .

Life Produ cts .

MC M Electronics ..

M icro- Ma rt .

Mar k V. Electronics . .

K&S .

Huntron ...

Jam eco ..

J ensen Tools .

Joseph 's .

Digita l Research Computers . .

Electronics Book Cluh

Electro nic Salvage Parts .

Gra ntham College of Engineeri ng . . . . 12

.I & W .

194

208

87

93

......... ......... 56

.IDR Instruments 3

113. 182 .IDR Microdevices 142-143

63

121. 192 Fluke Mf!:....

210 Ga rrett Indust ri es .

114

115

183. 184 .IDR Microde vices 144-145

185 .IDR Microde vices . . .... 146

199

219

65

120. 188 Elepha nt Elect ro nics . .

100 Firestik II ..

Fordha m Radio

152

. 40

. 138

.. 25

. 128

. .. 14

.. 147

..... 28.29

. 42

. . . . . . . . . . 89

. 28

.......... .. . . .. 21

.. . . . .. . . .. . .. 34-.17

. 28

. 26

.................. 126

. 30

....... .... . .. . ..... 29

Datek

Deco Indu str ies .

Amazing Devices _

Appliance Sen 'ice .

H&K Precision .

Han ner Hooks

Allen W.B. . . .

Coo k's Inst itut e . . .. 129

Consumert ro nics . . . 106

CIE . . .

Cahletronics.

Amer ican Desi!:n Componen ts ... 105- 106

Caig

Circ uit Cella r

Co mma nd Pr odu ct ions .

Communications Electron ics . . 7

Crys tek . .

Daetron

C & S Sa les .

Al\IC Sa les .

AI' Produ cts . .

All Electronics .

189

216

79

197

200

205

196

190

127

198

84

77

181

98

195

85

109

60

212

108

76

107

103

DEALER ENQUIRIES INVITED
CIRCL E 19 6 ON FREE INFOR MATION CARD

IDOES YOUR DIGITAL CAPACITANCEMETER DO THIS?I
FULL 4 DIGIT 0.5 INCH LCD DISPLAY COM PLETELY AUTORANGING WITH 10 RANG E MAN UAL CA PABILITY

SHIPPING INSTRU CTIONS:
All units shipped out F.G.B. Buffalo NY via United Parce l Service (except Hawaii & Alaska)
unless otherw ise indicated (in which case shipments will be F.O.B. Canada)

Gernsback P ublications. Inc.
500-B Bi-County Blvd.
Farmingdale . NY 11735
(516) 293-3000
President: La rry Steckler
Vice President: Cathy Steckler

For Advert ising ONLY
516-293-3000
Larry Steckler

publisher
Arl ine Fishman

adve rtis inq director
Shelli Weinman

advertis ing associate
Lisa Strassman

cred it man ager
Christina Estrada

advertising assistant

SALES OFFICES

EASTISOUTHEAST
Stanley Levitan
Eastern Sa les Man ag e r
Radio -Electronics
259-23 57th Avenue
Little Ne ck , NY 11362
718-428-6037. 516-293-3000

MI DWEST ITexasl Arkansasl
Okla.
Ralph Bergen
Midwest S ales Man ag e r
Radio -Electronics
540 Frontag e Road-Suite 339
North fie ld. IL 60093
312-446-1444

PACIFIC COASTI Mountain
States
Marvin Green
Pacific S a les Manager
Radio -Electronics
5430 Van Nuys Blvd. Suite 316
Van Nuys , CA 91401
1-818-986-2001

U.S. FUNDS
$ _
$ _
$ _

$ _

$ _
$ _

Z IP CO DE

TOT AL

AND THIS
IDENTIFIES TRANSISTORS (NPN. PNP)
AN D THE IR LEADS (E. B, C, ETC.)

AND THIS
TESTS ZENER DIODES AND RECTIFIE RS.
UP TO 20V ZENE R WITH AC ADAPTOR,
ZEN ER VOLTA GE WITH 9V BATTERY
DEPEND S ON ITS CONDITION

AND THIS
AUTOMA TICALLY CA LCULATES LENGTHS
OF CA BLES IN FEET, METRES, MILES,
KILOMETRES (THEORETICAL RANGE
OF 9,999 MILES)

AND THIS
ABI LITY TO SORT CA PACITORS IN
MANY DI FFERENT MODES

AND THIS
ABILITY TO READ LEAKY CA PACITANCE
(INS ULATIO N RESISTANCE OR CURREND

AND THIS
CALCULATES TIM E CONSTAN TS WITH
USER DEFIN ED RESISTANCE VALUES

AND THIS
HOLD FUNCTION FREEZES DISP LAY

STA TE

PLEAS E SEND ME
_ _ _ (QUANTITY) MC300 (S) @ $169 .95

CARRY ING CAS E s 16.95

AC ADAPTO R $ 9.95

SHIPPING AND HAN DLlNG @$5.00 PER INSTRUMENT

[ ICHE CK [ IMONEYORDER

[ I VISA [I MASTER CARD
[ I CARD NO. _

EXPI RY DATE SIGNATURE _
NAM E _

ADDRESS _

CITY

a division of Bergeron Technologies Inc.
7686 KIMBEL STREET. UNIT 5
MISSISSAUGA. ONT.. CANADA
L5S 1E9 (416) 676-1600

FOR ONLY THIS

AND THIS
RANGE OF 0.0 pF to 1 FARAD (999.9 mF)

0.5% BASIC ACCURACY UP TO 100 uF

AND THIS
READS DIEL ECTRIC ABSORPTION

AND THIS
EXTENDED PSEUDO 5 DIGIT

RESOLUTION ON SOME RANGES ONLY

AND THIS
ABILITY TO ZERO LARGE CA PACITA NCE

VALUES UP TO 99.99 uF

AND THIS
CA LCULATES TRUE CA PACITA NCE

IF CAPACITOR IS LEAKY

AND THIS
DIODE CLAMP AND FUSED

PROTECTED INPUT.
DISCHARGE RESISTOR IN OFF

POSITION AT TERMINAL INPUTS.
POWER ED BY 9V BATTERY

ONE Y E A R PARTS &
LABOUR WARR ANTY

MODEL

MC300 Approx.Sln
T· .... " ..•

I!)DAETRON

(j)
o
Z
o
a:
I­
o
W
....J
W

6
o
<t:
a:
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254mm
lS5mm

7Umm

oo 0 ..- .
n:= Shoel 12.00 ticn

MECANORMA
DIRECT ETCHING

C£:oo SOOmm
Tr:l~tl!'M tt'tel 12 .00 e.l(:1'1

,',
-.... 25.cm m

3 075mm

--:" 7Umm

T,~nsfert sheet $2.00 each

P.C.B . SYMBOLS0= 00191mm

Transletf sheel 52.00 exh

0= 00317tm\

Transferl Sheet 52.00 eaeh

0= 00 2S4tm\
Transtet1 $heel 52.00 exh

TRANSFER TAP ES--,

a= 00 397tm\

::: Transren she el $2.00 each

$ 2 2 . 20 ..~

$16. 20

125 . 30

TSM 221 $17 .20

25 L EO'S SPOT FOR SAFE LlG Kr MOOU.­
AnoN. SU PPLIED WITH BOX.

TSM 213
SAF E LOW VCt..TAG E 2WAY CAT ERPLAA
PJrNDC.MLY FlA$HIt-.G AHJ WINKING . TSM
220 AND TS M 221 SPOT CCMP ATIBL E.
POWE R SUPPL Y 12VIO.5A .

TSM 2 V2

TSM 220

64 LED'S SPOT FOR SAFE LIG HT MOOUL­
AT!O'II . SLPPUED WITH BOX.

VAR'-'lll.E SC<.IDSTATE Rl!Ol.lATED PO­
WER SUPPLY avTOasVf2A.
TJW.FOfNER as NOT N:LLDEO WrTHn -E
KIT .

..'
TSM 116 V12 $11 .50
REGULATED POWER SUPPlY 1'ND.C.
POWERTRANS~EA IS NOT IN:l.UOED

WITH TH E KIT.

TSM 163 $12 . 8 2
POWER SU PPLI ES 5 , 7.5 , 9 ,12V11A.
POWEA n:w..5FOf\'.iER NOr t.ClUDED
WITH T HEKfT.

TSM 2 V4 $25 .85
VAFVABL E SQ.ID STAT E REGUL ATE D PO­
W ER SUPPlY 3VTO l .cVISA.TRAI\IS FORMER
NOT If'.CLUDEO N THE KIT.

$ ' 7 . 5 0
TSM 21 2 LOWOPERATNO VOlTAOE.
SPOT TSM 220 AND TS M 221 CWPAT1BL

CCNmOlED BYA "'K:FlC"KINE.
POWER SUPPLY , 'ZW lA. OUTPUT O.SA.

. MOOU..ATOA.. SAFE3-C~EL lIGHT

,.
TSM 116 V5 $ 1 1. 5 0

REOu...ATEO PONER SlPPlY 5V D.C.
POWER T'JW.6F()Ff.AER NOT N:LUDEOWrTH :

THE KIT ~

~=======:::m~I-iI'~' I•
~ltn·

2
TrinslQft Sheet $2 .00 each

515 . 15

ELECTRON I CS KITS
TSM ~ AM ERICA NC. 2065 BOSTON POST ROAD LAR CHMONT N .V.lOSJa

TSM 54 s 13. 8 5
FMTRANSMITTER, POW ER SUPPlY 9V
D.C . I O,5A

TSM 177 $33.20

DIGIT JJ..VCt..TMET ERS 0 V TO 99 9 V D.C.
POW ER SUPPL Y 12V D.C./OI.SA

TSM 157 $40.00
DIGITJJ..CLOCK AND UP TO 2" M".I
11100S CHRCN W ETE A. COUNT -DOWN
CAPABLITY FOR T HE CLOCK .
PCWER SUPPL Y 12V D.C. OR A.C.

TSM 210 $ 10 .50
FLUY AANe<:::MISED B.EC T'Fl<::NC De E,
POW ER SUPP LY 9 - 12V D.C.IO,l A

TSM 206 $10 .15

METR CN:lME; POWERSUPPLY 9 - 12V D.C.

TSM 58 $18 ."

TWo-STATIG4 INTERCCM WITH SPEN< ER
VCt..W E CCNTRo.., POWER SOUFC E~1'ZV

D.C. I O."A

TSM 86 $ 3 &.50

a~MONOAEVERBERA~SVS­

TFM, PC"WFA SlIPPlY 12V D.C.

TSM 99 $ 130 . 0 0 '., .
veOAS KIT : FESTIve LIGHT DISPLAY (LED ,.
POW ER 6UPPLY 12V D.C. I 2.SA. '

64 lED'S . AS MANY AS 800 PROGRAMS :.....

TSM 85 $22 .52
TlME DELAY SYST EM FROM 1SEC TO 15
MINUTES. POW ER SUPPLY 12V D.C.

TSM 160 $16 .&2
STEREO SlMLIlATOA, PO'N ER SUP PLY 12V
D.CJO.1A.

TSM 196 $18.7'
7 N PUT MIXER STEREO PREAA1PlIAE R OR
14 INPUT MONO WrTHOUT An ENUATlON,
INPUT "7K11oo TO 700mV,OlrTPUT .. 7l<f
100 TO 7SOmV, POWE R SUPPL Y 2-4V D.C.
/ 0. 1A

TSM 69 $15 .83
TB.EPHONE AMPUAER WrT'HINDLCTlVE
PICK·UP AND SPEAK ER, ADJ USTAB L E
VOlUME , POWER S UPPLY 9112V D.Cl O,1

TSM 168 $12 .8 2
MC6OlKTO REPB..L.ER f'OINER SCUA:E
9VD.C.

TSM 121

TSM 88 $3 8 .77
Ft..N:T'k:t'..r G8'IIE RATOR,FREOUEN:Y fW'..GE
8HZ TO 200KHZ .PROVID ING SNEl'TRIAN3L E
/ SOUAREISAW TOO TH WAW E FOAM S, PO­
W ER SUPP LY 12V O.CJO.3A

TSM 78 lNIVERSA!.AlA.... FOR
HelM E~D CA R, DELAYED EXIT TIM E, AD­

JLlST.ABLE SO LND.ALARM .TN.1PER PROOF .
OPE RATlONWrTHCONTACTSWITCHES .
POWE R SUPPL Y 12V D.Cl O,15A 53 3 . 23

16 L ED OISPlAYTHEAMCM ETER ; PONER
SU PPLY lS/leV D.C JO.1SA

TSM 105
ELECTRON IC JJ..ARM SIREN. MlIMPEDNi­
CE, 10 wAns RATING . PO'NER SUPPlY
12'"1D.C . , HOFN SPEN< ER~T INCLUOED

$ 26 . 7 7 ~

DIGfTAl CLOCK, S'16· READOUT: POWER .:
SUPPLY 12V O.CJ02A WITH HOUR~D :.

"'NlITESETTNG e<:NTRa..S

TSM 123 $".15
SCUNO CCNDI1lCt'./ER ,OUlPUT LEVB. 800mV
" 0 aE:: CCNNECTED TO AMPLIFIER AUXLIA­
RY INPUT. PON ER SUPPLY 12V D.C.

526.77
24 TUN E DOO R CHIM E, O LfrPUT J/4 WAns
POWER SU PPLY 12V D.Cll A.

$35 .40

AUTO SOUND SYSTEM
1269 EAST MAW STR EET EL CAJON

CA 92021
TEL 619~.c2·70·22

TSM 205

l 'd . .~~ - _ _
;~ :.. _ .~ .:..: '2110 :':' ... r :::

• "-~ - /'. - - ' . • r, ......
~ It " 1";:; :t ."

TS M 61 $0 5 .U

FM RECEIVER. OUTPUT 1 W ATT.usn,
POWER SUP PLY 12116V O.C. /O.2A.

TSM 147 $ 18 ."

M0N::l5 BNiDS EOU oALlZ ER ,SUPPLIED WIT}{
5 PO'TlNTl::METERS.FREOUEN:Y RESPCNSE
so HZ TO 15KHZ, POW ER SU PPlY 2 X 12V
D .C .l0 . 15A.

FMRECEIVER, HEADPHC:NESTEREOOUTPUT
POW ER SU PPLY 9112V D.C.IO.lA

TSM 211 $ 10 .00
MEDIUM WAV E REC EIVER. 1 W ,O.S W AMS
AUDIO POWER. POWER SLP PLY

. , V 1 0.1 A

TSM 31 s $14 .77
FM STEREO DECOOEA. PCWE R SUPPlY
12V D.C. f 0.1A

TSM 34 SO.,.
STEREO AIM PAEM4PLlFlE R; INPUT
SENSITIVY HKl3mY. OUTPUT 700mY,
POW ER SU PPLY 12V D.C / O. 1A

.~

TSM 122 $13 . 16
AlL-8ANQ FMNH FIUH F ANT ENNA. 20dB
AMPLl FIER-. POW ER SUPPlY &'1~V O r. I

TSM 158 2 .• 2
FM RECE IVER, OUTPUT 20 WATTSl8n.

POW ER SUPPLY 12/16V D.C . 12A.

TSM 62 $13 .00
CA R ANT ENNA PRE,AMPLI FIER MW/t.WIFM ,

P ,

TSM 9 $ 14 .00
AUOIO PREMAPlIAEA FOR GUITAf\ NP
SENSITIVY 47K15mV. OUTPUT LEVEL
47Kf1. SV, Va.UME CCNTROL VARIABlE
POWER SUPPlY 25v D.C.t 0.1'"

TSM 35 SO .,.
MICAOPHClNE STEREO PRENvWtIAER;
INPUT SENSrTlVY 5mVI2000 OR MORE .
OlJTPUT 70cmV. PQlNE R SUPPLY 12V D.C.
l O. l A

1~M :J:J!> $15 .55

PHYSUOOC TCNE~, STEREO,
INPUT IMPEDANC E 15<:rnVl1 6OK, OUT PUT

Eva eoonv.POW ER SUPPLY25V D.C.

. TSM 146 $33."

STERE02XS B-'N OS EO'MUZER . SUPPl.' ED :
WI"rM 10 POTemO.4ETEAS, FREOU£NCY :

RESPONSE 5OKZTO 1S KHZ .POWE R SLPPl :
x , 2V D.CJO.2A :..'

$22 . 5 0

520 .31

AVAILABLE FRO" :
NUTRON COMPUTER ELECTRONICS

821 e .AOOSEVELT ROO LOMBARD IL 6010&8
T EL 312·691·89·00

TSM 128

TSM 102

2 X 6 LEO OV T"PUT L EVB. -METE R, STE REO
2 X SOW, POWER SUPPLY 15l20V D.C .

TSM 58 $ 33 .70
AUOK) POWER MCOLL E 9JWIPEN< POWER
45W RMS ; INPUT SEN SITIVY "7K/8oomV
OUTP UT "OIan. POWER SU PPLY 39V 0 .Cl3

TSM 18 $1 2 . 87
AUD IOAMPLIAER 15W PEAK POW ER,7 .SW
RM S,INPUT SENSITIVY 47K 1150mV, 2 .5
TO 80. Ol1TPUT. CCMP LETE WITH Va..~E

BASS , TREBlE CCNTRa., POWER SUP PLY
12116 V D.C . 11.5A

TSM 11 $1 5 .50
AU DI0,AMPLI FlEA30W PEN< POW ER, 15W
AMS , IN PUT SENSI TIVY 47l<f150nW, 2.5
TO e 0. OLfrPUT. CCM PlETE WITH VOl~E ,

BASS , TREBlE CCt.fTAC:t.; PO'wV ER SUP PlY
12116V D.C. 12A

$18 .88

AUDIO POW ER MODULE, fhN PEN< PClWER
2SW RMS , INPUT SENSIT IVY BOOmVl471<
OLTTPUTIMPEDN--ICE04180 POWER SUPPLY
040V D.C .l2 A

TS M 67 $ 3 8 .7'
STCREOAMPUFIER 2XAfNI PEN< POWER
6FM::;ITIVY INPUT 41X13OOmV. OUTPUT
2.5180 . VOlUME. BAlANCE. BASS .
TREIlLE. CO<TROlS. Po.vER SUPPl.Y
12V D.C. 3/4 A.

KELVIN ELECTRONICS
7 FAIRCHILD AVE.. PLAINVIEW. NY 11803

5'6-349·7620 FAX 5'6-349·7830

T S M 1 5 5/ 1 $45 . 30
ST EREO AMP . 2 X sow
PEAK . INPUT SENSITIVY 47K1300 mV

O UTPUT.u8n . SUPP LI EDWI TH HEATSINK
AND BAlANCE, Va..UME, BASS. TREBLE
CONT Ra..S.POW ER SUP PLY.wV D.C.l2A-3

TSM 118 $62 .31
32fJtNPEN< POWER AM PLIFIER MODLLE .
80 OUTPUT IMPE DAN CE INPUT 47K!eOOmV
FREOJEN:;Y RESPCf".lSE 15KZ T0 6<»<KZ,
POWER SU PPLY 2 X 40V D.C .f6A.
HEATS lt-.I<SNOT IN:LUD ED IN THE KIT.

TSM 89 $30 .38
AUDIO BOC6TER STEREO 2 X .w W FCf\
CAR RADI O. OUTPUT 2.S0 POW ER SUPP LY
12 / 16 V D.C J"A.

•••2065 BOSTON POST ROAD. LARCHMONT. NY. 10538
TEL 914-937·2447 OR 9'4·834·7' 90

TSM 19 $52.05
AUDIO 240W PEAK P~ER, 120W RMS
SENSrTlVITY 47K/ 0.8 V.OU T PUT" 0..
THO 0.3 %, RESPONS E 15 HZ ·100 KHZ.
POWER SUP PLY 79V MAX. HE AT­
SINKS NOT INCLUD ED W ITH TI-lE KIT.

18 LEO OOTPUT POWER LEV B. METER,
PONERED BY THE Ma:>U.A~.

TSM 66 $ " .50
AUDIO PCWEA MCOLL E ((IN PEN< POWER
20W AM S, INP UT S ENSI TIVY 47l<f3OOmV
OUT PUT 2.5Ie o. POW ER SUPPLY 12V D.C.2

TSM 68 $ 2 2. "
STER EO ,AMPl iFIER 2 X 2rJN.
INPUT H Kl3 00mv, O UT PUT 2,5180 SU P­
PLIED WITH HEATS INK ~D BoALANCE.
Va.Wr: , BASS , TREBLE , POW'I!A SUPPlY

v DC 12 5A

/" ~SM SA $2 1 .3 0 ....:

: AUOIOPO.vERt.-tOOlLE7r1NPEN<POWEll
: 35\Y RMS. NPUT SENSrTlVY 41K1aOOmV

i:...?~:UT 4Mn POWERSUPPLY39V D.C.

'-"10'-'" I:: "lnA rv... 1:01:1: ... ll:nO... ATln ... ,.. AM""



ASK FOR FREE CATALOG.
Money orders, checks accepted. C.O.D .'s require 25% deposit.

ADD
5450
5600
58 00

510 .50
51250
51650

.. 52000
52500Fordham

260 Motor Parkway, Hauppauge, NY 11788

Toll Free

800-645-9518
InNY State 800-832-1446

Service & Shipping Charge Schedule
Continental U.S.A.

FOR ORDERS
525-5100 .
510 1-5250
525 1-500
5501-750
5751-1.000 .
5 1.00 1-1500 _ .
51.50 1-2000 .
52.001 and UP .


