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Now you can put your fingers on
214, replacement semiconductors.

Finding the precise, quality solid state replacement device is as easy as
opening one book, the SK Solid State Replacement Guide.

Inside you'lt find listings for making over 214,000 solid state replacements
using some 2,900 quality-built SK and KH types. From transistors and thyristors to
integrated circuits and microprocessors. All cross-referenced so you can replace
original parts of all makes quickly and easily.

When you need a solid state replacement part for servicing a VCR, TV, audio
component or personal computer, this is one book your fingers will turn to
automatically.

To get your SK Guide (SKG202E), see your local SK Distributor. Or write:
Sales Promotion Services, Thomson Consumer Electronics, Inc., Distributor and
Special Products, 2000 Clements Bridge Road, Deptford, NJ 08096-2088.

SK Replacement CIRCLE 42 ON FREE INFORMATION CARD
Solid State

MWW americanradiohi om



For SUCCESS in your Vocation or Profession
LEARNING is Where It’s At!

You'll need a “Learning Environment” in your home (or office)
to work on your degree with “the college that comes to you,”

GRANTHAM COLLEGE OF ENGINEERING

Grantham makes your understanding of electronics and compu-
ters its most important teaching objective. You are never rushed
or held back; you study at your own pace. L.earn more by self-paced
home study, with Grantham instructors standing by to help you.

Accredited Now in Our 38th Year

A.S. and B.S. Degrees e ——————— -

Grantham College of Engineering |
Awarded P.O. Box 539, Los Alamitos, CA 90720 |

Please mail me vour free catalog with gives |
details of your home-study degree programs,

Phone or write for our Home Study Degree Catalog: | including enrollment information.

I
I
I
I
I
Phone 213-493-4421 (no collect calls) |
or write }
I
|
|
I
I

ADDRESS -

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California 90720

STATE and ZIP

Grantham College of Engineering is accredited by the Accrediting Com-
mission of the National Home Study Council in Washington, D.C. S |
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VOLUME 5, NUMBER 12
FEATURES

Making Printed-Circuit Boards The Old-
Fashioned Way

Using photographic techniques without a camera or
darkroom provides repeatable professional results at
low cost. By Anthony J. Caristi

Passive Wave-Shaping Circuits

Using passive devices to do a job traditionally done
with op amps and other active elements.
By Joseph J. Carr

Modern Hand Calculators

The latest handhelds pack more power and functions
than ever before, while simplifying their use.
By Art Salsberg

Speaker Overload Indicator

Alerts you to signal input problems that can damage
the transducer. By David Miga

Musical Instrument Fuzz Box

Special-effects accessory for use with electric guitars
and other musical instruments. By C.R. Fischer

Bicycle Safety Flasher

Aids visibility and increases safety when cycling at
night. By Michael Swartzendruber

Programmable Light Controller
(Conclusion)

Construction, checkout and use details.
By David Miga

Article Cumulative Index
January 1988 through December 1988.

COLUMNS

Electronics Notebook

CMOS Micropower Op Amps and Comparators.
By Forrest M. Mims 111

Solid-State Devices

A new A/D Converter & Switching Power Supply
Control Devices. By Harry L. Helms

Electronics Omnibus

Advanced Television. By Curt Phillips

PC Capers

The Great PC Bus War. By Ted Needleman

Software Focus
WordStar Professional Release 5. By Art Salsberg

DEPARTMENTS

Editorial
By Art Salsberg

Letters

Modern Electronics News
New Products

Books & Literature
Adpvertisers Index
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* 4 GREAT VALUES-AND GIFTS—FOR BUILDERS AND FIXERS! * %

@

Novice Ham
Study Package

Take Advantage of the
New Voice Privileges

1995

Radio Shack’s Novice Exam
Study Package includes two
cassettes for self-paced
code learning plus practice

exam. #62-2402 Includes Durable Binder

“Hotline” Order Service
Saves Time and Postage

Our store manager can order a wide
variety of parts and accessories from
the Radio Shack warehouse. Fast
service, no minimum order!

SAMS Books Now Available
We can also or- .
der many of the
famous SAMS
service manu-
als. Come in
for details.

More

Electronic Speech Recognition

Design Your Own System

NEW! Q95

VCP200. Experiment with leading-edge technology—voice recog-
nition! This high-tech IC recognizes spoken commands regardless
of the person speaking—five motion commands and two on/off
commands. Clipped analog input simplifies circuitry so no external
A-to-D conversion is needed. 20-pin DIP with data. #276-1308

Handle RAMS and CMOS the Safe Way

(1) ICIn/Out Tool Kit. For 6 to 40-pin
DIPs. #276-1581 . ... ... ..... 6.95

(2) IC Pin Aligner. Factory-straight
pins in a jiffy! #276-1594 . . .. .. 2.99

(3) Conductive Foam. 5x 5" safety
mat for your bench. #276-2400 . . 89¢

(4) Static-Draining Wrist Strap. 24"
.\ ground lead. #276-2399 . ... .. 2.79

: .
. (5) Soldering Heat Sink. Prevents
@ 5)

()

Precision Tool Kit

1095

Fitted
Case

Opto Bargains B

Ny |

(1) Super-Bright LED. 2000
mcd output! #276-087. . 1.69

(2) Jumbo LED. Six LED ele-

heat damage. #276-1567 ... ... 1.39
Metal Pocket o Loud Buzzers o
= o =
& ns

(1) Pulsing or Continuous Buzzer.
Piezo type. #273-068 ....... 7.95

(2) Chime. #273-071 ..... .. 8.69
(3) Mini DC Buzzers. With leads.

g Heavy-Duty
Aluminum

Krypton bulb—uvisible over a

ments in a single housing! | Top-quality jeweler’s-type philips voc | CatNo. | Each
#276-064 ........... 3.49 | andbladedrivers, nutdrivers, hex | miie away! Rotate head to turn T 737053 o

(3) Flexible Solar Cell. 65 | keysandatorquebar—16 pieces | on/off and adjust beam width. 6 273-054 1.99
mA at 1.2V. #276-138 . . 5.95 | in all. #64-1961 Batteries extra. #61-2736 12 273-055 199 |
Megacable“ New! | Thermistor RF Project Parts Studfinder

199

Precision device converts tem-
perature to proportional resist-
ance. —50 to +100° C. Ideal for

9 ¢ Per
Foot

Our best-ever speaker cable.

1
=R @ | 19

(1) NEW! 95-420 pF Trimmer
1.69

12-gauge braided pure cop-
per conductors #278-1268

remote sensing. #271-110
15-Turn Trimmer Pots

“ Coiled ¥ =10% 49
: Mike Cable TR Y- = 3/a-Watt TEach
NEW! k. #271-342 ... ... .. ... 1.49
4-cond., 5 feet | 10k. #271-343 . .. .. .. ... 1.49

Capacitor. #272-1336 . ..
(2) Dual 335 pF Variable Capa-
citor. #272-1337 .... ... 4.95

50 Small-Value Caps

NEW! Ceramic discs, 1 to 33 pF,

Ends
Guessing
Easy to use and saves tlme'
Senses changes in wall density
to find wooden studs fast—also
locates wires, conduitand pipes.

long. #278-355

20k. #271-340

.......... 1.49

50WVDC. #272-806, Set 2.99

Battery extra. #64-2825

Pro Soldering
Station

3995

= 15 or 25 Watts
a Grounded Tip

P A super value! With a
convenient sponge tip-
cleaning pad. UL listed
AC. #64-2057

Logic Probe and Pulser

16% <N
Probe. LEDs and tones reveal logic states in
TTL, LS and CMOS circuits. #22-303

17>  NOEREE

Pulser. Teammate for the probe. Produces a
single 5 us pulse or a continuous pulse train
at the push of a button. #22-304

Benchtop Dlgltal VOM

9995

Manual or
Autoranging

Our best! Has analog display in addition to
big LCD digital readout. Built-in transistor
gain checker, diode-check, memory func-
tion, continuity buzzer and more. Includes
probes and illustrated manual. #22-195

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, More!

Prices apply at participating Radio Shack stores and dealers
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ATTENTION

VCR

TECHNICIANS

v

¢ SECEN
§ E% VCR REPAIR PARTS
-

VCR REPAIR PARTS KIT

Now you can do most of your VCR
repair jobs the same day. Parts Express
VCR Parts Kit makes this possible. It
contains over 45 of the most commonly
used parts to repair RCA, Hitachi,
Fisher, Sanyo, Lloyds, Panasonic, Sony,
Sharp, JVC, Samsung, TMK, GE, Mag
navox, and more. Idler assemblies
pinch roller, sensing transistors,
switches, and lamps are included In
this comprehensive kit. You also save
over $20.00

Kit contains repfacements for Sharp (2) NIDLO0OS, (2}
NIDLQO006, (1) NPLY-V0051 Panasonic {2) VXP0329 (2)
VXP0401 (2) VXP0344, (2) VXP0521 RCA (1) 150614 (1)
164113, (1) 150650 Hulachi (1) 641311 Fisher/Sanyo (1) 143
0-4204-00300, (2) 143-0-4804-00100, (1) 143-0-4904 00900 (1)
143-0-7417-20002 RCA/Hutacht (2) up/down switch, (5)
161757 sensing transistors Panasontc lamps (2)
XAMQ27P150W, (5) XAMV0019, (5) XAMV125 (1) Molybdenum
grease Normal dealer cost of over $11000 (ANl parts are avail

able individualty tor reorders ) $

Order #

400-950 Plus shipping
.—W% ) VCI‘OL;:::‘N“’”M
[ e

<»

VCR IDLER TIRE KIT

This popular kit contains 150 of the most
popular idler tires (10 each of 15 different
sizes). With this kit in your stock room,
you can do over 90% of VCR repair jobs
the same day, saving time and money!
Also included is our comprehensive cross
reference listing over 80 manufacturers’
assembly numbers and over 200 model
numbers. A $400.00 retail value. (All tires
are available individually for reorders.)

Order # $550

400-900 Plus shipping

FREE
CATALOG

EParts

Xpress

internationai Inc

CALL TOLL FREE

1-800-338-0531

340 E First St., Dayton OH 45402
Local—1-513-222-0173

CIRCLE 63 ON FREE INFORMATION CARD
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A Star for °89

Atyear’send, one wonders what next
year’s electronics or computer stars
will be. Prognostications in these vol-
atile fields have a way of missing
their marks, of course, since a lot of
factors have to come together to pro-
pel products into the forefront. The
present points to the future, how-
ever, so there are some starting points.

In the video field, super-VHS
videocassette machines, with match-
ing tape and TV sets with I/O’s to
take advantage of them, are here
now. Doubtlessly, 1989 will see in-
creased sales, but the advanced sys-
tem will likely have limited sales due
to high selling prices. Combination
video cameras and recorders (cam-
corders) will continue to make sales
inroads, but this costly electronic
equipment will not likely enjoy an
unusual sales peak.

With existing video products not
likely to generate a sales boom next
year, what about new product types?
Well, there aren’t many that can be
expected. Enhanced- and high-defi-
nition TV are still churning around,
s0 ’89 won’t be the year when the ser-
vice and product will take off. 1
wouldn’t expect the new video Walk-
man to climb quickly toward the
sales peak, either. So a video star
isn’t on the horizon in the coming
year, as I see it.

The same holds for audio, unless
digital audio tape (DAT) players are
shaken loose from the inter-industry
battles holding up their production
and marketing.

Let’s turn, then, to communica-
tions. Here, CB Radio has shown
some signs of life, but it’s been in the
slow lane and very unlikely to return
to its former heights. In ham radio,
although getting a license has been
made simpler, there’s still a Morse
Code requirement. So this area, too,
will not ascend to stardom heights.
The cellular telephone will continue
its growth, but will also have limited
sales penetration among our general
population. Video phones will re-
main as up-scale products. Facsimile

6 / MODERN ELECTRONICS / December 1988
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machines will continue a fast rise,
but, again, will not become a product
for the masses in ’89. Nonetheless, it
is indeed possible for enough busi-
nesses to conclude that they must
have a fax machine, boosting it to
star status.

That leaves computers. The com-
ing year could be another fine one for
it, but it won’t register new-star sta-
tus either. The OS/2 operating sys-
tem won’t make it into this category
in ’89; RISC boards are too costly;
the brewing battle of the buses won’t
be settled in time to make one or the
other a clear choice. Nor are there
any signs that a startling new soft-
ware program type, equivalent to,
say, a Sidekick or Lotus 1-2-3, will
take hold.

We’ve also got CD ROMS, color
printers, and so on, that will proba-
bly grow in sales, but still not be a
1989 star.

If there’s a star about to be born,
then, it’ll have to make it by having a
bevy of factors magically combine.
In a way, it’ll be arelief not to have a
real star among electronic and com-
puter products this coming year. Per-
haps more refinements of existing
products, additional product pene-
tration among our population, low-
ered prices and better service/custo-
mer relations will be gained.

I’ll be able to confirm all this by
December 1989, naturally, as you
will, too. Hindsight is always terrific.
Nevertheless, the pot is boiling over
with wonderful electronic and com-
puter products you wish you owned,
but don’t (yet). So whatever new-
technology device you buy for the
first time—powerful new computer,
wireless security system, CD play-
er, camcorder, laser printer, etc.—
it’ll certainly be your personal star
to enjoy.

BEST HOLIDAY WISHES
FROM ALL OF US HERE!
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NLETTERS

Thinking Negative
e “Understanding Negative Logic’” by
Delton T. Horn in the October 1988 issue
was interesting, but his closing sentence
was most astute. It is very easy to confuse
the two types of logic. As a digital design-
er, I find it better to stick with one ap-
proach and then solve the logic problem
with Boolean algebra. For example, in
the article’s truth table, eight combina-
tions of A, B, C and D yield an output of
¢¢1,”* Using the simple rules of Boolean

algebra, these eight terms are combined S ITEM -
0 HAMLIN MCC 3000 36 CORDED HREMOTE CONVERTER (C

and reduced to the expression AD + BC PANASONIC WIRELESS CONVERTER (our best buy
+ BD’ Wthh iS I'ead A AND D OR B MOYIETIME VR7200A (manual fine tune}

. . “JERROLD 400 COMBO
AND C OR B AND D. This expression JER30OLD 400 HAND REMOTE CONTROL
can be factored further to BC + D(A + “JERFOLD 450 COMBO

o . . . “JERROLD 450 HAND REMOTE CONTROL
B), arriving at the logic shown in Fig. JERAOLD S8 ADD ON
2(B), which, incidentally, is the positive- | JERROLD SB-ADD-ON WITH TRIMODE
Eoad Fig. 2(A M35 B COMBO UNIT (Ch 3 butput onl
ogic diagram, not Fig. 2(A). "M_35 B COMBO UNIT WITH VARISYNC
Bill Holsinger "MINICODE (N 1.
. : "MINICODE N 10 WITH VARISYNC
National Institutes of Health NI ODE VARISYNG WITH AUTO ON-OFF
Bethesda, MD | CLNOCODE (minicode substituie)
| ECCONOCODE WITH VARISYNG
ML 1200-3 (Ch 3 output)
¢ Almost 20 years ago, when 1 was cali- “MLD 1200-2 (Ch_2outpu
brati Tek . q I ZENITH SSAVI CABLE READY
¢ rgtmg ektronix oscilloscopes, 1 re- INTERFERENCE FILTERS (Ch 3only
joiced at the news that the company had "EAGLE PD ? DESCRAMBLER (Ch 3 output onl
SCIENTIFIC ATLANTA ADD ON REPLACEMENT DESCRAMBLER

opted for positive logic. Since then, all
I’ve run into has been positive logic.

“CALL FOR AVAILABILITY

Though I favored positive logic, 1 would - " T output | Price ~ 70T
have been satisfied with negative logic if — f—hi“ﬂeu —(Each

that was all there was in the offing—any-
thing but that abominable one-then-the-
other logic. Mr. Horn’s ‘‘Understanding
Negative Logic”’ in the October 1988
Modern Electronics changed my thinking

. . ipDi Shipping Add
the matter ivel ) from shipping any cable descrambling umt
on the matter of negative logic 1o anyone residing in the state of California. $300perunit |
Ed Jones ‘ ) . COD & Credit
Prices subject to change without notice. e o
Cards — Add 5%
Somerset, NJ T TOTAL —
PLEASE PRINT 2
Project Updates Name . I
¢ | read Jim Barbarello’s ‘“‘Computer- Address _ 8
. , T ™
Control!ed Robgtlc Arm”’ (October Sae ___Zip_ _ Phone Number ( a
«
1988) W_lth grgat interest because 1 have [ Cashier's Check [1 Money Ordec 1 COD [ Visa Q
also built an interface between my com- Bt EvE, i Q
. . = —w e o e, . Date _ Iy
puter and the Radio Shack Mobile Arma- g P °
. : nature e = e =
tron. (Mine uses the internal battery to Lt :
power the Armatron but is otherwise very FOR OUR RECORDS: ®
i . it Wi 1 DECLARATION OF AUTHORIZED USE — I. the undersigned. do hereby declare under penalty of perjury 2
similar.) 1 discovered an error in Fig. 1. that all products purchased, now and in the future, will only be used on cabie TV systems with proper e
With the base of Q6 connected thr()ugh authorization from local officials or cable company officials in accordance with all applicable federal and ‘,
1 . state laws FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL ¢
R6 to pin 9 of P1, data bit 7 controls the PENALTIES FOR UNAUTHORIZED USE. g
o

voltage polarity sent to the Armatron.
Relays K1 through K5 are shown con-

trolled by data bits 0 through 4, respec- ; H H

tively. However, the Table and BASIC PﬂlelC Ca ble Com pa ny! I nc'

program listing indi'cate that polarity is 7325%. RESEDA BLVD., DEPT. #M_E * RESEDA, CA 91335

controlled by data bit 0 and that these re- (818) 716-5914 « No Collect Calls + (818) 716-5140
(continued on page 62) IMPORTANT: WHEN CALLING FOR INFORMATION

Please have the make and model # of the equipment used in your area. Thank You

Dated: Signed:
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W MODERN ELECTRONICS NEWS /il

JAPANESE MANUFACTURERS HERE & THERE. Matsushita Electric Corp. of
America, which manufactures Panasonic TV sets in North America
(about one-million units annually), announced its first shipment
of Panasonic color TV receivers to its parent company’s land,
Japan. The initial shipment consists of 3,000 wood-cabinet color
TV models. Total exports of all Matsushita-produces American
products was $450-million in 1987....Another Japanese-owned
company, Toshiba America, announced plans to expand its
television tube manufacturing facility in Horseheads, New York,
adding capacity to produce new "super-size" 30" and 32" TV
picture tubes previously available only in Japan.

WALKMAN BALLOONED BATTERY SALES. The dry-cell battery market will
top $3-billion retail by the end of 1988, according to a study by
Packaged Facts,a NY-based research company. It started with the
"Walkman" revolution that took hold 7 years ago. This had a
catalytic effect on the consumer electronics industry, opening up
portable equipment in audio, video, etc., says the researcher.

THE IC HITS 30. Texas Instruments’ Jack Kilby demonstrated the
first working integrated circuit 30 years ago, forever changing
the face of electronics....The year 1988 also marks a half-
century since a patent for the constant voltage transformer was
issued to Joseph Sola, who founded a firm that’s now called Sola
(a unit of General Signal). His invention established
ferroresonant voltage regulation technology.

SEARS EYES BRANDED ELECTRONICS. The giant merchandiser, Sears, is
looking to expand its electronics sales by adding brand-name
products to its own lines. Its being tried out in some midwest
Sears stores, and is expected to spread to other stores.

Guess that Sears doesn’t like being #3 in electronics retailing
dollar volume (Radio Shack is #1; Kmart, #2).

A LEARNING MICROCHIP. Bellcore researchers are reported to have
created a microchip that can learn by example. The device is

said to be structured like a biological neural network in a human
brain. It performs its functions 100,000 times faster than
computer simulations of the same functions, according to one of
its developers, and captures knowledge by being "taught" rather
than programmed. It’s the first chip to learn to perform the
exclusive-OR (XOR) function.

TANDY ANNOUNCES TECH SCHOLAR PROGRAM. Tandy Corp. announced an
education initiative program ,"Tandy Technology Scholars," which
will be administered by Texas Christian University. The program
is designed to recognize outstanding math or science teachers and
students at each participating high-.school in the U.S. The top
100 teachers among them will each receive $2,500; the top 100
students will each receive a $1,000 cash scholarship. Initial
awards will be based on “teachers’ contributions in the 1988-1989
school year and students’ 1988 1lth-grade accomplishments.

%
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PUBLIC NOTICE:

TH E Due to a variety of reasons, (overproductions,
discontinued lines, special arrangements

"GREAT DEAL" with vendors) Damark can offer you name-
COMPANY brand products at UNBELIEVABLE

PRICES! Just LOOK at the values below and
order today - QUANTITIES ARE LIMITED!

ELECTRONIC
GUITAR

VIDEOWRITER/
WORD PROCESSOR

A revolution in writing is
right at your fingertips! NO
TRAINING NECESSARY...
built-in instructions appear
on the screen while you see
what you write! Perfect for
demanding office or home
use. Thermal print head for
ultra-quiet printing.

UNISYNTH XG-1

IT’'S THE INSTRUMENT OF TODAY! Digital
synthesizer voices, stringless membrane
fingerboard, digital drums and electronic
tremolo put the UNISYNTH in an entirely new
category of guitar technology! Features an
exciting “Auto-Play” function for anyone
that wants to play guitar but doesn’t
know how! In just minutes you’ll be
playing the guitar of today!

- 6 different synthesizer voices: Guitar I, Il, Synth
Vibes [, 1 & Brass.

- 8 rhythm patterns including rock, disco, latin,
8 beat, ballad, waltz, 16 beat, and swing.

* Touch responsive right  manufacturer's

+ Write, insert, delete, move &
copy text at any time.

» Built-in 50,000 waord dictionary
lets you check spelling at any
time. + Built-in type styles:
normal, bold, wide, superscript
{for footnotes), & subscript (for
chemical notations).

» Screen splits so you can work on 2
documents at once.

» Automatically saves each page.

- Standard 3 1/2" disk holds
approx.75 pages.

- Printer automatically loads ‘ Cosn;ggrgsm. . Full manual fingerboarrc]fnd strum strings. Suggested Retail
standard paper & envelopes to 9 1/2" wide. : - Built-in speaker/amplification system. $349.95
g ey S Slel, CIgEon eI L T - Easy-to-follow, step-by-step operation
« Includes ribbon, dictionary, storage $ manuaj
diskette & paper. - All-in-one & compact. - One Year Warranty! $

« Full Factory Warranty!
- Factory Serviced, but like new!

FLYING EAGLE
REMOTE DUNE BUGGY

Enjoy funin §

- Factory New! Factory Perfect! Order No. B-1031-105973
Insured Ship/Hand * $9.00

Advance AMBICO Rz

QUARTZ MEMORY CARD

Never Worry

Order No. B-1031-107763
Insured Ship/Hand : $14.50

the sand & About Phone
sun, or out Numbers &
in the yard Addresses
with  this o He
. rr
Flying COmp,eteyD,-_ Add stereo excitement to your TV
Eagle radio rectory  in viewing with this state-of-the-art Am-
controlled ¢ Your Billfold bico MTS Stereo Decoder. Creates
—car. —Great or Wallet! TRUE stereo for most TV’s! All cables

fun for kids of all ages,
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For more information on products
described, please circle the appropri-
ate number on the Free Information
Card bound into this issue or write to
the manufacturer.

New Apple
Entry-Level Computer

Apple Computer’s new Apple Ilc
Plus personal computer is said to be
less expensive and three times faster
than the original Ilc, which it re-
places. It is designed primarily for

education, productivity and enter-
tainment by first-time computer buy-
ers. Built around a 65C02 micropro-
cessor and 128K bytes of RAM (ex-
pandable to more than 1M byte), the

IIc Plus features an 800K-byte
3.5-inch floppy disk drive; selectable
1/4-MHz operating speed; internal
power supply; improved layout/
touch keyboard; slide volume con-
trol; security lock option; and con-
nector on motherboard for an op-
tional internal modem.

The Apple Ilc Plus supports a
number of disk drives and printers
from Apple and other vendors. It
permits the user to daisy-chain as
many as three external disk drives,
including Apple Disk 3.5, UniDisk™
3.5 and Apple Disk 5.25 (two maxi-
mum 5.25-inch drives). Support is
also built in for Apple’s ImageWrit-
er® I and ImageWriter Il laser print-
ers. Like the original Ilc, the IIc Plus

has built-in color graphics with up to
16 colors and supports double high-
resolution graphics. Supplied with
the computer is a set of interactive tu-
torials on a 3.5-inch disk that enable
the user to learn and use the system
quickly, as well as the Applesoft
BASIC programming language and a
related on-disk tutorial system. $675
computer only; $895 with mono-
chrome monitor and stand; $1,099
with color monitor and stand.

CIRCLE 52 ON FREE INFORMATION CARD

Wireless R-F Headphones

A wireless headphone system for list-
ening to music and TV sound private-
ly without a trailing cord has been an-
nounced by Datawave, Inc. (Tar-
zana, CA). Because it uses r-f trans-
mission/reception, the Model WH-
100 “‘Private Waves’’ phones are not
limited to line-of-sight installations
the way the usual infrared systems
are. Since its signal travels through
walls, users of Private Waves have
the mobility to listen both indoors
and out-of-doors, with an FM-quali-
ty frequency range of 18 to 15,000 Hz.

The unit’s compact transmitter
plugs irto the headphone jack of a

TV receiver, VCR, home stereo or
compact-disc player. A miniature
lightweight receiver clips onto a belt
or other item of clothing, and tiny
headphones (with detachable head-
band) plug into the receiver. Operat-

ing range of the system is rated at
75 feet.

The transmitter measures 6% X 4%
X 2Y%inches, the receiver 4% X 2% X
1% inches. The latter weighs a mere
3.5 ounces. Included is an ac adapter
that plugs into an ac outlet to power
the transmitter. A pair of AAA alka-
line cells powers the receiver. Both
transmitter and receiver have power-
switch/volume controls and switch-
selectable dual frequencies. More
than one receiver can be used with a
single transmitter. $99.95.

CIRCLE 53 ON FREE INFORMATION CARD

Inductive Audio Tracer

The “SHMAGUE”’ from Electron
Processing, Inc. (Medford, NY)isan
inductive audio signal tracer that
picks up the magnetic field developed

= O Ee2 A

%

when a current flows through a wire.
By holding the instrument’s wand
near an object, the user can listen to
the audio signals passing through the
wires without having to make electri-
cal or physical contact. Connected to
the SHMAGUE is an inductive wand
at the end of a 6-foot cable. Built
into the compact enclosure is a
speaker through which the picked-up
audio signals can be heard. A power-
switched volume control permits the
level of the signal to be adjusted as
needed. A phone jack is provided for
connection to an oscilloscope or fre-
quency counter. Power is supplied by
a 9-volt battery (not included). $59.95.

CIRCLE 54 ON FREE INFORMATION CARD

(Continued on page 14)
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NOW! Training includes XT~compatible computer

It's no secret. Industry is being transformed
by technology—with everything from
precision electronic instruments to giant
locomotives now being produced with the
help of advanced robotic systems. And with
automation have come jobs . . . thousands of
jobs building, prograrnming, and servicing
the robotic systems in use today.

Now, unlike any other school, NRI offers
you training that prepares you to take
advantage of these new opportunities . . .
training that gives you the practical know-
how and the hands-on skills to advance on

plus NRI's remarkable Robotic Discovery Kits!

Get training for industry’s
hottest new johs as you
build and program complete
rohetic control systems

Now you can get the skills in demand for the new jobs in industry
today. With NRI's new at-home training in Robotics Technology, you
actually build a fully IBM XT-compatible computer, then use it to
program and control working robotic systems . .. each one
engineered to recreate the exact operations performed by the robotic
equipment found in today’s industrial workplace.

Robotics comes to life as you
see real-world industrial control
principles in action

Your NRI Robotic Discovery Kits come
complete with everything you need to
create working, moving robotic systems.
You get structural members, motors, gear
drives, sensors, scanners, potentiometers,
plus a special Robotics Interface that links
the robots you build to your computer.

Together, your computer and the robotic
devices you construct become fully integrated

Two tasks

frequentty per

formed by robots are

measuring and sorting, be it sorting eggs or Miw

from a production {ine. You build this sorting system,

m it to accept short and long blocks, measure these
and move them to the correct storage bins.

most complex robot
model corstiuct Once you

manually put the robot through a sequence of operations, it will
“remember” these steps and perform them whenever asked.

the job or start a new career as a robotics and
industrial control technician.

The powerful XT-compatible computer
you build becomes central control for the
robotic systems you construct

As an integral part of your NRI hands-on
training, you build a fully IBM XT-com-
patible computer from the keyboard up.
You assemble the power supply, install the
5" floppy disk drive, and attach the high-
resolution monitor. Most important of all, by
performing meaningful tests and demon-
strations at each stage of assembly, you
come to a full understanding and apprecia-
tion of the microprocessor technology that
makes today’s robotics applications possible.
But that's just the beginning.

You go on to use your computer to pro-
gram and control a diverse array of robotic
systems you create with NRI's remarkable
Robotic Discovery Kits.

automation systems, programmed by you to
do the types of operations and tasks per-
formed in today’s industrial environments.
Tasks such as plotting polar coordinates to
create graphic displays of numeric data . . .
sorting different size objects and routing
these objects to separate containers . . . even
performing a preprogrammed sequence of
operations again and again just as robots
now do on manufacturing lines.

Nothing is left out, nothing is left to chance.

You get everything you need—the skills, the con-

fidence, and the equipment—to feel completely
at home with today’s robotics technology.

Step by step, you get the training you
need to move into robotics fast

You need no previous experience to succeed
with NRI training, because NRI takes you from
electronics basics all the way up to the state of
the art in robotics technology. You train from
the ground up . . . first gaining a working

www americanradiohistorv com

know=
ledge of
electronic circuits and components as you
experiment with your NRI Discovery Lab®
and professional digital multimeter.

Rapidly, theory becomes understanding as
you move on to digital logic, computer fun-
damentals, right up to writing practical pro-
grams to control specific robotic operations
using NRI's Robotic Programming Language
software included in your course.

Your success is assured by your personal NRI
instructor, whose expertise and personal
guidance are always available to you whenever
you need a helping hand along the way.

Get training you can build a career
on—send for your FREE catalog today!

See for yourself how NRI's breakthrough train-
ing can put you at the heart of the robotics
revolution. Send today for NRI's big, 100-page,
full-color catalog that gives you all the details
about NRI's exciting new training in Robotics
Technology, plus training in computer elec-
tronics, TV/video/audio servicing, electronic
music technology, security electronics, and
other growing high-tech career fields.

If the coupon is missing, write to: NRI School
of Electronics, McGraw-Hill Continuing Educa-
tion Center, 3939 Wisconsin Avenue,
Washington, DC 20016.

" avon oy |
McGraw-Hill Continuing Education Center |‘fn‘1 |

3939 Wisconsin Avenue,
Washington, DC 20016

For career courses
approved under Gl Bill
check for details

I B( Check one catalog only
I Robotics Technology (| TV/Video/Audio Servicing

Computers and ] Communications Flectronics
{3 Telephone Servicing
_| Data Communications

Electronic Music [ Basic Electronics I

[ngital Electronics |

Servicing l

Name I
Address - -

I City State Zip l

| Accredited by the National Home Study Council 4-128 |
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Pocket Power Inverter

Not much larger than a deck of cards
and weighing just 14 ounces, the
PC100+ power inverter from Stat-
power Technologies Corp. (Pt.
Roberts, WA) is said to produce 100
watts of ac power from a 12-volt bat-
tery source to power portable com-
puters. It works with the Toshiba
3100, 3200 and 5100 and the Compaq
Portable II and 386, as well as most

other portable computers. The in-
verter provides continuous ac power
for operating these computers (and
printers, modems, radio scanners,

FAX machines, etc.) from automo-
tive or marine batteries. It also gives
laptop users the ability to recharge
their computers and peripherals on
theroad aseasily asthey can at home.

Specifications include: 10 to 15
volts dc input; 115 volts ac + 5 per-
cent, 60 Hz +1 percent output;
200/100 watts peak/continuous out-
put; 90 percent efficiency; 0.06-am-
pere no-load current drain; and mod-
ified sine-wave output. The inverter
features a single three-contact ac re-
ceptacle, a low-battery alarm, auto-
matic low-battery cutoff to prevent
damage to the user’s battery, and
overload and thermal protection.
$179.95.

CIRCLE 56 ON FREE INFORMATION CARD

A Talented Chip

A new TTL-compatible 40-pin
HMOS IC from ALX Digital (Mi-
ami, FL) contains 12 different func-
tions that can greatly simplify and re-
duce the cost of the circuitry required
to perform various tasks. In most

““Technical’’ Workbench

A Technical Workstation from
Tennsco Corp. (Dickson, TN) com-
bines modular flexibility and user
comfort. It features a heavy-duty
steel frame with concealed fasteners,
slip-resistant adjustable footrest,
comfort-rounded work surface edg-
ing and adjustable glides. Options
available with the workbench include
a static-controlled work surface and
convenient power-distribution rail
that contains up to eight 117-volt
outlets with a 15-ampere circuit
breaker, power switch and 8-foot-
long power cord. Other options in-
clude an instrument shelf (with op-
tional power rail and static-con-
trolled shelf surface) and drawer
units with epoxy-coated roller slides
for quiet, smooth operation. Color
and trim options allow the Technical
Workstation to complement any
work environment.
CIRCLE 55 ON FREE INFORMATION CARD

cases, the only requirements to get
the chip operating are a 5-volt dc
power supply and a 4-MHz crystal.
Among the functions offered by the
ZR2 chip are: ac and dc light dim-
mers; transmit/receive serial data
manipulation; a 64-channel control-
ler; a 16-channel direct-mode con-
troller; serial-to-direct channel con-
trol; counting; and four chasers/zon-
ers with 16 channel outputs.

The chip provides three modes of
operation: auto run, sync and man-
ual run. In auto, operation is free-
running, while sync requires a series
of pulsesto trigger operation—which
is ideal for music-sync functions like
light shows. Variable speeds are
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SAVE $59!

Over 1500 Functions!
Get YOURS Today!

ONLY $175.95

Personalized DESK- WEDGE
Stock #18-811 [Bocote Desk Wedge]..$29.95

Infrared Printer

$105.95
$14.95
$9.95
each $.85

Stock #82240 [Infrared Printer] List $135
Stock #82241 [AC Adapter, IR Printer]
Stock #82175 [Printer Paper, black, 6 rolls]
Stock #AA [Batteries, printer uses 4]

Soft Leather Case

Pliant cowhide, lined with a second layer of leather, to compliment your board room table.
Colors to match your briefcase!

Stock #92169D [Black] List $19 $17.95
Stock #92169E [Brown] List $19 ...$17.95
Stock #92169F [Burgundy] List $19 $17.95

ORDERS ONLY
(800)633-2252 EXT. 359
Anytime - Day or Night

We guarantee your satisfaction
All orders carry a 15 day money back

 BduCALC

EduCALC 27953 CABOT ROAD
UPS Shipping $4 within USA. LAGUNA NIGUEL, CA 92677 US.A.

Telephone (714)582-2637 07 | osasonss

8-5 pm Mon. - Fri. s

FAX (714)582-1445 Anvtime

available for the light dimmers and
zoners, which makes the chip suit-
able for stage lighting and motor
control applications.

One routine allows the chip to be
connected to hundreds more of the
same chip, dramatically expanding
the total number of output lines.
Though not RS-232 compatible, the
serial data routines can be used to
store and retrieve files on tape. The
same routine can also be used to cre-
ate a personal modem system. Both
16-channel controllers output the se-
lected lines in OR or AND mode.
One controller requires serial, the
other parallel, dataentry. This chip is
claimed to be fully software compati-
ble and can be interfaced to almost
any computer. $35.

CIRCLE 57 ON FREE INFORMATION CARD

Telecommunications Tester

American Reliance’s (Rosemead,
CA) Model AR-180T tester is de-

RECEIVER

YY Y

It:o».« - ove
& AMERKAN RELAKE AR- 180T

signed for telecommunications and
data-communications  technicians
who need to take level and noise mea-
surements as well as to measure ac
and dc voltage, dc current and resist-
ance. In addition, the instrument can
generate four precision tones (404,

1,004, 2,713 and 2,804 Hz) for fre-
quency-response measurements. For
ac voltage and level measurements, a
true-rms ac converter is used, while
for noise measurements a built-in
‘“C-message’’ noise weighting filter
is employed. Ac/dc can be measured
to a maximum of +200/750 volts
with resolution of 0.1/1.0 volt and
accuracy of +0.5/+1.5 percent.
Maximum dc current is +200 mA,
with resolution of 0.1 mA and accur-
acy of +0.5 percent + 1 digit. Fuse
protection is provided in the dc cur-
rent function.

The instrument is switchable be-
tween 600-ohm terminated or bridge
measurements at an impedance of 1
megohm. An audible continuity
beeper is included, and measure-
ments are displayed in a 3.5-digit
LCD window. Separate ‘‘transmit-

(Continued on page 84)
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Applications

Making Printed-Circuit Boards
The Old-Fashioned Way

Using photographic techniques without a camera or darkroom
can provide repeatable professional results at low cost

By Anthony J. Caristi

any readers fabricate cir-
cuits on printed-circuit
boards for their personal

construction projects, often using
etching-and-drilling guides such as
ones printed in Modern Electronics.
There are a variety of ways to create
such circuits, including dry transfer,
resist tape, photographic, and so on.
Each method has its advantages and
disadvantages.

The photographic method, which
is the subject of this article, is often
desirable to achieve professional-
quality results when the circuit is
more complex than a very simple one
or when more than one identical board
has to be produced. The term, ‘‘pho-
tographic,’’ is really a misnomer here
since a photolab with camera equip-
ment and a darkroom is not required.
Instead, it simply means that light-
sensitive material is used that must
not be exposed to bright light, a nega-
tive of sorts is produced, and the cir-
cuit board is developed in a solution.

Following the techniques to be de-
scribed, you will soon be making
pc boards that can be virtually indis-
tinguishable from professionally-
made boards.

The Artwork Materials

In printed-circuit work, the master
layout of the desired copper-trace
pattern that is to remain on the board
after it has been etched is known as the
““artwork.”’ The artwork is laid out

on translucent or transparent film,
usually Mylar in composition. The
pattern for the copper traces is laid
down on this film using self-adhering
tapes, ‘‘donuts,”’ IC and transistor
pads, and other specialized patterns.

Basicto the artwork materials line-
up are donut pads and tapes. These
are available in a number of colors
and “‘scales’’ to suit different layout
needs. Black is the color most popu-
larly used, though red and blue and
sometimes other colors are used on
artwork for very complex, multiple-
layer boards.

Typical of the scales available are
x 1, which is actual finished size;
x 2, which is twice actual size; and
X 4, which is four times actual size.
Larger-than-actual-size and colors
other than black artwork materials
are usually used where pc patterns
are extremely complex and usual-
ly call for two or more layers of
copper patterns on a single circuit-
board assembly.

For our purposes, we’ll concen-
trate on the use of actual-size art-
work composed with commonly avail-
able black materials since we want to
avoid the need for an expensive pho-
tography lab or the additional cost of
having the artwork generated photo-
graphically sized as needed by an out-
side source.

The materials you’ll be using are
sold through some electronics supply
houses and graphics art supply stores
under several brand names. Kits of
pc materials and individual items are
made by DATAK, Bishop Graphics,

16 / MODERN ELECTRONICS / December 1988

www americanradiohistorv com

Kepro, GC Electronics and Vector
Electronic, among others.

The artwork materials with which
you’ll be working are simple. These
include 10-box-per-inch grid paper
or film; transparent or translucent
Mylar drafting film; an assortment
of donut sizes and tape widths; and
DIP IC pad patterns. The only
““tools”” you need are a hobby knife
with spare blades or single-edge utili-
ty razor blades and a roll of mask-
ing tape.

Based on the types of circuits you
generally make into projects, choose
an assortment of different tape
widths and donut diameters. Typi-
cally, tape widths of 0.020, 0.040,
0.080, 0.100 and 0.125 inch will be
sufficient for any but high-power cir-
cuit pc layouts. If your projects are
exclusively low-power digital de-
signs, all you may ever need are the
first two tape widths and perhaps the
0.100-inch width for heavy power
bus and ground runs. For most work,
donuts in diameters of 0.080, 0.100
and 0.125 inch will suffice and per-
haps 0.050 inch for the feed-through
holes required on double-sided board
artwork designs.

Though there are available a varie-
ty of different DIP IC pad patterns
that have anywhere from 14 to 48
pads in two rows that are 0.30 or 0.60
inch apart, you really don’t need
every one of these. Actually, if you
make a large number of IC-intensive
pc guides throughout a year, the best
and most economical IC-pad art-
work configuration to use has long

Say You Saw It In Modern Electronics
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strips of single-row pads that can be
cut to length as needed and be indi-
vidually placed on the Mylar film.
These strips are available in a number
of pad configurations. If you antici-
pate a lot of work in which conduc-
tors will have to pass between pads,
use the configuration that has nar-
row pads that will permit this.

When laying out the actual master
artwork, it’sa goodideato set the IC-
pads, donuts, edge connectors, etc.,
in place first. Burnish them solidly
down. Then make the tape runs that
interconnect the various pads and
patterns. Don’t stretch the tape as
you place it down on the film; if you
do, it will lift or ‘“‘creep’ toward
other tapes or pads in time, creating
unwanted short circuits in the art-
work. Also, though the tapes are
flexible, avoid making sharp turns.

Layout of the master artwork be-
gins with taping a sheet of the trans-
parent or translucent film onto grid
paper. If you’re copying directly
from a printed etching-and-drilling
guide like those provided for many of
the projects in Modern Electronics,
tape the film over the published art-
work—not a photocopy of it, which
may introduce size distortion—and
work directly from that. Size the film
as needed for the pc layout, leaving
an inch or so extra all around.

To generate a pc artwork ‘‘mas-
ter’” for an original circuit design, the
first step is to make a rough layout of
the pc pattern that will be used. The
simplest way to go about this is to
tape a sheet of tracing paper over the
circuit and another over a sheet of
grid paper; the latter can have any
number of boxes per inch, though 10
boxes per inch will make it more con-
venient to directly copy the rough.

Draw whatever DIP integrated-
circuit pads are needed on the tracing
paper laid over the grid paper. Then
make each connecting line in turn,
drawing in the pads for the discrete
components as you go along. Draw
each connecting wire run also on
the tracing paper laid over the sche-

_—
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Fig. 1. A typical artwork pattern

composed on drafting film using DIP

IC pads, donuts and three widths of

tape. This view is of the copper side
of the board.

matic to keep track of what you’ve
already done and what still remains
to be done.

As you come to the end of each
tape run, place the edge of the hobby
knife’s blade or the razor blade
against the terminal point of the tape
and snap the tape sharply to make a
clean edge. Do not use a sawing or
slicing action that may cut through
the donut or pad at the terminating
point. Firmly burnish each tape run
to solidly fix it in place on the Mylar
film as it is being made. A typical ex-
ample of a printed-circuit master art-
work is shown in Fig. 1.

When making the master artwork
for a double-sided board, compose
the solder side view first. Flip over
the composed artwork and tape to it
asecond sheet of Mylar and compose
the component side view, using the
first artwork master as a guide to as-
sure perfect registration (see Fig. 2).
If you find the tape runs and patterns
on the bottom artwork to be confus-
ing, slide a sheet of tracing paper be-
tween the two sheets of Mylar. You’ll
still be able to clearly see the bottom
pattern, but it won’t be nearly so ob-
trusive as you work on the top pattern.

When both original master art-

work patterns have been composed,
label the first ‘‘solder side’’ and the
second ‘‘component side.”” Also
place labels on each to identify the
projects for which they were com-
posed. Figure 3 illustrates the art-
work masters for a simple double-
sided pc board.

Your artwork ‘‘masters’’ aren’t
meant to be used directly. They’re
simply the ‘“positives’” from which
‘“‘negative’> exposure masks are
made. The latter are what are actual-
ly used to expose the copper-clad
blanks that will become the printed-
circuit boards for your projects.

Whenever you finish making an
original piece of master artwork,
carefully check it against the pub-
lished artwork or the rough artwork
from which it was made. Immediate-
ly correct any errors that were made
during composition.

Making the Exposure Mask

It’s almost a maxim nowadays that
you’ll be using ‘‘B neg’’ resist for
printed-circuit work. With this type
of resist, exposure to ultraviolet light
hardens the exposed areas. Recall
that your master artwork ‘‘positive’’
has black patterns on a clear or trans-
lucent background. If this were to be
used as is to expose a presensitized pc
blank, the UV light would harden the
resist over the areas from which you
wish copper to be removed. Conse-
quently, you need a negative of the
master artwork.

We’ll discuss use of readily avail-
able materials from 3M to generate a
negative from the positive master art-
work to obtain clear lines and pat-
terns on an orange backgroundthat’s
opaque to UV energy. (Other ‘‘re-
versing’’ films are available as well
from suppliers of professional pc
materials. These might have black,
dark brown or other base color. The
following procedure will work equal-
ly well with reversing films other than
those from 3M.)

Materials required for the photo-
reversal operation, are 3M’s No.
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77-9802-9269 transparent negative
color proofing film and No. 77-9800- Tapes and pads
e — — - 1 Top artwork

7992-3 color proofing film developer.
These materials are available from
many photo graphics supply outlets
and from the source given in the box
at the end of this article.

In addition to the film and devel-
oper, you need some kind of contact
print frame or box, such as those
used by photographic hobbyists.
Best are commercial models, of
course, but you can easily use a sheet
of glass and a perfectly flat piece of
plywood. The “‘contact box’’ will be
used to expose the photographic film
to a source of ultraviolet light, using
the original master artwork as the
“‘positive’’ from which your ‘‘nega-
tive’’ exposure mask will be made.

Your source of ultraviolet energy
can be the sun itself, assuming you
can depend on bright sunny days,
with the sun’s rays directly striking
your exposure setup. If you don’t
want to have to depend on the whims
of nature for exposing your negatives
and presensitized pc blanks, consider
investing in a commercial UV light.

Preliminary to setting up the expo-
sure arrangement, determine which
side of the reversing film has the
emulsion (coating) on it. This can be
done by any of several methods. One
is to visually inspect both sides of the
film to identify the dull or emulsion
side. This must be done in subdued
lighting or under safe lighting condi-
tions. It also may prove to be a bit
difficult because there is very little
difference in reflectivity between the
two sides.

Another way to determine which
side is which is to try to write on both
sides near the edge of the film with a
soft lead pencil. The side to which the
lead more readily takes is the emul-
sion side.

To make absolutely certain that
you’ve properly identified the two
sides of the film, there is another,
better, test you can make. That is to
gently scrape one surface near the
edge of the film with a sharp hobby
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Fig. 2. Drawing illustrates orientations of the solder-side (bottom) and compo-
nent-side (top) artwork masters during composition.

knife or razor blade. If after a couple
of strokes the clear plastic of the base
doesn’t show through, flip over the
film and scrape the second side. This
time, when the clear film shows
through, you know that you’re scrap-
ing on the emulsion side.

When you’re absolutely certain
that you’ve identified the film’s two
sides, place a small self-stick label on
the emulsion side near a corner.
Write on this the words ‘‘emulsion
side”’ for future reference.

Conduct all tests on the reversing
film under subdued or ‘‘safe’’ light-
ing conditions. To obtain a safe light-
ing environment, use a common yel-
low “‘bug light”’ in your work area as
the source of illumination. This light
can be quite bright without having an
effect on the film. Do not work in
sunlight, which is a robust source of

ultraviolet radiation. If you work in
an incandescent-lighted area, do not
expose the film directly to the light
and keep the brightness of the illu-
mination as low as possible and work
as quickly as you can.

The procedure for producing a
negative exposure mask from the
positive master artwork is fairly
simple:

(1) Cut a piece of the reversing film
to about % inch larger in both dimen-
sions than the original master art-
work. If the artwork is very small—
say, less than 1 inch in a given dimen-
sion, add a bit to the reversing film to
facilitate easy handling.

(2) Referring to Fig. 4, place the
cut piece of film emulsion side down
on the wood plate of your contact
box and follow up with the original
master artwork. Position the art-
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Fig. 3. Solder-side (left) and component-side (right) artwork masters for a dou-

ble-sided pc board. Arbitrarily selected holes ““A”’ and ‘B’ are predrilled in the

pc blank prior (o sensitizing to permit exact registration of each negative expo-
sure mask during the exposure operation.
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Fig. 4. Shown here are details for making a negative of the original artwork mas-
ter. A glass sheet holds the artwork master and reversing film in intimate contact
with each other during exposure.

work so that it is centered on the film
and has its tape-and-pattern side
down. Place over this the sheet of
glass, the weight of which will force
the artwork into intimate contact
with the reversing film during the ex-
posure process.

It is very important that the art-
work and film be maintained in inti-
mate contact during exposure to pre-
vent unwanted light from bleeding
under the black pattern of the art-
work. If such bleeding should occur,
you will end up with a poor quality
negative. If you’re careful to keep the
exposure setup tight, you will end up
with a crisp, sharp negative of the
original artwork.

(3) Expose the assemblyto asource
of ultraviolet light or direct sunlight
for as long as necessary to ‘‘set’’ the
emulsion on the film in the selected
areas. Exact exposure time is impos-
sible to give here, since it depends on
the strength and purity of the UV en-
ergy and other factors. In bright di-
rect sunlight, the exposure time will
average about 60 seconds, while for
UV lamps it can vary from less than
half this time upward.

To determine how long to expose
the reversing film for the specific UV
energy source you’re using, run a se-
ries of test exposures on a strip cut
from the film. Expose )%-inch-wide
sections of the reversing-film strip,

emulsion side down, in increments of
10 seconds. Use a permanent marker
to write the exposure time of each
section of the film and expose through
the lettering. (If you’re using a UV
lamp, maintain the same distance be-
tween it and the exposure setup
throughout the test exposures.)

After test exposing the film, place
it emulsion side up and pour onto it a
sufficient amount of developer to
soak the emulsion. Work in subdued
lighting or under safe lighting condi-
tions. Spread the developer over the
entire emulsion-covered surface and
allow it to soak in for 15 seconds or
so. Use a very soft tissue or cloth
dampened with additional developer
to gently rub the developer into the
film until all softened portions of
the emulsion wash away. Then tho-
roughly rinse the strip of film under
running tap water to remove all de-
veloper. Examining the result, the
proper exposure time for the UV
source you’re using will be the time
marked on the film that appears in
sharp contrast against a transparent
film background.

(4) After exposing the film through
your original master artwork, imme-
diately return to safe lighting condi-
tions. Place the exposed film emul-
sion side up and ‘‘develop’’ it as you
did for the test strip above. Work
slowly and carefully and use plenty
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of developer when rubbing away the
unwanted portions of the emulsion.
If the exposure was correctly made,
the conductor pattern represented by
the tape-and-dot layout on the mas-
ter artwork will begin to appear as
clear against the orange of the re-
versing film. Continue rubbing until
the entire pattern is visible.

Bearin mind that with the develop-
er on the film, the emulsion may be
fairly soft at the end of the rubbing
operation and can easily be damaged
by mishandling. Therefore, handle
the developed film with care. You
can now work under normal lighting
conditions. Thoroughly rinse off
every trace of developer under cold
running tap water. Then allow the
film to thoroughly air dry. Do not
pat or rub it dry with a cloth or paper
towel or tissue.

(5) When it has dried, examine the
negative under fairly bright light,
comparing it against the original
master artwork. If the negative does
not have clear, sharp lines in accord-
ance with the artwork, your exposure
was too long. If some of the orange
background has washed away, the
exposure time was too short. If your
negative is almost perfect, you can
gently scrape away unwanted parts
of the orange background, using a
sharp razor blade or hobby knife,
and touch up with photographic
opaquing ink any spots that should
be opaque.

(6) If you wish to make more than
one printed-circuit board at a time,
make as many negatives of the origi-
nal master artwork as needed. When
you’re done and all negatives are
completely dry, trim them for mini-
mal pc blank wastage and arrange
them together with magic or clear
tape to make a single multiple-pat-
tern exposure mask. Figure 5 shows
the result of taping together of the
same pieces of negative artwork for
making four identical pc boards at
the same time.

(7) Make certain that you identify
the side of the negative that repre-
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sents the copper-side view of the pc
board for which it will be used. Since
this will invariably be the shiny side
of the film, use a permanent marker
to label the film accordingly. While
you’re about labeling, write on the
film the name of the circuit or project
for which the artwork was prepared
and indicate whether it is for a single-
or a double-sided board.

Preparing the PC Blank
Before you can expose the printed-
circuit blank for exposure through
the negative, the blank must be
coated with a light-sensitive photore-
sist. Of course, presensitized blanks
can be purchased from pc materials
suppliers at a premium cost. How-
ever, if you’re planning to fabricate a
number of boards, either of the same
type or of different patterns for dif-
ferent projects, it makes better eco-
nomic sense to purchase copper-clad
pc blanks and spray-on or paint-on
photoresist. You can prepare blanks
as they’re needed at less cost for each
and less risk of the deterioration a
presensitized blank is subject to as
it sits on a shelf for a long period
of time.

To sensitize a pc blank, you need a
can of photoresist and compatible

Fig. 5. The original artwork converted into a negative that will then be used to ex-
pose a presensitized pc blank. This step-and-repeat pattern permits four identi-
cal pc boards to be made simultaneously.
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photoresist developer, such as KTI
Chemicals’ No. 175-2074 resist and
No. 175-3572 developer. These items
are available from most graphics
supply outlets or the source given in
the box at the end of this article. Of
course, the KTI Chemicals items spe-
cified are just an example of similar
materials available from a number of
other suppliers. Some brands of pho-
toresist are paint-on, others are
spray-on. Which you use will be dic-
tated as much by availability as by
your personal preferences. Either
will work effectively.

Sensitize a copper-clad pc blank as
follows:

(1) Cut to a piece of pc blank to a
size approximately Y2 inch longer
and wider than needed for the size of
the pc artwork negative to allow for
final trimming and drilling of mount-
ing holes for the board.

(2) Thoroughly clean the pc blank,
removing all traces of dirt, oil, oxida-
tion and other contaminants from
the copper surfaces. Use scouring
powder and an abrasive pad or fine
steel wool during this operation. If
you’re preparing a double-sided pc
blank, scour both copper surfaces.
Holding the cleaned blank by its
edges only, thoroughly rinse away all

traces of the scouring powder under
warm running water. Examine the
scrubbed copper. It should be bright
and shiny; if not, repeat scrubbing
until it is. The blank must be squeaky
clean when you’re finished. This will
be indicated by a smooth coat of wat-
er flowing over the copper surface. If
itisn’t thoroughly clean, there will be
defective areas in the exposed blank.

(3) Be sure to handle the board
only by its edges from here on. Thor-
oughly dry the cleaned blank. Do not
use a towel or other material that
might contaminate the copper sur-
face. Instead, allow the blank to air
dry, dry it in a warm oven or force
dry it with a blow dryer. If the copper
cladding discolors slightly, it won’t
affect the process, as long as the
blank is clean.

(4) When the blank is completely
dry, take it to an area where the light-
ing is subdued or you’re using a yel-
low bug lamp. Place the blank on a
meticulously clean surface, copper-
clad surface up. If you’re using a li-
quid photoresist, pour a small
amount of it on the copper-clad sur-
face and use a clean Q-Tip or similar
spreader to paint the entire copper
surface with an even layer of resist. If
necessary, add more resist to assure
complete and uniform coverage. Al-
ternatively, pour the resist into a
glass—not plastic—tray that is large
enough to accommodate the pc blank
and submerge the blank in the resist.

If you’re using a spray-on photore-
sist, place the blank inside a box to
contain over-spray and spray the
copper surface with a uniform layer
of resist. Make the coating quite wet
and free of visible imperfections.

Whichever type of photoresist is
used, prop the coated blank on edge
to allow excess photoresist to to drain
off. Leaving the coated blank
propped almost vertically, allow the
resist to thoroughly air dry under
light-tight conditions. The drying
process will take two or more hours.

It’s absolutely essential that no
light be allowed to strike the pc blank
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from the moment it’s coated with re-
sist. Otherwise, the blank will haveto
be stripped of resist and thoroughly
scrubbed and be resensitized. Since
the resist-coated blank is highly light-
sensitive, sensitizing more blanks
than will be used in a single day isn’t
recommended.

(5) When coating with resist a dou-
ble-sided blank, the procedure is the
same, except coat the second side af-
ter the first has thoroughly dried. Of
course, if you use the alternate im-
mersion method, the whole opera-
tion can be performed in one pass.

(6) Keep the sensitized pc blank in-
side its light-tight enclosure until
you’re ready to use it. When you are
ready to use it, place the sensitized
blank inside a light-tight box or enve-
lope—such as the plastic envelopes
computer boards are usually sup-
plied in—while transporting it to
your working location.

Exposing the PC Blank

Expose the presensitized pc blank to
ultraviolet light in exactly the same
procedure as the reversing film was
exposed through the master artwork.
In this case, though, the negative is
used as the ‘“‘master.”” Use the same
contact print box or frame or sepa-
rate plywood board and sheet of
glass, asillustrated in Fig. 6. The pro-
cedure is as follows:

(1) In subdued light, place the sen-
sitized pc blank copper side up and
lay over it your exposure mask, the
marked ‘‘copper side’’ up. Make cer-
tain you orient the exposure mask
properly; if you place it upside-down
on the pc blank and proceed to ex-
pose, develop and etch the blank,
you’ll end up with a useless board.
Center the mask on the blank and
place the sheet of glass over the two.
Figure 6 illustrates this arrangement.

(2) Place the exposure mask and
blank inside your contact print box
so that the two are held firmly in inti-
mate contact with each other. Any
space between the exposure mask

1 1 1 l l Light source
[ 1 Glass
Label
L ———— M- Negative
Copper side
1PC board

T e

Fig. 6. Iilustration of placement of the negative exposure mask and sensitized pc
blank for exposure. The glass sheet holds the exposure mask in intimate contact
with the pc blank.

and pc blank will result in a blurry
printed-circuit pattern.

(3) Expose the pc blank through
the mask to a source of ultraviolet
light or the sun itself. Again, as was
the case in preparing the negative
from your artwork positive, expo-
sure time will have to be determined
experimentally in much the same
manner as before. Typically, it will
be twice as long as was required to
properly expose the reversing film.
Therefore, a good starting point
would be 2 minutes with test expo-
sures at 20-second intervals.

(4) Once you’ve determined how
long an exposure is required, expose
the pc blank. Meanwhile, pour the
board-developing solution into a
glass—not plastic! —tray that is large
enough to handle the pc blank to a
depth of about % inch.

(5) When the pc blank’s exposure
period has lapsed, turn off the UV
source (or shield the setup from the
sun) and arrange safe lighting condi-
tions. Remove and set aside the sheet
of glass and exposure mask. Then,
handling the exposed pc blank only
by its edges, transfer it to the tray
containing the developer solution. If
the blank is single sided, place it cop-
per side up in the solution. Allow the
blank to sit in the developer for 2
minutes, at which time, the blank will
no longer be sensitive to light and you
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can finish working under brighter
ambient lighting conditions.

(6) Handling the pc blank only by
its edges, thoroughly rinse it under
cold running water to wash away all
traces of the developer. As you’redo-
ing this, avoid touching the copper
surface because the remaining resist
pattern is likely to be quite soft and
relatively easy to damage. To “‘set”’
the resist pattern and dry it at the
same time, it’s a good idea to force
dry the pc blank with a blow dryer.
Otherwise, allow the blank to dry na-
turally by evaporation.

(7) Careful examination of the pc
blank should reveal the pc pattern
formed by the remaining resist. If
you note any area or areas in which
the pattern has washed away to ex-
cess or entirely, your exposure time
was too short or you improperly pre-
sensitized the blank with photoresist.
If the resist hasn’t been removed suf-
ficiently from certain areas, your ex-
posure time was too long or the pre-
sensitized blank was exposed to light
before it was placed in the contact
box. In either event, you’ll have to
strip all resist from the blank and
start over again from scratch.

During your examination, if you
note any minor defects in the resist
pattern, you can correct them by
scraping away the resist in areas
where it didn’t wash off or add resist
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There are a number of alternative ways
to make printed-circuit boards. A pop-
ular method is the dry-transfer one
where etch-resist is applied to a printed-
circuit board, which can be donein vari-
ous ways. For example, DATAK’s sys-
tems are popularly used to make one-
time artwork and single boards.

The company’s ER-4 Photo-Etch Kit
($37) contains all the material needed to
reproduce artwork published, say, in
Modern Electronics. It also includes the
company'’s Direct-Etch system to make

A Dry-Transfer Alternative

single pc circuits without artwork,
which simplifies trying out different cir-
cuit layouts.

The latter system uses plastic etch-re-
sist patterns that are transferred by
pressure onto a copper-clad circuit
board. A set of 69 different sheets of
patterns—DIP’s, TO’s, surface-mount,
edge card contacts, straight-line con-
nections, polarity symbols, etc.—is
available as DE-973 for $34.95, while
refill sets of two sheets cost $2.

To create a circuit on a copper blank,

one simply lays down a selected pattern
on the sheet and rubs it with a ball
point or spoon burnisher. Then con-
necting traces from the sheet are cut to
the desired length with a razor or knife
and similarly transferred to the board.
The completed circuit is then sprayed
or tank etched, followed by removing
the resist by soaking the board in min-
eral spirits and rubbing clean with a
soft cloth.

As you can see, there are many ways
to skin the cat.
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A Direct-Etch Dual-1nline-Pin (DIP) pattern is transferred to a
copper-clad pc board by laying the pattern down where it’s to be

positioned and rubbing it with a burnishing tool.

Printed-circuit connecting traces are first cut to length and then

After etching, the dry transfer etch resist is easily removed by
rubbing it with a cloth that’s impregnated with mineral spirits or

rubber-cement thinner.

transferred between pattern points, as shown.

The finished printed-circuit board, displaying clean edge defini-

tion, is pictured here.
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with an artist’s paintbrush where it
washed off but should not have. If
you add resist, you must expose it to
UV light to set it prior to etching the
pc blank.

(8) Whatever developer remains in
the tray can be reused. Pour it back
into its container and seal tightly.

If you’re making a double-sided
printed-circuit board, your exposure
task will require a few extra steps. To
begin with, of course, you must ex-
pose the pc blank twice, once for
each side.

Alignment of the two exposure
masks—technically known as ‘ ‘regis-
tration’’—is critical. The simplest
way to assure this is to align the two
exposure masks with the sides labeled
‘solder side’” and ‘‘component
side’’ facing out and punch pinholes
in two or more strategically selected
component-hole locations through
both masks (see points ‘“A’” and “‘B”’
in Fig. 3). Place ‘“‘solder side’’ mask
copper side up on a double-sided pc
blank that has been previously cut to
size and gently center-punch the hole
locations onto the copper surface of
the blank. Remove the mask and drill
No. 60 holes at each marked location.

After drilling the holes, double-
check alignment between the blank
and two masks. Then clean and sensi-
tize the blank as described above.
When you’re ready to expose the
blank, place it on a corrugated card-
board box. Orient one mask on it
with its punched holes aligned with
the holes in the blank and push
straight pins through from the mask
side in each hole location and com-
pletely into the cardboard.

Place the glass over the assembly
and check for intimate contact be-
tween the mask and pc blank. If you
note any lifting of the mask, due to
the heads of the pins, place thin
pieces of cardboard on top of the
mask and weight the assembly down
with the sheet of glass. (Don’t forget
to do all this under subdued or safe
lighting conditions!) Expose the
blank through the mask to UV light.

Then repeat the entire procedure for
the other side of the blank and re-
maining exposure mask.

Etching the Blank

Etching is a chemical process by
which the portions of the pc blank
not protected by the resist pattern are
attacked and eaten away by a chemi-
cal solution. In effect, the unwanted
copper is washed away, leaving be-
hind only enough copper to make up
the desired copper-trace pattern for
the printed-circuit board.

Two etching agents are popularly
used by both industry and home ex-
perimenters and hobbyists. These are
ferric chloride and ammonium per-
sulfate. Of the two, ferric chloride is
much the faster etchant, requiring
about 10to 30 minutes, depending on
solution temperature and agitation
activity, to eat away the unwanted
copper from a typical size pc blank.
Ammonium persulfate may take up
to 2 hours to do the same job.

Ammonium persulfate is a grace-
ful etchant compared to ferric chlor-
ide. Both chemicals are poisonous
and, therefore, must be kept out of
the reach of children. They must nev-
er come in contact with eating uten-
sils. This being the case, you should
purchase a glass baking dish and use
it exclusively for pc work. In fact,
buy two or three dishes, saving each
for exclusive use of only one chemi-
cal (etchant, developer, etc.).

A word of caution about ferric
chloride is highly in order here. This
is a particularly nasty chemical in
that it will attack almost any metal
and will stain anything else it comes
into contact with. Be very careful not
to spill or splash this chemical. Wash
it immediately off anything that may
accidentally come in contact with it.
Also, if you pour ferric chloride into
a sink, it will stain the surface.

Ferric chloride comes premixed
andready to use. Ammonium persul-
fate, on the other hand, is supplied in
a crystal form and must be mixed
with water at the time it is to be used.
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Both chemicals work faster at elevat-
ed temperatures and are at their opti-
mum at about 100 degrees Fahren-
heit. You can warm ferric chloride to
110 or even 120 degrees by placing it
in its unopened container in a pail of
very hot hot water until it becomes
hot to the touch before actually using
it. With ammonium persulfate, sim-
ply use hot water in which to dissolve
the crystals.

Pour the etchant into a glass bak-
ing dish to a depth of % to % inch.
Then place the pc blank in the etch-
ant. As the etchant begins to work,
gently rock the dish back and forthto
agitate the etchant and wash away
the released copper. Continue etch-
ing the blank, rocking the dish every
couple of minutes or so, until all cop-
per has been etched away from the
areas not protected by resist. Take
care to avoid splashing or spilling the
etchant.

During the etching process, peri-
odically lift the board out of the etch-
ing solution to inspect the progress.
Use only plastic tongs to lift the
board from the solution. Never use
metal tongs; the etchant will immedi-
ately begin attacking them if you do.

Don’t over-etch the pc blank. If
you do, you may find that the etchant
will begin to attack the desired cop-
per pattern. When etching is done,
remove the board from the glass bak-
ing dish and thoroughly rinse it under
running tap water. Then carefully ex-
amine the board to verify that it has
been properly etched. If there are still
traces of unwanted copper, return
the board to the etching solution un-
til they’ve been dissolved and once
again thoroughly clean the board.

Once the etching process is truly
complete and all traces of the etchant
have been rinsed from the board, re-
move the resist that remains on the
copper pattern to make it possible to
solder to the copper pads. Use fine
steel wool or very fine emery cloth to
remove the resist.

If you use ammonium persulfate
etchant, be advised that it is not reus-
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able. Upon completion of etching a
board, this chemical should be dis-
posed of according to the rules for
such disposal in your community.
You’ll know when ferric-chloride
etchant has become saturated with
dissolved copper by the fact that its
copper-removing action will be not-
iceably slower or cease altogether.
When this occurs, it’s time to discard
the etchant. The best way to do thisis
to pour the etchant into a container
of dry sand, which will soak it up like
a sponge, and then dispose of it with
your normal trash pick-up. Before
doing thelatter, however, check with
your local environment protection
agency if this method of disposal is
legal; if not, ask what must be done

largest and working down to the
smallest. If the centers of any donut
or IC pads have no copper removed
from them, carefully dimple them us-
ing a sharply pointed center punch
and a gentle tap from a hammer.
Your printed-circuit board is now
ready to be populated with compo-
nents. If you followed the routines
outlined here, the board—and, by

extension, the wired circuit-board as-
sembly—should look every bit as
professional as any you can get from
commercial sources.

Once you master the “‘art’’ of fa-
bricating pc boards, you’ll discover a
whole new dimension of the electron-
ics hobby. Given professional-look-
ing pc assemblies, you’ll undoubted-
ly want to show off your projects. ME
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Technology

Passive Wave-Shaping Circuits

Using resistors, capacitors, inductors and diodes to do
a job that has traditionally been the task of op amps
and other active elements

By Joseph J. Carr

uch has been written about
active wave-shaping and
wave-generating circuits in

which operational amplifiers and oth-
er linear IC devices are used to create
special waveforms. Did you know,
though, that it is also possible to use
passive circuits to shape waveforms?
Resistors, capacitors, inductors and
diodes can be used to shape waves at
less cost than with active devices.

The use of passive devices in shap-
ing waveforms is due to the nature of
pulse signals and the nature of di-
odes. Since a pulse is made up of a
fundamental sine wave and an as-
sortment of harmonics, the mix of
which harmonics and how strong
each is depends upon the particular
waveform generated. Traditionally,
wave-shaping circuits have been
made up of frequency-sensitive RC,
LC and RLC networks that shape
and form pulses by altering their fre-
quency content.

We will investigate passive wave-
shaping networks and how they can
be incorporated into practical circuit
designs. You may find here ways of
simplifying your own wave-shaping
designs or means of designing cir-
cuits that can save on the cost of your
next project.

Action On Square Waves

Shown in Fig. 1 is the 10-volt peak-
to-peak (p-p) square wave of an el-
derly Heath Model I1G-18 sine/
square-wave audio signal generator.
For these experiments, the frequency
of these square waves was set to ap-

Fig. 1. Screen photo of a 10-volt

peak-to-peak square wave from an

old Heath Model IG-18 sine/square-
wave audio generator.

proximately 400 Hz. Although age
has deteriorated the rise time of the
leading edges of the square waves
generated by this instrument, the sig-
nal is adequate for purposes of exper-
imenting.

Recall that a square wave consists
of a fundamental sine wave plus a
collection of odd harmonics. This
waveform can be shaped by enhanc-
ing or rolling off those harmonics.
Of course, if these harmonics are
rolled off to too great a degree, the
only thing remaining will be a sine
wave whose frequency is the funda-
mental.

When the Fig. 1 square wave is ap-

plied to the input of an RC low-pass
filter, or “‘integrator,”’ network like
that shown in Fig. 2(A), the output
signal appears as shown in Fig. 2(B).
Note here that the amplitude of the
output signal is somewhat reduced
compared to that of the original in-
put signal, the result of losses (atten-
uation) in the RC network. Also note
that the fast rise- and fall-time edges
of the input signal have become
curved in the output waveform so
that it appears much like a capacitor
charge/discharge waveform. This
wave shape results from rolling off
the high frequencies present in the
square wave.

The degree to which the edges of
the output waveform are rounded de-
pends on the values of R and Cin the
network. A high RC product is alow-
er-frequency low-pass filter and,
thus, will have a larger effect on the
waveform.

A low-pass filter also serves to
mathematically ‘‘integrate’’ an out-
put waveform. As a result, the out-
put of this network represents the
time-average of the input waveform.
This fact is used to good effect by in-
strumentation designers.

R )

C= Output

f

(A)

(B)

Fig. 2. An RC low-pass filter or integrator (A) and the output signal that occurs
when a square wave is applied to its input (B).
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(B)

Input R D1 1{ Output
(A)

(B)

Fig. 3. An RC high-pass filter or dif-

Sferentiator (A} and the output that

occurs when a square wave is applied
to itsinput (B).

Figure 3(A) illustrates an RC high-
pass filter, also referred to as a “‘dif-
ferentiator.’’ In this circuit, the ele-
ments are the same as those used in
the low-pass filter arrangement
shown in Fig. 2(A). However, their
respective roles are reversed. In this
case, the high frequencies are not at-
tenuated as much as are the low fre-
quencies. Therefore, the square wave
becomes tilted in favor of the high
frequencies. Put another way, the

+I

LEAK

K

= ST L

Fig. 5. Adiode connected across output of a differentiator circuit to clip negative
peaks (A) and output signal that results from its inclusion in circuit (B).

output waveform is ‘“‘peaked up,’” as
shown in Fig. 3(B), which shows the
output waveform with a characteris-
tically fast rise time and an exponen-
tially decaying fall time. This wave-
form, called a ¢‘differentiating square
wave,”’ is used for applications such
as counting or triggering other circuits.

A problem with using the straight
differentiated square wave for either
triggering or counting purposes is
that it has two separate peaks, one in
the positive and the other in the nega-
tive directions. To be used effective-
ly, this waveform must be modified
to eliminate one polarity’s peaks. For
this wave-shaping task, we turn to
the ordinary diode.

Figure 4 shows the current-versus-
voltage (I-vs.-V) characteristic for a
diode. When the applied voltage is
such that the anode (A) is negative
with respect to the cathode (K), the
diode is cut off and no current flows
through it, which is the reverse-bi-
ased condition. In theory, current
flow through the diode is zero. (In
real diodes, however, there is always
atiny leakage current (Ijeax) in the re-
verse direction. As a general rule, the
smaller the leakage current, the bet-

ter the diode, and the higher the *‘re-
verse resistance’’ as measured on an
ohmmeter.

When the diode is forward biased
such that its anode is positive with re-
spect to its cathode, the diode con-
ducts current freely. Below a certain
junction potential, referred to as Vg,
conduction is nonlinear. Above Vy,
the diode’s action begins to obey
Ohm’s Law. The value of the junc-
tion potential is 0.2 to 0.3 volt for
germanium diodes like the 1N43,
1N60, etc., and 0.6 t0 0.7 volt for sili-
con diodes like the 1N914, 1N4148,
and others like them.

As a result of the diode’s charac-
teristics, we know that a diode: con-
ducts in only one direction; is linear
above the junction potential; and
does not conduct current when re-
verse biased. Knowing these things,
let us connect the diode into a circuit
and observe what occurs.

Figures 5(A) and 6(A) show a
“‘clamping diode’’ connected across
the output of the differentiating RC
network shown in Fig. 3(A). In the
case of Fig. 5(A), the diode is con-

‘nected such that it is reverse biased by
positive output voltage excursions

O—
O ==
o—

Input R Diwy Output
(A)

(B)

Fig. 4. The current-versus-voltage
transfer characteristic of a diode.
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Fig. 6. Adiode connected across output of a differentiator circuit to clip positive
peaks (A) and output signal that results from its inclusion in circuit (B).
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(A)

Fig. 7. A sine-wave signal applied to both inputs of a two-channel oscilloscope
with the waveforms in-phase with each other (A) and input and output wave-

forms from an attenuator superimposed on each other (B).

and is forward biased by negative
output excursions. The result is the
waveform shown in Fig. 5(B). Here
we see the same type of differentia-
tion as before on positive peaks, but
now the negative peak of the output
waveform has been clipped.

If you are eagle-eyed, you can see a
small “‘pip’’ on the Fig. 5(B) trace at
the point where each negative excur-
sion would have begun if the signal
had not been clipped. This pip is the
result of the junction potential of the
diode. The experiment to make these
photos used a network containing a
I1N60 germanium diode, which had a
0.2- to 0.3-volt junction potential,

which is the approximate amplitude
of the pips shown in both Fig. 5(B)
and Fig. 6(B).

Exactly the opposite situation is il-
lustrated in Fig. 6(B). In this case, the
Fig. 6(A) circuit was arranged to
clamp the positive-going spike so
that only the negative spike remains.
Otherwise, operation of the Fig. 5(A)
circuit is identical to that of the Fig.
6(A) circuit.

Using a diode to clamp the spike is
one way to ensure that only correct
triggering signals get to a circuit.
Otherwise, operation of such circuits
as one-shot multivibrators, voltage-
to-frequency (V/F) converters and

) D1%&

| o
\

Fig. 8. A circuit with a diode clamp across an ac signal line (A); the same circuit
with a battery used to provide a dc offset (B); and the output waveform from the

circuit using dc offset (C).
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others would be difficult to predict
when two pulses arrive at their inputs.

Sine-Wave Response

Figure 7 shows a sine wave applied to
both inputs of a two-channel oscillo-
scope. In Fig. 7(A), the two wave-
forms are in-phase, rising and falling
in step with each other. However,
when the sine wave is applied to ei-
ther high- or low-pass RC filters, two
things occur. The first is that the out-
put waveform shown as the bottom
trace will be attenuated. The second
is that the relative phase between the
waveforms shifts. This effect is illus-
trated in Fig. 7(B). To better show
the effect, the two waveforms are
shown superimposed on each other
in Fig. 7(B). Note that the smaller-
amplitude is the output waveform
and that it lags the input waveform
by almost 90 degrees. Thus, you can
conclude that even in sine-wave cir-
cuits, passive RC networks are useful
as phase shifters. A well-known os-
cillator circuit, called appropriately
enough the ‘‘phase-shift oscillator,’’
is based on this principle.

Connecting a diodein shunt—orin
series—with the ac sine-wave signal
produces a half-wave output. This
fact is used to advantage in power-
supply circuits. Figure 8(A) shows
the circuit of a diode clamp across an
ac signal line. This type of circuit is
occasionally used in CB and other
communications equipment to limit
the percentage of modulation to a
maximum value. In this application,
two diodes are connected in parallel
and opposite polarity to clip alter-
nate halves of the modulating signal
waveform.

A modified circuit in which a bias-
ing voltage is applied in series with
the diodeis shown in Fig. 8(B). In this
configuration, the diode is forward
biased by + 5 volts dc. The result is a
+ 5-volt offset to the half-wave out-
put signal, as illustrated in Fig. 8(C).
The sine wave has a peak-to-peak
value of 25 volts; therefore, the half-
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Fig. 9. A circuit in which a german-
ium diode is connected in series with
the signal line with 5-volt dc bias ap-
plied in series with a 1,000-ohm resis-
tor (A). With a 25-volt peak-to-peak
sine wave (B) applied to circuit’s in-
put, what waveforms will appear at
points A and B? (See text for answer)

wave amplitude is 25 volts — 5 volts,
or 20 volts.

You can set the trip point and exact
output characteristic by selecting the
amount of the bias voltage, whether
to forward- or reverse-bias the diode,
and exact circuit configuration.

Here is a little quiz that will test
what you have learned about passive
wave-shaping circuits. Shown in Fig.
9(A) is a circuit in which a 1N60 ger-
manium diode is connected in series
with the signal line. A 25-volt p-p,
A00-Hz ac signal like that shown in
Fig. 9(B)is applied to the input of the
.ircuit. If the bias voltage is + 5 volts
dc and it is connected in series with a
1,000-ohm resistor, what waveforms
can be expected at points A and B?
Assume that the junction potential is
negligible compared to the peak am-

plitudes. The answers to this ques-
tion appear on page 85.
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Technology

Modern Hand Calculators

Using computer technology, the latest handhelds pack
more power and more functions than ever before,
while simplifying their use

By Art Salsberg

nce past the cheap four-
function calculators that
are essentially throw-away

types today, there are moderately
priced professional handhelds that
might be called advanced calculators.
This latest breed of battery-powered
handhelds complement personal
computers, enabling users to per-
form a host of calculating functions
while on the move. Further, the new
calculators’ dedicated math func-
tions often provide greater speed
and operating simplicity than pos-
sible with general purpose person-
al computers.

They’re broadly directed to two
markets: scientific and business. The
former are used by engineers and sci-
entists, while the latter are favored by
business professionals in fields such
as finance, marketing, real estate,
and similar areas. Students and edu-

cators in each specialty are attracted
tomodern handheld calculators, too.

The HP-28S is Hewlett-Packard’s top-of-the-line scientific calculator. It can
solve symbolic algebra and calculus problems and graph multiple equations in its

Combining easy use, small size, and
high productivity, the latest genera-
tion of handheld electronic calcula-
tors has only a few manufacturer play-
ers in the market: Casio, Hewlett-
Packard, Sharp and Texas Instru-
ments. Hewlett-Packard has been es-
pecially active in developing new
types of scientific and business hand-
held models during the past year. It
now has six models that exemplify
the changing nature of these products.

Hewlett-Packard’s new handhelds
build on the hardware and software
concepts introduced last year with its
HP-18C Business Consultant and

large liquid-crystal display window.

HP-28C scientific professional mod-
els. The former has been succeeded
by the $175 HP-19 Business Consul-
tant II, while a second business-ori-
ented model, the $110 HP-17B Busi-
ness Calculator, adds a second-tier
handheld. Similarly, the HP-28C sci-
entific has been superseded by the
new $235 HP-28S Advanced Scienti-
fic Calculator, with a second-tier
model, the $110 HP-27S, newly in-
troduced. The lower-priced models
use algebraic entry instead of Hew-
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lett-Packard’s traditional Reverse
Polish Notation (RPN), while the
costlier models can be used either way.

In addition to the foregoing mod-
els introduced early ’88, HP an-
nounced two more new calculators
just in time for the holiday shopping
season: the HP-42S5 RPN scientific
calculator ($120) and the HP-14B
business calculator ($79.95), an alge-
braic-entry calculator. RPN entry
eliminates use of parentheses or an
equal-sign key. Here, entering ‘2,

Say You Saw It In Modern Electronics
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The HP-275S scientific calculator for technical profession-
als in management comes with HP Solve that permits en-

tering of custom equations without programming.

Enter, 2, +°’ yields the answer, 4.
With algebraic entry, the user would
enter the more familiar ‘2, +,2, =
to get the displayed answer.

Novel Features

HP’s top-of-the-line scientific hand-
held, the 28S, is a problem-solving
demon. It does symbolic algebra and
calculus, produces graphs on a four-
line 23-character LCD display and
can plot them on an optional HP in-
frared-linked printer.

It incorporates 32K of user RAM
to store programs, data and graphics
displays, as well as 128K of dedicated
ROM. Like its predecessor model,
it’s packaged so that it can open up
like a folding case, revealing an al-
phabetic keyboard on the left half

Say You Saw It In Modern Electronics

and a numeric keyboard on the right,
where the LCD display is also lo-
cated. When open, it measures 7.5 X
6.3 x 10.5 inches. It’s powered by
three replaceable alkaline N-cells.
Menu labels on the display, with
selection keys on the calculator body
just under them, make calculations
easy. Just keying in the information
enables the handheld to solve mathe-
matical problems using its internally
dedicated formulas. The user simply
keys in the numbers, presses the ap-
propriate menu label key to register
each, and then presses the key that re-
presents the missing value. The answer
is then displayed. This might be the
monthly loan payment amount if you
had entered the number of months
per year X number of years, and

The HP-14B (left) gives business students and profession-
als the ability to label values for easy identification, while
the HP-42S (right) RPN scientific calculator for engineers
displays complex numbers in the same way they are written

on paper.

total loan cost and interest percent.

Moreover, users can create their
own equations and menus for vari-
ables without doing any program-
ming. Here, the user need only em-
ploy words and symbols. The system
is called HP Solve, which also gives
users an opportunity to do fast ‘““What
if?’’ calculations. The menus can be
organized into menu trees, too.

Menus for a variety of operations
are chosen by pressing a shift key and
then the key that represents what you
want. These might be Solve, Stat (for
statistics menu), TVM (for time value
of money), Base (number base con-
versions), Prob (probability), Hyp
(hyperbolic and inverse functions),
Convert, Printer, etc.

The lower-cost algebraic-entry
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HP-27S operates in a similar man-
ner, but does not have the separate
alpha keyboard. Its display is
smaller, being a two-line, 22-charac-
ter LCD. Memory is more limited,
too, with 64K-bytes of ROM and
6.7K-bytes of user RAM, and it does
not feature graphics displays. Never-
theless, it is still a powerful scientific
handheld that’s priced at less than half
of the senior scientific calculator.

Special-solutions books are also
available, including one titled ‘‘Elec-
trical Engineering.”’

HP’s new business-oriented calcu-
lators operate in a manner similar to
its scientific models, though focusing
on solving business problems. The
HP Business Consultant II offers sta-
tistical and cash-flow graphics, cash-
flow graphs, histograms, etc. It also
has a Text application for name
and number lists, currency conver-
sion, and an appointment menu with
alarm clock.

The above handheld has a 128K-
byte ROM and 6.5K of user RAM.
The smaller business handheld, the
HP-17B, is aless-powerful version of
the top-of-line Consultant I1. It hasa
64K ROM and 6.5K RAM, and does
not feature graphics.

In addition to the four handhelds
described, just-released information
relating to two new end-of-year mod-
els were announced by Hewlett Pack-
ard. The new HP-42S has RPN Sci-
entific emblazoned on its case, in
contrast to the HP-27S’s plain old
Scientific. Seems that HP did not
want to ignore its traditional line of
RPN machines and the loyal follow-
ers who have long favored this pro-
gramming-efficient system, pricing
the economy RPN one $10 higher
than the economy algebraic hand-
held previously introduced to the
marketplace.

The latest scientific handheld entry
focuses on engineering calculations
with complex numbers and vectors,
which are displayed just as they’re
written on paper.-As an example, it
displays 0.0000 i2.0000 in rectangu-

lar mode for the square root of nega-
tive four, as contrasted to an error
message typically displayed on most
calculators. Therefore, one can see
both real and imaginary parts of a
number. The HP-42S is reported to
have a sophisticated matrix editor for
simplifying solving of simultaneous
equations, and an equation solver
that prompts for variables for assign-
ment to softkeys.

And as one might expect, the new
machine is said to be program com-
patible with the highly popular
HP-41C/CV calculators, which
means thousands of existing pro-
grams. HP positions the modestly
priced HP-42S as a calculator that
complements the more costly HP-41,
which is expandable. There’s an op-
tional, no-cord-needed infrared
printer available for the new calcula-
tor, too. This handheld has more
than 7.2K bytes of user RAM and a
64K ROM. Dimensions are3.1 x 5.8
% 0.6 inches and the LCD display
has two 22-character lines.

The new low-cost algebraic-entry
HP-14B business calculator provides
the most often-needed functions for
business students and professionals,
including forecasting with four curve
fits, small-business functions and
cash flows. Keys for many items
work together automatically, so that
keying in two values issues an auto-
matic calculation and display of the
third. It only has a one-line, 12-char-
acter liquid-crystal display, 16K
bytes of ROM in keeping with its di-
minished capabilities and 0.5K byte
of RAM.

In sum, pocket-size calculator de-
sign has taken a new turn, using digi-
tal technology to enhance their capa-
bility and new production methods
to maintain small size. Graphics and
dedicated problem-solving, for ex-
ample, represent revolutionary im-
provements that were formerly lim-
ited to computers. Moreover, there’s
awide choice of handheld calculators
with different capabilities at differ-
ent price points to match one’s needs.
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OPTOELECTRONICS ING.

NEW

POCKET SIZE

SIZE:4"Hx3.5"Wx1'D

MADE IN USA V =
TO 2.4 GH
L | 8 LED DIGITS - 2 GATE TIMES
ALUMINUM CABINET
| INTERNAL NI-CAD BATTERIES INCLUDED
| AC ADAPTER/CHARGER INCLUDED
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e AC-DC - PORTABLE
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Small enough to fit into a shirt pocket, our new 1.3 GHz and 2 4 GHz, 8 digit frequency counters are not toys! Thay
can actually out perform units many times their size and price! Included are rechargeable Ni-Cad batteries
installed insiae the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC
adapter/charger supplied with the unit.

The excelient sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna;
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police,
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden
“bug” transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmizters,
signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians, engineers,
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many cthers.

STOCK NO:
#1300H/A  Model 1300H/A 1-1300 MHz couriter with preamp, sensitivity, < Im\, E OPTOELECTRONICS ING.

27MHzto 450MHz includes Ni-Cad batteries and AC adapter .. ... ....$169.95 : j
#2400H Model 2400H 10-2400 MHz micrawave counter includes Ni-Ca

batteriesand ACadapter ............................ ... 8299.95

2.4 GHz COUNTER

#CCA Model CCA counter/counter, for debugging, ultra sensitive, < 50 micro

volts at 1 50MHz! 1-600 MHz with adjustable threshold, RF indicator e N N ] D r D ]

LED. Includes Ni-Cad batteries and ACadapter ........... bt $299.95 [ O O
ACCESSORIES: = egn e - . a2y 2400H i
#TA-100S Telescoping RF pick-up antenna with BNC connector . .. ............ $12.00 -
#P-100 Probe, direct connection 50 ohm, BNC connector .. ... ............. $20.00
#CC-12 Carrying case, gray viny! with zipper opening. Will hoid a counter and

#TA- 10008 antenRa. . . 1 el JeT L e e e

ORDER FACTORY DIRECT

FLA (305) 771-2050 1'800'327'591 2
OPTOELECTRONIGS ING.

Orders to US and Canada add 5% of total ($2 min, $10 max)
5821 N.E. 14th Avenue Florida residents add 6% sales tax. COD fee $2.

Ft. Lauderdale. Florida 33334 Foreign orders add 15%

CIRCLE 74 ON READER SERVICE CARD
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Project

- ———
Speaker Overload Indicato
Alerts listener to speaker signal input problems
that can damage the transducers
By David Miga D1 a1 1 ¢
f you’ve ever blown out a loud- (se‘:“e’“) 100 T 0-0477uF
5 5 . +O- ~ + AAA~
speaker with your audio ampli- § RECT1 «
fier or wish to minimize the pos- A(’:L‘:"Efr 400PIV
sibility, you’ll be interested in this P 1A Y s e° :er
simple circuit. The Speaker Overload S ~ - - Ind e
Indicator (SOI) circuit will monitor T 0.047yF LED? '
your amplifier for three problem

areas: too much output, too much
distortion, and too much positive or
negative dc voltage at the amplifier’s
output. Best of all, the circuit does
not require a power supply, and it’s
small enough to be mounted inside
the speaker enclosure or on the am-
plifier’s chassis.

How It Works

Looking at the schematic diagram in
Fig. 1, you can see that the circuit is
deceptively simple. Full-wave-bridge
diode pack RECTI rectifies audio
signals from the amplifier, enabling
the SOI to monitor both positive and
negative halves of the audio wave-
form. The SOI draws no power from
the amplifier until the signal becomes
too high in level, distortion or dc
voltage, at which time it powers itself
from the amplifier’s output power
and flashes bright red or orange
light-emitting diode LED1.

To trigger the SOI for maximum
output power indication, select the
zener voltage for DI by referring to
the table given in Fig. 2 or by using
the formula

V = +RW - 3.1
where V = zener voltage, R = speak-
er resistance and W = power in watts
to cause the indicator to flash. The
wattage value should be the speaker’s
maximum continuous power han-
dling rms input rating.

Fig. 1. Schematic diagram of Speaker Overload Indicator circuit. Connections
to amplifier’s output and speaker’s input are shown.

The formula was arrived at by using
the well-known formula W = V2/R
and compensating for the 1.4-volt
lossat RECT1 and the 1.7-volt loss at
LEDI, then rearranging the formula
to make it easy to use.

Sharp readers will note that the
formula is accurate only if the speak-
er’s resistance is either 4 or 8 ohms.
Since speaker resistance is actually an
impedance that varies with frequen-
¢y, the SOI will tend to illuminate a
little sooner at low frequencies. Since
excess power usually destroys woof-
ers first, this circuit quirk is actu-
ally helpful.

Capacitors CI and C2 monitor
high-frequency distortion peaks.
These may not be audible to some peo-
ple, but they will fry a tweeter or mid-
range driver in short order. If an am-
plifier is driven into clipping, the high-
frequency components of the distor-
tion will bypass bridge RECT! and
zener diode D/ and illuminate LEDI.

Finally, if your amplifier has a
blown channel that is putting out a
high positive or negative dc voltage
that may not be audible, the LED
will brightly illuminate even when
the amplifier’s volume control is
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PARTS LIST

C1,C2—0.047-xF capacitor

D1—1-watt zener diode (see text for
voltage rating)

R1—100-ohm, %-watt resistor

RECT1—400-PIV, l-ampere bridge
rectifier assembly

Misc.—Terminal strip; Plexiglas rod
and clear epoxy cement (optional—
see text); small wood screws; hookup
wire; solder; etc.

turned down. If this happens, turn
off your amplifier immediately and
get it serviced.

Construction & Installation

Since the SOI is simple and used pri-
marily for low audio frequencies,
component layout is not critical.
Mount all six components on a ter-
minal strip with the leads of LEDI
kept at maximum length. If you’re
mounting the device inside a speaker
enclosure, remove the woofer to pre-
vent accidental damage to it. With
access to the inside of the enclosure,
drill a '%,-inch hole wherever you
want LEDI tomount. Since the front
panel of the speaker enclosure is

Say You Saw It In Modern Electronics



Indicating Zener Voltage at
Watts 8 Ohms 4 Ohms
25 10.9 6.9
50 16.9 10.9
75 21.4 13.9
100 25.2 16.9
125 28.5 19.3
150 31.5 21.4
175 34.3
200 36.9 25.2
225 39.3 26.9
250 41.6 28.5

Fig. 2. Determining zener voltage for
D1 in circuit. Locate in column 1 de-
sired wattage at which circuit should
indicate, read across to 8- or 4- ohm
column, whichever is your speaker’s
impedance, and use a zener diode
whose voltage rating is closest to the

voltage indicated here.

thicker than the length of the LED,
you should countersink the hole in-
side the enclosure with a %-inch or
larger drill so that the LED can be ex-
posed past the front surface.

If you wish, you can obtain a
length of ¥.-inch Plexiglas rod, file
the dome of the LED’s case flat, and
use clear epoxy to cement the rod to
the LED. Now you can drill the
'%.-inch hole clean through the
enclosure’s front panel past the grille
cloth. If you do this, the exposed end
of the rod should be filed and pol-
ished into a dome shape for maxi-
mum light dispersal. Lastly, mount
the terminal strip inside the enclosure
near the drilled hole with two small
wood screws.

You may notice that inexpensive
low-power amplifiers may light up |
the indicator LED more frequently
than a high-power amplifier. This is
because the cheaper amplifiers do
not clip cleanly and, therefore, ex-
hibit high-level distortion peaks.

Only one audio channel SOI is
shown in Fig. 1. You’ll need another
to protect a second channel’s speak-
er, of course. ME ’

‘
4
|
i
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Amnatieur Radio
Buyers Guide

The Active Ham’s Complete Annual Reference Master

This valuable new master directory and buyer’s guide will serve you day in
and day out in searching out new gear, comparing new models, locating deal-
ers near you and mail-order retailers around the country. it’ll help you buy
more wisely with its multi-reference concept to help you wend your way
through the buying maze.

COMPLETE PRODUCT INFORMATION

It’s asingle-volume source book of the latest Amateur Radio gear all section-
alized by equipment type for easy reference by the seasoned editorial staff of
cQ.

* Complete product descriptions.

¢ Technical specifications.

¢ Retail prices.

¢ Equipment photographs.

WHO’S WHO IN THE AMATEUR RADIO BUSINESS

It’s a Buyer’s Guide filled with the kind of support information you've always
needed, but couldn’t easily get: Dealer listings state-by-state (including
branches), names and calls for key personnel, top lines carried, whether or
not trade-ins are accepted or on-site repairs are made . .. and so on.
BUYING TIPS FROM THE EXPERTS

Great articlesonthein’s and out’s of purchasing Amateurequipment. The ex-
perts give you the inside scoop on everything from antennas to transceivers
to making your first packet contact ... and lots more.

ORDER YOUR BUYER’S GUIDE TODAY!

Don’t miss the single most valuable buying guide in the Amateur Radio field.
Send only $3.95 today.

YES, please send my copy of AMATEUR RADIO BUYER’S GUIDE 1989 for only $3.95
postage paid.

Date Number of Copies

Name Call

Address

City State Zip
O Check O MasterCard 0O VISA

Card No. Expires

Signature

(Signature required on all charge orders)

Mail to: CQ Communications, Inc.
76 North Broadway, Hicksville, NY 11801
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Project

A Musical-Instrument

Fuzz Box

A special-effects accessory for use with an electric guitar,
music synthesizer or other musical instrument

By C.R. Fischer

ne of the most popular spe-
cial-effects devices available
to the electronic musician

has been the overdrive produced by
“fuzz’’ boxes. Such an accessory is
used to create intentional distortion
that adds overtones and ‘‘punch’’ to
the sound produced by a musical in-
strument. Used primarily by electric
guitarists, it it s mainstay in the bag
of musician tricks in virtually all
types of modern music.

Presented here is a professional-
quality fuzz-box accessory that will
work with an electric guitar, bass,
synthesizer and electronic keyboard.
Its performance is similar to that of a
professional device but its cost is only
a fraction of such devices. Profes-
sional quality is assured by the inclu-
sion in the project of a variable-gain
voltage amplifier that allows the fuzz
box to be used with virtually any sig-
nal source. Additionally, the amount
of distortion, high-frequency equali-
zation and output levels can all be
continuously varied as desired. Ac-
tive switching permits the effect of
the fuzz box to be controlled by a re-
mote footswitch.

Though this fuzz box delivers true
professional performance, it is easy
to build because the basic circuitry
uses only two easy-to-find integrated
circuits. It includes an ac-operated
power supply that eliminates the
need for a battery. Finally, the circuit
design makes use of high-quality

% 5 ®

Drive Treble Level

components to assure minimum noise
with maximized performance.

About the Circuit

Over the years, a number of designs
have been used to produce signal dis-
tortion effects. Any amplifier will
distort if a large enough excursion
signal is applied to its input. How-
ever, most distortion is undesirable
and does not sound sufficiently
““musical’’ for our purposes. Ideally,
clipping should be symmetrical to
minimize odd harmonics. That is,
both positive- and negative-going
portions of the waveform should be
clamped at the same level. Because
the harmonics that are created by do-
ing this can be piercing to the listener,
some form of treble control is a ne-
cessity. Cheap circuit designs might
use a crude treble-cut network, where
active equalization with adjustable
cut and boost is preferable.

In the design of the fuzz-box cir-
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cuit shown schematically in Fig. 1, all
signal processing is accomplished
with two low-noise operational am-
plifiers contained inside a single IC
package. These are identified as
ICIA and ICIBin Fig. 1. Operation-
al-amplifier /C1A is configured here
as a variable-gain noninverting am-
plifier whose gain is adjustable from
1 to approximately 50. With gain
control provided by GAIN potentiom-
eter R4, the fuzz box can accommo-
date virtually any input signal level.

Once an input signal has been am-
plified by IC1A, itis applied to a sim-
ple clipping network made up of R6,
DI and D2. DRIVE potentiometer RS
controls the amplitude of the signal,
with proper adjustment allowing the
exact amount of distortion to be set.
Lower settings provide a subtle ef-
fect, while higher settings provide a
more dramatic effect that is useful in
hard-rock and heavy-metal styles of
music.

Once the signal has undergone
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Fig. 1. Schematic diagram of basic signal-processing sections of the fuzz box.

clipping, it is processed by a high-fre-
quency equalization network built
around J/CIB. TREBLE control R7,
resistors R8 and R9 and capacitor C3
form a cut/boost network whose ef-
fect begins at approximately 1.6 kHz
and hasarange of +20dB at 20 kHz.
By altering the value of C3, the fre-
quency response of the network can
be varied for best results with differ-
ent instruments. In fact, if you plan
on using this project with a variety of
instruments, you might want to con-
sider incorporating into it a rotary
switch that can be used to select the
correct capacitor value for each in-
strument. Capacitor C4 and LEVEL
control RI2 couple the output of
ICIBto the input of IC2.

Most special-effects devices for
use in the playing of music require
some sort of foot-switching to acti-
vate and disable them as desired
without requiring hand control. This
can be accomplished in either of two
ways. One is use of an ordinary foot-
switch and several shielded cables to
directly switch the audio signal.

There are a number of disadvantages
to this approach, not the least of
which is the expense of long runs of
shielded cable and the fact that long
cable lengths degrade the audio sig-
nal more than does the electronics
package itself.

A better route to switching the ac-
cessory in and out of the signal path is
to use a solid-state switch that
switches the audio signal at the
source and to control the switch with
a voltage. In addition, using elec-
tronic footswitching makes possible
computer control of the effects gen-
erated by the accessory, not to men-
tion other options.

All switching in our fuzz-box ac-
cessory is accomplished with CMOS
analog switch IC2. Resistor RI/4 and
light-emitting diode LED! pull pins 5
and 6 of IC2 up to + 5 volts, causing
the input signal to be connected to
OUTPUT jack J2. Closing S/ or an ex-
ternal footswitch plugged into IN/
OUT jack J3 shorts pins Sand 6to —5
volts, lights LEDI and turns on the
fuzz effect. Because the footswitch is

switching only a dc control voltage,
expensive shielded cable can be re-
placed by low-cost zip cord or other
two-conductor cable.

The fuzz-box accessory requires a
dual-polarity power supply that de-
livers + 5 and — 5 volts at its output
for driving the basic signal-process-
ing circuits. Though batteries could
have been used to power the project,
an ac-operated power supply is more
suitable for extended periods of use.
A suitable power-supply circuit for
this project is shown schematically in
Fig. 2. Power transformer 7/ can be
either an external plug-in wall-type
device or an on-board unit. It deliv-
ers stepped down 12.6 volts ac at its
secondary, which is rectified to pul-
sating dc by bridge rectifier RECT].
The pulsating dc is then smoothed to
+22and — 22 volts dc by C5 and C6,
which are then sent to positive and
negative voltage regulators /C3 and
IC4. The +5- and — S-volt outputs
from the regulators are bypassed by
C7 and C8, which eliminate noise
and transients on the supply lines, be-
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PARTS LIST

Semiconductors

D1,D2—1N914 or 1N4148 silicon sig-
nal diode

IC1—TLO072 low-noise dual operation-
al amplifier

IC2—CD4066B quad analog switch

IC3—7805 + 5-volt regulator

IC4—7905 — S-volt regulator

LED1—Jumbored light-emitting diode

RECT1—50-PIV, 1-ampere bridge rec-
tifier

Capacitors (25-WYV or greater)

C1—0.2-uF polypropylene

C2,C4—10-uF tantalum or electrolytic

C3—0.001-xF polypropylene

C5,C6—1,000-pF electrolytic

C7,C8—10-uF electrolytic

Resistors (Y4-watt, 1% tolerance met-
al-film)

R1,R2—1 megohm

R3,R6—2,000 ohms

R8,R9—10,000 ohms

R10,R11,R13—100,000 ohms

R14—470 ohms

R4—100,000-ohm, pc-type trimmer po-
tentiometer (as many as needed for
different musical instruments—see
text)

R5,R12—10,000-ohm, panel-mount au-
dio-taper potentiometer

R7—500,000-ohm, panel-mount linear-
taper potentiometer

Miscellaneous

F1—Yi-ampere slow-blow fuse

J1—Y% " transfer phone jack

J2,J3— V4 " phone jack

S1—Spst slide or toggle switch

T1—12.6-volt, 200-mA power or plug-
in wall transformer (see text)
Circuit board (see text); suitable en-
closure; pointer-type control knobs
for potentiometers; spst switch for
switching on and off power (optional
—see text); spst footswitch (see text);
rubber grommets; ac line cord (if in-
ternal power transformer is used—
see text); fuse block; dry-transfer let-
tering kit and clear spray acrylic;
shielded cable and hookup wire; pan-
el clip or clear epoxy cement for
LEDI; power jack if plug-in wall
transformer is used for T1 (see text);
small-diameter heat-shrinkable tub-
ing; 4 " spacers; machine hardware;
etc.

fore delivery to the basic signal-pro-
cessing circuits.

Note the odd arrangement of the
power supply circuit. Instead of the
secondary wiring directly across the
acinputs of RECTI, only one side of
this winding goes to both ac inputs.
The other side of the secondary wind-
ing serves as the ground reference for
the power-supply and signal-process-
ing circuits. This odd arrangement
eliminates the need for a separate
secondary winding and bridge rectifi-
er for each polarity output.

Absent from the Fig. 2 circuit is a
power switch in the primary side of
TI’s circuit. If you normally leave
your musical-instrument  setup
plugged into an ac outlet and turn it
on and off with its own power
switches, you might consider includ-
ing an spst switch in the power sup-
ply, placing it between the ac line in-
put and input side of fuse /. Other-
wise, you can either unplug the proj-
ect’s line cord when you are finished
using it or power down your system
with a multiple-outlet ac strip.

Construction

There is nothing critical about com-
ponent layout and conductor routing
in this project. Therefore, just about
any traditional wiring technique can
be used in building the fuzz box. If
you wish, you can design and fabri-
cate a printed-circuit board on which
to wire the components. Alternative-
ly, you can use perforated board with
holes on 0. 1-inch centers and suitable
Wire Wrap or/and soldering hard-
ware. Whichever method you choose,
use sockets for /CI and IC2.

As shown in the interior view of
the finished project in Fig. 3, the pro-
totype was wired on a Radio Shack
Cat. No. 276-154 prototyping per-
forated board. This board has more
than enough room on it to accommo-
date all components except the power
transformer and those that mount on
the front and rear panels of the se-
lected enclosure. Note that the only
potentiometer control that mounts
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onthecircuit-board assembly is GAIN
trimmer R4; all other pots mount on
the project’s front panel.

Referring back to Fig.s 1 and 2 in-
stall and wire together the compo-
nents that go on the circuit-board as-
sembly. If you are not using a print-
ed-circuit board, use a pen or pencil
to go over each wire run on the sche-
matic diagrams (or photocopies of
them) as you make it in the project.
Doing this will eliminate wiring er-
rors. Do not install the DIP ICs in
their sockets until after initial voltage
checks have been performed.

You can house your fuzz-box ac-
cessory inside any enclosure that will
accommodate it. The enclosure can
be plastic, metal or a combination of
the two, such as the commonly avail-
able project boxes. Machining of the
front panel of the selected enclosure
includes drilling of the mounting
holes for the three primary potenti-
ometer controls (DRIVE, TREBLE and
LEVEL), the LED and POWER switch
(the last if used), as shown in the lead
photo. The rear panel requires four
holes, three for the INPUT, OUTPUT
and IN/OUT jacks and entry of the
power cord.

Size all holes to accept the compo-
nents in which they are to be mount-
ed. The only exception is the hole for
the IN/OUT jack (J3) if the panel on
which it mounts is made of metal. In
this case, the hole for this jack must
be made large enough to accommo-
date an insulating shoulder fiber
washer or rubber grommet that will
assure that the his jack mounts in
place without making electrical con-
tact with the metal of the panel. Al-
ternatively, you can make the mount-
ing hole much larger than needed and
mount over it a thin plastic or fiber
panel on which you mount the jack.

Drill holesin the floor of the enclo-
sure for mounting the circuit-board
assembly. Then, if you are using an
internal power transformer, drill
mounting holes for it through the
floor panel. Locate the transformer
as far as possible from the audio cir-
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Fig. 2. Dual-polarity regulated dc power supply required by the fuzz box. Power transformer T1 can be either a stan-
dard internal type or an external plug-in wall type.

cuitry. If you are using an external
plug-in wall transformer, its output
cable can be wired directly to the ap-
propriate points on the circuit-board
assembly or be routed as needed
through a suitable jack mounted on
the rear panel. You can mount the
fuse block on the circuit-board as-
sembly or the floor or rear panel of
the enclosure. If you choose the lat-
ter, drill a hole for it in the selected
panel location.

When you are finished machining
the enclosure, deburr all holes. Then
thoroughly clean it and allow it to
dry. When dry, label the front and
rear panels with a dry-transfer letter-
ing kit. Protect the lettering with two
or more light coats of clear acrylic
spray, allowing each coat to dry be-
fore spraying on the next.

Mount the potentiometer con-
trols, switch (if used) and jacks in
their respective locations. Make ab-
solutely certain that IN/OUT jack J3 is
electrically insulated from any metal!
Place pointer-type control knobs on
the shafts of the potentiometers. If
the power transformer is to be mount-
ed internally, use suitable-length ma-
chinehardware to mount it into place
and line the ac line cord’s entry hole
with a small rubber grommet. Other-
wise, mount the external transform-
er’s jack in its hole in the rear panel.
Mount the fuse block in place if it is
not already installed on the circuit-
board assembly.

Strip 1 inch of insulation from
both ends of an 8-inch shielded cable.
Separate the shield conductors back

to where the outer insulation begins
and strip Y inch of insulation from
the inner conductor at both ends.
Tightly twist together the fine wires
in the shield and the inner conductor
and sparingly tin all four bundles
with solder. Connect and solder one
end of this cable to the appropriate
points on the circuit-board assembly.

Prepare suitable-length hookup
wires for connection between the cir-
cuit-board assembly and the panel-
mounted jacks, controls, LED, IN/
ouT switch and fuse block and POW-
ER switchif used. Connect and solder
one end of each of these wires to the
appropriate points in the circuit.

If you are using an internal power
transformer, route the free end of the
ac line cord through its rubber grom-
met into the enclosure. Tie a strain-
relieving knot in the cord inside the
enclosure about 6 inches from the
free end. Tightly twist together the
fine wires at the free end of the ac line
cord and sparingly tin with solder.

Assuming you have included a
POWER switch, crimp one line-cord
conductor to one lug of the switch
and solder the connection. Then
crimp and solder the free end of one
of the wires coming from the fuse
block to the free lug on the POWER
switch. Slide a 1-inch length of small-
diameter heat-shrinkable tubing over
the free end of the other wire coming
from the fuse block. Strip an addi-
tional % inch of insulation from the
end of this wire. Then tightly twist
the bare conductor with the bare con-
ductors of one of the power-trans-

former’s primary. Solder the connec-
tion. Slide the tubing over the con-
nection to completely cover it and
shrink into place.

Pretin the other lead of the trans-
former’s primary with solder. Strip
an additional % inch of insulation
from the other line cord’s conductor.
Slide a 1-inch length of heat-shrink-
able tubing over the transformer’s
primary lead. Twist together this lead
and the other line cord lead and sol-
der the connection. Shrink the tubing
over the connection to insulate it.

Trim both power transformer sec-
ondary leads to 4 inches. Strip Y
inch of insulation from each and
tightly twist together the fine wires
and tin with solder. Connect and sol-
der one lead to the common ac input
tie point for RECT! and the other
lead to a convenient circuit-board as-
sembly ground.

The foregoing assumes that the
power transformer is to be installed
internally. Of course, if you are using
an external transformer, you connect
it to the project differently. If you are
using a jack, wire this into the circuit
just as you would wire the the inter-
nal transformer’s secondary into
place. If the connection is made di-
rectly, you must remove the jack on
the end of the transformer’s cord,
separate the conductors, feed them
through a grommet-lined hole, tie a
strain-relieving knot in the cord and
wire it into the circuit as you would
the secondary of any other trans-
former.

Once the transformer is wired into
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the circuit, use ¥2-inch spacers and
suitable machine hardware to mount
the circuit-board assembly into
place. Then connect and solder the
free ends of the wires coming from
the board to the controls, jacks and
IN/OUT switch. The only wires that
will not be connected up to this point
are those for the LED.

Trim the cathode lead of the LED
to ¥z inch longand form a small hook
inthestub. Mount the LED inits hole
in the front panel, using either a pan-
el clip or a small daub of fast-setting
clear epoxy cement. Slide a l-inch
length of heat-shrinkable tubing over
the two LED1 wires coming from the
circuit-board assembly. Identify
which of these wires goes to the cath-
ode of the LED and crimp and solder
it to the trimmed lead. Slide the tub-
ing up over the connection until it is
flush with the bottom of the LED’s
case. Repeat for the anode lead and
wire. Shrink the tubing snug around
the connections.

Checkout & Use

With ICI and IC2 still not installed in
their sockets, plug the fuzz box’s line
cord (or external transformer) into a
convenient outlet and, if you in-
stalled it, set the POWER switch to
ON. Now use a digital dc voltmeter or
multimeter set to the dc volts func-
tion to perform preliminary voltage
checks. All voltage measurements
must be made with respect to circuit
ground, which means that the nega-
tive probe of the meter should con-
nect to the negative (— ) lead of C5 or
C7. Then use the positive lead to
probe the specified points in the cir-
cuit. (Note: If you use an analog me-
ter to make the following measure-
ments, transpose the meter’s com-
mon and positive leads to take the
negative-voltage readings.)

First check the output of the posi-
tive voltage regulator by touching the
meter’s positive probe to the OUT pin
of IC3 (pin 3) and note that the read-
ing should be + 5 volts. Do the same

Fig. 3. Interior view of author’s pro-

totype wired on perforated project

board. Circuit can also be wired on a

printed-circuit board of your own de-
sign.

for the negative voltage regulator by
touching the probe to the OUT pin of
IC4 (pin 3 again) and note that the
reading should now be — 5 volts.

If all is okay so far, touch the me-
ter’s positive probe to pin 14 of the
IC1I and pin 8 of the IC2 sockets. In
both cases, the readings should be
+ 5 volts. Touching the meter’s posi-
tive probe to pins 5 and 6 of the IC/
and pin 4 of the IC2 socket should
yield a — 5-volt reading.

If you do not obtain the proper
reading at any point, power down the
circuit and rectify the problem before
proceeding. Double check all your
wiring and make certain that the elec-
trolytic capacitors and diodes are
wired into the circuit in proper polar-
ity and that regulators /C3 and IC4
are properly based.

Once you obtain the correct volt-
ages at the specified points, power
down the project and install /C/ and
IC2in their respective sockets. Make
certain that you orient these ICs
properly and that no pins overhang
the sockets or fold under between ICs
and sockets. Exercise the usual safe-
handling procedures for MOS de-
vices when handling these ICs.

Plug a musical instrument into IN-
PUT jack JI and connect a suitable
cable between OUTPUT jack J2 and
the input of your amplifier. Turn the
amplifier’s volume control to a very
low setting, just in case you mis-

wired the circuit. Now plug the fuzz
box into an ac outlet and power up
the system. If pure high-level dc volt-
age is fed into the fuzz box, it can
damage your speakers, your amplifi-
er, your ears or all three!

Set all potentiometer controls in
the project to mid-rotation and IN/
OuUT switch S/ to ouT (LEDI extin-
guished). At this point, you should
hear your musical instrument as it is
being played. Setting S/ to IN should
produce audible distortion. While
the instrument is being played, vary
the settings of the three front-panel
controls and listen for the effects
each produces, as well as verify that
they are working as they should.

To properly set GAIN trimmer con-
trol R4, set the DRIVE control fully
clockwise and adjust the setting of
R4 until the distortion stops increas-
ing. If you set R4 too low, the circuit
will not produce maximum distor-
tion, while too high a setting will in-
crease the audible noise level without
increasing the distortion effect.

Proper setting of R4 depends on
the particular musical instrument
with which it is used. If you are plan-
ning to use the fuzz box with only one
instrument—say, an electric guitar—
a one-time-only setting is needed.
However, if you plan on using it with
a variety of instruments with differ-
ent requirements, you can install as
many 100,000-ohm trimmer potenti-
ometers as you expect to use the proj-
ect with different types of instru-
ments and a nonshorting rotary switch
to select each as needed. Of course,
you must ‘‘calibrate’’ each trimmer
for the particular instrument as-
signed to that setting of the switch.

For best signal-to-noise ratio
(S/N) keep the setting of DRIVE con-
trol R5 as high as possible, while
keeping LEVEL control R/2 turned
down. Aside from this, no special
settings are required for the fuzz box.
During use, if the fuzz box seems to
be generating excessive noise, check
your instrument for improper shield-
ing or excessive noise generation. ME

e e = e SN g el e = ——— —— _ ——————————————:]]
42 / MODERN ELECTRONICS / December 1988

www americanradiohistorv com

Say You Saw It In Modern Electronics



Project

fr smae S B S8

Bicycle Safety Flasher

Aids visibility and increases safety when cycling at night

By Michael Swartzendruber

ow that evening comes
much earlier, many bicyclists
are pedaling around in the

dusky hours near or after sunset.
This period is particularly dangerous
for bike riders because motor-vehicle
drivers are often straining to see ob-
stacles—including  cyclists—under
less-than-ideal light conditions.

One way to really get the attention
of drivers is to use a flashing red
light, which is the universal signal of
danger to drivers. Though a repeti-
tion of equally spaced flashes might
do the trick, you are much better off
using a sequential running red light
that adds a note of urgency to the
danger signal. This is exactly what
the Bicycle Safety Flasher described
here is designed to do. Mounted on
the rear of your bicycle (you can
mount one on the front, too, if you
build two Flashers), it pulses a series

of 32 high-brightness red LEDs that
pinwheel in one direction and then
the other. This easy-to-build project
uses readily available components
and runs on two 9-volt alkaline batte-
ries for a long time.

About the Circuit

Shown in Fig. 1 is the complete sche-
matic diagram of the Bicycle Safety
Flasher’s circuit. This circuit is made
up of an interesting combination of a
few elementary electronic building
blocks. It uses a simple clock source,
an up/down counter with a count-re-
cycle/reverse support circuit and a
1-of-16 data distributor.

Power for the circuit is provided
by two 9-volt batteries wired in paral-
lel with each other to deliver a long
operating time. The 9-volt dc source,
shown as BI in Fig. 1, is converted to
a TTL-compatible 5-volts dc through
7805 regulator /C6. The output from

the voltage regulator is further stabil-
ized by filter capacitor C2. To ease
the power burden on the battery sup-
ply, all ICs in this circuit are low-
power devices, as specified in the
Parts List.

The clock source for the Bicycle
Safety Beacon is low-power 555 tim-
er IC1, shown here wired in an asta-
ble pulse mode. The output pulse
train at pin 3 of this timer is delivered
directly to the input of 74191 up/
down counter IC2. This counter is
very versatile. It can count up in bi-
nary from 0 to F (hex) or down from
F to 0, depending on the logic level of
its up/down count input at pin 5. Up-
counting occurs when pin Sis at alog-
ic low, while down-counting occurs
when pin 5 is at a logic high. Up/
down control is crucial to operation
of the Bicycle Safety Flasher.

Up/down counter IC2 counts the
pulses from the /CI timer. Each time
ICI pulses, the binary state of the
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Fig. 1. Complete schematic diagram of the Bicycle Safety Flasher.

74191 counter is incremented or de-
cremented by 1. The four Q outputs
of the IC2 counter at pins 2, 3, 6and 7
are sent to output-select pins 22, 23,
21 and 20, respectively, of 74154
1-of-16 distributor IC5.

Of the 16 output data lines avail-
able on the 74154 chip, one and only
one can be enabled at any given in-
stant. The particular output line se-
lected at any moment is determined
by the binary value applied to the
output-select pins of the 74154, There-
fore, as the counter is incremented or
decremented with every clock pulse,
the output lines are selected in an as-
cending or descending sequential
order in ICS.

As an output line of the data distri-
butor is enabled, whatever activity
present at its input is passed to the
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output line. In this circuit, the data
line is tied low, which causes an out-
put line of the 74154 to pulse low
everytimeitisenabled. Each time the
output line is pulled low it sinks cur-
rent for the LEDs connected between
that output pin and the + 5-volt pow-
er-supply line through limiting resis-
tor R3. This causes the LEDs in that
line to momentarily turn on as long
as that output remains low.

If just the elements so far described
were all that there were to the circuit,
the project would merely count from
0to F and would continuously repeat
for as long as power is applied to the
circuit. This would cause the outputs
of the 74154 to be enabled from 0 to
15 sequentially. However, there is a
“‘pennywhistle’” built into this Bicy-
cle Safety Flasher that causes the
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counter to reverse counting direction
whenever a maximum or minimum is
reached. This added feature enhances
the Flasher’s visual display to more
quickly get the attention of motorists
in its vicinity.

The fact that each line of the 74154
1-of-16 data selector is pulled low
every time the counter holds the
binary value of that output line be-
comes useful to the count recycle
circuitry.

Output Opin 1 and output 15 pin 17
on the 74154 represent the minimum
and maximum count of the 74191.
Each time one of these values is
reached, the count reverses direction.
That is, if the counter is counting up
and reaches 15, the count recycle/re-
verse circuit will change the state of
the up/down input to the counter to
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PARTS LIST

Semiconductors

IC1—NES555 low-power timer

1C2—74LS5191 binary up/down counter

I1C3—741L.S73 dual JX flip-flop

1C4—74L.S08 quad 2-input AND gate

IC5—74L.S154 1-0f-16 data selector

1C6—7805 + 5-volt regulator

LEDI1 thru LED32—T-1% jumbo red
light-emitting diode

Capacitors (50 WV)

C1-—2.2-uF electrolytic

C2—2.4-yF tantalum

Resistors (V-watt, 5% tolerance)

R1—16,000 ohms

R2—6,800 ohms

R3—150 ohms

Miscellaneous

B1—Two 9-volt batteries

S1—Miniature spst toggle switch
Printed-circuit boards or perforated
board with holes on 0.1-inch centers
and suitable soldering hardware (see
text); suitable enclosure (see text for
types and details on custom Plexiglas
type); circuit-board mounting hard-
ware; two snap-type connectors for
B1; ribbon cable; hookup wire; sol-
der; etc.

make the counter start counting down
to 0. When 0is reached by the count-
er, the recycle/reverse circuit again
changes the state of the up/down
count pin of the 74191, causing the
count to reverse once again and re-
sume up-counting.

Reverse-count direction is accom-
plished with simple circuitry. Nor-
mally, each line of the 74154 is held
high and pulses low only when that
output line is selected. If both the 0
and 15 output pins are applied to
both inputs of a two-input AND gate
(IC4inFig. 1), the output of that gate

will normally be high. The output of
the gate pulses low whenever a max-
imum or a minimum value is reached
by the counter. The output pulse
from pin 3 of AND gate IC4isused to
clock JK flip-flop IC3, whichis wired
here in toggle mode. The Q output at
pin 12 of IC3 is delivered to the pin 5
control input of IC2.

Each time the output 0 or 15 pin of
IC2 is selected, the momentary low
on one of these pins causes the output
of the AND gate in /C4 to pulse
low momentarily. The low-going
pulse toggles the IC3 flip-flop, whose

output changes states and thus re-
verses the count direction of 1-0f-16
data distributor IC2.

When power is applied to the cir-
cuit by closing S1, ICI begins to
generate a pulsed output whose fre-
quency is approximately 20 kHz with
the RC values specified. These pulses
are delivered to counter IC2 that,
in turn, outputs a binary value to
data selector IC5. Whichever line is
selected is pulled low, causing the
LEDs connected to that pin to glow
momentarily.

The counter changes its binary
state with each pulse delivered to it
from the 555 timer. This changing
state causes the next sequential out-
put of the 74154 to be pulled low to
cause the LEDs to flash in a sequen-
tial or “‘running-light’’ manner.

Whenever the maximum or mini-
mum count is reached, count-re-
verse/recycle flip-flop IC3 changes
the counting direction of IC2. This
causes the running light to change di-
rection each time the count reaches
one of these values.

Construction

This circuit is best built on two
printed-circuit boards for three rea-

2 _0 o_

Fig. 2. Actual-size etching-and-drilling guides for LED display (A) and main (B) printed-circuit boards. Trim these
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Fig. 3. Wiring guide for LED display board.

sons. One is that the two boards,
whose actual-size etching-and-drill-
ing guides are shown in Fig. 2, can
easily be fabricated on a single 4 X 6-
inch printed-circuit blank. After etch-
ing the boards, trim both to exactly 4
X 3% inches and then drill all holes.
The second reason is that the display
board can be easily redesigned to suit
any other purpose. And the third is
that this counter circuit has many
other possible applications, making
it desirable to have it available as a
separate module that can be used as
needed to fit any of those applica-
tions. Of course, if you wish, you can
substitute perforated board that has
holes on 0.1-inch centers and ap-
propriate Wire Wrap or/and solder-
ing hardware for the pc board.

In this section, we will discuss con-
struction of the project on printed-
circuit boards. Once you have etched,
drilled and trimmed the boards, be-
gin assembling the project by wiring
the LEDs onto the display board, as
illustrated in Fig. 3. Make certain
that you observe correct polarity for

all 32 of these LEDs. You can usually
tell which lead of a LED is connected
to the cathode. This is the one near
the flat on the domed plastic case of
the device or the shorter of the two
leads. However, if you have any
doubt, check the data sheet for the
particular LEDs you are using.

Note that all LED anodes, which
share a common tie point in the cir-
cuit, go into the holes near the edges
of the board, and the cathode leads
go into the holes nearer the center of
the board. Install the LEDs on one
edge of the board at a time. Use sol-
dering heat judiciously. If you can-
not heat sink each lead as it is being
soldered into place, solder only the
anode lead of each LED and then re-
turn to the first LED and solder the
cathode lead of each LED into place.
This way, soldering heat is less likely
to damage the LEDs. Install all LEDs
so that they are the same height
above the board’s surface, plugging
them in as far as the point where their
leads get wider.

Prepare five ¥%-inch and one

1%-inch solid No. 22 hookup wires by
stripping Y% inch of insulation from
both ends of each. Bend the exposed
conductors at a right angle to the
wires to form U shapes. Plug these
wires into the holes labeled J on the
main board (see Fig. 4) and solder in-
to place.

Install and solder into place the
five DIP sockets in the IC1 through
1C5 locations. As you solder each sock-
et pin to the copper pad on the bot-
tom of the board, be careful to avoid
creating solder bridges between the
closely spaced pads and conductors.

Strip % inch of insulation from
both leads of two 9-volt battery snap
connectors. Tightly twist together
the fine wires of each and sparingly
tin with solder. Plug the red-insu-
lated leads into the holes labeled B1 +
and the black-insulated leads into the
holes labeled B1 - and solder all four
connections. Loosely twist the leads
of the battery connectors together.
Do not twist these leads so tightly
that any of the connectors are stressed.

Strip Y% inch of insulation from
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Fig. 4. Wiring guide for main board.

both ends of two 4-inch-long No. 22
solid hookup wires. Solder one end
of each into the holes labeled Ssi.
Loosely twist these wires together,
leaving % inch untwisted at the free
ends. Crimp and solder the free ends
of these wires to the lugs of spst POW-
ER switch S1.

Carefully separate a 6-inch length
of 16-conductor ribbon cable into
separate 5- and 11-conductor cables.
Carefully separate the conductors at
both ends of the 11-inch cable a dis-
tance of % inch and each third con-
ductor an additional % inch. Strip %
inch of insulation from both ends of
each conductor, twist together the
fine wires in each conductor and
carefully tin with solder. Use solder
and soldering heat judiciously to pre-
vent charring the insulation.

Plug the conductors at one end of
this cable into the holes in the main
board with the first conductor in the
hole labeled Po and solder into place.
Plug the second conductor into hole
P1, the third into hole P2 and so on up
to the eleventh conductor in hole P10,
soldering each into place as it is in-
stalled. (You may find it easier to sol-
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der the conductors into place in groups
of three.)

Prepare the other ribbon cable in
the same manner as above. Plug one
end of this cable into the holes la-
beled P11 through P15 in the main
board and solder into place.

Install RI and R2 into the circuit
board on-end and R3 flat against the
board. Before soldering R3 into
place, strip ¥ inch of insulation from
both ends of a 7-inch-long hookup
wire. Plug one end into the hole la-
beled D+ and solder the resistor and
wire into place.

Next, install C1 and C2 in their re-
spective locations, making sure they
are properly polarized before solder-
ing their leads to the pads on the
board. During installation, press the
electrolytic capacitor as close as pos-
sible to the board before soldering.
When mounting the tantalum capaci-
tor near IC6, leave approximately Y%
inch between its body and the surface
of the circuit board.

Now install 7805 voltage regulator
IC6 as shown. Position the main
board so that R3 is to the right and
the battery connectors are to the left.
The ribbon cables should be on the
side of the board closest to you. Now
insert the regulator so that the metal
mounting tab is facing away from
you. With it properly oriented, sol-
der the regulator’s pins to the bottom
of the board.

Carefully inspect the main board

o

o

Fig. 5. Photo shows how ribbon cables wire both boards to each other.
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for cold or/and bad soldered connec-
tions, solder bridges and short cir-
cuits. Solder any connections you
have missed and reflow the solder on
any suspicious connections. If you
locate a solder bridge, use solder
wick or a vacuum-type solder sucker
to remove it.

With the POWER switch set to OFF
and no ICs installed in the /C/ through
ICS sockets, plug a 9-volt battery in-
to each of the snap connectors. Con-
nect the common lead of a dc voltme-
ter or a multimeter set to the dc volts
function to a convenient circuit
ground point, such as one of the neg-
ative battery clips. Then use the me-
ter’s ‘““hot’’ probe to touch pins 4, 6,
7 and 8 of the IC! socket; pins 11 and
16 of the IC2 socket; pins 2, 3, 4 and
14 of the IC3 socket; pin 14 of the IC4
socket; pin 24 of the ICS socket; and
the D+ pad on the bottom of the
board. In all cases, the readings ob-
tained should be approximately + 5
volts. Readings taken at all other
socket pins should be 0 volt.

If you do not obtain the proper
reading at any point in the circuit,
power down the project and remove
the batteries. Rectify whatever is
causing the problem before pro-
ceeding.

Once you have obtained the proper
voltage readings, position the main
board in front of you so that the bat-
tery snap connectors are to the left
and the wire coming from hole D+ is
to the right. The two ribbon cables
should be on the side of the board
nearest to you. Now place the display
board LED side down and the D* hole
to your right between you and the
main board.

All cable and wire connections to
the display assembly are to be made
tothe solderside of the board. There-
fore, be sure to leave about Y% inch
of bare wires visible above the sur-
face of the solder pads as you solder
them into place to avoid charring
the insulation.

Starting with the 11-conductor rib-
bon cable coming from the main
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Fig. 6. Fabrication and assembly details for optional custom Plexiglas enclosure
described in text.

board, insert the left-most conductor
into hole Po on the display board and
solder into place. The remaining con-
ductors in this cable plug into the
holes in the display board in sequen-
tial order from left to right. As you
solder these conductors into place, be
very careful to avoid creating solder
bridges between the closely spaced
copper pads on the board. After sol-
dering all 11 conductors into place,
clip excess wires from the other side
of the board.

There should be five unoccupied
pads in the center of the display
board. These will be occupied by the
conductors in the 5-conductor rib-
bon cable coming from the main
board. Note that hole P11 on the dis-
play board is on the far right and that
hole P15 is on the left of the five-hole
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group. To insert the S-conductor
cable correctly into the holes in the
display board, you must put a half-
twist in the cable. Feed the cable un-
der the 11-conductor cable previous-
ly installed, as shown in Fig. §, to
ease the wiring task. Bear in mind
that if this cable is not installed in
proper sequential order, the running
lights will not flash sequentially.
Plug the DIP ICs into their respec-
tive sockets, as shown in Fig. 4. Make
sure each is properly oriented and
that no pins overhang the sockets or
fold under between ICs and sockets.
You can house the project inside
any enclosure that will accommodate
the circuit-board assemblies, batte-
ries and switch. A small plastic enclo-
sure with removable top panel is al-
most ideal for this purpose. If you
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use this type of enclosure, replace the
removable panel with a red transpar-
ent panel.

If you use a standard project box
for the enclosure, mount the POWER
switch in a convenient location where
it will not interfere with either the cir-
cuit-board assemblies or batteries.
Also, mount some mechanical ar-
rangement that will allow you to an-
chor the project to the rear of your
bicycle. Mount the circuit-board as-
semblies to the rear wall of the enclo-
sure with 4-40 x 1%-inch machine
screws, nuts and lockwashers, plac-
ing %-inch spacers between the two
boards and Y%-inch spacers between
the main board and rear wall of
the enclosure.

An attractive alternative to the
common project-box enclosure is
shown inthe lead photo. Thisis a cus-
tom enclosure you make yourself
from sheet Plexiglas, details for
which are given in Fig. 6. Note that
all panels are fabricated from
Ys-inch-thick smoked Plexiglas ex-
cept the lower-front, which is made
from the same thickness clear or
transparent red Plexiglas, and the
slide-on/off lid, which is made from
%-inch-thick smoked Plexiglas.

When making the custom enclo-
sure, use a fine saw to cut all panels to
size and finish all edges with fine
emery cloth and polish them with
No. 0000 steel wool. Clip one corner
off the center-divider panel to permit
the leads from the battery connectors
to go from the lower to the upper
compartments. Also, drill a mount-
ing hole in this panel for S/, locat-
ing it near the left end of the panel
and positioning it so that, when the
switch is mounted, it will not inter-
fere with the circuitry in the lower
compartment.

Route a Y%-inch-wide by Y4-inch-
deep channel along the inside top
edges of the rear and upper-front
panels into which the top panel will
slide. Space this channel ¥ inch from
the top edges of both panels. Similar-
ly, route 0.080-inch-wide by % e-inch
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Fig. 7. Top panel slides back to provide access to switch and battery
compartment.

deep grooves down thelength of both
side panels, spacing the first % inch
and the second 1% inch from the rear
edge of each panel.

If you do not have access to the
proper tools or do not have enough
experience cutting and finishing
Plexiglas panels, you can usually
have this done by the dealer from
which you purchase the Plexiglas.
Just give exact dimensions for all
panels and instructions for cutting
the top-panel grooves. Of course, be
prepared to pay for this service,
about $15 more or less, depending on
where you buy.

Assemble the enclosure using the
appropriate cement for bonding the
panels together or cyanoacrylate ce-
ment (super glue). Make sure that the
grooved sides of the side panels are
facing inward and that the grooves
that are spaced % inch from the edges
are butted against the rear panel. If
you work with the latter, be very
careful to get it on only the panels
where they join and not on your fin-
gers or other items that may be nearby.

Regardless if you are using Plexi-
glas solvent or cyanoacrylate, the
gluing process works best if you have
the joints vertical as you apply the ce-
ment and allow it to set. The only
panel that does not get bonded into
place is the top, which must be al-

lowed to slide on and off to give you
access to the switch and batteries.

When both side, both front, the
bottom and the rear panels have been
bonded together and the cement has
set, slide the circuit-board assemblies
into the open top, using the grooves
as guides, and push it down snug
against the bottom panel. Make sure
the battery snap-connector leads and
the wires attached to the switch are at
the top-left (viewing the enclosure
upright from the front). Also, make
sure the side on which the LEDs are
mounted faces outward through the
clear or red-tinted panel.

Mount the switch in the hole drilled
foritinthe divider panel. Then fit the
panel into place, with the battery
snap-connector leads out of the way
in the notched-out area at the left-
rear corner. Push the divider panel
as far down as it will go. Then snap
a battery into each connector. Flip
the switch to ‘“‘on’” and observe that
the LEDs light up in the manner de-
scribed earlier. If all is okay, set the
switch to “‘off”” and slide the top
panel into place.

To use the Bicycle Safety Flasher,
you simply slide back the top panel
(see Fig. 7) and flip the switch to
‘‘on.”” Replace the batteries when the
light output from the LEDs dimin-
ishes noticeably. ME
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Programmable Light Controller

(Conclusion)

Construction, installation, checkout and use details

By David Miga, CET

his concluding installment of

I a two-part article on building

a sophisticated Program-
mable Light Controller for holiday,
commercial and theatrical displays,
finishes with how to build the Light

Controller, installation details and
checkout and use instructions.

Construction

Due to the sheer complexity of this
project, use of printed-circuit boards
(there are two, one main one and a
separate smaller one for the display
subassembly) on which to mount al-
most all of the components is highly
recommended. Of course, you can
go the route of perforated board
with holes on 0.1-inch centers and
suitable Wire Wrap or soldering
hardware, but the assembly task will
be very time-consuming and very
prone to wiring errors if you are not
extremely careful.

You can fabricate your own pc
boards using the actual-size etching-
and-drilling guide shown in Fig. 7.
Alternatively, you can purchase a
ready-to-wire board from the source
given in the Note at the end of the
Parts List. The following assembly
details assume you are using a pc
board.

Begin wiring the large main board
by identifying where they go and in-
stall and solder into place the 77
jumper wires, referring to Fig. 8. Use
solid bare wire for the shorter jump-
ers and insulated solid hookup wire
for the longer ones.

Proceed to installing the large di-
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odes, capacitors, resistors and tran-
sistors in that order. Next, mount all
DIP ICs in their respective locations,
making certain that they are properly
oriented before soldering their pins
to the pads on the bottom of the
board. Lead identification for the
2SB544 transistors used for QI
through Q5 is emitter (E), collector
(c) and base (B) left to right when
viewing the transistors with their
leads pointing toward you and the
rounded portion of their cases facing
down.

Capacitors C6 through C/] do not
appear on either the schematic dia-
grams or the Fig. 8 wiring guide.
These noise-suppression capacitors
mount between the + 5-volt and
ground pins of ICI through IC6 on
the bottom of the board. Wire the ca-
pacitors between pins 8 and 16 of IC!
and IC2, pins 5 and 10 of /C3 and
IC4, and pins 1 and 8 of IC5 and IC6.

Special attention must be paid to
mounting D18 through D221. Plug
the cathode leads of all of these
IN914 small-signal diodes into the
holes identified by solid black dots
along the 10-line step bus in Fig. 8
and solder each into place. After
mounting all diodes and clipping
away excess lead lengths close to the
soldered pad connections, bend all
anode leads at a right angle to the di-
ode bodies and facing toward the
center of the board.

Tie together the leads in each verti-
cal column (with the board viewed as
shown). When you are finished, you
should have 50 columns of anode-
lead bundles. Sets of five bundles go
to five different holes strategically
situated around each of the data-se-
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lector chips. Layout of the holes
around /C7 through IC16 has been
arranged to provide fairly close
alignment with the bundled-diode
columns to simplify the wiring
process.

The left-most bundle of diode
anodes plugs into the hole for pin 4
of IC7, the second bundle to the right
plugs into the hole for pin 6, the third
into the hole for pin 10, the fourth
bundle into the hole for pin 12 and
the fifth bundle into the hole for pin
14 of IC7.

This process repeats sequentially
in the same manner for /C8 through
ICI16. Use short insulated hookup
wires to bridge from the anode bun-
dles to the holes in the circuit board.
Also, use heat judiciously when sol-
dering to the anode leads.

When you are finished wiring the
diode array, you should carefully
check it against both Fig. 8 and Fig. 5
to make sure the wiring is correct.

Regulator ICI!7 mounts on the
bottom of the main board. To do
this, bend its pins forward, which is
exactly the opposite of how you
would normally bend them for top-
of-board mounting. When you plug
the pins into the indicated holes in
the board, the plastic face of its case
must lie flat on the board’s surface.
Holding the regulator in place with
its tab mounting hole centered be-
hind the %-inch hole in the board be-
tween CI and C2 and ¥% inch separat-
ing the bottom of the board and the
rear of the metal mounting tab, sol-

Fig. 7. Actual-size etching-and-drill-
ing guides for the two printed-circuit
boards used in the project.
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R R e e e ————————m

52 / MODERN ELECTRONICS / December 1988 Say You Saw It In Modern Electronics

www americanradiohistorv. com



56024 40-ampere insulated-stud tri-
acs. These triacs do not mount on the
circuit-board assembly. They mount
on the heat sink/chassis and 12-
gauge or heavier wire must be used to
connect them to the appropriate
pads on the board.

Referring to Fig. 9, mount DISP],
ICI8 and R10 through RI6 in their
respective locations on the display
board. Make certain you properly
orient the IC before soldering any of
its pins into place.

Separate the conductors at both
ends of 12-inch-long six-conductor
ribbon cable a distance of about 1
inch and strip % inch of insulation
from all of them. Tightly twist to-
gether the fine wires of all conduc-
tors and sparingly tin with solder.
Use heat judiciously to prevent char-
ring the insulation.

Plug the conductors at one end of
the ribbon cable into the holes la-
beled +, G, A, B, ¢ and D and solder
into place. Plug the conductors at the
other end of the cable into the holes
with the same legends in the main
board and solder them into place.

An enclosure with a substantial
amount of metal is required for this
project to assure adequate heat sink-
ing for the triacs and voltage regula-
tor. The prototype shown in the lead
photo was built into a Compulab
No. SC-131 enclosure because it has
bottom and side panels composed of
a 0.125-inch-thick aluminum plate
that is ideal for heat sinking. Besides,
this enclosure looks great. However,
it is also very expensive. You can
build your Light Controller into any
metal enclosure that suits your fancy
as long as you adequately heat sink
the triacs and voltage regulator.

The metal used for heat sinking
the triacs must be aluminum and
weigh at least 3 pounds. Though the
triacs are very efficient switches,
even a 99-percent efficiency will
cause 50 watts of heat to be generat-
ed when a full load of 5,000 watts is
switched on. If you decide to build
the 12,000-watt version, you need
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Fig. 9. Wiring guide for display
board. This board interconnects with
the main board via a ribbon cable.

about 7 pounds of aluminum heat
sink (or you might get away with 3
pounds if you use forced-air cooling
with a fan). Be sure to use insulator
kits for the triacs in the 12,000-watt
version of the project if you are not
using isolated-terminal triacs.

Plan your layout to minimize in-
terference with the various elements
that make up the project. Group the
SPEED potentiometers in one area,
the CHANNEL lamps in a second area
and the switches in a third area.

Mount the power transformer in a
convenient location where it will be
away from the areas in which the tri-
acs are heat-sinked to keep it from
becoming overheated. You can use
chassis-mounted or in-line holders
for all fuses.

Deburr all holes and thoroughly
clean the enclosure. If desired, paint
the entire exterior. When the paint
has completely dried, loosely mount
the potentiometers in their holes and
place on the shaft of each a control
knob. Mark on the panel where to
place their legends. Then use a dry-
transfer lettering kit to label the pan-
els, and protect the legends against
scratching with several coats of clear
acrylic spray. Wait for each coat to
dry before spraying on the next.

Cement a 1 X l-inch piece of red
plastic filter material behind the win-
dow cutout for the display where it
will not interfere with the mounting
holes for the display board. Mount
the potentiometers, neon lamps,
switches, and fuse holders in their re-
spective locations. Line the five exit

holes for the OUTPUT cords with rub-
ber grommets.

For the 5,000-watt version of the
project, use at least 16-gauge zip
cord between the circuit-board as-
sembly the OUTPUT receptacles,
which must be rated to handle at
least 15 amperes. Tie a knot in each
zip cord inside the enclosure to make
strain reliefs, leaving enough cord to
easily reach the fuse holders. Strip %
inch of insulation from the conduc-
tors at both ends of the cables, tight-
ly twist together the fine wires in each
and sparingly tin with solder.

Form a small hook in one conduc-
tor of each cable end inside the enclo-
sure and crimp but do not solder
these conductors individually to one
lug of the fuse holders. Plug the oth-
er conductor at this end of the left-
most cable (viewing the enclosure
from the rear) into the hole labeled
OUTPUT FIVE, leaving about ¥, inch
of tinned wire visible at the top of the
board, and solder into place. Do the
same for the free conductors at this
end of the remaining four cables and
the OUTPUT holes in the board.

Terminate the other ends of the
OUTPUT cables in ac receptacles. For
this application, it is important that
you use the type of ac receptacles
that are enclosed in a two-part plastic
housing to assure full safety against
electrical shock.

If you are building the 12,000-watt
version of the project, you must use
10-gauge cables and appropriately
rated ac receptacles for the OUTPUT
devices. These heavy cables are diffi-
cult to conveniently knot. Therefore,
plan to secure them to the rear wall
with cable clamps and machine hard-
ware inside the enclosure.

Strip ¥ inch of insulation from
both ends of ten 10-inch hookup
wires. Crimp one end of each of five
of these wires to the fuse lug to which
you crimped the receptacle-cord con-
ductors. Solder both wires to each
lug as you make the connections.
Route the other ends of these wires to
where the neon-lamp assemblies are
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located. Slip a 1-inch length of small-
diameter heat-shrinkable tubing
over the free end of each. Crimp to-
gether one lead of the lamp labeled
CHANNEL 1 and the wire coming
from the FI fuse holder and solder
the connection. Slide the tubing up
over the connection to completely in-
sulate it and shrink into place. Re-
peat for the four remaining wires and
neon lamps.

Connect and solder one end of the
remaining five wires to the exposed
portions of the conductors plugged
into the OUTPUT | through OUTPUT 4
holes in the main board and solder
into place. Hold each wire steady as
the solder sets. In the same manner
as you did for the first five wires,
connect and solder them to the re-
maining leads of the lamps and insu-
late them with heat-shrinkable tubing.

Prepare suitable-length wires and
connect and solder them to the lugs
of BYPASS switch S3. Plug the free
end of one wire into the hole labeled
BYPASS on the main board and sol-
der into place. Then plug the free end
of the other wire into the hole labeled
+5V in the upper-center of the main
board near C2 (see Fig. 8).

Similarly, connect and solder
wires between the lugs of the HOLD
switch and the two holes in the up-
per-right of the board. Then wire the
POWER switch into one side of the
power transformer’s primary circuit
through F6.

Plug the secondary leads of the
transformer into the 12 VAC and CT
holes at the top of the main board
and solder them into place.

It must be emphasized at this point
that this is definitely not a *‘plug into
any outlet’”” project. Your source
must be direct from your main ac-
line circuit breaker or fuse box. That
is, the ac line’s *‘hot’’ conductor (the
black wires in the fuse box) must go
to the “‘ac hot’’ lugs of the fuse hold-
ers, as illustrated in Fig. 1. The large
grounded neutral center bus to which
are connected white-insulated con-
ductors must be connected to the

NEUTRAL bus trace on the main cir-
cuit-board assebly.

Caution: Because of how this
project wires to the ac line, you will
be dealing with potentially lethal
voltages. Therefore, once the project
is built, if you have any doubt what-
soever about working directly with
the ac line, have a qualified electri-
cian make the connections from the
project to your fuse box!

To make the neutral connection,
run a 10-gauge stranded wire from
the neutral bus in the fuse box to the
project. (Use 6-gauge wire if you
built the 12,000-watt version of the
project.) Note carefully that this
conductor does not simply plug into
a hole in the main board. The reason
for this is that the 0.1-inch-wide NEU-
TRAL trace can handle only about
1,000 watts maximum. Therefore,
after entering the enclosure, the con-
ductor must be stripped of its insula-
tion for a distance of 9 inches. Re-
move | inch of insulation at a time
and be careful to avoid nicking any
conductors. When the insulation has
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been removed, twist together the
conductors and use a high-wattage
soldering iron or a soldering gun to
““wet’’ the entire exposed wire with
solder. Also, ‘““‘wet’’ with solder the
entire length of the NEUTRAL trace
on the bottom of the main board.

Place the neutral conductor on top
of the NEUTRAL trace and tack solder
it into place at three or four points
along its length. Check positioning
to make sure the conductor touches
no trace other than the NEUTRAL
one. Then solidly solder it to the
trace along its entire length. Work a
1-inch section at a time to avoid
scorching the circuit board and/or
lifting the trace from the board.

If you plan to use the Light Con-
troller to drive loads of only 200
watts or less per channel, you can use
14-gauge wire from your fuse box to
the project. In this case, you can sim-
ply strip ¥4 inch or so from the end of
the neutral conductor and solder this
flat against the board’s NEUTRAL
trace. With the maximum load limit-
ed to 1,000 watts, you can use a 14-
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gauge, three-conductor cord that
plugs into an ac outlet and, thus, do
not have to make direct connections
to the fuse box. If you do this, use 2-
ampere fuses for FI through F5.

Referring to Fig. 8, use suitable-
length hookup wires from both ends
of which % inch of insulation has
been removed to bridge from the E0
through E9 holes near /C7 through
IC16 to the holes with the same leg-
ends to the left of IC2.

Wire the PROGRAM LENGTH pot to
the main circuit-board assembly via
the hole labeled PS in the upper-right
corner of the board near R4 and the
+ 5-volt bus on the board. Tie the
wiper and the right lugs of each
SPEED pot together and to each oth-
er. Then connect a wire from this
common connection to the hole la-
beled SS in the upper-center of the
board near R/. Run wires from the
remaining lugs of the SPEED pots to
the respective S0 through S9 holes
near IC7 through IC16.

Mount the two circuit boards in
their respective locations. Use Y-
inch spacers and suitable No. 4 ma-
chine hardware for the small display
board. If you built the 5,000-watt
version of the project, the large main
board requires no spacers to mount
it. The No. 4 hardware that secures
the voltage regulator and triacs holds
it very securely in place. On the other
hand, if you built the 12,000-watt
version, you must mount the the
main board with %-inch spacers and
machine hardware—in addition to
bolting the voltage regulator to the
metal floor of the enclosure.

Make sure you use silicone grease
and mica washers between the triacs
and chassis floor (or external heat
sink for the high-power version) and
insulating shoulder washers during
mounting. Use only silicone grease
between the voltage regulator and
floor of the enclosure.

Checkout & Use

Bear in mind that to obtain the full
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effect of any given program, lights
plugged must be plugged into all five
OUTPUT ac receptacles. You can run
an operational check of the project
by plugging into each receptacle a
turned-on lamp and set S/ to RUN.
As each program runs, observe the
effect produced.

If any one or more lamps do not
light, check to make sure that their
switches are in the ‘‘on’’ position
and that the bulbs are good. If you
find nothing amiss here, setting S3 to
BYPASS should cause all lamps to
light simultaneously and remain on,
regardless of the program being run.
If one or more lamps are still off, set
the BYPASS switch to ‘‘off’” and dis-
connect all lamps from the OUTPUT
receptacles and disconnect the Con-
troller from the ac line at the fuse box
end.

Carefully check all components
for installation (and proper orienta-
tion, where applicable) in the appro-
priate locations, wiring and solder-
ing. Do not use the project until you
have rectified the problem.

Keep in mind when using this proj-
ect at or near full load that the BY-
PASS switch should be used with
care. If it is left in the closed ‘‘by-
pass’’ position for an extended peri-
od of time, the wires from the fuse
box and to the lamps will overheat
and possibly cause a fire! Use this
switch only for the purpose for
which it was included: to provide a
ready means of testing operational
status for purposes of isolating
which lights, if any, are not working.
An operational check should take no
longer than 30 seconds or so under
the worst of circumstances. If you lo-
cate the project where it can be tam-
pered with, replace the common type
of switch used for the BYPASS func-
tion with a key-operated switch to
safeguard the system.

Under normal operating condi-
tions with maximum or near-maxi-
mum loads plugged into the OUTPUT
receptacles, the wires coming from
the fuse box and going to the loads

should become no more than slightly
warm to the touch. This is because
the average duty cycle of the Con-
troller is about 50 percent. Switching
to BYPASS raises the duty cycle to 100
percent and effectively doubles the
power drawn from the ac line fuse
box and delivered to the loads.

Unless you are making a central-
ized light display, you will probably
be controlling lights that are located
a considerable distance away from
the Controller. If so, be sure that you
use extension cords that can easily
handle the loads. Also, if any lights
are to be outside, make sure you use
outdoor-rated extension cords.

The effects you obtain from the
Programmable Light Controller de-
pend on how you arrange the lights
plugged into the OUTPUT recepta-
cles. With a bit of practice, you
should soon be making exciting light
arrangements that are certain to at-
tract attention, whether for the holi-
days or any other time of the year ME

Kit Availability

A complete Parts List for this project
was given in Part | of this article. For
those readers who wish to purchase a
kit of parts or individual components,
the following items are available from
Electronic Design Specialists, 951 SW
82 Ave., N. Lauderdale, FL 33068 (305-
726-2427): Main pc board with layout,
$35 plus $3 P&H; display pc board with
layout, $4 plus $1 P&H; kit of compo-
nents to build 5,000-watt version pc-
board assembly only (does not include
enclosure, fuse holders, indicator
lamps, switches, knobs, ac receptacles,
and miscellaneous hardware), $189
plus $8 P&H; complete kit of all com-
ponents with drilled and silk-screened
Compulab enclosure with full instruc-
tions, $389 plus $10 P&H. Florida resi-
dents, please add state sales tax.

Also available from Kepro Circuit
Systems, 630 Axminister Dr., Fenton,
MO 63026-2992 (800-325-3878): An ac-
tual-size plotted negative for shooting
Kepro sensitized pc board. Call or write
for price and ordering information.
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CMOS Micropower Op Amps and Comparators

By Forrest M. Mims II1

The relatively high current consumption
of bipolar integrated-circuit amplifiers,
comparators and timers has long been
a drawback to their use in battery-pow-
ered circuits. Thanks to CMOS technol-
ogy, a new generation of micropower
linear ICs has overcome the current-con-
sumption problem. Now it is possible to
design linear circuits that consume as lit-
tle power as CMOS digital watches and
pocket calculators.

Another important benefit of applying
CMOS technology to linear circuits is
that a lower power-supply voltage is re-
quired. Most CMOS micropower linear
ICs can be powered by a single-polarity
(single-rail) 2- or 3-volt supply. Some de-
vices can be powered by a 1-volt supply.

The low-power advantage of CMOS
linear circuits does not reduce their per-
formance in comparison with their bipo-
lar counterparts. For example, CMOS
operational amplifiers have an extremely
high input impedance (typically 1012
ohms), a unity-gain bandwidth that ex-
ceeds 1 MHz, high gain and the ability to
operate from a single-polarity supply.

As you can see, this new generation of
micropower devices has lots of potential.
Circuits that use several op amps, com-
parators or timers can be powered by lith-
ium button cells and small solar-cell ar-
rays. They will perform at least as well as
older bipolar ICs that consume many
times more power.

In an upcoming column, I’ll cover mi-.

cropower timers. In this column, I’ll re-
view op-amp and comparator basics and
describe the specifications and features
of some typical CMOS micropower oper-
ational amplifiers and comparators.
Some demonstration and application cir-
cuits that exploit the very-low-power
consumption of these devices are also in-
cluded here. Before getting to these, how-
ever, let’s examine a sometimes over-
looked caveat.

Linear CMOS Caveat

Even though linear CMOS ICs consume
very little power, it’s important that you
realize that some circuits designed with
linear CMOS chips can consume nearly
as much power as the same circuits that
use linear bipolar chips. This situation
occurs when the circuit either drives or in-
cludes power-hungry components, such
as light-emitting diodes, loudspeakers
and relays.

If you require lowest possible power
consumption, you should think of linear
CMOS chips as devices that are on stand-
by when power is applied. Only when a
preset condition occurs should the circuit
drive a component or circuit that draws
additional power.

A typical example of this operating
mode is a linear CMOS comparator that
is operated as a temperature detector.
The comparator’s input is connected to a

temperature-sensitive thermistor. Its out-
putis connected to a relay through a driv-
er transistor. Normally, both the driver
transistor and relay are off. Therefore,
only the comparator draws current. Only
when the temperature changes to a point
where the comparator is switched does
the circuit draw appreciable current.

Operating Precautions

Linear CMOS integrated circuits have
come of the same vulnerabilities as digital
CMOS chips. The best-known problem is
electrostatic discharge (ESD). Linear
CMOS may include protection circuits or
diodes that reduce the possibility of ESD
damage. Nevertheless, a// linear CMOS
chips should be handled in accordance
with standard CMOS handling proce-
dures. While improper handling may not
cause device destruction, the protection
circuits may be degraded to a point at
which the performance of the device
is affected.

As is the case with digital CMOS ICs,
all unused input pins of linear CMOS
devices must be terminated at ground
or one of the supply voltages. Unused
pins that are left ‘‘floating’’ may pick up
stray signals and cause unwanted oscil-
lation that greatly increases the chip’s
power consumption.

Where are the unused input pins on a
two-input op amp? There are none if the
circuit is properly designed. What you
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Fig. 1. Basic inverting (A) and noninverting (B) amplifiers. Y
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Fig. 2. Single-polarity power-supply microphone preamplifier.

must watch out for are the inputs of un-
used op amps on a chip that contains two
or four amplifiers.

Latch-up is another potential CMOS
problem. Latch-up is caused by the thy-
ristor-like structure inherent to the
CMOS process. This structure is often
known as a ‘‘parasitic thyristor.” Cur-
rent flows from the power supply to
ground through the parasitic thyristor
when it is inadvertently switched on. The
result is rapid destruction of the chip.

Several safeguards can be followed to
prevent latch-up. Use a stable, well-regu-
lated power supply. Always make sure
the input voltage does not exceed the
power-supply voltage by more than 300
millivolts. Never apply an input signal to
a CMOS IC when the device is not pow-
ered. Finally, protect CMOS ICs from
power-supply transients by placing a
0.1-microfarad capacitor across the
device’s power-supply pins. The
capacitor should be located as close as
possible to the chip.

Application Circuits

For this report, I assembled test circuits

using linear CMOS devices made by two
major manufacturers of linear CMOS
ICs—Advanced Linear Devices, Inc.
(1030 W. Maude Ave., Suite 501, Sunny-
vale, CA 94086) and Texas Instruments,
Inc. (P.O. Box 655012, Dallas, TX 75265).
Linear CMOS ICs, especially timers, are
also made by several other companies.

Prices for linear CMOS ICs aren’t sig-
nificantly higher than those for bipolar
devices. Most devices are available in
standard plastic DIPs, ceramic DIPs
(CERDIP packages) and both small-out-
line and plastic leaded chip carrier (PLCC)
surface-mount packages.

CMOS op amps will work well in many
standard op-amp application circuits.
Texas Instruments has published a num-
ber of excellent application circuits de-
signed specifically for CMOS op amps.
Some of these circuits can be found in
specifications sheets for specific chips.
Many others have been compiled in Lin-
ear Circuits Applications, an applica-
tions manual for CMOS op amps, com-
parators and timers.

In the space that remains, I’ll describe
several application circuits for CMOS op
amps and comparators. For the sake of

those readers whose background is pri-
marily digital in nature, I’ll also include a
brief review of op-amp and comparator
principles. If you have no previous expe-
rience with CMOS op amps and compa-
rators, you should breadboard some or
all of these circuits. I’m confident that
you’ll gain, as I have, an appreciation for
the significant performance advantages
offered by these devices.

Op-Amp Basics

The operational amplifier is a linear de-
vice that amplifies by the same propor-
tion the low and high levels of an incom-
ing signal. Stated differently, the op
amp’s output is directly proportional to
its input.

Both inverting (—) and noninverting
(+) inputs are provided in an op amp.
The polarity of a signal applied to the in-
verting input is reversed at the output of
the op amp. The polarity of a signal ap-
plied to the noninverting input is un-
changed at the op amp’s output. The op
amp is sometimes referred to as a ““differ-
ence amplifier’’ because the difference
between two voltages applied to its two
inputs is amplified by the device.

Amplification factor or gain of an op
amp is controlled by a feedback resistor
connected between the amplifier’s output
and inverting input. Figure 1 showsan op
amp connected as an inverting amplifier
(A) and noninverting amplifier (B).

Representative CMOS
Operational Amplifiers

The ALDI1701 is a high-slew-rate opera-
tional amplifier made by Advanced Lin-
ear Devices. It can be operated from a
single-polarity power supply whose out-
put can be anywhere from +2to +12
volts, or a dual-polarity supply whose
output ranges from +1 to +6 volts.
When the supply’s output is + 35 volts,
maximum current consumption of this
device is 250 microamperes. Open-loop
voltage gain is 100 volts per millivolt, and
bandwidth is 700 kHz.

The ALDI1702 is similar to the
ALDI1701, except that is has a higher
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minimum operating voltage of + 2 volts.
In turn, it provides a higher bandwidth of
1.5 MHz.

Texas Instruments makes a broad
family of CMOS single, dual and quadru-
ple operational amplifiers. The TLC251
and TLC271 series are single low-power
op amps designed to operate from either
single- or dual-polarity power supplies.
These devices are identical to each other
with the exception that the TLC251 is
guaranteed to function at a supply poten-
tial of as little as 1 volt.

Offset inputs are provided with the
TLC251 and TLC271. Also provided is a
bias-select input that permits one of three
ac performance and power-dissipation
levels to be selected. When the supply po-
tential is 10 volts and the device is pro-
grammed for medium bias, typical sup-
ply current is 150 microamperes. This
falls to around 6 microamperes when the
supply potential is 1 volt.

The TLC277 series of dual op amps
have voltage gains ranging from 40 to 55
volts per millivolt. Minimum supply po-
tential for devices in this series is either 3
or 4 volts. The principal difference be-
tween devices in this series is current con-
sumption. At a supply potential of 10
volts, the TLC277 consumes 1,000 mi-
croamperes; the TLC27M7 consumes
150 microamperes, while the TLC27L7
consumes only 10 microamperes.

In addition to the above devices, Texas
Instruments makes a variety of other dual
and quadruple CMOS operational ampli-
fiers. Included in these categories is the
TLC252 dual op amp that offers guaran-
teed operation at a power-supply poten-
tial of only 1 volt. The TLC254 is a quad
op amp that also operates from a supply
potential of 1 volt.

Microphone Preamplifier

An important advantage of some CMOS
op amps is their ability to operate when
powered by a single-polarity supply. Fig-
ure 2 is the schematic diagram for a mi-
crophone preamplifier that capitalizes on
this feature. This circuit has been adapted
from the specifications brochure for Tex-
as Instruments’ TLC27M2 series of
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Fig. 3. Single-polarity power-supply function generator.

CMOS precision dual op amps.

I assembled and tested a breadboard
version of the Fig. 2 circuit. Half a
TLC272 was used for the op amp. The
microphone was an electret cartridge ele-
ment, although any low-to-medium-im-
pedance microphone should work with
the circuit. This circuit functions remark-
able well with no noticeable distortion.

For the applications I havein mind, the
most important feature of this circuit is
its single-polarity supply capability.
Equallyimportant is that the circuit func-
tioned when the supply potential was de-
creased below 1.5 volts. After discover-
ing this, I disconnected the power supply
and connected a single 1.5-volt AA pen-
light cell to the circuit. The circuit oper-
ated just as well as before. Keep in mind
that this very-low power-supply voltage
may not apply to all TLC272 op amps
since this chip is specified for a minimum
power-supply potential of 3 volts.

Figure 3 is the schematic diagram for a
simple function generator that uses both
halves of a TLC272 CMOS dual op amp.
The circuit has been adapted from one
given in the specifications brochure for
the TLC272.

Like the Fig. 2 circuit, the Fig. 3 cir-
cuit uses a single-polarity power supply.
It gives the transfer function for the gen-
erator. With the component values

shown in Fig. 3, potentiometer R/ can be
adjusted to tune the circuit’s frequency
of oscillation over a range of from about
50 Hz to 950 Hz. When powered by a 5-
volt supply, the square wave at the output
has an amplitude of 4 volts, and the tri-
angle wave has an amplitude of 2 volts.
Rise time of the square wave is about 2
microseconds between the 10- and 90-
percent points.

The square wave’s amplitude remains
a constant 4 volts as frequency is in-
creased, though the amplitude of the tri-
angle wave falls. At 500 Hz, the triangle
wave’s amplitude is 0.25 volt. At 940 Hz,
its amplitude is only 0.15 volt.

I used the same TLC272 in this circuit
as in the microphone preamplifier. As
was the case with the latter, the function
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Fig. 4. Basic comparator operating modes.
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Fig. 6. Demonstration window comparator.
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generator operated when the supply po-
tential was lowered to 1.5 volts.

Comparator Basics

The comparator is a linear circuit that has
a digital output. It closely resembles an
operational amplifier that is designed to
give an output that is either high or low
but never linear with respect to the input.
Often, in fact, an op amp without a feed-
back resistor can function as an accept-
able comparator.

The most basic comparator applica-
tion is voltage comparison. There are two
basic voltage-comparison modes, both of
which are illustrated in Fig. 4.

In the first mode, the comparator’s in-
verting input is biased at a desired voltage
level known as the reference voltage.
When the voltage at the comparator’s
noninverting input exceeds the level at the
reference voltage, the comparator’s out-
put swings from low to high. A compara-

tor operated in this mode is called a non-
inverting comparator.

The comparator can also be operated
in an inverting mode. Here the reference
voltage is applied to the comparator’s
noninverting input. When the voltage at
the inverting input exceeds the reference
voltage, the comparator’s output swings
from high to low.

These operating modes permit the
comparator to constantly monitor the
voltage from a sensor or other source and
activate an alarm when the voltage falls
below or exceeds a preset reference. The
CMOS comparator is much better suited
for this kind of task than the bipolar com-
parator because it consumes so little cur-
rent in its standby mode.

Representative
CMOS Comparators

CMOS op amps can be used as compara-
tors if the feedback is omitted. Many cir-

cuits require multiple comparators. For
these applications, dual and quadruple
CMOS comparators are available.

The ALD2301 is an Advanced Linear
Devices dual CMOS comparator that has
an output impedance of 1012 ohms and a
response time of 300 nanoseconds. It can
be powered by a single 3- to 12-voli sup-
ply oradual supply thatdeliversupto £ 6
volts. It has a typical current consump-
tion of only 110 microamperes, and its
output can sink up to 60 milliamperes of
current (the low-level output current).

Texas Instruments’ TLC372 is a dual
CMOS comparator that has an output
impedance of 1012 ohms and a response
time of 200 nanoseconds. It can be pow-
ered by a single 2- to 18-volt supply or a
dual supply that delivers up to +9 volts.
Typical current consumption is less than
100 microamperes, and its output can
sink up to 16 milliamperes of current.

A family of quadruple CMOS com-
parators is also made by Texas Instru-

#
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LETTERS...

(from page 7)

lays are controlled by data bits 1 through
5. Thus, the correct P1 pin numbering
should be 3,4, 5,6, 7, 2and 18, from top
to bottom. Also, Radio Shack no longer
carries the relay specified for Ké6. If
necessary, two 5-volt dc spdt relays can
be substituted.
Eric B. Schuyler
Snyder, NY
You’re correct. Pin connections for Pl
shown in Fig. I were for an earlier version
of the project. By extension, the “To P1”’
numbering sequence at the bottom of
Fig. 4 should read 18, 7, 6, 5, 4, 3, and 2
left to right. Digi-Key’s Part No. Z105-
ND is asuitable replacement for the relay
specified for K6. If two Radio Shack Cat.
No. 275-243 spdt relays are used for K6,
connect both coils between + 5 volts and
the collector of Q6. Then wire the com-
mon line of K1 through K5 (was pin 4 of
K6) to the toggle lug of one relay, the
black-insulated conductor of the ribbon
cable to the toggle lug of the other relay
(was pin 13 of K6), the normally open
contacts of both relays to circuit ground
(was pin 8 of K6) and the normally closed
contacts of both relays to + 5 volts. Fi-
nally, do not leave the Armatron pow-
ered when you start up or reboot your
computer. The printer-port initialization
routine that is automatically executed
uponstart-up or reboot will “‘command”’
the Armatron to move in unpredictable
ways. Apply power only after the ARM
program has begun.—J.J. Barbarello

¢ In Fig. 4 of my ““Musical Instrument
Phase Shifter’’ (October 1988) the sym-
bol for D3 was omitted, though the cor-
rect designation and component type are
shown in the appropriate location in the
line below D2. This diode connects into
the circuit with its cathode going to the ac
adapter input jack and its anode going to
the input pin of 1C5 and negative plate of
C12. Failure to include D3 in the circuit
can destroy C12, ICS and possibly other
components. Note also that IC5 isa 7915
voltage regulator.

C.R. Fischer

e There is an error in my ‘‘Emergency
Electronic Ignition’’ article (October
1988). The value of R3 is 1,000 ohms—
not the 100 ohms shown. Readers should

(continued on page 70)
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Fig. 7. Window comparator with transistor LED driver.

ments. The TL339 is a CMOS version of
the ponular bipolar LM339. It consumes
only 5 percent of the power of the LM339
for similar response times. The TL3704
is a similar quad comparator that has
push-pull output stages that are suitable
for driving capacitive loads without need
of a pull-up resistor. This saves on power
consumption and eliminates the need for
a component.

Another TI quad comparator is the
TLC3702, which is functionally similar
to the bipolar LM393 but uses only 5 per-
cent of the power consumed by the
L.M393 for similar response times. Like
the TLC374, it has push-pull output
stages that eliminate the need for pull-up
resistors. The TLC374 is a quad compar-
ator that has a wider operating-voltage
range than any of the previous devices. It
is specified to operate over a range from 2
to 18 volts.

CMOS Window Comparator

Shown in Fig. § is a circuit known as a
“‘window comparator.”” This circuit is
ideally suited for use with CMOS com-
parators. Note that the circuit is a parallel
arrangement of two comparators.

When the input voltage falls between
the reference voltage applied to the two
comparators, the circuit’s output is high;
otherwise, its output is low. This operat-
ing mode is illustrated by the diagram at
the bottom of Fig. 5.

Window comparators have important
applications in monitoring and control
situations. For example, a window com-
parator can be used to indicate when the
temperature of a freezer is either within
or out of a desired range. The output sig-
nal can be used to actuate the freezer’s
compressor or an alarm mechanism such
as a bell or light.

Figure 6 is a schematic diagram for a de-
monstration window comparator circuit
designed specifically for use with CMOS
dual comparators like the ALD2301 or
TLC372. In this circuit, R/ controls the
high reference voltage and R3 controls
the low reference voltage. Potentiometer
R2 controls the input voltage. In opera-
tion, RI should be set to give a higher
voltage at pin 3 than the voltage delivered
to pin 6 by R3.

If the input voltage applied to pins 2
and 5 by R2 exceeds the high reference
voltage or falls below the low reference
voltage, the circuit’s output goes low and
the LED turns on. If the input voltage
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falls within the window between the
high and low reference voltages, the cir-
cuit’s output goes high and the LED
switches off.

Shown in Fig. 7 is how a transistor
driver is added to the Fig. 6 circuit to in-
vert the status of the LED. With this cir-
cuit, the LED switches on only when the
input voltage falls within the window.
Potentiometer R/ serves as a pull-up re-
sistor that permits Q7 to be controlled by
the comparator’s outputs.

Use of CMOS comparators gives this
circuit several important operating ad-
vantages. Firstly, its very high input im-
pedance means that the circuit is essen-
tially transparent to whatever sensor or
circuit it monitors. Secondly, its ultra-
low power consumption means that the
circuit can be operated for long periods
of time on battery as long as it’s in the
standby mode. Finally, the circuit can be
powered by a supply that delivers as little
as 2 volts.

Test versions of the circuits shown in
Fig.s 6 and 7 performed about the same
with both the ALD2301 and TLC372
when the input was a slowly varying volt-
age. The only exception was that the
ALD2301, which is specified for a mini-
mum operating potential of 3 volts, func-
tioned at a supply potential of less than
1.5 volts. In fact, the ALD2301 window
comparator | tested would be powered by
a single AA penlight cell. The TLC372,
specified for a minimum operating po-
tential of 2 volts, required nearly 2 volts
from the power supply for operation.
These minimum operating voltages apply
only to the two chips | tested. They may
vary with other chips.

At very-low supply voltages, some
LEDs may not receive sufficient forward
bias to switch on. Or they may not receive
sufficient forward current to produce a
usable light output. You can overcome
the latter problem by using high-bright-
ness or ‘‘super’’ LEDs. These AlGaAs
LEDs will emit visible red light when their
forward current is only a milliampere
or less.

Going Further

CMOS op amps and comparators pro-
vide low power consumption, low-volt-
age operation, ultra-high input imped-

ance and simple interfacing to CMOS di-
gital logic. Many also provide single-po-
larity power-supply operation. These ad-
vantages will bring new life to many
traditional op-amp and comparator ap-

The working circuits shown here will
teach you the basics about CMOS op
amps and comparators. After you try
them out, be sure to adapt your favor-
ite linear circuits for CMOS op amps

plication circuits.
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A New Analog-to-Digital Converter and Switching
Power Supply Control Devices

By Harry L. Helms

Computers are being increasingly asked
to process input from analog sources in
‘“‘real-time,”’ and increasing the speed
and accuracy of analog-to-digital conver-
sion is the key to future breakthroughs in
areas such as robot vision, voice recogni-
tion, video digitizing and signal analysis.
To meet this challenge, several new
“‘flash’’ analog-to-digital converter ICs
have been introduced recently. The term
““flash’’ denotes a device that has been
optimized for high conversion speed and
accuracy through the use of parallel con-
version techniques. A representative ex-
ample of ‘‘flash converters” is the
CA3306 CMOS 6-bit analog-to-digital
converter from GE Solid State.

The CA3306 is described as a ‘‘video
speed’’ ADC, and its 15-MHz sampling
rate is certainly adequate for such tasks.
If greater speed is needed, two CA3306
devices can be paralleled for a 30-MHz
samplerate. Sincethe CA3306is a CMOS
device, it can operate from as little as + 1
volt (although a supply potential range of
+3 to +8 volts is recommended), and
power consumption can be as low as 12
milliwatts maximum at a 1-MHz clock
frequency.

Figure 1 shows pin connections for the
CA3306. Internally, 64 voltage compara-
tors operate in parallel to measure the in-
put signal at pin 11 with respect to a
known reference voltage. Three refer-
ence-voltage pins are supplied: pin 9 for a
positive voltage, pin 10 for a negative
voltage and pin 16 for a center (midpoint)
voltage between the positive and negative
voltages. Sixty-three of the comparators
are used to digitize (or, more precisely
quantize) the input voltage, while the re-
maining comparator produces an ‘‘over-
flow’’ bit at pin 2.

Accuracy of the CA3306 is within
+ 0.5 of the least-significant bit (LSB) of
the output. The outputs of the CA3306
are labeled B1 (LSB) through B6 (most-
significant bit, or MSB). In Fig. 1, con-
version speed is controlled by a clock in-
put signal at pin 7, which should be equal
to the sampling/conversion rate desired.

A phase control input at pin 8 provides ad-
ditional control of the clock input; nor-
mally, this pin should betied to ground or
to the positive reference voltage.

Figure 2 shows a typical application of
the CA3306 as it operates from a + 5-volt
supply. The positive reference voltage is
obtained through a 741 op amp config-
ured as a voltage reference. The 5K po-
tentiometer is used to set the reference
voltage precisely. The first clock enable
(CE1) input of the CA3306 should be
connected to ground and the second
clock enable (CE2) should be tied to the
+ 5-volt supply line. This circuit will op-
erate with sufficient accuracy for most
applications without any further adjust-
ments other than that for the reference
voltage.

The phase and clock-enable inputs also
allow two CA3306 devices to be paral-
leled for asamplingrate up to 30 MHz, as
shown in Fig. 3. One converter samples
the positive phase of the input clock sig-
nal, while the other samples on the nega-
tive phase. The resulting outputs are al-
ternately enabled. Note the differing
phase and clock-enable input signal levels
on the two devices.

(MSB) B6 |1 18| B5
Overflow | 2 17| B4
Ve | 3 16| REF center
v, |4 15| B3
CE2]s 14]1B2
CE1]s 13{B1 (LSB)
CLK|7 2V
Phase|s |V
Veert | @ wly, -
TOP VIEW

Fig. 1. Pinouts for the CA3306 ‘‘video-
speed’’ analog-to-digital converter.

Further information and additional
applications circuits can be found in data
sheet No. 2115, ““High Reliability Slash
(/) Series CMOS Video Speed 6-Bit Flash
Analog-to-Digital Converter,’” available
from GE Solid State, Box 3200, Somer-
ville, NJ 08876.

Switching Power Supply
Control Devices

Switching power supplies operate with
greater efficiency, are lighter and small-

,OFW

oF

REF

—> B6
l CA741CE
B6 B5 > B5
Data
B4 X >B4 > output
RC———7
B3 _ B3
B2 > B2
(LSB)
81 —7 B1 J
Voo l 1_o+5V
v, I 0.2uF I 10pF
vRE;" _I ) = =
- Signal
input

Fig. 2. A typical application circuit for the CA3306 ADC.
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CA3306 Specifications

Supply Voltage Range

Input Voltage Range
Resolution

Quantization Error
Maximum Conversion Speed
Sample Time

+1to +8voltsdc

-0.5 volts to supply voltage
+0.5of LSB

+0.50f LSB

15 MHz

66 ns

=

er, and at high power levels are actually
less expensive than power supplies using
conventional linear regulation. The main
barrier to wider adoption of switching
regulation has been the complexity of
switching-regulator circuits.

Recently, several companies have in-
troduced switching voltage-regulator ICs
that can be used in place of linear regula-
tor devices. Typical of these is the
SG1524C family of switched-mode pow-
er-supply control devices from Signetics.

These can operate from a supply poten-
tial of + 7 to ~+40 volts and supply a 60-
volt output at 200 mA of current, with
more output current available as output
voltage is decreased. Figure 4 shows the
pin connections for this family.

The SG1524C family has an internal
‘“‘bandgap’’ voltage regulator that pro-
duces regulated + 5 volts, with an accur-
acy of better than 1 percent, for all inter-
nal circuitry. The positive and negative
sensing inputs are connected to an inter-
nal comparator, which in turn drives a
pulse-width modulator (PWM) stage
consisting of a ramp oscillator, high-
speed comparator and error amplifier.

N
(MSB) S B6
CA3306
B6 BS > B5
OF B > M
[onwF e
LY RCf————
V+ 0—AAA, v, B3 >B3
CE2 B2 > B2
__ (LSB)
CE1 B1 > B1
CLOCK INPUT < -
gy CLK Voo _I_ O V+
0.2uF
i PH V.
Vet Ve 1 10uF T
§
CA3306 Signal input =
B6 B5
oF B4
0.1uF
L% e —
v, B3
V+O0—Ci2 B2
J— CEA B
CLK v, ; oV+
l 0.2uF .
otuF | Vo™ v, NOTE:
\f‘ 10uF V,, must 5e 2 V, for circuit to
L Vaget Voer 1 1 1: work with V, connected to V, +.

Fig. 3. Paralleling two CA3306s yields sampling rates of up to 30 MHz.
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SOLID-STATE DEVICES...

The PWM stage performs the necessary
switching functions for voltage regula-
tion. There is also an internal shutdown
circuit (note the shutdown input at pin
10) that prevents problems caused by low
supply voltages as well as current-limit-
ing circuitry.

Figure 5 shows a typical application for
the SG1524Cin which a + 26-volt input is
used to produce a + 5-volt output at 5
amperes. Several other switching-regula-
tor circuits can be built around the
SG1524C family, and it can also be used
in motor-control circuits. More informa-
tion is available in the ‘‘SG1524C/
2524C/3524C Switched-Mode Power
Supply Control Circuits’’ data sheet and
in applications note No. AN1262, ‘“The-
ory of Operation and Applications for
SG1524C/2524C/3524C,”” both from
Signetics Corp., 811 E. Areques Ave.,

P.O. Box 3409, Sunnyvale, CA 94088-
3409. (All requests should be made on
company or professional letterhead.)

Random Notes

Intel and Siemens have joined as partners
in a new company known as the BiiN
(pronounced ‘‘bine’’) to produce a modi-
fied version of Intel’s 432 microproces-
sor. Reports are that BiiN’s products will
be intended for the *‘fault-tolerant’
computer market . . . . The first 1-Meg
static RAM (SRAM) devices have hit the
market. Inova Microelectronics of Santa
Clara, CA has introduced a 128K x 8
SRAM, and others are expected to soon
follow. SRAMs are used in applications
where speed is paramount, such as in su-
percomputers . . . . The latest buzzword
in ICsis “‘rad hard,’’ which denotes a de-
vice that’s been radiation hardened. Such

invert input | 1 L1 AV

Noninvert input | 2 150V,
OSC input |3 14| Emitter B
(+) C.L. sense |4 13] Collector B
(=) C.L. sense |5 12| Collector A
RT & 11| Emitter A
CT|7 10 | Shutdown

Ground | 8 9] Comp
TOP VIEW

NOTE:
Available in large SO (SOL) package only.

Fig. 4. Pinouts for the SG1542C family
of switching power-supply control
devices.

devices were developed for weapons sys-
tems to withstand the effects (radiation,
electromagnetic pulse, etc.) of nuclear
explosions. These devices also have

+28V O0—

O———osc

O— SHUT DOWN

GND

5K 1K %1 K
A 1w 1W
INV cH
5K
5K
HI E,
5K 1K
1’( VRE! c!
0.1uF
SG1524C 1K
—AM—— R, E,
2K
it <, c+
0.01pF

0.1%
C -

COMP —j_
0.001pF

Returno

20K

1Y

1mH
jooouF At SV
207 sT 5A
O
20T U
= 100pF

Fig. 5. Using the SG1524C to produce a + 5-volt output at 5 amperes.
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SG1524C Specifications |
Maximum Supply Voltage 40 volts |
iMaximum Output Voltage 60 volts
Recommended Output Current, 250 mA
each output
Maximum Power Dissipation 1090 mW (may be greater in different IC packages)
R P\\\ A\
. N~ . : : O AT
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missions . . . . As of this writing, the manufacturing capacity is leaving us (as
DRAM shortage continues unabated, well as Europe) dangerously at Japan’s
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dynamic RAMs. As mentioned previous- problems securing enough 256K chips to
ly in this column, the United States is keep production lines rolling while PC
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Advanced Television

By Curt Phillips

The future of television in the United
States is in the process of being decided.
Advanced television technologies are be-
ing proclaimed widely as the most signifi-
cant technological breakthrough since
the advent of television itself. But poli-
tics, not technology, may play the most
important part in deciding what we’ll get
to see.

Stated briefly, advanced television
technologies will provide wide-screen
pictures with improved color, greater de-
tail and sharper resolution than present
television receivers provide.

Increased horizontal and vertical detail
and resolution are the most prominent
advancements proposed. Most of the
proposed TV systems approximately
double conventional television’s 525 scan
lines. The improved detail and truer color
rendition will be most noticeable on
large-screen television sets, where sales
have been hurt by color clarity and sharp-
ness limitations become evident. High-
Definition Television (HDTV) will pro-
vide sufficient resolution to produce a
high-quality picture on screens signifi-
cantly larger than those available today.

The advanced television screens won’t
just be larger; they’ll be wider, too. To-
day’s television screens are almost
square, with an aspect ratio (picture
width to picture height) of 4:3. This shape
is-a carry-over from television’s early de-
velopment when movie theaters showed
films with that frame shape. HDTV can
produce an aspect ratio of approximately
16:9, which will allow modern wide-
screen movies to be displayed in their
original composition. Other program-
ming, such as sports events, will also ben-
efit from the more compelling view pre-
sented on the wider screen. High-Defini-
tion Television sets of all sizes will be im-
mediately recognizable by the wider
screens, as the photograph of RCA’s pro-
totype shown in Fig. 1 illustrates.

Most advanced television systems in-
clude digital multi-channel sound to
complement the enhanced picture quali-
ty. Although stereo television has not ex-
actly taken the public by storm, program-

I e RS Ty W i R = R e oo TeE e,

Fig. 1. This wide-screen TV receiver from RCA is an example of the new look in home
video entertainment displays.

ming sources that improve their picture-
transmitting equipment for HDTV will
likely improve their audio quality as well.

Congress Gets Involved

This past September, the Subcommittee
on Telecommunications and Finance of
the U.S. House of Representatives held
hearings on High-Definition Television
(HDTV) and sponsored a demonstration
of advanced television technology.

The committee heard testimony from
Charles Schott of the Department of
Commerce’s National Telecommunica-
tions and Information Administration
and from Richard Wiley of the FCC’s
Advanced Television Advisory Commit-
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tee. Industry and trade groups were rep-
resented by Sidney Topol of the Elec-
tronic Industry Association (EIA) and
Scientific Atlanta, Richard Elkus of the
American Electronics Association and
Jerry Pearlman of Zenith.

The one issue that was already largely
decided was that of compatibility. Prior
to this hearing, the FCC issued a set of
technical guidelines for HDTV develop-
ment, and one of its directives was that
any HDTYV system be compatible with the
millions of television receivers currently
in place that use the National Television
System Committee (NTSC) format.

The major remaining ‘‘political’’ is-
sues are U.S. participation and terrestrial
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Fig. 2. Details of the Visual System Transmission Algorithm (VISTA) for generating
compatible HDTV transmissions.

broadcasters. Subcommittee Chairman
Edward Markey of Massachusetts and
other members of the committee repeat-
edly stressed HDTYV as a possible source
of American jobs. Another concern of
both committee members and witnesses
was the possible ripple effect of HDTV
development on other high-tech indus-
tries. It was stated that development of
HDTV technology will likely generate
technological advancements in photon-
ics, fiber optics and microprocessing,
and that the United States cannot afford
to fall behind in these areas.

Concern for terrestrial broadcasters
seems to be a uniquely American phe-
‘nomenon. Advanced television advo-
cates in Japan and Europe are aiming to-
ward satellites and cable as HDTYV deliv-
ery systems. With video disks and VCRs
also available to distribute HDTV, ter-
restrial broadcasters could easily be left
out, but the FCC’s emphasis on NTSC
compatibility and comments of members
of the subcommittee indicate that the lo-
cal content and widespread availability
of terrestrial broadcast signals make their
inclusion in the HDTV equation an im-
portant priority.

The specter of several past develop-
ments in consumer electronics shaded
comments of participants. Sidney Topol
of the EIA recounted the battle between
RCA/NBC and CBS over color televi-
sion, where RCA won.

Richard Elkus told of his experience
with the Ampex Corporation. Ampex in-
troduced the first home video recorder 20
years ago, only to transfer the technology
to Toshiba later because of cash-flow
problems. As recently as 1970, Ampex
alone controlled about 75 percent of the
worldwide market for video tape record-
ers in terms of dollars. Today, all U.S.
producers combined hold less than 2 per-
cent of the $15-billion VCR market.

There was a fear that without proper
governmental guidance, HDTV would
turn out to be, as one committee member
colorfully phrased it, ‘“. . . an AM stereo
scenario cubed.”’

A Glimpse Into the Future

The demonstration of HDTYV technology
was to give members of Congress, offi-
cials of the Executive branch and mem-
bers of the press an opportunity to view
HDTYV. Because the technology is in de-
velopment, some companies didn’t have
actual HDTYV pictures available for view-
ing, but they gave out information pack-
ets and had representatives available to
answer questions.

The following companies were repre-
sented at the demonstration and are likely
to be major factors in the ultimate deci-
sionon HDTV:

e Del Rey Group/Compatible Video
Consortium. Under its single-channel
system, referred to as High Definition

NTSC (HD-NTSC), picture sharpness is
improved markedly by using a technique
called ““TriScan’’ that employs digital
techniques similar to those used by per-
sonal computers. This system is intended
for use by all home video transmission
media, including terrestrial broadcast,
cable, optical fiber, VCR, video disc and
Direct Broadcast Satellite.

The Del Rey system starts with a pic-
ture that has at least 1,125 lines per frame
and compresses that picture for transmis-
sion over a single 6-MHz channel. HD-
NTSC receivers display a picture with a
5:3 aspect ratio and digital sound. Ac-
cording to the system’s designers, it is
compatible with existing television sets.

The Compatible Video Consortium is

a limited partnership to provide funding
for HDTV development. Despite its offi-
cial presence as this ‘‘demonstration,”
they didn’t demonstrate their system.
e Faroudja Laboratories. Yves Faroud-
ja, founder of Faroudja Labs, did dem-
onstrate his single-channel ‘‘Enhanced
NTSC”’ or SuperNTSC system. The Fa-
roudja system combines preprocessing at
the transmitter and post processing at the
receiver, which leads to HDTV quality
while maintaining compatibility with
conventional NTSC receivers on a single
6-MHz channel.

The broadcast SuperNTSC signal re-
tains the old 4:3 aspect ratio of standard
NTSC, but the VCR SuperNTSC allows
for a wider aspect ratio.
® Advanced Compatible Television
(ACTV). The David Sarnoff Research
Center, NBC and GE/RCA Consumer
Electronics are developing Advanced
Compatible Television (ACTV), a two-
stage evolutionary system designed to en-
courage the transition into advanced tele-
vision. The first stageis ACTV-I, a wide-
screen enhanced-definition system that
requires only a single existing broadcast
or cable channel. ACTV-I is fully com-
patible with current television receivers
and offers greatly increased vertical and
horizontal resolution.

ACTV-II is a two-channel HDTV sys-
tem that uses an augmentation channel.
This system is designed to meet the tech-
nical requirements of even larger screen
sizes in the future.
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Implementing ACTV-I would not re-
quire extensive regulatory procedures,
nor great implementation expense for
consumers or broadcasters. ACTV-
Il would require that spectrum alloca-
tion issues be resolved before it could
be implemented.

Both ACTV-1 and ACTV-II offer
1,050 lines per frame and a 16:9 aspect
ratio, but ACTV-II offers better lumi-
nance and chrominance resolution.

e VISTA. Dr. William Glenn of the New
York Institute of Technology Research
Center in Florida is developing a system
intended for use by all video media, espe-
cially terrestrial broadcasting. The Glenn
System, also known as VISTA (VlIsual
System Transmission Algorithm), uses
two channels. The final product will use 9
MHz of bandwidth, one 6-MHz NTSC-
compatible channel containing the stan-
dard 525-line signal and an auxiliary non-

contiguous 3-MHz channel that will in-
crease resolution to full 1,125-line HDTV
resolution.

The VISTA system of splitting and re-
combining NTSC and augmentation sig-
nals (Fig. 2) is typical of the dual-channel
systems. It’s designed to be compatible
with conventional NTSC receivers.
® North American Philips. North Amer-
ican Philips (norelation to me; they don’t
know how to spell their name) Corpora-
tion’s High Definition System for North
America (HDS-NA) is a dual-channel
system geared to be NTSC compatible.

For terrestrial broadcasters, HDS-NA
requires a standard 6-MHz channel for
the NTSC-compatible signals and a sec-
ond 3-MHz channel that carries the addi-
tional 16:9 aspect-ratio information, as
well as high spatial and temporal resolu-
tion and digital stereo sound.
® NHK System. This is the system that
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ern time) for credit-card purchases. Cur-
rentratesare $17.97, 333 and $48 for one,
two and three years, respectively. Back is-
sues are available for $2.50 per copy from
the same address. The pages that appear
to be missing were assigned to bound-in
cards, which is required by postal regula-
tions.
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The ““Telephone Tester’’ schematic is
in error. Schematic corrections are
shown here.—FEd.

make note of this both on the schematic
and in the Parts List.
Michael DiJulio

¢ | recently discovered Modern Electron-
ics at a hamfest and in the one issue saw
three projects that I’d like to build, two
of which 1 want toget to immediately: the
“Telephone Tester’’ and ‘‘Emergency
Ignition System.’’ There weren’t any
subscription forms in the October 1988
issue I picked up. How do [ go about
starting a subscription and obtaining
back issues? Incidentally, while search-
ing for asubscription form, I noticed that
there were pairs of missing pages, though
there doesn’t seem to be anything missing
from any of the articles.

The schematic diagram of the ‘‘Tele-
phone Tester’’ shows a direct short cir-
cuitacross the secondary of T1. How do |
correct the schematic?

Thomas Cott

Hicksville, NY

Subscription forms are bound into every
issue, but if it is missing from yours, you
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had everyone running scared—not be-
cause it is technically better than the oth-
ers but because it is scheduled for imple-
mentation is Japan beginning in 1991.
Since the Japanese system is based
upon a Direct Broadcast Satellite as a
transmission medium, NHK has devel-
oped two systems for the U.S. market.
MUSE-6 reportedly offers NTSC-com-
patible enhancements over the standard
6-MHz channels, while MUSE-9 pro-
vides better picture quality through a sec-
ond 3-MHz augmentation channel. The
MUSE system provides 1,125 scan lines
and a 16:9 aspect ratio.
® Zenith. The Zenith Spectrum Compati-
ble HDTV System provides a transmis-
sion and encoding system for HDTV
that, according to its designers, enables
transmission of a 30-MHz signal through
today’s unusable portions of the vhf and
uhf spectrums. The result is that existing
NTSC broadcast stations can obtain a
second 6-MHz channel over which a true
HDTYV program can be broadcast. Zen-
ithdid not demonstrate an HDTYV picture.

The Next Step

Subcommittee Chairman Markey asked
the relevant federal agencies and the
American electronics industry, through
its trade associations, to submit reports
outlining how best to involve U.S. indus-
try in the development and manufacture
of advanced television technologies. He
asked that the reports be submitted no
later than January 4, 1989, in order for
Congress to have them before initiating
legislative action in the new year.

The old NTSC color standards have
been with us for over 30 years. Soany new
standards that are legislated may be with
for some time to come. We need to be
sure that any decisions are made careful-
ly. If you want to correspond with the
committee directly, write to them at
Room H2-316, Washington, DC 20515.

Your comments and suggestions are wel-
come. You can contact me through The
Source (BDK887), Delphi (CURTPHIL),
CompuServe (73167,2050), or at P.O.
Box 678, Garner, NC 27529. ME
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By Ted Needleman

The interesting thing about being in-
volved with PCs is that there’s always one
controversy or another brewing. Ifitisn’t
which computer is ‘“best,”” it’s what type
of video board or mouse (or something
else) you should be using. The next great
conflict shaping up is what type of inter-
nal bus your next IBM compatible will
have. IBM set a de factostandard when it
introduced the original PC, extending
this standard when the 16-bit wide AT
was introduced.

Most makers of compatibles followed
the specifications IBM established to
take advantage of the large third-party
aftermarket in peripheral and memory
boards. After all, why go through the
time and expense of designing and manu-
facturing your own memory board, or
serial port, or video board when there are
a variety of low-cost sources available. In
fact, few clone suppliers today actually
manufacture anything more than the
nameplates they put on their machines.

This was the way things stood until last
April, when IBM introduced its new line
of PS/2 systems. On the models contain-
ing 80286 and 80386 microprocessors,
IBM based the bus on an entirely new
physical structure called MicroChannel.
The MCA (MicroChannel Architecture)
bus offers two big advantages over older
bus designs—it provides a 32-bit-wide
data bus, and has a better scheme for the
PC to recognize what peripheral cards
are installed.

The 32-bit-wide bus is important be-
cause it allows information to be trans-
ferred more rapidly inside the system. An
analogy is to imagine 20 cars all trying to
travel down the same 2-lane road. Chances
are, they would be able to reach their des-
tination much faster (ignoring speed lim-
its for the moment) if they were traveling
on a four- or six-lane highway.

By providing a bus that’s twice as wide
asthe AT’s as well as a fastersystem clock
speed, the MCA lets the computer make
good use of the the powerful CPUs that
are now available.

Thesecond major advantage of the Mi-

The Great PC Bus War

croChannel is that it eliminates most of
the DIP switch addressing on peripheral
cards. The earlier PC and AT bus designs
provided a range of addresses for certain
peripherals to occupy. With this type of
scheme, when you have a serial I/0O card,
there has to be some method of letting the
PC know what 1/0 ports the card sup-
plies. This is accomplished with the
dreaded DIP switch.

By correctly setting the switches, the
PC is notified that the board is providing
COMM 1, COMM 2, or some other port
recognized by the software. The MCA
bus specifications provide a method of
automatically identifying a peripheral
card installed on the bus.

These features are significant. Unfor-
tunately, there are also three major prob-
lems. The first is that the MCA bus ma-
chines have been spectacularly unsuc-
cessful. IBM decided that it would license
the rights for clone makers to use the
MCA architecture, but to date no one has
been injured in a stampede to take IBM
up on its offer.

Tandy and Dell Computer both an-
nounced MicroChannel machines soon
after IBM’s PS/2 introduction. To date,
Dell keeps postponing the ship date for
theirs, saying they have the systems
ready, but don’t see any great demand.
Tandy’s experience seems to back this up.
Their MCA computer has been shipping
since the summer, but has not enjoyed
great sales as yet.

Added to this, third party providers of
add-in cards had great initial difficulty
getting the ““card-recognition’’ scheme to
actually work. This has been straightened
out, but there is still a dearth of add-in
cards for the PS/2.

More important is the lack of compati-
bility between the MCA bus and earlier
PC and AT buses. When IBM introduced
the AT, they designed it so that there were
both 8- and 16-bit slots. While many us-
ers upgraded some of their peripheral
cards to take advantage of the increased
performance the 16-bit bus provided,
many others just unplugged cards from
their PCs, and stuffed them into their
new ATs.

The MCA bus has both a different
structure, and different connectors from
the previous buses. There is no way to
takea PC or AT peripheral, suchas anin-
ternal modem card, and use itinan MCA
bus system.

Though IBM-bashing is great fun,
there is a definite need for some standard
32-bit bus. Prices on 80386-based ma-
chines are continuously falling, and
many vendors are now offering them at
reasonable prices. But each vendor seems
to have come up with its own 32-bit bus,
incompatible with every other vendor’s.
And until a standard acceptable to most
is established, we won’t see the wide
range of superior graphics and memory
boards the the PC and AT bus standard
made possible for the less-powerful sys-
tems. This, in turn, will impede accep-
tance of 386 machines (and additionally
slow the drop in system prices).

Strangely enough, it may be IBM’s ma-
jor rival that produces a solution. Com-
paq Computer has garnered support of
over 40 other manufacturers and vendors
of compatibles for the establishment of a
new 32-bit bus standard. While at the
time this is being written the standard has
yet to be defined, it will most likely be an
expansion of the now ubiquitous AT bus,
just as this bus is an extension of the origi-
nal PC bus.

Although this may mean that 386 users
will lose the self-addressing peripherals
the MCA bus provides, this is a small
price to pay if wide-spread adaptation of
an industry-standard bus hastens afford-
ability and acceptance of a more power-
ful processor. There is even an indication
that IBM realizes its mistake.

Just as Coca-Cola had to bring back
““Coke-Classic,”” rumors are rampant
about the imminent introduction of a
new IBM system with the ‘‘classic’’
AT bus. Unfortunately for IBM, the
16-bit AT bus is last-year’s news. What
the industry needs now is for IBM to join
Compagq’s consortium and help define
the standard for the next generation
of machines.

[Update: At a meeting concerning the
new 32-bit bus championed by Compaq
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Now You Can Learn Electronics
From VHS Video Tape!!!

UCANDO Now Has Four Video
Tapes Designed For The
Electronic Enthusiast.

ELECTRONICS AND YOU—PART ONE DC

PRICE $32.95
You will learn about Series circuits, Parallel cir-
cuits, the combination of Series-Parallel cir-
cuits, Ohms Law, Voltage, Current and Resis-
tance as well as how to use the Digital multi-
meter.

ELECTRONICS AND YOU—PART TWO AC

PRICE $32.95
You will learn about AC theory, Coils Trans-
formers, Capacitors, Filter circuits and how
they are used in actual circuits

VCR MAINTENANCE AND REPAIR

PRICE $32.95
This tape was designed for the average VCR
user. No special tools or schooling are required
for this tape. You will learn how to clean the en-
tire tape path in the VCR as well as how to re-
place some of the belts in the VCR.

INTRODUCTION TO VCR REPAIR

PRICE $59.95
You will learn how the VCR Processes the Lum-
inance, Chromance and Audio signals in the
VCR, in both the playback and record modes
you will also learn about the Servo systems
used to control the Capstan motor and the
Video Drum Cylinder. This tape also covers
many more aspects of the VCR.

ORDER YOUR TAPES NOW!

VISA and MASTER CARD are accepted
CALL:(513)548-6113 or mall check or money
order to:

| vcanpo | P.0.Box386
| Greenville,
| | ohio 45331

CIRCLE 5 ON FREE INFORMATION CARD

AMAZING

SCIENTIFIC & ELECTRONIC
PRODUCTS

PLANS —suid Yourseit—all Parts Available In Stock

* LC7—BURNING CUTTING CO: LASER $20 00
* RUB4—PORTABLE LASER RAY PISTOL 20.00
® TCC1—3 SEPARATE TESLA COIL

PLANS TO 1.5 MEV 20.00
* 10G1—ION RAY GUN 10.00
* GRA1—GRAVITY GENERATOR 10.00
* EML1—ELECTRO MAGNET COIL GUN/LAUNCHER 6.00
KITS
* MFT3K—FM VOICE TRANSMITTER 3 M1 RANGE 49.50
* VWPM7K—TELEPHONE TRANSMITTER 3 MI RANGE .39 50
* BTC3K—250,00 VOLT 10-14 SPARK TESLA COIL 199 50
* LHC2K—SIMULATEO MULTICOLOR LASER 39.50
*BLS1K—100,000 WATT BLASTER DEFENSE OEVICE 69 50
* ITM1K—100,000 VOLT 20 * AFFECTIVE

RANGE INTIMIDATOR 69.50
* PSP4K—TIME VARIANT SHOCK WAVE PISTOL 59.50
* PTGIK—SPECTACULAR PLASMA

TORNAOO GENERATOR 139.50
* MVPIK SEE IN DARK KIT. . 199.50
ASSEMBLED
* PTWIK—SPECIAL EFFECT VISUAL PLASMA

GENERATOR FOR GLOBES/NEON TUBING ETC. 59.50
* BTC10—50,000 VOLT—WORLD'S SMALLEST

TESLA COIL 49.50
* LGU40— 1MW HeNe VISIBLE RED LASER GUN 249.50
» TAT30 AUTO TELEPHONE RECORDING DEVICE 24 50
* GPV10—SEE IN TOTAL DARKNESS IR VIEWER 349.50
 LIST10~—~SNOGPER PHONE INFINITY TRANSMITTER 169.50
* IPG70—INVISIBLE PAIN FIELD GENERATOR—

MULT) MODE 74 50

* CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS
HUNDREDS MORE AVAILABLE FOR $1.00 OR INCLUDED
FREE WITH ALL ABOVE ORDERS.

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS
PLANS ARE POSTAGE PAID. SEND CHECK, MO, VISA, MC
IN US FUNDS.

INFORMATION UNLIMITED
P.0. BOX 716,DEPT.ME, AMHERST, NH 03031

CIRCLE 39 ON FREE INFORMATION CARD

PC CAPERS...

Computer Corp., Zenith Data Systems
and others, more than 60 companies sup-
ported the Extended Industry Standard
Architecture (EISA) bus against IBM’s
MicroChannel Architecture (MCA) bus.

The 32-bit challenger is an extension of
the existing IBM PC-AT 16-bit bus. It
will use the higher-performance Intel
80386 microprocessor and an MS-DOS
operating system to extend capabilities to
new, more demanding applications.
Moreover, as a superset of the existing
standard, it is said to be compatible with
hundreds of presently used 8- and 16-bit
expansion boards, peripherals and soft-
ware, thereby preserving users’ invest-
ments. In contrast, IBM’s MCA is not
compatible with the AT bus. EISA is a
“free’’ bus, too, as compared to royalty
fees of up to 5 percent charged to licen-
sees by IBM for using its MCA bus.

IBM isn’t about to give up its Micro-
Channel bus, but it has introduced a
brand new PS/2 Model 35 that’s a 16-bit
machine with an AT-type of bus. Guess
that Big Blue wants in on the terrific AT
market that it left to the clones. Further-
more, IBM’s MCA-bus machines are
here now and more hardware and soft-
ware are expected in support of it,
whereas the competing system will likely
not see the light of day for delivery until
mid-1989—FEd.]

New Life For An Oldie

Over the past year, this column has
tended to concentrate on IBM (and com-
patible) PCs, with a little Macintosh
thrown in. While some might perceive
this as a slight against other popular com-
puters, including the Amiga, Atari and
Commodore, it really isn’t. I don’t own
any of those others, and won’t write
about something that I haven’t used. One
system that I do own, but haven’t cov-
ered, is an Apple Ile. The Ile is the third
in a series of Apple IIs I’ve owned, and
over the years has generated thousands of
pages of client general ledgers, tax re-
turns, and word processing documents.
Today, though, it is most often used
by my three-year old .

There are, however, over amillion Ap-
ple lIsout there. When the CP/M operat-
ing system was at its zenith, the Apple II
was the best-selling CP/M system in ex-
istence, thanks to Microsoft’s SoftCard
and Advanced Logic System’s Z-Card.
The Apple’s open architecture easily al-
lowed addition of the Z-80 CPU to the
6502 native mode.

That was then, this is now. And now is
MS-DOS and 8088, 80286, and 80386-
based systems. If you have an IBM-PCor
compatible computer at work, and an
Apple II at home, and have despaired of
ever being able to shuttle work back and
forth, the Apple’s open architecture (and
a company by the name of Applied En-
gineering) has come to the rescue. Just as
an optional add-in coprocessor card pro-
vided compatibility with the CP/M oper-
ating system, Applied Engineering’s PC
Transporter gives your Apple II, 11+,
Ile, and I1Gs MS-DOS compatibility.

Just like the Microsoft SoftCard, the
PC Transporter is a coprocessor card that
installs in an open slot in any II, I1 +, Ile
or IIGs. It contains a NEC V30 CPU chip
that runs at 7.16 MHz, and between
384KB and 768KB of RAM. The V30 is
equivalent to the Intel 8086. This chip is
similar to the ubiquitous 8088, but is a
true 16-bit chip, having a 16-bit-wide da-
ta bus, whereas the 8088 uses only eight
bits. The V30 uses the same instruction
set as the 8088 and 8086, and is a popular
alternate processor on many clones. Intel
has, in fact, been suing NEC, claiming
patent infringement with NEC’s design
of the V20 and V30 CPUs.

The RAM memory installed on the PC
Transporter is usable by both the Apple
in its native PRODOS mode and by MS-
DOS. When the Transporter is in MS-
DOS mode, 128KB of memory is used
by the system software, so that a card
equipped with 768KB of memory yields
the MS-DOS maximum usable memory
of 640KB. As with most PC compatibles,
there’s even a slot for a math coprocessor
chip, in this case the 8087-2.

The PC Transporter also contains
built-in disk and video controllers. You
can use an Apple 3.5-inch drive (not the
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Applied Engineering’s PC Transporter board gives the Apple I1, IT+, Ile and IIGS MS-
DOS compatibility.

Uni-Drive), or optional 5.25-inch PC
compatible drives, supplied by Applied
Engineering, which are MS-DOS com-
patible. A single 360K drive, in its own
cabinet, costs $269, while a dual-drive
system runs $399. You can also use the
5.25-inch PRODOS drives, already on
your system, though they are incapable
of reading MS-DOS diskettes.

PC transporter can use the standard
Apple composite video, giving you a very
readable text display on the black-and-
white monitor you probably already have
connected. If you are using an inexpen-
sive composite color display, you may
want to upgrade your monitor, since the
readability of text on one of these leaves a
lot to be desired.

With the addition of an inexpensive ca-
ble you can use a standard digital RGB
monitor to achieve IBM CGA (Color Gra-
phic Adapter) graphics resolution (320 X
200 pixels). If you have a 1IGs, there is a
ColorSwitch, for $44, which permits use
of the Gs analog color monitor.

PC Transporter re-maps the keyboard
on a Ile or IIGs. All of the standard PC
keys, including the function, Control,

and ALT keys can be generated, and a
map of the equivalent keys is included in
the documentation. If you wish, $34 buys
an IBM keyboard cable. You can plug a
standard PC-type keyboard into this.
These are available from various mail-
order scurces for as little as $40. Or, for
$139, you can purchase both the key-
board and cable from Applied Engineer-
ing. If youhavea Il or Il +, you will have
to use the cable and an IBM-style key-
board. These keyboards did not have the
native upper/lower case capability of the
[Te and IIGs.

One item that Applied Engineering
neither includes or provides is MS-DOS
and GW-BASIC. I suppose they feel that
if you are buying the PC Transporter,
you already have at least one system,
somewhere, that came with these items.
If you don’t, or if you are either going to
run both systems simultaneously (your
license for MS-DOS is for use on a sin-
gle CPU at a time) or have the IBM ver-
sion of BASIC, you can also purchase
MS-DOS/GW-BASIC mail-order for
$50 or $60.

Incidentally, IBM’s BASIC won’t run
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FHREE GATALOG
TESTINSTRUMENTS &
HARD-TO-FIND TOOLS

Packed with over 5,000 quality products for test-
ing, repairing, and assembling electronic equip-
ment. A full selection of test instruments, power
protection equipment, precision hand tools, tool
kits, soldering supplies, and much more. Products
are shown in full color with detailed descriptions
and pricing. All products come with a 100% satis-
faction guarantee. SAME-DAY shipment program.

In a hurry to receive your catalog?

Call (800) 225-5370
In Massachusetts call (508) 682-2000

Contact East, Inc., Dept. R428

P.O. Box 786, No. Andover, MA 01845
I -
CIRCLE 41 ON FREE INFORMATION CARD

EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

QOur New and Highly Effective Advanced-Place-
ment Program for experienced Electronic Tech-
nicians grants credit for previous Schooting and
Professional Experience, and can greatly re-
duce the time required to complete Program and
reach graduation. No residence schooling re-
quired for qualified Electronic Technicians
Through this Special Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up-
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Qver 40 Years! Write for free Descriptive Lit-
erature.

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING

E E 4251 CYPRESS DRIVE
- E JACKSON, MISSISSIPPI 39212

CIRCLE 40 ON FREE INFORMATION CARD
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* Includes antenna,

rechargeable battery,

charger/adaptor & belt

clip. Full range of optional

accessories available

= Covers 27-54 MHz, 108-174 MHz,
406-512 MHz, and 800-950 MHz

* 5Scan Banks and 5 Search Banks

= 25 Day Satisfaction Guarantee,
Fuli Refund if not Satisfied

# No Frequencies cut out

o Size: 2"x5%"x 1% wt: 120z

AR900

Total Pnice, Freight Prepaid
(Express Shupping Optional)

$ 299-00

COMMUNICATIONS
10707 E. 106th St. Indpls., IN 46256

s 10!l Free 800-445-7717
VISA Visa and MasterCard
. (COD slightly higher)

InIndiana 317-849-2570 Collect FAX (317)849-8794

CIRCLE 30 ON FREE lNFORMATlON CARD

msnmlﬁ.-mlimunmmm

EARN UP TO 51000 A WEEK, WORKING
PAAT TIME FROM YOUR OWH HOME!

NO Knowledge
of Etectronics
Necessary

NO Special
Tools or
Equipment

THE MONEY MAKING OPPORTUNITY
OF THE 1990’S

IF you are able to work with common small hand
tools
IF you possess average mechanical ability, and
have a VCR on which to practice and learn
then we can teach YOU VCR maintenance and
repair!
FACT: up to 90% of ALL VCR malfunctions are
due to simple MECHANICAL or ELECTRO-ME
CHANICAL breakdowns!
FACT: over 77 million VCRs in use today nation
wide! Average VCR needs cleaning/mainte-
nance or repair every 12 to 18 months!

VIEJO'S 400 PAGE TRAINING MANUAL (over
500 photos and illustrations) AND COMPAN-
ION VIDEO TRAINING TAPE REVEALS THE
SECRETS OF VCR MAINTENANCE AND RE
PAIR - “REAL-WORLD"INFORMATION, THAT
IS NOT AVAILABLE ELSEWHERE! ALSO IN
CLUDES ALL THE INFO YOU'LL NEED RE-
GARDING THE BUSINESS SIDE OF RUNNING
A SUCCESSFUL SERVICE BUSINESS!
FREE INFORMATION

CALL TOLL FREE 1-800-537-0589

Or write to: Viejo Publications
217 E. 86th St., Suite 272 » New York, NY 10028

CIRCLE 9 ON FREE INFORMATION CARD

onthis or any other compatible, as a good
portion of the language is resident (in an
IBM) on ROM. PC-DOS (IBM’s version
of MS-DOS), however, runs just fine on
the Transporter, except for version 3.31,
which doesn’t seem to run on anything
other than a genuine IBM machine.

Installing the PC Transporter took me
a little less than an hour. There is a VHS
videotape available for $10 that takes you
through the installation process, but I de-
cided to just follow the detailed instruc-
tions included in the documentation.
There are effectively two sets of instruc-
tions, one for 11GS owners and another
for the II, Il +, and 1le owners.

Installation is not much more complex
than plugging the card into an empty slot.
You can use any slot except 3. Next, you
plug in cables which intercept and re-
route the keyboard and speaker. Plug in
the disk cable, and attach the DB connec-
torto the Apple’s back panel.

If you are using an IBM-style key-
board, the cable for this must also be
plugged into the PC Transporter card,
and the DIN connector mounted on the
back panel. Plug the optional IBM com-
patible 5.25 drive(s) into the connector,
and you’re finished with the installation.

If you place the included PRODOS
utility disk in one of the Apple drives, and
an MS-DOS system disk in one of the PC-
compatible drives, then turn on the pow-
er, in a few seconds you will see a self-test
message, a BIOS message, then the fami-
liar A>>MS-DOS prompt. Running MS-
DOS’ CHKDSK utility showed me 640K
of system memory.

The PC Transporter really does turn
your Apple into a PC-compatible. While
I haven’t run all that many PC programs
on it, it does run Lotus 1-2-3 and Word-
Star Version 4. It also ran the Norton
Utilities, and the SI (System Informa-
tion) utility included with Norton re-
turned a value of 3.1 (or 3.1 times the
power of a standard IBM-PC). It evenran
PowerMeter from the Database Group.
This benchmarking utility showed the PC
Transporter-equipped Apple lle to be
slightly more powerful than a standard
6-MHz IBM-AT.
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This power doesn’t come for free. The
PC transporter card with 768KB of RAM
costs $699. Add another $399 for the dual
drive PC compatible disks, and you’ve
spent almost enough to buy a mail-order
PC compatible.

A PC Transporter-equipped Apple,
however, is considerably more powerful
than an 8088-based clone. Applied Engi-
neering also includes PRODOS drivers so
that your Transporter can recognize most
PRODOS-compatible peripherals, such
as serial and printer cards, Apple’s
mouse, and a PRODOS clock, and the
PC Transporter treats these as their MS-
DOS equivalents.

There is even a utility included which
lets you transfer files back and forth be-
tween PRODOS and MS-DOS. This fea-
ture alone saved my bacon when I recent-
ly had to move some important Apple-
Works files into an MS-DOS application.
PC Transporter made this task a snap. In
addition, the RAM on the PC Transport-
er can be used with Apple PRODOS ap-
plications, such as AppleWorks, that can
take advantage of additional memory. If
you use such applications, this alone can
almost entirely justify the purchase cost
of the board.

Now, in an emergency, I know I can
walk over to the old Apple workhorse
and, in a few seconds, see the famous Lo-
tus 1-2-3 opening screen on its monitor.
It’sawarm feeling—both to know there’s
an extra backup now, and to see that an
old friend didn’t just fade away, but gota
bionic transplant and become better than
ever. For more information on PC Trans-
porter, contact Applied Engineering,
P.O. Box 798, Carrollton, TX 75006
(Tel.: 214-241-6060). ME

Use the
free
info card.

How do | get
more data?
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Wi SOFTWARE FOCUS |/

WordStar Professional Release 5:
Adds Split Windows, Page Preview, etc.

By Art Salsberg

In our June 1987 issue, 1% years ago, I
reviewed WordStar’s long-overdue, im-
pressively upgraded word-processing
program, WordStar Professional Re-
lease 4.0, observing it still had a few omis-
sions that had to be addressed in order to
compete in the front rank of today’s soft-
ware. Let’s see what the new version, Re-
lease 5, contains and how it fares in com-
parison to what I wished for 18 months
ago and in the current marketplace.

Firstly, hardware and software re-
quirements are much the same. You still
need DOS 2.0 or higher and an IBM or
compatible computer (any model type,
including Personal System/2). RAM
memory minimum has been raised from
320K to 384K, however, though 512K is
really the bare minimum you need to
make sensible use and justify purchase of
such a powerful package. To use it to its
fullest, 640K is required.

Although it can be employed with dual
floppy disk drives, I'd heartily recom-
mend a hard disk drive since the complete
program(s) are in the 3-megabyte range.

“List” price is still $495, while regis-
tered owners of earlier versions can up-
date for $119. A LAN edition is also
available for $595 and $150 per node. The
program is not copy protected, as usual.

What’s New

There are a great many changes of one
sort or another in the WordStar Release 5
upgrade package. Most of the ones on my
earlier review’s wish list have beeninclud -
ed: windows to edit two different docu-
ments on the same screen, an outliner,
footnoting, paragraph numbering, auto-
matic paragraph reformatting and pull-
down menus. On the latter, the classic
WordStar menu can also be chosen and
one can quickly switch between menu
types while in a program by asimple AJJ
keyboard input and choosing the help-
level number desired.

In addition to the foregoing, Release 5
has added a sophisticated Page Preview
function; a file and directory manager; a

record and cataloging program with fill-
in forms for mail list management; a tele-
communications program; direct import
of Lotus, Quattro and Symphony spread-
sheet files and dBase database files with-
out conversion; comment notes; up to 8
newspaper-style columns; and PostScript
laser printer support, to name some ma-
jor enhancements.

A slew of lesser, but welcome changes
include a shortcut to opening a new file
by typing *“S”” at the opening menu and
giving the document a name after you’re
through typing. The familiar *‘D*’ that
requires naming a document before the
blank editing screen appears is also avail-
able. Increased printer and font support,
enhanced page layout provisions; context-
sensitive help information; timed auto-
matic file saving (on AT-type computers

manufactured after November 1985);
and an expanded speller and thesaurus
with definitions added are just a few of
the other changes made. Now let’s look
more closely at some of these key modifi-
cations to see what they do and how well
they do it.

User Comments

For anyone not familiar with WordStar
and its challenging control code key com-
mands, the option of using pull-down
menus and highlight bar command selec-
tions demystifies working with the pow-
erful program. It makes preparing docu-
ments as easy as when done with low level
word processing programs. Micropro
wisely included keystroke command in-
formation on the menus, too, for those
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The new optional pull-down menus allow users to select choices with the highlight bar.
Two windows can be open at the same time to view and edit different documents and
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Omit page numbering

Center line.
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Paragraph numwbering..
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worning we took & tour that began at Trafalgar Square. We

move information from one to the other.

who wish to learn the codes (which, for
seasoned users, is the fastest way to go)
and the option of using the ‘‘classic’’
menu of the previous version. A third al-
ternative is using function keys, of
course, which the ‘““classic’” menu choice
shows at the bottom of the screen in re-
verse type blocks.

Among the most useful upgrades in
Release 5 is the split-window editing
function that was sorely missed in previ-
ous WordStar editions. At last you can
edit text in two windows without using a
separate utility, switching from onetothe
other quickly, and copying and moving
blocks of text between them. It works de-
lightfully well, and includes the ability to
adjust window size.

Micropro is trumpeting attributes of
Release 5’s Advanced Page Preview fea-
ture. And it’s not empty boasting. This is
a true WYSIWYG (what you see is what
you get) feature that can be quickly

brought into play to see what a document
you’ve prepared will look like before
printing it, right down to actual font
styles and sizes, subscripts, italics, etc.
You can look at a single page, facing
pages, multiple page layouts, and up to
144 pages in ‘‘thumbnail” form on a
high-resolution monitor.
There are other choices, too, such as
2 or 4 x zoom views that magnify sec-
tions of fonts and lines for examination
and a grid to check layout alignment of
pages. You can enter the program with a
AOM or through a highlight bar on the
drop-down menu. The page(s) are dis-
played with amazingly fast speed, so tog-
gling back and forth for editing purposes
is not burdensome. There is a long pause
the first time you use the Preview as the
program builds a font library based on
type you've selected that your printer
handles. After this one-time delay, pre-
view pages are called up in a flash. It’s the

best all-around page preview we’ve seen
to date!

The updated version’s automatic re-
formatting and text alignment finally
counters the sneers of critics. Sometimes,
though, typed characters that will change
alignment do not instantly appear on
screen. The occasional display delay
while the automatic alignment program
does its background work can be discon-
certing at times, but worth it. The user
can also turn off the auto align function.

Release 5 also contains four additional
programs: an outliner (PC-Outline by
Brown Bag Software) to organize ideas;
MailList, which makes creating and us-
ing mailing lists a snap, and provides Rol-
odex-style “‘cards’’ for quick and easy
viewing and printing; ProFinder, which
is a speedy file finder, organizer and DOS
shell that simplifies moving around the
entire disk, performing tasks such as cut
and paste, word search, etc. [ appreciated
being able to sort files and add comments
alongside any to explain what the file
contains. Lastly, there’s TelMerge, a
telecommunications program for modem
users that gives easy pre-installed access
to computer information services like
CompuServe and electronic mail. Among
its features are automatic log-on, strip
and re-format during transmission,
Hayes 1200 and 2400 modem support, as
well as Xmodem protocol, and creating
scripts.

The 100,000-word Speller and 220,000-
word Thesaurus are now integrated into
WordStar Professional instead of being
separate programs. Using overlays, less
memory is used up even though both have
been expanded. Double words (a word re-
peated accidentally) are now caught by
the Speller, which previous WordStar
spellers ignored. The size of the personal
dictionary is unlimited now, so no one
has to use it sparingly any longer. Addi-
tionally, ‘‘definitions’’ has been added.
(This feature won’t be loaded for the
Speller if you don’t have a full 640K of
memory.)

In addition to drop-down menus and
being able to start a document without
providing a file name, there are other op-

e e L e RS SR — —————— 7
76 / MODERN ELECTRONICS / December 1988

_wWww americanradiohistorv. com _

Say You Saw It In Modern Electronics



erating simplifications advanced in the
new WordStar Professional package.
Columns of files displayed are now sepa-
rated by heavy vertical highlight rules,
and files can be chosen for loading, delet-
ing, etc., by moving a highlight bar with
an arrow cursor key to the file you want
and simply pressing Enter, as well as also
being able to type in the file name.

Among other improvements is the rul-
er line at the top of the screen, which
displays a moving cursor. It’s now an ab-
solute measurement, with each column
division representing one-tenth of an
inch. The status line also indicates how
many inches your cursor has moved on a
page, and it automatically reflects how
many characters will fit on a line regard-
less of what fonts or proportional spacing
are used. Another new attribute that
should be well received is the ability to
copy data to a disk without overwriting
information it contains. Paragraph and
line numbering facilities will be useful for
lawyers, among others. Also, paragraph
style guides make it easier to set up tem-
plate formats for margins and tabs.

Rounding out major changes, Release
5 provides extensive footnoting, end
notes and annotations. Here the user can
control formatting, font style, boldfac-
ing, etc., as well as enjoying automatic
renumbering when changes are made.
More than 100 printers are now support-
ed. For desktop publishing, there’s ex-
panded laser printer support in the new
version. This includes HP LaserJet and
other popular laser printers, as well as
PostScript support for using Apple’s
LaserWriter. Fonts can be downloaded
quickly from a convenient menu of type
styles, too.

With a few exceptions, keystroke com-
mands of previous WordStar Profession-
al versions are retained. Among the
changes here, Escape is no longer used
for purposes other than to back out of an
action. Whereas Release 4 used it to com-
mence printing without choosing any op-
tions, Release 5 requires using the F10
function key. Also, to see menus while
writing, Alt/spacebar brings it up instead
of 7J. Thus, except for a few such

changes, seasoned WordStar Profession-
al users will be completely at home with
Release 5, other than new commands that
make operations more convenient or use-
ful and working with the new programs
addedtotheupdate. To convert Release 4
files for Release 5 use, they first have to
be copied to disk, which is a simple and
fast process.

Conclusions

WordStar Professional Release 5 has
gone a long way in moving the venerable
program into the competitive class of
other popular high-level word-processing
software. There are still a few features
we’d like to see integrated, though
they’re easily added with low-cost, third-
party utility programs.

For example, a high-level program
such as WordStar Professional should in-
corporate a print queue. In the same vein,
handling of graphics would seem to be an
imperative built-in feature today. To en-
able WordStar Professional to work in a
graphics oriented environment, there-
fore, alow-cost utility such as Inset has to
be purchased. The same holds for con-
verting other word-processing programs
to WordStar format, which requires add-
ing another low-cost utility such as Star
Exchange. Furthermore, cursor move-
ment is still rather sluggish, though many
people prefer it so. For those who like a
cursor to move with blazing speed, how-
ever, it’s necessary to add yet another
low-cost utility program such as Cruise
Control.

This latest version of WordStar Pro-
fessional, which took a year longer to de-
but than anticipated, does indeed make it
formidable as a text-oriented package
that can hold its own against other lead-
ing ones. Its new programs and features,
both added and refined ones, make it ex-
ceptionally powerful and flexible. More-
over, WordStar Professional still can be
customized to a remarkable extent.

At the same time, new-to-WordStar
users will find that the pull-down menus,
which use SAA (Systems Application
Architecture) standards, and context-ori-

ented Help messages remove the last ob-
stacle to using the high-level word-pro-
cessing program. A nice tutorial disk pro-
gram that comes with the package makes
learning how to use WordStar even eas-
ier, and everyone will appreciate the fine
documentation accompanying Release 5,
which includes a chapter on practical ap-
plications.

I was certainly happy to see that Release
5 retained the user option of using the old
menu and function-key style, however,
since this format makes operations faster
for experienced WordStar users. Like
Coca Cola, I prefer the Classic. Users un-
familiar with the command keystrokes
can learn them easily enough since they’re
noted on pull-down menus, too.

So just where does the newest Word-
Star Professional sit in the modern world
of sophisticated word processors? I be-
lieve it is now up there with the best of
them for new users. There are indeed
tradeoffs with any of the popular ones,
just as the latter have tradeoffs against
the newest WordStar Professional.

Familiarity with a particular program
aside, if the fastest operating speed is up-
permost, XyWrite has it, as well as great
print control, typeset interfacing, and
many windows. For well-roundness,
WordPerfect has it all built in, including
fine graphics handling and a print queue.
And if you want to see the typeface that’ll
be printed without switching to a page
preview, Word is there for you.

Alternatively, WordStar Professional
Release 5 offers a Page Preview par excel-
lence, as well as a heavy-duty Outliner,
superb file organizer and manager, good
telecommunications program and a very
handy mail-list program. And anyone
with WordStar keystroke command
know-how who is unfamiliar with the
conventions of other top-level WPs, will
certainly choose the new upgraded pro-
gram. In a word, WordStar Professional
is now fully in the marketplace race, with
enough special features to make it the
buying choice of many newcomers who
have not yet committed themselves to an-
other powerful and flexible word pro-
cessing package. ME
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Remove copy-protection from video cassettes.

= Digital Filter Type,
removes only
Macrovision
pulses

» No adjustments,
crystal controlled

= Compatibie with
all VCR’s, uses
automatic vertical
blanking level

Macro-Scrubber Kit - Assembles
in less than three hours.

MS1-KIT..........$29.95

Includes all the parts, pc board, AC adaptor and
instructions from a published construction article
in Radio Electronics magazine

JMAK-4BlackBox...$14.95

Original box as shown in ad with 2 feet and 4
screws to mount pc board
Add $2.50 shipping and handling;

$5.50 Canadian orders
Note: Unauthorized duplication of copyrighted
materialis illegal. Use Macro-Scrubber for viewing
onty

72 CHANNEL MC-702 CONVERTER
CABLE CONVERTER ...$79.95
WITH INFRA-RED REMOTE

# Microprocessor

=T A s controlled PLL
k t_:-' e w operation
\% [y q 1 = Skip channel
il — .___ir:—_'- £ memory eliminates
T it _"“W.:i// unused channels

= Parental control
tor all channeis
* Lastchannelrecall
= Finetune memory
= UL listed/FCC
= 72-channel cap- approved
ability & Simpleinstallation
* Wireless, Infra-Red with any TV
remote control = Includes battery
& Channel output 2 and 3 foot coax
or 3 switchable cable

Add $3 50 shipping & handling
$8 50 Canadian orders

UNIKA SR-234 .....$79.95
CABLE-READY
STEREO DECODER

Connects directly to
your cable box, eli-
minating the need for
a stereo ready TV,
MPX compatible too.
Order today because
sound does make a
difference

Add $3.50 shipping & handling;
$11.50 Canadian orders.

EABLEMASTER ....$19.95
Cable/VCR Timer

* Record multiple pre-

€ Specify Cable TV
mium play channels Converter when
* Turns cable box on ordering
and off §
= Selects channel for Add $3.50 shipping &
unattended recording handling

+ Thousands sold $8.50 Canadian
nationally for $99.95 orders

ORDER TOLL FREE ANYTIME

1-800-227-8529 Ask for FREE
Inside MA: 508-695-8699 Color Catalog
FAX: 508-695-9694 J & w
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The Digital IC Handbook by Michael S.
Morley. (Tab Books. Hard cover. 586
pages. $49.50.)

This massive volume provides system
designers with a ready reference for se-
lecting the most appropriate digital de-
vices for their circuit designs. Organiza-
tion is very logical, beginning with a
chapter that compares the various logic
families currently in use. Each succeed-
ing chapter introduces progressively
more complex logic elements. Chapter 2
deals with basic gate elements, while
Chapter 3 deals with flip-flops, latches
and multivibrators. More sophisticated
elements are the subjects of Chapters 4, §
and 6, which are devoted to buffers and
transceivers; decoders, encoders and
data selectors; and counters and shift re-
gisters. The final three chapters in the
book deal with arithmetic circuits, mem-
ories and microprocessors, the last cover-
ing everything from the 8-bit 6502 to the
32-bit 80386 and beyond to custom-de-
signed bit-slice microprocessors.

Being a ‘‘reference’’ book, this volume
contains very little formal text. It is al-
most entirely a series of extensive tabular
listings for virtually every device avail-
able in each category. The tables are of
two types: general device description by
number and device name and technical
details. Technical information given in
these tables include device family identi-
fication, type of output, access time, sup-
ply current, number of pins and typical
retail price. Where applicable, the tables
also list maximum operating frequencies,
delay times, and other details. More than
a third of the total page count is given
over to 10 extensive appendices that are
actually quick look-up indexes for 54/74,
4000, memories, 6500, 8000/80000, Z80/
Z8000, 32000 and 2900 family devices.
These tables list device number, name,
pin count, amount of power drawn, retail
price and supplier codes, the last defined
in a final appendix.

Even though no package-configura-
tion drawings or pinouts are given, this
volume meets all criteria for the type of

reference work it is intended to be.
Shortwave Directory by Robert B.

Grove. (Grove Enterprises, P.O. Box 98,
Brasstown, NC 28902. Soft cover. 524
pages. $17.95 + $2 UPS.)

In its fourth edition, this massive di-
rectory remains a comprehensive fre-
quency guide for the 1.6-t0-30-MHz vhf
spectrum, but it is now expanded to in-
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clude international broadcasting and vif
data. As a result, it is a single-source ref-
erence for U.S. listeners who want com-
plete shortwave listings. The large-for-
mat book (about 84" x 11”) contains 15
major sections: Air Force, Navy, Army,
Coast Guard, Federal Government, Air-
craft, Space, Maritime, Public Safety,
Business/Scientific/Private, Common
Carrier, Broadcasting, FAX, RTTY and
Longwave. This arrangement greatly
simplifies the task of looking up a given
service and frequency. All frequency list-
ings throughout the directory are in as-
cending numerical order. Each frequen-
cy listed is accompanied by such data as
callsign or ID, location of transmitter,
operating time and, in the case of RTTY
listings, baud rate/frequency shift.

There is very little ‘‘story”’ text in this
book, though there are short caption-size
pieces that serve as explanations or to
provide interesting information. The
book does contains a number of maps
and photos, but it contains no advertis-
ing of any sort. Whatever ‘‘reading”’
matter it does contain consists basically
of an extensive glossary of terms, acro-
nyms and abbreviations commonly used
on the shortwave bands.

The book is broken up into white, yel-
low and blue pages, that appear to give
only a general significance. The blue
pages contain only a Frequency Cross
Reference section and Listener’s Log-
sheets. The yellow pages contain the full
RTTY listing section and virtually all of
the FAX listing section, though the FAX
section, for some unknown reason, also
occupies a number of white pages at the
beginning as well.

Allin all, this is a valuable book for the
SWL who needs quick, no-nonsense fre-
quency/service lookup tables. It is, indeed,
a one-stop reference on vhf listening.
Bob Middleton’s Handbook of Electron-
ic Time-Savers and Shortcuts by Robert
G. Middleton. (Prentice Hall. Soft cover.
378 pages. $16.95.)

This book is a treasure trove of practi-
cal time-saving information for anyone
who professionally tests, services and re-
pairs electronic equipment, whether ana-
log or digital. It details a variety of quick
tests, shortcuts, test tips and new servic-
ing techniques the author has learned
over many years of practical trouble-
shooting experience, though a number of
them were developed especially for this
new book. Procedures are described and
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illustrated for troubleshooting audio, ra-
dio, TV, CB, tape-recorder, intercom,
CCTYV, telephone and digitally-controlled
equipment, touching on virtually every
area in consumer and many in commer-
cial electronics.

In addition to traditional techniques
like using a triggered-sweep oscilloscope
and meters, the author presents anumber
of unorthodox but innovative test tech-
niques. Among these are a way of using
two digital voltmeters to measure dc volt-
ages in a very-high-impedance circuit
without drawing current from the circuit;
building a simple voltage-controlled au-
dio oscillatorto usea tape recorderasadc
voltage monitor; using a dc voltmeter asa
high-performance dynamic ohmmeter that
measures the internal resistance of pow-
ered circuits. These are just a few of the
things that make this book fascinating to
read and apply, and why everyone who
repairs electronics equipment for a living
should have it.

As one reads through this book, he
quickly discovers that its main thrust is to
show ways of doing things that save time
and improve troubleshooting efficiency.

The material is geared to all levels of ex-
perience from beginner on up. The book
is divided into two sections—analog and
digital—each containing six chapters. In
the analog section, separate chapters deal
with dc tests, resistance tests, ac tests, im-
pedance measurements, signal tracers
and analyzers, and signal injectors and
analyzers. Similarly, individual chapters
in the digital section deal with general
details about basic logic elements; pro-
gressive troubleshooting procedures,
comparison tests; voltage-, current- and
resistance-based troubleshooting proce-
dures; troubleshooting procedures for
counters; and encoder/decoder identifi-
cation and troubleshooting.

For content, this book takes second
place to no other of its kind. It is written
in an easy-to-read style and is excellently
illustrated. All in all, it represents an ex-
cellent investment for professional ser-
vice personnel.

NEW LITERATURE

Short-Form Power-Supply Catalog. A
four-page brochure on their Power Sup-

plies and DC-DC Converters is available
from Total Power International. It lists
power supplies that range in output from
1 watt to 600 watts and have up to six out-
puts. Modular ac/dc power supplies and
dc-dc converters that feature surface-
mount technology are also listed. Each
listing contains model number and sali-
ent technical specifications, including
output in voltage, current and power.
Power supply listings are arranged ac-
cording to series in ascending amounts of
output power. Converter module listings
contain input voltage, output voltage,
output current and case style entries. For
a free copy, write to: Total Power Inter-
national, Inc., 418 Bridge St., Lowell,
MA 01850.

Ni-Cd Battery Book. A 52-page book-
that ‘provides technical data on the
Cadnica® family of sealed rechargeable
nickel-cadmium batteries is available
from Sanyo Energy Corp. Made up of
nine chapters, the book tells a detailed
story of batteries in general and the care,

(continued on page 84)

For everything you need in the way of dependable
electronic parts and components, look to the all-
new, expanded MCM Electronics Catalog. We offer
a huge selection of nearly 11,000 items (more than
500 of them brand-new). And most items are in-
stock, ready for shipment

in 24 hours. Order your
FREE copy today

and discover why
MCM is your best
choice!

= i
2 o arcmoncs

For your
FREE copy,
call
TOLL-FREE  ®
1-800-543-4330

MCM ELECTRONICS

858 E. CONGRESS PARK DR.
CENTERVILLE, OH 45459-4072

A PREMIER Company

Source No. ME-42
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Semianalyzer Semiconductor Tester
by David T. Miga............. Apr/May

Semianalyzer Signal-Tracing & Signal-
Injecting Upgrades by David Miga. ..Nov
Shunt for DMMs, High-Current

by Harold Wright. . ............. ... Aug
Telephone Equipment Tester

by DavidMiga..................... Oct
Troubleshooting Disk-Drive Power Supplies

by Ralph Tenny................... May
Troubleshooting With DC Voltmeters

by Robert G. Middleton............. Oct
Troubleshooting, Computer-Aided

by Robert G. Middleton............. Feb

ME
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NEW m ® @ e (frompagel5)

IR

ter’” and ‘‘receiver’’ inputs are via
hooded banana jacks. There are
three controls: a large bar-type func-
tion/range selector, 0dBm/ — 13dBm
output-level switch, BRDG/TERM
measurement selector switch and
side-mounted ‘‘on/off’’ switch. The
user can monitor receiver line signals
with an earphone. $249.95.

CIRCLE 62 ON FREE INFORMATION CARD

Full-Featured Sound System

Sharp Electronics’ Model CMS-
NS50CD bookshelf music system fea-
tures a programmable CD player,
auto-reverse cassette deck, belt-driv-
en turntable, AM/FM-stereo tuner,
integrated amplifier and detachable
two-way speaker systems. The sys-
tem has been ergonomically designed
with frequently used controls like
volume, tone, etc, being larger than
less-frequently-used controls.

The AM/FM-stereo synthesized
tuner has a digital numeric display
and 14 station presets that are acces-

NEW LITERATURE

maintenance and use of Sanyo’s Cadnica
series. Each chapter is broken down into
key sections complete with charts, tables,
technical and schematic drawings. The
nine chapters outline what a battery is,
charge characteristics, discharge charac-
teristics, storage characteristics, battery
service life, the assembled battery and
general remarks. The book concludes
with specification tables on the batteries
and a glossary. For a copy, write to:
Dept. SF-6235, Sanyo Energy Corp.,
1201 Sanyo Ave., San Diego, CA 92073.

TV Interference Traps Bulletin. Micro-
wave Filter’s Bulletin 08 describes nega-
tive traps for five different channel
ranges and positive traps for three differ-
ent channel ranges. It describes mid-
band, FM, super/hyper-band, hyper-
band, low-band/FM and low-band sup-
pression traps, and filters for low-band/
FM and hyper-band isolation, pilot carri-
er, selected FM channel, selected inter-
ference carrier and low-cost channel dele-
tion. Theory of negative and positive
trapping and use of pay-TV traps and fil-

= — e _— e ae e )

sible by pressing only two preset but-
tons. The CD section features 20-
track random-access programming,
repeat function and horizontal slide-
out CD compartment with built-in
3-inch CD-compatible adapter. A
CD output terminal is also provided
for use with another system. The cas-
sette deck and CD compartment are
side by side to provide easy disk-to-
tape dubbing. Offering auto-reverse

(from page 79)

ters as low-cost interference suppressors.
Mention is made of special subscriber
multi-channel filter networks for cable
systems offering an additional broad-
cast-only basic package or for institu-
tional hookups. The Positrap pay-TV se-
curity system is also described. Foracopy
of Bulletin 08, write to: Linda DeCour-
sey, Microwave Filter Co., Inc., 6743
Kinne St., E. Syracuse, NY 13057.

Indicator Light Guide. Dialight’s new
184-page indicator light catalog provides
detailed product information and guide-
lines for selecting the proper indicator
for specific applications. “The Complete
Guide to Dialight Indicator Lights”’ pro-
vides useful information on 1.5-million
neon, incandescent and LED indicators,
including physical and electrical charac-
teristics. The catalog contains hundreds
of dimensioned drawings that show the
indicators from several aspects. The
front section of the catalog provides ap-
plications information. For a copy, write
to: Dialight Corp., Catalog Dept., 1913
Atlantic Ave., Manasquan, NJ 08736.
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in both record and playback modes,
the tape section also features auto-
matic level control during recording.
The cassette compartment is oil
damped for soft eject. The belt-drive
LP-record turntable on top of the
unit features automatic return at end
of play. The system is rounded out
with a pair of speaker systems that
contain 6.5-inch woofers. $499.95.
CIRCLE 58 ON FREE INFORMATION CARD

Video ‘‘Tele’’ Microphone

Audio-Technica’s new Model ATRS5
Telemike™ shotgun condenser mi-
crophone for home video recordists
is the audio equivalent of a zoom
lens. It has a three-position switch
labeled off/normal/tele that can be
set to match the distance of a video
scene being shot. This avoids record-

ing audio that has a faint or far-away
sound when using a camera’s tele-
scope function for closeup video re-
cording. Setting the switch to normal
causes the microphone to act as a
conventional cardioid pickup. Switch-
ing to tele causes the microphone to
function as a super-cardioid pickup
that zooms in to match the sound

Say You Saw It In Modern Electronics



with the picture. Housed in a rugged
metal case, the ATR55 comes with
pistol grip, camera mount, wind
screen and battery. $89.95.

CIRCLE 59 ON FREE INFORMATION CARD

Erasable Labels

Erase-a-Label™ from a company of
the same name (Dallas, TX) offers a
solution to anyone who has had to
cope with constant labeling and rela-
beling computer disks, videocassette
tapes, etc. It is a system that enables

stripper is said to accurately strip in-
sulation from 20-t0-30-AWG (0.25-
to-0.8-mm) wire. The tool has four
hardened blades that strip all types
of insulation, including Teflon.
Weighing less than 1 ounce, the ST-
500 is easy to operate. Its adjustment
wheel is first set to the appropriate
wire diameter, the wire is then
plugged into the end hole, the handle
is squeezed and the tool is turned
slightly to withdraw the wire. An ad-
justable wire stop can be set for the
amount of insulation to be removed.
$29.9s.

CIRCLE 61 ON FREE INFORMATION CARD

the user to write information onto la-
bels and then later wipe it off. Each
system kit consists of a number of
self-stick labels and a marker filled
with a special fast-drying but eras-
able ink. The labels have a durable
coating that provides the erasable,
reusable surface for marking pur-
poses. Once written on, erasure is ac-
complished with a cloth or tissue
dampened with alcohol. No eraser is
used to generate particles that can
damage delicate VCR and floppy-
disk drive heads.

Three color-keyed versions of the
Erase-a-Label kit are available. Each
contains the special marking pen.
One contains 20 labels for 5%-inch
disks (blue), 20 labels for 3%2-inch
disks (green) and 10 spine and 10 in-
dex labels for VHS videocassettes
(red).

CIRCLE 60 ON FREE INFORMATION CARD

Precision Wire Stripper

OK Industries Inc.’s new Model
ST-500 adjustable precision wire

Say You Saw It In Modern Electronics

The Solution

Here is the solution to quiz question
given on page 29. The waveforms that
should appear at points A and B in the
Fig. 9 circuit would be as shown in the
upper and lower photos, respectively.

(A)

8

Official 1934

SHORT WAVE
RADIO

MANUAL

simple, high-
performance old
time shortwave radios!
All of the secrets are
here: the circuit diagrams,
parts layout, coil specifications, con-
struction details, operation hints, and
much more!

This is a compilation of shortwave
construction articles from “Short Wave
Craft” magazines published in the 20's &
30's. It's wall-to-wall "how-10."

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

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

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

Great book! Fun to read! One of the
best old-time radio books to turn up in
years. Heavily illustrated! Order a copy
today! 8 1/2 x 11 paperback 260 pages
’ only $15.70 postpaid!

i iplyl—trimlptestuge |

i Lindsay PublicafionsI
Box 12-WE3, Bradley IL 60915

I O Send a copy of Short Wave Radio I
Manual.  Enclosed is $15.70.

Chk, MC, Visa. Send a free cata-

log of other books. I

Address

I Name

|
|
|
T B o |
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CABLET.V. CONVERTERS

WHY PAY A HIGH MONTHLY
FEE?

All Jerrold, Oak, Hamlin, Ze-
nith, Scientific Atlanta, Mag-
navox and all specialized cable
equipment available for ship-
ment within 24 hours. For fast
service MC/VISA orC.0.D. tele-
phone orders accepted 800-
648-3030 60 Day Warranty
(Quantity Discounts) 8 A.M. to
5 P.M. Monday through Friday
Central Time. Stamp Envelope
{60¢ postage) for FREE Catalog.
Midwest Electronics Inc.

5143 W. Diversey ¢ Chicago, IL 60639
No lllinois Orders Accepted

CIRCLE 2 ON FREE INFORMATION CARD

CABLE-TV BOXES

Descramblers * Converters

FREE CATALOG
TRANS-WORLD CABLE CO.
12062 Southwest 117th Ct., Suite 126
Miami, Florida 33186
800-442-9333

MODERN ELECTRONICS MART

Classified Commercial Rates: $1 per word, 15-word minimum ($15.00) prepaid. (Word
count includes name and address; ZIP code and abbreviation each count as one word;
P.O. Box number and telephone number count as two words each.) Indicate free cate-
gory heading (Computers, Communications, Electronics, Video or Miscellaneous). A
special heading is available for a $6 surcharge. First word only is set boldface caps at no
charge. Add 20% for additional boldface words.

Non-Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A
recent MODERN ELECTRONICS mailing label must accompany ad.

(All advertisers with P.O. Box addresses must supply permanent address and telephone
number. Copy is subject to publisher approval.)

Mailing Information: Copy must be received by the publisher by the 25th of the third
month preceding the cover date. Send Advertising material with check or money order or
credit card information (Visa or MasterCard only) with number and expiration date to:
MODERN ELECTRONICS, Classified Department, 76 N. Broadway, Hicksville, NY

11801.
e e e e e ———————

ALL ELECTRONICS CORP.

- COMPUTER TV/VCR REPAIR P
l?IﬂE[} 0 vC TIPS

TV/VCR REPAIR TIPS VOLUMES 1 AND
II. Each with 1,000 up-to-date problems/
cures listed by model and chassis for quick
easy lookup. $29.95 per volume. Add $2.50
postage and handling. Computer Assistance,
Box 232026, Anchorage, AK 99523.

PROJECTION TV . . . Convert your TV to
project 7 foot picture . . . Easy! . . . Results
comparable to $2,500 projectors . . . PLANS
AND 8” LENS $24.95 . . . Professional Sys-
tems available . . . Illustrated Catalog FREE
. MACROCOMA 15MD Main Street,
Washington Crossing, Pennsylvania 18977.
Creditcard Orders 24 HRS. (215) 736-3979.

DATABASE PROGRAM (IBM Compatible
w/hard drive). Scan symptoms and cures by
model or chassis. Add, change, delete, print
out. $49.95 for program. $69.95 includes
database with over 1,000 up-to-date repair
tips. Add $2.50 postage and handling. Com-
puter Assistance, Box 232026, Anchorage,
AK 99523,

CABLE TV CONVERTER/DESCRAM-
BLERS - Original Factory Zenith, Tocom,
Scientific Atlanta, Oak, Jerrold, Pioneer, Re-
motes, Video Accessories, Kits. Best Buys/
Warranties - FREE CATALOG. ARIZONA
VIDEOQ, 3661 N. Campbell, #310-H, Tucson,
Arizona 85719. (602) 323-3330.

SEND FOR ITT PUSH
FREE BUTTON
ITT MDPL series. 3/4" X

1/2" gray rectangular key
cap. S.P.S T.N.O. Push to

CATALOG

It

close
Rated: 0.1 amp SN
switching, m:'-"?

0.25 amp carry
current. P.C. mount

PIEZO WARNING

DEVICE

LET THE SUN DO
THE WORK .

Murata Erie # PKB8-4A0

High pitched audible alarm

Operates on T

17 high x 7/8" dia Eﬁ
P.C. board mount

3-20 Vde @ 20 ma
CAT# PBZ-84 $1.75 each

Ao
.g;
A\

=
=

\

Intermittent duty cycle. 240 ohm coil. Mounting flange
is 1 1/8" wide. Solenoid body 11/2" X 1/2" X 1/2"
e CAT# SOL-34 $1.00 each
"»F:Ef':. 10 for $8.50 - 100 for $75.00
.~ Large Quantity Available

10 AMP SOLID STATE

CAT# PB-8  65¢ each XENON TUBE
— 10 for $6.00
24 VOLT D.C.SOLENOID | S—

1" long flashtube prepped
with 3 1/2" red and black
leads. |deal for electronic
flash or strobe projects
CAT# FLT-3 2 for $1.00

RELAY

ELECTROL #S2161

CONTROL:5.5- 10 Vdc

( will operate 3-32Vdc)
LOAD: 10 Amp @ 240 Vac

| 3 T.:‘a
21/4" X1 3/4" X 7/8"

CAT# SSRLY-10B $2.50 each

N-CHANNEL
MOSFET

\"&- IRF-511 TO-220 case
e, CAT# IRF 511
Ve $1.00 each

% 40 for $9.00
LARGE QUANTITY

L=

ElectriCIty e Charge your boat
from the L7 _
Sun with . rFl!::’m appliances in your

me

Charge batteries on
stored machinery

Light your tent
* Run fans

Run remote trans-
mitters

Light signs

Pump water for your
animals

Power for your motor
home

* Run your radio without
batteries

* Light your home
Yard lights

Charge flashlight bat-
teries

Light your cabin
¢ Run electric fences

* Charge hand held
radio batteries

Fish shanty lights
Charge your Cam-

S bt i AVARNGES Solar Systems G UL
_ FREE ALSO: OUTSTANDING PRICES ON IBM XT
e O HBERS. TE: CHDEHN Ol b COMPATIBLE SYSTEMS!

800-826-5432

INFO: (818)904-0524

ALL ELECTRONICS
P.0. BOX 567

SHIPPING INFORMATION: PLEASE INCLUDE 10% OF ORDER FOR
SHIPPING AND HANDLING CHARGES (MINIMUM $2.50, MAXIMUM

FAX: (818)781-2653 $10). CANADIAN ORDERS, ADD $7.50 IN US FUNDS. MICHIGAN RESI- @
VAN NUYS, CA 91408 M|N|MUM(QRD)ER $10.00 DENTS ADD 4% SALES TAX, FOR FREE FLYER, SEND 25¢ STAMP OR c-('“’//i\
TWX-5101010163(ALL ELECTRONIC) QUANTITIES LIMITED SASE. ’ \\ ik
CALIF. ADD SALES TAX et %

. 313) 281-7773
HAL-TRONIX, INC. L:w)s %

12:00 - 6:00 EST Mon-Sat A -
“HAL" HAROLD C. NOWLAND
WEZXH

OUTSIDE THE U.S.A.
SEND $1.50 POSTAGE
FOR A CATALOG!

USA: $3.00 SHIPPING
FOREIGN ORDERS
INCLUDE SUFFICIENT
SHIPPING. NO C.0.D.

12671 Dix-Toledo Hwy

P.C. Box 1101

Southgate, M| 48195
26 CIRCLE 3 ON FREE INFORMATION CARD CIRCLE 4 ON FREE INFORMATION CARD
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AK, Puerto Rico — 218-681-6874 Telex — 62827914 FAX — 218-681-3380 TWX — 9103508982 DIGI KEY CORP
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The Digi Key vol atew gnnt il servis chataen o apply, Most tems sald by Digr Key may be comuined “of @ volume discount Items 1hat are not discountable are identified by the suitix

ND following the part mumber. After wiihing yiue umm !ulal all of the discountable items and apply tha appropnate diecount. To this subtotal, add the non discountable items. Then add the seruice SERVICE CHARGES

charge. We pay all shipping and msurance 10 addresses 1o the U.S.A.. Canada and Mexico when check or money order nccompamssovde: Dig» Key only ships arders within the conbnental U. S, Atadka, -NET
.

Hawan, Canada and Mexico.

'WHEN DRADERING 8Y PHONE, CALU 1-80D-344 4539 (AK. call 218-681-6674). BY MAIL SEND YOUR ORDER -VD: DIGH-KEY. P.0. Box 677, Thief River Falls, MN 56701 .Less 15:/-:
You may pay by check. money order, Master G hargy. VISA or C.0.D. O/GF-KEY GUARANTEE. Any parts or products purchased 1om Digi Key that prove to be defective will be replaced o tefund 't“’ g,ﬁ"
ect it retuned within 90 days from receipt with acopy of your nvoice. “PRICES SUBJECT TO CHANGE WITHOUT MOTICE.” 098.55%
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NO WAITING FOR COMPLETE, LOW
PRICED, CHIP COMPONENT KITS

CC-1 Capacitcr Kit contains 365 pieces, 5 ea. of every
10% value from 1pf to .33uf. CR-1 Resistor Kit contains
1540 pieces; 10ea. of every 5% value from 10Qto 10 meg
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and
available for Inmediate One Day Delivery!

Order by toll-free phone, FAX, or mail. We accept
VISA, MC, AMEX, COD orders, or company PO.'s with

d COMMUNICATIONS SPECIALISTS, INC.
426 West Talt Averue » CA 926654206

Local (714) 996-3021 « FAX (74 §74.3420
Entire US.A. |-MX-L54-0E47

RENTAL MOVIE STABILIZER. Connect
between VCRs or to monitor. Satisfaction
Guaranteed. $59.95, $4 handling. 1-800-
338-8751.

ELECTRONICS

MINIATURE Test Equipment for hobbiest
for sale. Send name for list to: A. Boisvert,
1748 Meadowview Ave., #I-SS Pickering, On-
tario, LIV3G8.

LASERS and OPTICAL COMPONENTS.
Write for free catalogue. M.J. Neal Co., 6672
Mallard Court, Orient, OH 43146, 614-
877-3719.

GET your “F.C.C. Commercial General Ra-
diotelephone License.’” Electronics Home
Study. Fast, inexpensive! ‘‘Free” details.
COMMAND, D-221, Box 2824, San Francis-
co, CA 94126.

VOICE Disguisers! FM Bugs! Telephone
Transmitters! Phone Snoops! More! Catalog
$1.00: XANDI ELECTRONICS, Box 25647,
“DD”, Tempe, AZ 85285-5647.

CIRCLE 36 ON FREE INFORMATION CARD

REMOTE CONTROL KEYCHAIN
| Complete w/mini-transmitter
\E and +5 vdc RF receiver
: Fully assembled including plans
to build your own_auto alarm
Write for more information
Quantity discounts available

ONLY $1 995 30 days refund

VISITECT INC. (415) 872-0128
PO BOX £442,S0. SAN FRAN., CA 94080

Check, Visa or M/C

ALL SALES SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY.FREE COPY UPON REQUEST

CALL FOR FREE CATALOG

LONG Range Listening ‘‘Tube’’, Mini-Tube,
RF Sniffer, BC Magnum Booster, Scanmate,
Voice scramblers/descramblers, Sequential
LED’s, FM TX, Kits, Plans and File notes.
Catalog $1.00. KRYSTAL KITS, P.O. Box
445, BENTONVILLE, AR 72712.

FREE Catalog. Component kits, video equip-
ment, and more. 5% discount on first order.
Write: Hartzog Electronics, 1324 Cherrywood
Dr., Jackson, MS 39209.

TEST Equipment, Communication gear and
parts. Lowest prices. EF Electronics, Box 249,

$$$$$ SUPER SAVINGS $$3$$
on electronic parts, components, supplies and
computer accessories. Free 40-page catalog
for self-addressed and stamped envelope. Get
on our miailing list. BCD ELECTRO, P.O.
Box 830119, Richardson, TX 75083 or call
(214) 343-1770.

TUBES, Name Brands, New, 80% Off List,
Kerby, 298 West Carmel Drive, Carmel, IN
46032.

NEW HI-TECH SOLDER IRON TIP-
CLEANING “‘SPONGE”’ avoids solder-tip
sludge buildup! Unlike typical cleaning
sponges, a special low-sulfur material with
compressed cellulose design ensures clean
non-contaminated solder joints . . . also pre-
venting tip-plate damage! Used by top elec-
tronics and computer companies for assembly
and in-house repair work—Now available to
hobbyists and service techs for only $1.69; two
for $2.95; plus 50¢ P&H. For soldering station
replacement sponges, give dimensions. (Deal-
er and manufacturer large-quantity discounts
available.) Soltek Enterprises, P.O. Box 185,
Dept. MI1E, Merrick, NY 11566.

PICTURE flyer lists quality electronic parts at
low prices. Since 1970. Send for 3 sample is-
sues. Star-Tronics, Box 683, McMinnville,
OR 97128.

PROTECT YOURSELF FROM ELEC-
TRONIC EAVESDROPPING! Scrambler
phones, transmitter detector, tape recorder
detectors, executive security products, surveil-
lance books and much more! Catalog $3.00
(refundable). DIVERSIFIED WHOLESALE
PRODUCTS, PO Box 1275, Redondo Beach,
CA 90278.

Aurora, IL 60507.

CONVERTER.

THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD AND REQUIRES A COM
SERIAL PORT. BOARD MAY ALSO BE USED INA
STAND ALONE ENVIRONMENT WITH ALMOST
ANY COMPUTER THAT HAS A RS232 SERIAL
PORT. FEATURES ON BOARD AUDIO AMP OR
MAY BE USED WITH EXTERNAL AMPS.
DEMONSTRATION SOFTWARE AND A LIBRARY
BUILDING PROGRAM ARE INCLUDED ON A 5"%
INCH PC/XT DISKETTE. FULL DOCUMENTA-
TION AND SCHEMATICS ARE ALSO INCLUDED.

TEXT TO SPEECH BOARD!

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL
INSTRUMENTS SPO256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH

36995 1 2 3

INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM
BURNING. * THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. » NO PERSONALITY MODULES
REQUIRED » AUTOMATIC 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
270512A. * ASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. $169 WITH
FTWARE.

JUST RECEIVED. SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 8 UNITS AT ONE
TIME - $299.

Digital Research Computers

P.O. BOX 381450 « DUNCANVILLE, TX 75138 * (214) 225-2309

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75¢ handling. No
C.0.D. We accept Visa and MasterCard. Texas Res. add 6-1/4% Tax. Foreign orders
(except Canada) add 20% P & H. Orders over $50 add 85¢ for insurance.

CIRCLE 37 ON FREE INFORMATION CARD

Issue Date (month, year):

C\)‘(‘- 4
NEW! _act ASSEMBLED 13 14 15 18
25 26 27 28
NEW! IC TESTER! $149.00 37 38 38 40
SIMILAR TO BELOW EPROM PROGRAMMER. PLUGS IN TO YOUR PC OR XT. TESTS 49 50 51 52
ALMOST ALL 14, 16, AND 20 PIN 74XX SERIES. INCLUDES STANDARD POWER, “S” AND
“LS” DEVICES. ALSO TESTS CD4000 SERIES CMOS. SOFTWARE INCLUDED CAN EVEN 61 62 83 64
DETERMINE PART NUMBERS OF MOST UNMARKED AND HOUSE NUMBERED DEVICES 4 75 78
WITH SIMPLE MOD. THIS UNIT CAN ALSO TEST 6.4K AND 256K DRAMS! WITH MANUAL 37
AND SOFTWARE: $149. PERFECT FOR SCHOOLS. 85 88 87 68
e 87 98 99 100
PC/XT EPROM | ASsanouT TRCR
PROGRAMMER CURINEE
PROGRAMMER! 133 134 135 136
$1 69 . 145 1468 147 148
* LATEST DESIGN » PROGRAMS UP TO 4 DEVICES AT ONE TIME « FEATURES EASY LISk L)
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. » USES AN 169 170 171 172

ELECTRONICS
76 NORTH BROADWAY
HICKSVILLE, NEW YORK 11801

FREE INFORMATION SERVICE

For further information on products, dealers, or literature
inthisissue, circle the appropriate numbers below. Be sure
to include your name and address before mailing.

5 8 7 8 9 10 11 12
17 8 19 20 29 22 23 4
20 30 3% 32 33 M 3I5 38
47 42 43 44 45 48 4T 48
53 54 55 58 57 58 59 60
65 68 67 68 80 70 7TV 72
77 78 79 80 81 82 83 84
89 90 91 92 93 94 985 96

101 102 103 104 105 108 107 108
113 114 115 118 117 118 119 120
125 128 127 128 129 130 131 132
137 138 139 140 141 142 143 144
149 150 151 152 153 154 155 158
161 162 163 164 1685 166 167 168
173 174 175 176 177 178 179 180

(Expires 3 months from cover date.)

Did you purchase this copy of Modern Electronics from either a
newsstand or magazine store?

Name

Company Name

Address

City

0 Yes 0O No

State Zip
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COMPUTERS

BUILD turbo XT microcomputers!”” FREE
information: Art’s Publications, 13540 Hub-
bard, Suite 12A, Sylmar, CA 91342.

TRS-80 color computer software. Low prices!
Huge selection! Free catalog. TD Software,
P.O. Box 1256, Holland, MI 49422.

QUALITY IBM software. $2/disk. Send $1
for catalog. AMERICAN ASSOCIATES,
Box 18A182-F, Los Angeles, CA 90018.

COMMODORE REPAIRS (low cost),
PARTS, DIAGNOSTICS. Heavy Duty power
supply for C64-$27.95 plus UPS. Kasara Mi-
crosystems, Inc., 1-800-248-2983.

ENGINEERING SOFTWARE. IBM com-
patibles. CompDes - Circuit Design, Basic
electricity through circuit designs. CompMath
- Mathematics, General mathematics through
statistics. CompView - Digital Analysis of
waveforms and filters. $49 each. (614) 491-
0832, BSOFT SOFTWARE, 444 Colton
Road, Columbus, OH 43207.

COMPUTER REPAIR DEPOT. I1BM, Com-
paq, Apple, AT & T, and many others. Call
Bi-Tronix, Inc. (408) 236-3385 or (209) 952-
7116, PO Box 23069, San Jose, CA 95153.
SOFTWARE PC/MS-DOS 143 programs in-
cluding Deskteam with full documentation
$22 P/P. R&M Harper, P.O. Box 2624,
Decatur, AL 35602.

COMMUNICATIONS

223MHZ FM Voice Transceiver on paper
route budget! Laketek Electronics, Box

2496-ME, Sandusky, OH 44870.

ELECTRONIC
EAVESDROPPING

EQUIPMENT DESIGN

If you have been looking for the ‘'reai
thing” in electronic eavesdropping equip-
ment design, then this book is for you. All
58 schematics presented are Sheffield
Electronics’s surveillance devices. Circuits
explained. Transmitters are pens to 1-mile
VOX's including crystal, subcarrier, carrier
current, infrared, firefly and automobile.
Demodulators given. Cube tap and duplex
mains powered transmitters shown. 18
telephone transmitters are leech and bat-
tery types including crystal and subcarrier.
Chapter on countermeasures. Much more.
This 8%2 x 11-inch 110-page book is
illustrated with photographs.

First Class Mail Used Price $30.00

S &H $4.00
For 1-day processing, pay with Money
Crder or Cashier’s Check.

SEND TO: WINSTON ARRINGTON

7223 STONY ISLAND AVE.,
CHICAGO, I.. 60649
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This is a normal functioning ¥

telephone! EXCEPT it has a

secret buift in room monitor

Only YOU can call and monitor all room conversations,

using a secret code, and never be detected!

$175.00 — 6 month Warranty — Phone Tap Catalog $3.00
LISTEN ELECTRONICS, 603 Elgin, Muskogee, OK 74401

1-800-633-TAPS

’ 0
PICKS UP A WHISPER 50 FEET AWAY!

The model WAT-50 miniature FM tranmitter uses a
4-stage circuit NOT to be confused with a simple wire-
less microphone. Simply snap the unit on top of a 9V
battery and you can hear every sound in an entire house
up to 1 mile away! Use with any FM radio. Tunes to any
frequency from 70mhz - 130mhz. Easy to assemble kit
includes all parts and instructions. Only 29.98 tax incl.

The WIRELESS TELEPHONE TRANSMITTER model
WTT-20 is only about the size of a dime, yet transmits
both sides of a telephone conversation to any FM radio
with crystal clarity. Completely automatic. Uses power
from the telephone line itself - never needs a battery!
Up to ¥ mile range. Tunes from 70mhz - 130mhz. Easy
to assemble kit includes all parts and instructions. On-
ly $29.98 tax incl.

Call or send MO, VISA, MC for immediate delivery.
Single kit orders include $1.50 S&H. FREE SHIPPING
on orders of 2 or more. All orders shipped by U.S. Mail.
COD add $4.00. Personal checks allow 21 days.

DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507
914-232-3878

CIRCLE 31 ON FREE INFORMATION CARD
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An interesting and worth-

while project. This EASY-
TO-BUILD circuit lets you
use any regular TV set as

a simple  OSCILLOSCOPE.
Build for less than $10.
NO MODIFICATIONS TO TVY!

DETAILED PLANS:  $4.95

TV-SCOPE

Single or dual tracé
PENN RESEARCH, Box 3543 Send for FREE CATALO6 of
Williamsport, PA 17701 other plans and Kkits.

SPEAKERS
4 OHM 2W 4~ 90 8 OHM 2w (MAX) 4~ 51 [l Crystal Clock Oscillator 14.9760 MHZ 50
508 Central Ave 40HM 2 1/2 W 4" 95 8 OHM 3W 45" 51.50 fl UCN41168 — OSC/Freq Div Clock IC 5/$1 00
BOHM 25W 2 1/a" 75 8 OHM 5W 6" $3.25 fll AMIFM Radio IC WiData Sheet (#2204) 15/$1 00
8 OHM 5w 3° 75 8 OHM Metal 5" s4 [ Side Pots —1 Each 50K, 100K, 12M.2M 5M 5100
8 OHM 1W 27x1 174" 85 100 OHM 25W 2 75 J] ULN 2231 [Deico DMSO) Dual Freamp iC 21
. MRF01 (Hobby — You Test} 10781
TOKO COILS FOR FEB "84 TV PROJECT § Piher PT10V 3/8" Horizontal Mount Trimpots
Tceko #'s BKAN-K5552AXX(2). *ES520HN-3000023 '&°g"’“ \: 5K 10K, 20K, SOK. 100K 200K 500K
{.071uH) & L-2 (12uH) Fixed 1 Set ol 4 Pcs $6 00 ! ingle Turn
1 — w3 Multi Ture Precision Tnmpots. 100 Ohm. 200 Chm
HI SPEED s ase s s s [ EPROM M MISCIE'S oo o 3 Set $15 00, 10 Set $45.00 g S o i B e
LOW POWER 55 szsr o [l 2ne e s e o aizsos 3 Ml Car Converter — 12 VOC in to 9 vOC Out — 600 mg [ J0o™ 250k, 500K, 1Mag — 75 Each Jouisse
SPECALISY 8 2 Ser friidl] 1% e 0 ¥ e s 5 Cord to Fem Jack — Plugs in to Lighter $1 W Zenith TV Replacement IC Special 1 Each
[CiS e w  mes s nsme 1o i 3% wianrog ss ZWADWA am T oo | 1137 Female (Stereo Headpnone) Jack 2181 221.42, 22143 221-45. 22148, 221-69. 22179,
ZE e w  rusur em o B ouame  om LEACTC s SRNGES 3/16” Female (Walkman) Microphone Jack 81 221-87. 221-96, 221-104, 221-105, 221-106, 221-140
S s s s« CMOS [ e m s sz ol Microphone for Tape Recorder a5 J| Motion Detector’ Module {includes ULN2232 IC &
s . 0 e x = fumearics YD D wwia w0 e ol 2 inch Min Cassetle Memo Tape #MT30 75/l Caps. B2 e, T S only 52 2010
rasCzie S N = 2 o= & ok 0 s 2 s new ', [ Panel Moter Movements 4* Square o5l Ko e e ForOomeier T
e o oo © w0 = Mmoo e 2 . s csoms 250 fll 50K Dual Pot Audio Taper 85 B Winiature Spaaker for Detector
7a180 6 7a w00 s LM308 70 ey’ % curzzsec 35 2sciizes 225 Wl 1,000uf 265V Radial Mini Lytic 451 B Model SG-105 Signal Generalor — 20Hz to \50
4 s & s » LM308H 70 zeos 35 MMsast 70"54 £ Rotary Switch — § Function Selection 85 | kHz. Low Dsstortion, 46 Step $45.95
& : R O3 = = w0 e w0 [0 s Josenen 2o B 6V DPDT Mini Relay (Fits 16 Pin SKT) $1 05 22144 pin Edgecard Connector &
u LM307: 0 £ " Al R n ibbon Cable Connector
woom PP o W oucnr ool = nores  aon [l 12V 10A 250VAC/30VDC Omron Relay $2.25 B 36 Pin RT Angle Snap Off" Header 81
198 ; ) a5 |l Gisase e . wera  son [ FM IF Transformer Assortment 1551 138 D R g e Cable s
‘: = - ':: . b 324 5 Mc7a06 . Transistors feoor 300 Siergo Tuner Dial Painter Indicators. 15/51 B 7 pin Male Headsr 30/§1
e et = b LM % ucreiz s & OIOOES neos 2 @ Commodare Keyboard & Motherboard Combo. ll iC Storage "Bug’ $245
3% e w [ i e TMI s e NSNS s VIC-20 Motherboard & ViC-16 Keyboard 515 [ Hoavy Dty Allgator e $2.30
> m + weon &0 x:‘,’; | e "on Opto Isolator H11AX (Transistor Type) 65 [| Wire Sirippers (Spring Loaded. Adjust.) $2'50
-~ 2 asan w25 2 Line Cord 6 Feel UL Listed SPT 2 50 fl 5° Needie Nose Pliers (Spring Loaded) $3.95
T4LSXX e15242 pos P S 412" D e
=5 =8 ] o 1agonal Cutters (Spnng Loaded) $395
e W s 2 rasws w0 & LOW PRO'IC SOCKETS ?‘:"f:sm"” SZ'SW’E""JVY‘S'"Q gl x10 5:': ;g Nut Driver Set for 3/16” . 1/a* 82
et 2 s 7 rasas 041 5 8 Pin/.09, 14 Pin/ 13, 16 Pin 15, 18 Pini. 17, 20 Pin/.19. ener Ass1 — 65 pcs levices d Desoldering Pump (Solder Suckar) $4 00
404 AL 20 7452 ® ez 5 22 Pini 21, 24 Pin/ 23, 28 Pin/ 26. 40 Pin/.28 Resistor Ass't — 1,000 pcs 35 Values Minimum B pepiacement Tips for Solder Sucker 2/$3.00
oy o B s o % [ Zoro nserton Test Socket 28 Pin §500 Popular ValuessHK. 10K, 100K) Included Mostly ll 25w Precision Soldering Iron 3595
ra07 o - 14 & 172 W Some 1 & 2W Lot of Precisions. il Safety Goggles $1.50
o ow = s - WIRESWRAR ICISOCKETS Carbon Film Taped and Reeled For Easy Jj De-Soidenng Brad (5 Fool Rol) $100
w05 » Bl X x 14 Pn 55 16 Pin 60, 24 Pin 85, 40 Pin/135 Sorting $9.95 f Soider A Tool Kit (4 Pes) $3.00
raL 2 rusme 0 s & , Model 6108 Logic Probe (Pencil Type) $18.95
o z;} = = B = ¥ LED’S & DISPLAYS Juénpel;b:uég: C(Cammon) Male to M?;)e/sfg; Model 6208 Logic. Pulser (Penci Type) L
o o = Sy e o [ sumbo Res 11/$1. 100/$8 50, 1.000/$75 readboard & Connectors Mystery? Bag #1 The “Ohm" Bag 31
- el 2 7asm0 95 aoee P Rectangular Red 10/81.25, 100/$10 75 [l§ Mutfin/Sprite Style Fan #SU2C7 (EG & G Rotron) Wl 7Mystery? Bag #2 The Vol Ba $1
2 » 3 ystery? Bag )
7aze * am  aszms 88 2 Mini Red 10781, 100/$8.75, 1.0001$75 31/2” Sq, 115V $5 95 Wl ?Mystery? Bag #3 The “Circuit” Bag $1
a2 2 2 = g B Ed Jumbo Green 9/%1, 100/$10 50. 1.000/595 [§ 1.5A S0V Bridge (TO-5) 50 ll "Mystery? Bag #4 The “Frequency' Bag $1
i © B B B B % Rectangular Green 10/$1.50, 100/$13.95 [ll 4A 50V Brdge (KBUOS 75 [ e B s oo 3
bt | B Ohm [ o w [ Mni Green (Panel MT) 981 10081050, 1k/s89 [l 6A 600V Bridge 5/8” Square $100 S"VOU”V‘:@;‘S’E Ea%beéun‘\;%?.‘)ngz‘re;ﬂs'f b4 k:gg's;
s B 20 rasMs 45k 5 Jumbo Yeliow /81, 100510 50, 1.000/595 [l 25A 200 Bridge (Soider Lug Type) $200 50 Fool/$9
% x A A % | Rectanguiar velow 10/$1 50, 100/$13 95 [l 12VDC SPST Reed Relay PC Mount 60
5 £ ilsee  foom ioe 2 N Jumbo Amber (RT Angle WiCase) 10551, 100/9 J| SPST P8 Switch {Keyboard Type} 5/81 - .
5 % 2 resy 7 on % Grain ~'O" Wheat Panel Lamps 10/$1.50 i Mini Toggle DPDT (Lock Latch Feature) 75 sosel 705 Digitat Multimeter
aes o 20 TSI 85 406y . LED Clock Display 3 1/2 Cagit $125 [l DPDT "Snap In" Rocker with Bulb Socket 95
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FREE CHEMTRONICS CATALOG!
Comprehensive new source for over
200 products used in electronic man-
ufacturing and field service. Precision
cleaning agents, flux removers, bulk
solvents, circuit refrigerants, precision
dusters, non-residual wipers, foam
swabs, premoistened pads/swabs,
antistatic compounds, conformal coat-
ings, lubricants, adhesives, desolder-
ing braids, rosin core solder and solder
masking agents. Complete with tech-
nical specifications and application
guide.

Chemtronics Inc.
681 Old Wiilets Path
Hauppauge N Y 11788
516-582-3322
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ELECTRONICS CATALOG.
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|

| Order your 260 page catalogue packed with over 10,000
I money saving electronic parts and equipment Send $3 00
1 check or money order, or call 1-800-543-3568 today and
| use your Mastercard or Visa

| Consohdated Electronics, Incorporated

| 705 Waterviiet Ave , Dayton, Ohio 45420-2599

|

|

1

1

|

]

1

NAME
ADDRESS
crTyY

STATE 2P
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|
CB RADIO OWNERS! We specialize in tech-

nical information, parts and services for CBs.
Repair/modification books, plans, kits, 10-
Meter and FM conversions, high-performance
accessories. Catalog $2. CBCI, Box
31500ME, Phoenix, AZ 85046.

COMMUNICATIONS PLANS, BOOKS,
KITS! AM/FM broadcasting (licensed/unli-
censed), 1750 Meter transceivers, ham/CB
amplifiers, surveillance bugs, more! FREE
catalog, PAN-COM, Box 130-ME12, Para-
dise, CA 95967.

SATELLITE DESCRAMBLING—CABLE
DESCRAMBLING. Send Stamp For Free
Catalog. Communications Engineering, 76
Boulevard, Hudson Falls, NY 12839.

SURVEILLANCE - COUNTERSURVEIL-
LANCE: Send $2.00 for catalog of state of the
art equipment, books. Sherwood, Box 535M,
Southampton, PA 18966, telephone number
215-357-9065.

WANTED
MANUAL Benrus 41-168 oscilloscope: W E.

SMITH, 1556 Kontiki Lane, Jonesboro, GA
30236.

INVENTORS
INVENTORS! Have idea for product or in-
vention, don’t know what to do? Call AIM we
present ideas to manufacturers - Toll Free US
and Canada 1-800-225-5800.

INVENTORS
INVENTORS! Can you profit from your
idea? Call AMERICAN INVENTORS COR-
PORATION for free information. Over a de-
cade of service, 1-800-338-5656. In Massachu-
setts or Canada call (413) 568-3753.

COMPUTER Kkits, $49 95 complete. Build
your own Sinclair ZX81 with built in BASIC.
School discounts available. Add $3.00 for
shipping. VISA/MC. Zebra Systems, Inc.,
78-06 Jamaica Ave., Woodhaven, NY 11421
(718) 296-2385.

JERROLD, Scientific Atlanta, Zemth all ma-
jor brands available. Dealer inquiries wel-
come. VISA/MC accepted. Call for informa-
tion 1-800-638-6898. E & O Video Inc., 9691
E. 265th, St. Elko, MN 55020.

CAR STEREQ EQUIPMENT

BOOM BOOM Subwoofer Systems, Hemhol-
ta Enclosures- Kits- Assembled. Electronic
Crossover, 200- 800W Bridgeable Stereo Pow-
er Amplifiers, Car Stereos, Etc., Wholesale
Prices, Free Catalog, Info. BOOM-BOOM
ELECTRONICS, 2905 Las Vegas Blvd. N.
STES3ME. North Las Vegas, Nevada 89030
Telephone 702-399-3139.

PERSONAL SECURITY

SIREN Light: Feel safe and secure at home or
away carrying this lightweight flashlight with
built in siren. Also great for outdoor enthusi-
asts. Send $7.50. Dundee Gifts, Box 125,
Grapevine, TX 76051.

CABLE TV Secrets - the outlaw publication
the Cable Companies tried to Ban. HBO,
Movie Channel, Showtime, Descramblers,
Converters, etc. Suppliers List Included.
$8.95. Cable Facts, Box 711-ME, Pataskala,
Ohio'43062.
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EDUCATION & INSTRUCTIHOMN

LEARN NEW SKILLS FAST THROUGH
OUR SHORT SPECIALIZED HOME
STUDY COURSES. CONDENSED AND
HIGHLY EFFECTIVE! YOUR PASSPORT
TO SUCCESS! 50 DIFFERENT COURSES.
DIPLOMA AWARDED! OVER 40 YEARS
EXPERIENCE IN HOME STUDY EDUCA-
TION. WRITE: CIEE-14, BOX 20345,
JACKSON, MS 39209.

CABLE TV EQUIPMENT

CABLE DESCRAMBLER LIQUIDATION.
Major makes and models available. Industry
pricing! (Example: Hamlin Combo’s, $44
each . . . minimum 10 orders). DEALERS
ONLY! Call West Coast Electronics, (818)
989-0890.

MISCELLANEQUS

ASIAN LADIES want correspondence for
friendship, marriage, SUNSHINE INTER-
NATIONAL, Dept. TW, Box 5500, Kailua-
Kona, HI 96745. (808) 325-7707.

IDEAS, inventions, technology wanted! Call
free 1-800-288-IDEA. ISC-MOEL, 903 Liber-
ty, Pittsburgh, PA 15222.
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EXPAND YOUR CAREER HORIZONS...

The CIE Microprocessor Traner helps you to learn how circuits with
microprocessors function in computers.

S-I-AI ! I WITH CIE- the handy reply coupon or card below to:

Cleveland Institute of Electronics,

Microprocessor Technology. Satellite Communications. 1776 East 17th Street, Cleveland, Ohio 44114
Robotics. Wherever you want to go in electronics...
start first with CIE. r AMO-124

Why CIE? Because we're the leader in teaching c I E World Headquarters

electronics through independent study. Consider this.
We teach over 25,000 students from all over the
United States and in over 70 foreign countries. And
we've been doing it for over 50 years, helping
thousands of men and women get started in
electronics careers.

We offer flexible training to meet your needs.

I

I Cleveland Institute of Electranics, Inc.

I

I

I

I

I
You can start at the beginner level or, if you already | Address  Apt

I

|

|

I

I

I

1776 East 1th Street e Cleveland, Ohio 44114

[ Please send your independent study catalog.
For your convenience, CIE will try to have a representative
contact you — there is no cbligation.

Print Name R

know something about electronics, you may want to
start at a higher level. But wherever you start, you
can go as far as you like. You can even earn your
Associate in Applied Science Degree in Electronics.
Let us get you started today. Just call toll-free
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in

CIRCLE 98 ON FREE INFORMATION CARD

City Siate Zip

Age ____ Area Code/Phone No.

Check box for G.I. Bill bulletin on Educational Benefits
[] Veteran [ Active Duty MAIL TODAY!

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105)
|
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Anyone Can Buy Top Notch Audio. Now You Can Build It.

With Heath's new build-them-yourself stereo
components, you create your own sound system.

Specially designed for Heath by industry
leader Harman Kardon, our new stereo line
exceeds the standards of even the most discerning
audiophile. And because most of the components
come in kit form, you experience firsthand how
electronic craftmanship results in premium hi-fi
performance.

Build the power amplifier, preamplifier and
stereo tuner. Prewired and pretested circuit boards
and minimal soldering mean each component
takes only a few evenings to build.

And, your success is guaranteed. Our precise,
step-by-step manuals are industry-recognized, and
our technical assistance team is just a phone call
away.

CIRCLE NO. 117 ON FREE INFORMATION CARD

To complete your sound system, add the
remote control compact disk player, cassette deck
and any of our fine speakers and headphones.

Technical excellence. Do-it-yourself pride.
That's what we promise. That's what you get.

Heath Company brings you a wide range of
innovative electronic products, each backed by our
40-year reputation for excellence in design, quality
and durability.

Heath's new hi-tech audio components are
just a few of the fine products you'll see in the
Heathkit catalog. Discover 108 pages packed with
TVs, VCRs, computers, test instruments, radio
control vehicles and so much more. For your
FREE copy call 24 hours a day TOLL-FREE:

1-800-44-HEATH

(1-800-444-3284)

I Heath Company

CL-800B A subsidiary of Zenith Electronics Corporation
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