2 FEBRUARY 1993

Combined with

tromcs

®‘

BUII.I THIS WIRELESS
GRYSTAL OSGILLATORS

A look at practical circuits

THE J-POLE ANTENNA
A practical 440-MHz antenna

\

BUILD THIS 250-VOLT
POWER SUPPLY

akeyvideos that Seuna
asquutasithey 100K

00T YOULR G RENQTED
Complete construction details
far the computeriuser on tire o L

VUL behehep D sUElY
BULLD AL celivets wyw 100 milliam)es
AUDLO LEVEL CONTROLLER

Get constantvaluine (tattrany

cUele souree Plus % Video News
* Hardware Hacker
0% $350U.S. GERNSBACK * Audio Update
$3.95 CAN PUBLICATION  And Lots More!

L

AS?SJ




ti-Choice.

Whether you're doing first-level troubleshooting or component-level diagnosis, Fluke meters offer

you one of the widest choice of capabilities and price ranges in the industry. Choices ranging from

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

Fluke 77
The classic
Multimeter
$169.00

‘ / 1300 pyy,

T A el

with Auto Touch Hold® and current measurements.

P T P
08y

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

line of quality accessories to extend those
capabilities even further. No matter which Fluke
meter you choose, you can count on precise, reliable, consistent performance year in and

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

FLUKE 12 FLUKE 77 FLUKE 83

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

in the industry. Make the choice

Fluke 83 | ' . %:g:ﬁi'lg%%% o Auto Touch Holo® a:;:gu‘z%u;r;:;\u@and
Full-featured that gives you the most choices. ¥ Chek™ (auto functon)  Current Carent
Multimeter b MinMax Record with ~ Analog:Digrtal dispiay  Anaiog/Digital display
$255.00 Relative Time Stamp
Two-year warranty Three-year warranly Three-year warranty
IOOk to Fluke FLLIKE 12 warmweres Coniinuity Capture™ Yehow polte s Flex  Yatow olter wih Fex
Basic accuracy 0.9% Basic accuracy 0.3% Input Alert™
Capacitance

measurements

Frequency and Duty
Cycie

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

MinMax/Avg. Recording

Basic Accuracy 0.3%

See your Fluke distributor, or call 1-800-87-FLUKE John Fluke Mig. Co., Inc.
P. 0. Box 9090, Everett, WA 98206
For more information call:

(416) 890-7600 trom Canada

Fluke 12 (206) 356-5500 from other countries
for a catalog and the name of the Auto-function
Multimeter ©Copyright 1992 John Fluke Mig. Co. Inc. Ali rights reserved.

$89.95

distributor nearest you.

Prices subject to change. Suggested U.S. list price.
Ad No. 00276

FLUKE.
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With the growing popularity of
stereo televisions and home the-
aters, we've become accustomed
to watching video that sounds as
good as it looks. How do your
home videos measure up to to-
day's demanding audio stan-
dards? If something’s lacking
from their soundtracks, itcould be
due to the quality of your cam-
corder's built-in microphone. It
can't‘zoom” in on sound the way
the lens can zoom in on an image

and it probably has a hard time
picking up diaglogue whenthere’s
a lot of background noise. An ex-
ternal microphone can make a
world of difference in the sound
quality of your videos, but com-
mercial ones can also put a dent
in your wallet. That’s not the case
with our Wireless Camcorder Mi-
crophone. Easy to build from
readily available parts, it costs
less than $15! For all the details,
turn to page 31.

recefver's input and keep it in your ear's comiorl zone.
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Because of possible variances in the quality and condition of materials and workmanship used by readers, ELE&TRONICS NOW disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in ELECTRONICS NOW may relate to or be covered by U.S. patents. ELECTRONICS NOW disclaims any liability for the infringement
of such patents by the making, using, or selling of any such equipment or circuitry, and suggests that any [ d in such project: It a patent attorney.
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5 WAYS TO STOP
WASTING TIME IN

ELECTRONICS.

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

Stop wasting

your time

breadboard-
[ | ing. Here
are three popular PROTO [
BOARD® Brand solderiess =
breadboarding systems that
meet any budget or time
schedule. First the diminutive
PB-10’s 840 contact points
and 3-color binding posts.
PB-102 has 1,240 tie points,
accepting up to 12 16-pin ICs.
Finally, PB-103, with 2,250 contact
points, and up to 24 16-pin capacity.
They're affordable, American-made,
lifetime guaranteed. You'll soon see
why PROTO BOARD Brand is
Today's Standard
for Quality in
Breadboarding.

B Stop wasting your
time jury-rigging

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

r-.‘-‘ all toll-free for details GI-OBAI'
(1 & ¥ 8005721028 SPECIALTIES

CIRCLE 179 ON FREE INFORMATION CARD

O
5-color coded §:-. "y
binding posts ff =~ - 4.
and 17
sockets, for
over 4,560
contact
points.
Lifetime
guarantee
American-
made.
Affordably priced,

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

Stop wasting time designing
computer circuits. Now you can
use your solderless breadboard
concepts for designing accessory
circuits, PROTOCARD® is a PROTO
BOARD Brand which fits any standard
slot in your IBM, PC/XT or PC/AT computer. Some
modules even include built-in basic decoder circuits
for memory and 1/0 addressing. Breadboard areas up
to 3,360 contact points. Buffered versions eliminate

.~ loading of pc buses.

= Y/ &, ™
Lo e
¢

Global Specialties. An Interplex Elecironics Company.
70 Fulton Terrace. New Haven, CT 06512.
Telephone: (203) 624-3103. ¢ Interplex Electronics 1989.

AQO11

All Global Specialties breadboarding products made in USA.
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movements to be tracked precisely.

Global Positioning to track
buses

The Global Positioning System
(GPS), originally intended as a navi-
gation aid for military ships and air-
craft anywhere on the earth, will be
put to use tracking the positions of
trains, buses and emergency vehi-
cles in Dallas, Texas. The Dallas
Area Rapid Transit (DART) system
expects to be able to pinpoint the
location of its entire fleet of 1500
buses, vans, police cars, and ser
vice vehicles to within 15 to 100
meters at any given time.

Rockwell International’s Com-
mercial GPS Business (Richard-
son, TX) has a joint venture with
Techsonic Industries Inc. (Eufaula,
AL, to furnish DART with receivers
for an Automatic Vehicle Location
(AVL) system. The equipment
needed to monitor and control the
movement of the vehicles will be
provided under a $16.4-million con-

THE NAVCORE V GPS RECEIVER in the small white equipment case mounted at
the front of the roof of this Dallas Area Rapid Transit bus allows the vehicle’s

g _ ; s
THE SMALL, FIVE-CHANNEL parallel
GPS receiver provides operators in air-
craft, ships, vehicles, and on foot with
data on their position, course, and
speed every second anywhere in the
world.

tract, and it will be based on Rock-
well's NavCore V GPS receivers.
According to DART officials, the
ability to accurately monitor vehicle
positions will reduce operating
costs by keeping buses running on
more precise schedules. It will also
improve service by shortening pas-
senger waiting time for the buses.
The officials say that the DART AVL
system has built-in safety features

that will allow dispatchers to sum-
mon help automatically—with the
push of a button—in the event of
medical emergencies, fire, robber-
ies, or shootings.

The NavCore V GPS receive cir-
cuitry will be embedded in the Tech-
sonic Humminbird receiver located
on top of each DART vehicle. It will
determine the vehicle’s position
precisely from signals transmitted
by the constallation of NAVSTAR
satellites regularly orbiting the
earth.

The receiver will send position in-
formation to a radio receiver and
transmitter combination in the vehi-
cle that will transmit the data to
DART's dispatching office. A com-
puter will take the received signal
and process it for large displays.
DART's vehicles will appear as small
moving icons on the screens.

NavCore V was designed forinte-
gration into a variety of navigation
systems for vehicles, commercial
and pleasure craft, and airplanes. It
can also be organized to be a navi-
gational aid for hikers and tourists.

Its single-board receiver—the
world’s smallest and most powerful
five-channel parallel GPS receiver,
according to Rockwell—can take its
first accurate reading from the satel-
lite cluster in less than 30 seconds
(compared to almost two minutes
for a typical two-channel receiver).
Time and velocity can then be read
out once per second.

Satellite signals are picked up by
a Ys-inch-square semiconductor de-
vice that is made up of 1291 compo-
nents—the equivalent of putting the
entire receiver portion of a TV on
the head of a pencil eraser.

LCD optical filter tunes
lightwaves

Researchers at Bellcore (Red
Bank, NJ) have invented an experi-
mental tunable optical filter based
on liquid crystals that allows mes-

sages to be transmitted more effi-
ciently by separating information-
carrying lightwaves into different
“colors.”

Today, telephone networks rely
increasingly on optical-fiber trans-

mission lines and multiplexing tech-
nologies to transmit voice and data
around the network along common
transmission paths. Despite optical
fiber's ability to carry vast amounts

continued on page 90



Now you don't have to be enrolled at CIE to receive our
introductory Electronic and Electricity Lesson Modules.
This program is available for a limited time to non-
students for the shockingly low price of only $99.50.

With CIE's patented AUTO-PROGRAMMED method
of learning you will quickly learn and then master the
basics of electronics and electricity and then move on to...
DC/AC circuit theories, fundamentals of bi-polar junction
transistors (BJT), field effect transistors (FET), wiring,
diagram and schematic readings, component identifica-
tion, soldering techniques... and much, much, more. This
introductory offer includes
the first 39 lessons in CIE’s
Associate in Applied Science
in Electronic Engineering
Technology Degree.

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

+ $100.00 Tuition Credit

« Academic Credit

« Free issue of The Electron

+ Build your personal burglar alarm
- Toll Free Instructor Assistance

+ 24-hour grading

+ CIE bookstore privileges
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| Yes! Send me CIE’s Introductory
Electronic and Electricity Lessons
and Equipment. A7318

Name:

Street: Apt#:

City:

State:

Phone: {

[l

BOOKSTORE
1776 East 17th Street
Cleveland, Ohio 44114

tory price includes all the benefits and assistance CIE
normally extends to its full time students. You'll be entitled
to unlimited access to CIE's faculty and staff to assist you
in your studies via a toll free 800 number six days a week,
24-hour turnaround on grading your submitted exams,
CIE bookstore privileges, a patented learning method,
reference library, access to CIE’s electronic bulletin board
and a free issue of CIE’s school newspaper The Electron.
And best of all, when you decide to continue your
electronics education in any of CIE’s programs you’ll
receive full academic credit for successful lessons
submitted and a $100.00
Tuition Credit Certificate.

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

+ 39 theory and hands-on training
lessons and exams.
- Patented learning method
- CIE electronic bulletin board
privileges
——-----_-_—-_-_——_
Total Merchandise: $99.50
Ohio Residents add 7% Sales Tax:
California Residents add 6 1/2% Sales Tax:
Total This Order:
Shipping and Handling Charge:
Method of Payment/Amount Enclosed:
Personal Check or Money Order
Master Card Visa Discover
L ' ]

Card Expiration Date:

Signature:

CHARGE BY PHONE!

—j
EVISA 9 AM to 4:30 PM Eastern Time:
— 1-800- 321 2155 ext. A7318
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Whats new in the fast-changing video industry.

DAVID LACHENERUCH

® Politics and HDTV. The
touchy subject of foreign-made TV
sets was broached by one HDTV
system team in what appeared to
be a non-scientific lobbying effort.
Thomson Consumer Electronics
(RCA) and North American Philips
(Magnavox), members of the Ad-
vanced Television Research Con-
sortium (ATRC), signed a pledge to
manufacture TV sets, tubes, and
“other key carpentry’ for high-defi-
nition sets in the United States. The
statement was endorsed by two
unions, the International Broth-
erhood of Electrical Workers
(IBEW) and the International Union
of Electrical Workers (IUE). A union
news release appeared to imply that
the ATRC system was the only
HDTV system that could benefit
both "American consumers and
workers. "

The two manufacturers later elab-
orated on the statement and said
they would produce HDTV sets
mainly in the U.S. no matter which
system was chosen by the FCC.
However, they did note that propo-
nents of competing systems
couldn't make the same promise.
Zenith, a competitive system de-
| veloper, has moved its major TV pro-
duction facilities to Mexico. The
other system proponents—General
Instrument, Massachusetts In-
stitute of Technology, and Japan's
NHK—have no existing tube- or set-
manufacturing facilities in the
United States.

® What's new in Japan? That
question usually implies some excit-
ing answers. However, at the latest
Japan Electronics Show, the answer
was awkward and subdued. If there
was a trend, it had to be widescreen
TV sets with 16:9 proportions to
receive standard NTSC broadcasts.
Although there were many demon-

strations of sets designed for Ja-
| pan’'s Hi-Vision analog satellite-
| transmitted HDTV system, they
| were priced too high for the general

public. Japan is developing an ex-
tended-definition widescreen trans-
mission system (which falls short of
HDTV) known as Clearvision Il or
IDTV (for improved definition TV),
but displays in this technology
seemed to be without much convic-
tion. Some individual displays were
intriguing, including a Mitsubishi
demonstration of a camcorder that
required no direct connection to a
TV set for playback (an infrared con-
nection was used instead)—but
Mitsubishi said that its display was
merely a technological demonstra-
tion to get reaction from attendees.

Panasonic showed a high-resolu-
tion camcorder with three CCD
pickups instead of one. But the
company said that it felt American
camcorder users weren't quite so-
phisticated enough to appreciate it,
so the camcorder would be intro-
duced here only if demand war
ranted it. Panasonic also demon-
strated a home CD player with full-
motion video, promising "‘combined
digital motion pictures and high-
fidelity digital sound,” but that sys-
tem isn’t quite available yet to con-
sumers.

® Wide screens for U.S. Plans
to introduce TV sets with 16:9 as-
pect ratio pictures in the U.S. are
being firmed up, although initial
plans for a launch in late 1992 didn't
pan out. Thomson Consumer Elec-
tronics plans to bring out its "Cin-
emaScreen’’ sets with 34-inch
widescreen tubes under its Pro-
Scan and RCA brands late in the
second quarter of 1993. Panasonic
is going with projection TV's, with
50- and 58-inch screens, for ship-
ment in April and September, re-
spectively. Philips says it will have a
34-inch tube set in the first quarter.
Sharp says its first widescreen sets
for the U.S. will be either 30- or 34-
inch sets available around midyear,
while JVC expects to enter the
widescreen business here some-
time this year. Toshiba says that it

will sit out the widescreen derby this
year because of the lack of wide-
screen program material available to
viewers on either cable or broad-
cast TV.

® FCC approves the ghost-
buster. The ghost-canceling sys-
tem developed by Philips now has a
green light from the FCC, which has
given informal approval to the use of
line 19 of TV's vertical blanking inter
val for transmission of the reference
signal. To eliminate ghosts, re-
ceivers must have equipment that
responds to the reference signal.
Because that equipment will cost
$4000 to $5000 at first, it will be
sold principally to cable systems for
clearing up the signals that they re-
ceive over the air. The semiconduc-
tor industry now faces the challenge
of developing a chip to reduce the
cost to a level low enough to permit
it to be built into consumer TV sets.
Philips says that such a chip could
be available to manufacturers as
soon as next year.

® How flat is flat? "Flat” is an
absolute term, not a relative one,
according to the National Advertis-
ing Review Board. It ruled in re-
sponse to a petition by Zenith
protesting the widespread use of
the phrase “flat tube" in connection
with computers. The ruling presum-
ably will also apply to TV sets.
Zenith said that its Flat Tension
Mask (FTM) monitor tube is the only
one with a truly flat face. Therefore,
it was misleading for others to ad-
vertise “reduced curvature” tubes
as "flat.” The one company named
by Zenith in its complaint—NEC
Technologies—has agreed to dis-
continue advertising its computer-
monitor tube as flat. The Review
Board said, however, that it's ac-
ceptable for others to use the

phrase “flat square technology,” |

but only if it's "'prominently accom-
panied by appropriate qualifying lan-
guage.” R-E




TROUBLESHOOTING |
AND REPAIRING
SOLID STATE TVs §

Second Editnn

P
TROUBLESHOOTING |

i

Easy pC & Master
AL%[I)(;E;A%‘IN[();EO b Maintenance | Handbook of

CASSETTE and Repair
PLAYERS #
& RECORDERS

& Practic al

3795 $29.95 804P-XX $21,95

Counts as 2/Softcover
|
Electronic i
Troubleshooting
Procedures ‘ i ‘lp
and o IR :
Servicing l Trou' ieshaoting
Technigues and Repairing
COMPACT DISC
PLAYERS

JA. SAM WILSOH

3107P $18.95
Softcover

4000P $9.95
Softcover

9370-XX $38.60
Counts as 2

e FoLTIOM Seps

K

B oo
Bt (PO

Basic
Electronics
Course
2nd Editlon

2613P $18.95
Softcover

3671P $18.95
Softcover

T Ao W

3700-XX $36.95
Counts as 2

frrEE
Build Your Own
IBM Compatible

and Save a Bundle
Second Edition

the compiete book of

GSCilioscores

How to Test
Almost Everything
Klectronic

2t faon
s s b T

3825 $26.95

2925P $10.95 3804P $19.95
Softcaver Softcover
i i S
lleSI'vI}'lI%f\TFD - ﬁ‘ 2
C JARY | : fow-cost
DICTI(())INAR\ & TEST EQU(P1)_\4ENT
ELECTRONICS § PROJECTS |
FIFTH EDITION YOU CAN BUILD

3886 $22.95

2980P $19.95
Softcover

3345P-XX  $26.95
Counts as 2/Softcover

As a member of
the Electronics Book Club ...

... you'll enjoy receiving Club bulletins every 3-4 weeks
containing exciting offers on the latest books in the field
at savings of up to 50% off of regular publishers’ prices.
If you want the Main Selection do nothing and it will be
shipped automatically. If you want another book, or no book
at all, simply return the reply form to us by the date
specified. You'll have at least 10 days to decide. And you'li
be eligible for FREE books through the NEW Bonus Book
Program. Your only obligation is to purchase 3 more books
during the next 12 months, after which you may cancel
your membership at any time.

A shipping/handiing charge & sales tax will be added to all orders. If you
select a book that counts as 2 choices, write the book number In ane box
and XX In the next. i you selact a Counts as 3 choice, write the book
numbar in one box and XXX in the next 2 boxes.

Publishers’ prices shown. ©1993 EBC

Your most complete and

comprehensive source for the
finest electronics books.

iR

Select any 5 books

for 49_5

only

when you join the Electronics Book Club®™

(values
up to
$142.75)

4eegetrecade

Troubleshooting
& Repairing

TTV REPAIR
vor BEGINNERS

FOURTH ERLIION

L

1367P $29.95 2883P $18.95 3777-XX  $32.85

3627-XX $29.95

Counts as 2 Softcover Softcover Counts as 2
s BEME—H‘_S—] T ENCYCLOPEOIA OF
i GUIDE TO ¢ : - ENA, 4 =
! Electronics READING | § TOUSieshooting ELECTRONIC _
SCHEMATICS _SWE CIRCUITS
e TRIGGERED-SWEEP et
: T SECOND EDITION OSCILLOSCOPE § [iorppey
f 9 'FFPFPA
Sanxy Eoss AP PN i \
- ..- (> - 'FFPFFF
| ReePs o . 'ﬁ’-"- 7 o
3589 $27.95 3632P $10.95 3669 $27.95 1938-XXX $60.00
Softcover Counts as 3

It coupon is missing, write to: Electronics Book Club, Blue Ridge Summit, PA 172940810

—=ELECTRONICS
=BOOK CLUB™

Blue Ridge Summit, PA 17294-0810

YES! Please send me the books listed below, billing me for just $4.95 plus shipping/hand-
ling & tax. Enroli me as a member of the Electronics Book Club according to the terms
outlined in this ad. If not satisfied, | may return the books within 10 days without obligation
and have my membership cancelled. A shipping/handling charge & tax will be added to
all orders.

It you select a book that counts as 2 cholces, write the book number in one box and XX In the next.
If you select a Counts as 3 choice, write the book number in one box and XXX in the next 2 boxes.

Name

Address

City/State

Zp__ _ Phone
valid for new members only, subject to acceptance by EBC. Canada must remit in U.S. funds, Applicants outside the U.S.
and Canada will receive special ordering instructions. All books are hardcover unless otherwise noted. RPIE293

MON SOIU0II08|T ‘B661 AiBniqo

~



@  Electronics Now, February 1993

AUDIO UPDATE |

ries of articles—''The Four

Channel Follies'—chronicling
the rise and fall of multi-channel
sound reproduction. But despite the
commercial failure of quad-
raphonics, | never lost faith. | felt—
and still feel—that the only way
sound reproduction is ever going to
deliver you-are-there realism at
home is through multiple channels.
However, | never dreamed that the
source and the motivation for a re-
surgence of interest in multi-chan-
nel sound would involve video
movies and “home theaters”—but
so be it.

It appears that about half the re-
ceivers expected to appear on the
market in the coming year have
built-in surround, delay, and/or am-
bience circuits. Most or all of the
receivers manufactured by such
major companies as Carver, JVC,
Mitsubishi, Philips, Pioneer, Sony,
Teac, and Technics have multi-chan-
nel capabilities. This could repre-
sents alemming-like rush to leap on
a perceived bandwagon, or it could
be a real response to consumer de-
mand. Only dealer cash-register re-
ceipts will ultimately tell.

In any case, multi-channel sound
has risen like the phoenix from the
ashes of past fiascoes, and is set to
take flight—perhaps. Unfortunately,
the process and complexities of the
theater-sound setups are a bit
daunting, particularly for those who
own a conventional system. They
might not be sure if they want to
make that kind of a commitment to
an unproven format. Luckily, there's
a cheap and easy way of dipping
your toes (ears?) in the multi-chan-
nel stream.

I n the early 1970's, | wrote a se-

Hafler ambience extraction
Developed about 25 years ago by

David Hafler of Dynaco fame, the

basic Hafler “‘ambience-extraction”

Multi-channel made easy

pseudo fourchannel setup essen-
tially consists of two small, series-
connected speakers wired across
the hot terminals of an amplifier. If
the idea seems familiar, it might be
because | mentioned the Hafler cir-
cuit in Audio Update of November
1992. This simple circuit won't deliv-
er Dolby Pro-Logic performance,
but it will give you a worthwhile, low-
cost taste of the benefits of multi-
channel audio/video reproduction.
And while it isn’t quite a “free, get-
acquainted” offer, it comes close!

Here is how it works: When a live
stereo recording is made, the hall
reflections—ambience/reverbera-
tion—arrive at the microphones
from all directions, and are generally
recorded with random playing in the
two stereo channels. In studio re-
cordings, the phasing of the sounds
of the instruments are also random,
but with a somewhat more chaotic
relationship.

The phases and amplitude dif-
ferences between the left and right
channels (L minus R) are responsi-
ble for the conventional stereo
effect from music recordings and
video sound tracks. When the L — R
signal is delivered separately to the
rear of the listening room (rather
than remaining mixed in with the
front channels), enhanced realism is
a frequent result. Because the mix
of the L, R, L+R, and L —R signals
varies from recording to recording,
the specific results are unpredicta-
ble. But most listeners report that
the effect is pleasing most of the
time.

The rear ambience speakers

Happily, the somewhat costly and
complicated ground rules that de-
termine the quality and placement
of conventional four-channel am-
bience or theatersound speakers
don’t apply to the Hafler configura-
tion. Most Hafler setups use the

regular main speakers up front,
along with two inexpensive small
speakers in the rear.

Small speakers such as those in
the Radio Shack Minimus series
serve nicely. Avoid 4-ohm units be-
cause they can reduce the total im-
pedance of the circuit so that it is
too low for your amplifier. Ideally, the
ambience speakers should be bare-
ly audible; their contribution should
be apparent only when you turn
them off and find that the extra real-
ism disappears.

For best results, the ambience
speakers should be at least as far
from your listening position as your
main front speakers—the farther
away the better. It might be helpful
to mount them high up on the side
or rear wall, toward the rear corners
of the room, facing upward or paral-
lel with respect to the walls.

There are no hard and fast rules
(other than keeping them distant
from the listening area), and | rec-
ommend experimentation. | see no
reason why the speaker locations
have to be exactly symmetrical with
respect to the listening position,
just as long as they are both far
enough away to provide some time
delay in the arrival of their signals.

Depending upon your choice of
rear speakers, you might have to
reduce their overall output and/or
their treble response. Output is re-
duced simply by installing series re-
sistors, as shown in Fig. 1. .

A 25-ohm, 10-watt potentiometer
(or rheostat) allows easy adjust-
ment of speaker level, but if one is
not available, you can accomplish
the same result by trial and error
with fixed-value power resistors. If
you use circuit (a) one potentiome-
ter will be sufficient; circuit (b) re-
quires two.

The rear speakers you choose
can, at times, produce distracting
and inappropriate high-frequency
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FIG. 1 (A). THE SIMPLEST CONFIGURA-
TION OF THE HAFLER CIRCUIT. The left
and right rear speakers receive the same
L-R signal. If their efficiency is so low
that they are not obtrusively loud on
most program material, R1 can be omit-
ted. A single rear speaker will serve if its
impedance is 8 ohms or higher. (That
avoids stressing the amplifier.) It should
be installed in the center rear, preferably
facing upward or toward the rear wall to
encourage reflective bounce.

FIG. 1 (B). THIS CIRCUIT PROVIDES
MORE OF A SURROUND-SOUND
EFFECT than (A) and might work better
with pop than classical music. Resistors
R1 and R2 should be adjusted simulta-
neously for the proper relative front-to-
rear levels. The settings will depend, to
some degree, on the listener’s location.
Resistor R3 is adjusted by ear to provide
some mixing of the front L and R signals
in the rear speakers. If desired, an on/off
switch can be installed at X to eliminate
the mix in the rear channels.

It your amplifier has an A-B switch to
handle a second set of speakers, the
rear-speaker circuit, (a) or (b), can be
connected directly to the positive B ter-
minals. This will enable convenient
on—off switching of the rear channels.

transients. You can reduce that
effect by gluing a small piece of
foam or fabric on the grille cloth over
the center of the full-range or high-
frequency driver in a trial-and-error
process. The object of the process
is to take the “edge” off the tran-
sients, yet preserve the midrange
and low highs.

Circuitavs. b

Circuit (a) has the advantage of
simplicity. It makes use of only one
gain-control resistance (which can
be omitted if the rear speaker's effi-
ciency is low enough). In addition, it
allows you to use only a single rear
speaker.

Circuit (b) requires a pair of gain-
control resistors and an additional
resistance somewhat higher (about
50 ohms) to mix some stereo signal
into the ambience signal. Some
people claim that this modification
gives the listener an enhanced im-
pression of space and ambience, an
improvement on the original (a) cir
cuit.

Final note: There are a few ampli-
fiers on the market that do not have

a common ground shared by both
speaker terminals. And there are at
least two brands that, for good tech-
nical reasons, have the polarity
markings on one channel’s speaker
terminals reversed. (Red indicates
the grounded terminal rather than
black) If you have any doubts about
how to wire your amplifier's speaker
outputs, you can confirm that the
black speaker ground terminals are
common to both channels with an
ohmmeter.

The Hafler circuit won't give you
something for nothing, but it will de-
liver surprising performance, con-
sidering the small investment re-
quired in both time and money. R-E

o
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Write to Letters, Electronics Now, 500-B Bi-County Bivd., Farmingdale, NY 11735

NETWORK TROUBLESHOOTING

| read with interest the third in-
stallment of “From Not Working to
Networking” (Electronics Now,
October 1992) by Gary McClelian,
and | agree that giving specific case
examples is an effective way to dis-
cuss practical LAN troubleshooting.
Unfortunately, Lfound several of Mc-
Clellan's examples to be deceptive
because they describe situations
that might occur, but they are not, in
my opinion, typical of normal LAN's.

For example, in the first problem
scenario, McClellan recommends
running a Disk Doctor program on
the server. However, approximately
60 to 70% of LAN's run on Novell's
proprietary software, so that advice
not helpful. Novell does not use a
DOS format, and Disk Doctor soft-
ware is DOS-based. Disk Doctor
programs that run on Novell net-
works might not work—and that will
confuse the trainee—or they will de-
stroy data on the disk—and that will
surprise the novice.

In the second scenario, Mc-
Clellan says that ARCnet operates
over RG-58/U coaxial cable, but the
ARCnet specifications call for ei-
ther RG-62/U coaxial cable or
twisted-wire pairs. | admit there
might be an ARCnet LAN con-
nected with RG-58/U cable, but itis
not typical, and this too can confuse
the novice.

McClellan states that soldered
coaxial connectors are far more re-
liable than crimp-on connectors.
That might be correct in theory, but
as a practical matter it is only true if
the installer has consideable solder-
ing skill.

Also in the second scenario, Mc-
Clellan talks about a Compaq 386
computer “configured as a hub.”
While that computer can perform
that function, its mention is misiead-
ing in that it implies that a Compaq
386 is a hub in typical ARCnet con-
figurations.

When McClellan discussed the
time-domain reflectometer (TDR),

he said that a scope reading indi-

cates the presence of a “"sharp drop

about 29 feet away.” | believe he

should have said *'29 meters away."
| want to assure the author that |

am not trying to “nit pick."” But | did

want to call attention to what | see

as errors.

BRIAN L. KENNEDY

San Diego, CA 92117

I'd like to thank Mr. Kennedy for
writing and expressing his concern.
Prior to writing the series, | de-
veloped and marketed a LAN test
product to a range of customers
from "mom and pop" service com-
panies to the largest personal com-
puter manufacturers. This experi-
ence put me in touch with a lot of
people who told me about their ser
vice problems. (One is in San Di-
ego, so | am familiar with what
happens there.)

The troubleshooting examples |
used in my article were based upon
the most common problems that my
contacts said they encountered, but
the details | wrote about reflect my
own experience.

Early Novell systems had a
custom hard-disk formatting
scheme that can be damaged by
Disk Doctors. In fact, Novell gave
preformatted hard-disk drives to
their customers to spare them the
lengthy formatting process. Talk to
a Novell representative if you are
unsure about how to correct hard-
disk problems.

Officially, ARCnet was designed
for RG-62/U coaxial cable, a 93-
ohm cable that looks like RG-58/U,
a 50-ohm cable. RG-58/U has been
substituted for other kinds of cable
in LAN's because it is easier to ob-
tain and somewhat cheaper than
RG-62/U. In the examples cited,
RG-58/U was substituted by a
cost-conscious company president
and an installer (who probably was
the lowest bidder on the installation
contract).

Although that cable type was not

recommended, the system worked
after repairs, and no attempt was
made to change the cable. In my
opinion, incorrect cable substitu-
tions account for relatively few prob-
lems in the industry, but trou-
bleshooters should be aware of
them.

A handy reference guide to net-
work topologies and cable selection
can be found in AMP's Netconnect
Open-Wiring Systems Catalog,
which can be obtained free from
AMP distributors or by calling
1-800-522-6752.

Some field-service technicians |
know look upon crimp connectors
as “built-in repeat-service busi-
ness. " Crimping is popular because
it is quick and fast, but unless the
technician has the necessary skill
and uses the connector manufac-
turer's proprietary (or recom-
mended) crimping tools, connec-
tion quality will suffer.

Last summer, | helped to solve
three LAN-related service prob-
lems. One was caused by a "bug"’ in
the LAN operating system, and the
others were caused connections
performed by so-called professional
installers.

The Compaq 386 "hub” comput-
er in the ARCnet system was a pop-
ular configuration two to three years
ago. Today, most networks have
gone to 486-based computers for
better performance because speed
is critical in this business.—Gary
McClellan

MORE 555 CIRCUITS

| was pleased to see Ray Mar
ston’s article on 555 timer circuits in
the October 1992 issue of Elec-
tronics Now. But | was disap-
pointed to see that one of the
simplest, yet most useful, circuits
was not included in the article. In
fact, this circuit seems to be one of
the best-kept secrets because I've
never seen it published—not even in
Don Lancaster's 555 Handbook—
but only referred to in literature.



In the typical circuit for an astable
oscillator using a 555 timer (Fig. 3 in
the article), C1 charges through R1
and R2, but discharges via pin 7 of
the 555 through only R2. As men-
tioned in the article, if R2 is much
larger than R1, then a waveform with
a duty cycle close to 50% will be
generated. But it's clear that unless
R1 is actually zero (which would
burn up the chip quite quickly?, then
the waveform never will be exactly
symmetrical.

But output pin 3 toggles between
Vcce and ground, and it can source
or sink a reasonable amount of cur-
rent in both states. This is especially
true for the 7555, the CMOS ver
sion of the 555. Therefore, by using
that pin to charge and discharge C1
through a single resistor, as de-
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picted in Fig. 1, the resultant output
is a symmetrical waveform with a
duty cycle of exactly 50%. R1 can
be varied to change the frequency,
and the duty cycle will remain abso-

jutely constant.

Some asymmetry can be intro-
duced if the output is heavily load-
ed. Thus, for example, if the timeris
to drive a relay, discharge pin 7, oth-
erwise open, can be used to pull the
base of an NPN transistor normalty
biased “on" to ground Fig. 2) via a
resistor of 1K or greater from Vcc
(See Fig. 2).

| have combined these two cir
cuits to drive alternating flashing cir-
cuits for volunteer fire department
vehicles. A CMOS 7555 with a C1

of 0.1 wF and an R1 of 10 megohms,

New Tool Kit" Series

will oscillate at a frequency of about
80 flashes per minute.
DAVID BANKS, NOION
Colorado Springs, CO
FIGS 1 &2 GO WITH ABOVE ITEM
The series of articles by Mr. Ray
M. Marston in the September and
October 1992 issues of 'Elec-
tronics Now are a welcome re-
view of the 555 family of monolithic
integrated devices and the circuits
that can be made with them.
| have used the 555 in many ap-
plications since its introduction in
1972. Therefore, | am aware of the
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While watching rent-
al movies, you will
notice annoying pe-
riodic color darken-
ing, color shift,
unwanted lines
ftashing or j_agge_d
edges. This is
caused by the copy
protection jammin

signals embedde

in the video tape,
such as Macrovision
copy protection. THE
DIGITAL VIDEO STABI-
UIZER: RXIl COMPLETELY
ELIMINATES ALL COPY
PROTECTIONS AND JAM-
MING SIGNALS AND
BRINGS YOU CRYSTAL
CLEAR PICTURES.

WARNING

THE DIGITAL VIDEO STA-
BILIZERIS INTENDED FOR
PRIVATE HOME USE
ONLY. T IS NOT IN-
TENDED TO COPY RENT-
AL MOVIES OR
COPYRIGHTED  VIDEO
TAPES THAT MAY CON-
STITUTE COPYRIGHT IN-
FRINGEMENT.

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPYGUARDS

FEATURES

o Easytouse and a
snap to install

» State-of-the-art
Microchip technol-

085 .
. % automatic
« Compatible to all
Was of VCRs and
s

« The best and most
exciting Video Sta-
bilizer in the
market

« Light weight (8
ounces) and com-
Bact (1x3.5x5%)

+ Uses a standard 9
Volt battery ( last 1-
2 years .

» Fast UPS delive

. Agl shipping avail-

e

al

« UNCONDITIONAL
30 day money
back guarantee

« 1year warranty

{Dealers Welcome)
FREE 20P Catalog

To Order: $39.95 ea +$4forp & h
Visa, M/C, COD Mon-Fri: 9-6 EST

1-800-445-9285
ZENTEK CORP. DEPT. CRE0293
3670-12 WEST OCEANSIDE RD. OCEANSIDE, NY 11572
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 DESCRAMBLERS
‘How You Can Save Money on-
‘Cable Rental Fees =~
Bullet Proof

BEST Super Tri-Bi Auto/

used on Cable
local officials or cable compal
aj

Date:
Signed:

1Unit 5+

Var. Gain Adjustment $119.95..885
Jerrold Super Tri-Bi... $109.95.879
Scientific Atlanta ......... $109......$79
DT J— .. $109.....879
Panasonic TZPC145.... $99.95...879
Stargate Converter....... $95......
Digital Video Stabitizer. $59.95...$29
Wireless Video Sender..$59.95....849.95
30 Day Money Back Guarantee
FREE 20 page Catalog
Visa, M/C, COD or send money order to;
U.S. Cable TV Inc. Dept.KRE0293
4100 N. Powerline Rd., Bldg. F-4
Pompano Beach, FL 33073

1-800-772-6244

For Qur Record

L the undersigned, do hereby declare under penalty of perjury
that all products purchased, now and in the (uture, will only be

systems with proper authorization from
ny officials in accordance with all
icable federal and state laws. FEDERAL AND VARIOUS
ATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL
AND CIVIL PENALTIES FOR UNAUTHORIZED USE.

US Cable’ll Beat
Anyone’s Price

‘Advertised in
this Magazine! |

No Florida Sales!
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fallacy about the minimum trigger-
voltage level for a monostable os-
cillator based on the 555 that is
being pertetuated in the articles.
That, and other earlier references,
have stated that a minimum falling-
level voltage change of 5 V+ is
required to trigger the oscillator out-
put “on.” | say that is not correct.

I'd like to call attention to a circuit
that | developed and described. The
schematic and description were
published as the EDN magazine
"Best of Issue" design in January 5,
1989. With the values shown in Fig.
3, the CMOS 7555 inverted mono-
stable circuit will trigger on a sine-
wave or other rising input signal with
alevel of less than 31 millivolts, rms,
over a frequency range of 60 Hz to
23 kHz.

In the same circuit, the bipolar
555 will trigger on similar kinds of
input signals of less than 15 milli-
volts, rms, over a frequency range
of 10 Hz to 50 kHz. In both cases,
the driving source impedance is
600 ohms, and V+ is 9.0 volts. The
frequency range expands as the in-
put signal level increases.

In those examples, | found that
the key to this circuit’s operation is
the addition of a sufficiently con-
ductive current path through R1
around the almost infinite imped-
ance across the input pins 5 and 6 of

the threshold comparator. As a re-
sult, the voltage developed across
R1 (in the voltage divider C1, R1,
C2toV - is sufficient to trigger the
threshold comparator and turn the
output “on” or “high.” This circuit
has found several applictions as a
low-level signal detector, amplifier,
and sine-to-squarewave converter.
I'd also like to point out that the
lower end of the three 5K voltage-
divider resistor strings shown in Fig.
1 of the September article is actually
connected to ground (V—) inter
nally, as is the emitter of the dis-
charge transistor.
JOHN J. O’'FARRELL
Tallahassee, FL

DISKETTE DIFFERENCES

I am responding to a question
posed by F. Foeg about the dif-
ferences in 3%-inch diskettes
(Q&A, Electronics Now, Sep-
tember 1992). | manage a company
that manufactures test equipment
and special alignment and diag-
nostic diskettes for the manufac-
ture and service of floppy-disk
drives. | gained 14 years of experi-
ence in various technical and man-
agement positions with Dysan, a
diskette manufacturer, which later
became Xidex. Therefore, | believe
that | am qualified to explain this
continued on page 86
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Graduate as a Fully Trained
Electronics Professional:

If you want to learn about electronics,
and earn a good income with that
knowledge, then CIE is the best
educational value you can receive.

CIE’s reputation as the world
leader in home study electronics is
based solely on the success of our
graduates. And we've earned our
reputation with an unconditional
commitment to provide our students
with the very best electronics training.

Just ask any of the 150,000-pius
graduates of the Cleveland Institute of
Electronics who are working in high-
paying positions with aerospace,
computer, medical, automotive and
communications firms throughout the
world.

They'll tell you success didn’t come
easy...but it did come...thanks to their
CIE training. And today, a career in
electronics offers more rewards than
ever before.

CIE'S COMMITTED TO BEING
THE BEST...IN ONE
AREA...ELECTRONICS.

CIE isn't another be-everything-to-
everyone school. CIE teaches only
one subject and we believe we're the
best at what we do. Also, CIE is
accredited by the National Home
Study Council. And with more than
1,000 graduates each year, we're the

FREE:

SEND FOR YOUR CIE HOME
STUDY COURSE CATALOG AND
RECEIVE A FREE 24 PAGE CIE
ELECTRONIC SYMBOLS
HANDBOOK!

Includes hundreds of the most

largest home study school specializing
exclusively in electronics. CIE has
been training career-minded students
like yourself for nearly sixty years and
we're the best at our
subject....ELECTRONICS...BECAUSE
IT'S THE ONLY SUBJECT WE TEACH!

CIE PROVIDES A LEARNING
METHOD SO GOOD IT'S
PATENTED.

CIE's AUTO-PROGRAMMED® lessons
are a proven learning method for
building valuable electronics career
skills. Each lesson is designed to take
you step-by-step and principle-by-
principal. And while all of CIE lessons
are designed for independent study,
CIE's instructors are personally avail-
able to assist you with just a toll free
call. The result is practical training....
the kind of experience you can put to
work in today's marketplace.

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

CIE pioneered the first Electronics
Laboratory Course and the first
Microprocessor Course. Today, no
other home study school can match
CIE's state-of-the-art equipment and

)

frequently used electronic symbols. g

Published exclusively by CIE for
our students and alumni. Yours
free when you request a CIE
Course Catalog.

training. And all your laboratory
equipment, books and lessons are
included in your tuition. It’s all yours
to use while you study and for on-the-
job after you graduate.

PERSONALIZED TRAINING....TO
MATCH YOUR BACKGROUND.
While some of our students have a
working knowledge of electronics
others are just starting out. That's
why CIE has developed twelve career
courses and an A.A.S. Degree pro-
gram to choose from. So, even if
you're not sure which electronics
career is best for you, CIE can get you
started with core lessons applicable to
all areas in electronics. And every CIE
Course earns credit towards the
completion of your Associate in
Applied Science Degree. So you can
work toward your degree in stages or
as fast as you wish. In fact, CIE is the
only school that actually rewards you
for fast study, which can save you
money.

SEND FOR YOUR CIE
COURSE CATALOG AND
WE'LL SEND YOU A FREE
24-PAGE CIE ELECTRONIC
SYMBOLS HANDBOOK.

------------1

} YES! | want to get started. Send |
me my CIE course catalog including |
| details about the Associate Degree I
Program. {For your convenience, CIE
will have a representative contact you |
I - there is no obligation.)

1 AEA47
I Please pnnt clearly

I Name __,______I
i |
| Address — — |
: City I State i
bzip Age
| |
| Phone No. () |
Check box for G.1. Bill Benefits |
| Veteran Active Duty 1
;; 1776 East 17th Street l
et Cleveland, Ohio 44114 |
I A School of Thousands. I
I A Class of One. Since 1934. I
L--——--------J
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Global Specialties 2003 Synthesized Function Generator

New signal generator offers

front-panel and computer
control.

CIRCLE 10 ON FREE INFORMATION CARD

nce your test bench is
equipped with a digital mul-
timeter and an os-

cilloscope, a function generator is
the next piece of gear you'll need.
Although engineers and technicians
know how important a function gen-
erator can be, even advanced hob-
byists will find a host of uses for an

By R T T L L
{ 4 ! 3
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instrument like the latest model
from Global Specialties (70 Fulton
Terrace, P.O. Box 1942, New
Haven, CT 06512). Applications in-
clude testing the frequency re-
sponse of filters and amplifiers, and
troubleshooting and servicing elec-
tronic equipment.

Global's 2003 can produce sine,

triangle, square, and ramp wave-
forms over a frequency range from
DC to 1.6 MHz. Its 10-digit display
provides a frequency resolution of
0.001 Hz. The generator’s accuracy
is rated at =10 parts per million
(ppm), with a drift of less than 5 ppm
per year.

The 2003 generator is housed in
a gray plastic cabinet that measures
about 4x 10X 7 inches. The front
panel teatures a 2-line by 16-
character LCD, a 16-key membrane
keyboard, a rotary, digitally encoded
knob, and a BNC output jack. The
rear panel holds the power switch
and four BNC connectors (sync, TTL
OUT. MARKER, and TRIG/GATE). An op-
tional RS-485 serial interface is also
provided on the rear panel.

Sine-wave distortion (both har-
monic and non-harmonic) is rated a

Electronics Now, February 1993
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Stareo 3-D
Print Software

Random-dots add the
illusion of depth to any
two-dimensional image.

CIRCLE 11 ON FREE INFORMATION CARD

he image in the box that

I opens this report should, at

first glance, appear to be ran-

dom dots. Study the image intently,

however, and you should begin to

see repetitive vertical strips of dots.

But if you look at it as you would any

normal two-dimensional image, you
are not looking at it correctly.

The trick to seeing the hidden im-
age is to focus your eyes, not on the
page, but to an imaginary point sev-
eral feet behind the page. Try to be
completely relaxed, and hold the im-
age between 8 and 16 inches from

your eyes. Relax your eyes as you
try to focus on the imaginary point

behind the image. If you are per
sistent, you should see the image,



better than 40 dB below the funda-
mental. Triangle-wave and ramp
nonlinearity are rated at less than
1% up to 100 kHz; square-wave jitter
is less than 1%.

The amplitude of the output wave-
forms can vary from 5 millivolts to
20 volts peak-to-peak (p-p) into an
open circuit, 2.5 millivolts to 10 volts
p-p into 50 ohms. The output can be
offset + 10 volts to — 10 volts.

Operating modes

The 2003 offers six operating
modes: Continuous, triggered,
gated, sweep, hop, and burst. In the
continuous mode, the selected
waveform is generated continu-
ously. In the gated mode, the se-
lected waveform is generated
continuously as long as the GATE/TRIG
input on the rear panel is held at a
high TTL level. When that input is
low, only the offset voltage is avail-
able at the output. In the triggered
mode, the signal output is toggled
on and off by a trigger pulse (1 mi-
crosecond or longer) on the GaTe/
TRIG input.

The generator offers both linear
and logarithmic sweep modes. Both

modes operate similarly, with the
exception that the output varies log-
arithmically over time in the log-
sweep mode. The start and stop
frequencies can be programmed
into the 2003, as can the sweep
time. Each sweep is marked by a
positive-going pulse on the SYNC
output jack for oscilloscope trigger-
ing. Sweep-marker pulses are pro-
vided at the MARKER output; they're
typically used on a scope’s second
channel to provide a scale.

The hop mode allows the user to
store up to 16 frequencies—each
with its own waveshape, amplitude,
offset and duration—in the gener
ator's memory. The sequence can
be played on command, so the hop
mode is ideal for repetitive testing.
The burst mode is a variation of the
hop mode in which a frequency of 0
Hz is stored in memory in between
other frequencies. The non-0 stored
frequencies appear as bursts when
the hop sequence is played back.

Many of the functions of the 2003
are controlled by a menu system:
the rotary knob on the front panel
controls a cursor on the LCD read-
out. Desired output frequencies can

be input directly from the keyboard,
or they can be set with the rotary
knob by moving the cursor to the
selected digit, and rotating the knob
to increase or decrease the value of
the digit.

The user interface is not intu-
itively understood. We got stuck on
a couple of points and had to refer
to the generally good manual to get
us going. Once we understood the
general operating procedures, we
found the unit to be quite easy to
use. Our only complaint is that the
display is difficult to read in some
lighting conditions.

The 2003 offers an optional
RS-485 interface that can be con-
trolled by any PC similarly
equipped; all aspects of the unit’s
operation can be controlled through
the interface. Up to 32 devices can
be attached on a daisy-chained
RS-485 bus, with each device hav-
ing a unique address.

Thanks to its innovative user in-
terface and the optional computer
controlled capability, the 2003 pro-
vides impressive versatility at an at-
tractive price of $499 ($750 with
the RS-485 interface.) R-E

fusion dots) at the top of the image.
Stare at the dots until you are able
to perceive the two squares becom-
ing an apparent three. Now slowly
transfer your focus from the
squares to the image. Be patient.
With your eyes properly “'prepped,”
you should be able to see the three-
dimensional image.

When you look at a three-dimen-
sional object, your brain uses the
slightly different viewing angles be-
tween your left and right eyes to
give you three-dimensional vision.
The random-dot images do the
same thing by hiding different im-
ages for each eye in vertical strips of
dots. The strips are as wide as the
distance between the two fusion
dots. When one eye is looking at a
dot in one strip, the other eye should
be looking at the same dot two
strips over. You might even see
some very unusual double images
when one eye focuses on a dot

three strips away from the other.
Some people find it easier to see
the image when they cross their

continued on page 56

If you have trouble seeing the ran-
dom-dot image even after afew min-
utes, shift your gaze exclusively to
the two square spots (known as

or at least something strange, after
only a few seconds. However, it
could take up to several minutes to
see the image.
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SMC PROBE. This new
probe from R & R Design is
said to be a versatile alter
native to present methods
for testing surface-mount
components. Handheld in-
strument probes allow only
one test point to be ob-
served at a time—a time-
consuming chore that
could cause damage to the
components being tested.
Clips for some surface-
mount packages are avail-
able, but a different clip is
needed for each surface-
mount package size. And
custom-made test stations
are prohibitively expensive.

Quick Probe is a weight-

CIRCLE 16 ON FREE

ed spring-type contact
probe with a flexible shaft
and a connection point for
coupling a test instrument.
Different kinds of test
points can be contacted
with a single tool, and there
is no need to solder test
leads to components.

INFORMATION CARD

Quick Probe tests most
surface-mount package
styles.

The Quick Probe is
priced at $45,
R & R Design
20 Princeton Circle
Longmont, CO 80503
Phone: 303-678-5004

COMMUNICATIONS DEBUG-
GER. This upgraded ver-
sion of MicroTAP's (for-
merly DataScope) commu-
nications debugging soft-
ware for data capture and
analysis has applications in
computer programming,
manufacture, and industrial
automation.

According to its pub-
lisher, Paladin Software,
MicroTAP permits the user
to apply capture, display,
and search tools to or-
dinarily invisible serial

CIRCLE 17 ON FREE
INFORMATION CARD

transmission events. This,
it says, is a cost-effective
alternative to expensive
hardware line monitors.
MicroTAP is said to be

the only serial line monitor
that includes context-sen-
sitive Hypertext, Hyper-
setup, user-alterable multi-
tasking window displays,
and oscilloscope-like sig-
nal event tracing. All data
and signal events are time-
stamped to the nearest mi-
crosecond.

Version 2.1 also adds
CUA-compliant file man-
agement, signal-pattern
triggering (including “'don’t
care'’ signals), and ex-
panded data-stream trig-
gering capabilities (logical
AND and OR functions,
user-selectable source
streams, and wild card
bytes in binary or alpha-
numeric trigger strings).

MicroTAP Version 2.1,
including cable, con-
nectors, and manual, costs
$299.

PALADIN SOFTWARE,

3945 Kenosha Avenue
San Diego, CA 92117
Phone: 619-490-0368
619-490-0177

INC.

CONTINUOUS-DUTY DC
POWER SUPPLY. A new por-
table high-current DC
power supply from B+K
Precision is said to be a
compact, reasonably
priced alternative to the
use of batteries.

CIRCLE 18 ON FREE
INFORMATION CARD

The Model 1686 is rated
for 12-ampere continuous
duty at 13.8 volts DC with-
out overheating. If more
output is required, two (or
more) of the power sup-
plies can be connected in
parallel (to double the cur
rent) or in series (to double
the voltage). The features
of the Model 1685 include
reverse-polarity, overload

protection, and short-cir-
cuit protection, as well as
current limiting.

B+K lists possible ap-
plications as servicing and
demonstrating car stereos,
servicing camcorders, and
powering amateur radios.

The Model 1686 is
priced at $199.

B +K Precision
Chicago, IL 60635
Phone: 312-889-1448
Fax: 312-794-9740

HIGH-SPEED EPROM PRO-
GRAMMERS. New high-
speed EPROM program-
mers from JDR Micro-
devices are capable of
programing one EPROM or
four EPROM’'s simulta-
neously. The manufacturer
reports that both units can
program up to 8-megabit,
12.5-volt EPROM's. The
single-EPROM unit is the
Model MOD-MEP-1A, and
the four-EPROM unit is the
Model MOD-MEP-4A.

Menu-driven software,
focated on the user's PC-
compatible system, gives
the operator a choice of
EPROM vendor and part
number. The software then
automatically sets the
specified programming
voltage, time constants,
and other variables.

The user can choose
from a list of programming
methods based on the de-
vice selected. The soft-
ware also provides a
complete list of functions.
These include device
reads, compares, verifies,
blank-checking, and an
auto-programming mode.
Code can be loaded, edi-
ted, displayed, and stored
to save debugging time.

A conversion utility al-
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lows the programmer to
use hex source as well as
binary data files. The util-
ities include split and shuf-
fle code. The splitting
feature breaks 16- and 32-
bit words into odd/even
bytes for 8-bit EPROM'’s.
The shuffle feature mixes
odd and even bytes into 16-
and 32-bit words, allowing
existing 8-bit EPROM ap-
plications to be transferred
into 16- or 32-bit forms.
The Model MOD-
MEP-TA is priced at
$199.95, and the Model
MOD-MEP-4A is $269.95.
JDR MICRODEVICES
2233 Samaritan Drive
San Jose, CA 95124
Phone: 408-559-1200
Fax: 408-559-0250

NTSC VIDEO PATTERN GEN-
ERATOR. This NTSC video
pattern generator from

" Leader produces split-field

color bars, crosshatch,
dots, single-cross, and flat-
field (raster) patterns.

The Model 401YB is in-
tended for video, TV and
VCR service. The gener-
ator's flat-field rasters can
be set to eight colors, in-
cluding black-and-white. Its
color signals are true
NTSC. suitable for test and

CIRCLE 20 ON FREE
INFORMATION CARD

checkout of both consum-
er and industrial circuits. Its
outputs are baseband com-
posite, video RF on VHF
channels 3 or 4, Y/C
(SVHS-type), and red

green blue TTL-compatible.

An H or V trigger signal
is also available for syn-
chronizing oscilloscopes.
A choice of standard inter-
lace or progressive scan-
ning is offered. Progressive
scanning is easier on the
eyes during convergence
adjustments.

The Model 401YB pat-
tern generator sells for
$995.

LEADER INSTRUMENTS
CORPORATION

380 Oser Avenue
Hauppauge, NY 11788
Phone: 800-645-5104
(in NY, 516-231-6900)

DUAL-WATTAGE SOLDER-
ING STATION. A new solder-
ing station from Ungar
permits the user to switch
between 35 watts, 8507,
and 21 watts, 650°, with a
front-panel knob.

The dual-wattage solder-
ing station, No. 46B991, is
available from Jensen
Tools. The station permits

CIRCLE 21 ON FREE
INFORMATION CARD

rapid heating. Itis equipped
with a fully grounded, Ys-
inch chisel tip specifically
for soldering sensitive
electronic components. A
broad selection of replace-
ment tips is also available.
The Ungar No. 468991
soldering station is priced
at $49.
JENSEN TOOLS INC.
7815 South 46th Street
Phoenix, AZ 85044
Phone: 602-968-6231

SUPERVISORY IC’s. Super-
visory integrated circuits
from Maxim Integrated

As the demand for computers and microprocessors
in business, manufacturing and communications
continues to grow, so does the need for qualified
technicians. It's not unusual for experienced
technicians to earn from $30,000 to more than
$40,000 a year.* Now through Peoples College
of Independent Studies you can train for this
exciting field without interrupting your job or
home life.

e Electronics & Microprocessor Technology

e Industrial Electronics & Microprocessor
Technology

e Communications Electronics with Micro
processor Technology

e Computer Servicing & Electronics Technology

* Specialized Associate Degree In Electronics
Technology

Depending on the program you select, you'll
perfect your skills using this advanced equipment,
included in the price of tuition:

¢ [BM-Compatible Personal Computer
e Digital Multimeter

e Digital Logic Probe

e Elenco Oscilloscope

e Portable Celluiar Telephone
(* Source: US. Bureau of Labor Statistics)

wem Train at HOME to be an
Electronics Technu:san*

Peoples College introduces some training firsts 1o
make your learning experience more complete:

o Accelerated Learning System — a scientifically
proven study system that helps you learn faster
and easier than ever before.

e Video Tutor Training Tapes — give you a
permanent, visual record of informative lectures
and close-up demonstrations.

e Experience Labs — professionally designed
experiments that give you hands-on “bench”
experience.

« Industry Certification Training Guide — provided
with four of our programs Prepares you for
examinations you may take for your professional
license or certification.

To help you get started on your education, Peoples
College has reduced tuition rates and offers low
monthly payment plans with no finance fees. So
don't delay, call or write for more intormation
today!

Programs offered only in United States. Canada. Puerto Rico
and Virgin Islands. No Obligation. No sales person w ill call

Our programs are accredited by the Accrediting
Commission of the National Home Study Council

YES! | would like to know more about your !
training programs. Send a catalog to: !

Name
Address -

State

Zip
Phone #

PeoprLES COLLEGE |

OF INDEPENDENT STUDIES
233 Academy Drive * P.O. Box 421768
Kissimmee, FL 34742-1768

Member, D.L. Peoples Group
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Products give reset or
other warnings upon detec-
tion of a malfunction in a
microprocessor’'s power
supply or program execu-
tion. The MAX705 to
MAX708 supervisory IC's
are rated for both 3-volt and
5-volt operation.

oS

_ L) -
Ll II AMAXILAN E U
Vec[2|  MAX705 |7 RESET
GND [ 3] LU E Wol
PRI E E] PFO
DIP/SO
. Nt
MR 1 moam |8 i
vee[2]  maxor  [7] RESET
GND[3 L [6] NC.
PFl [4 5] PFO
DIP/SO

CIRCLE 22 ON FREE
INFORMATION CARD

The chips offer different
trip thresholds. The
MAX705 and MAX707
have 4.65-volt thresholds
(for 5-volt +5% supplies),
and the MAX706 and
MAX708 have 4.4-volt
thresholds (for 5-volt
+10% supplies). Three-
volt versions of the
MAX706 and MAX708
have thresholds of 2.63,
2.93, and 3.08 volts.

The devices are available
in space-saving 8-pin DIP
and SO packages. Be-
cause they do not require
external passive compo-
nents or clock signals, they
simplify the design and
layout of the host circuit
boards.

Each ICissues arest sig-
nal when the supply volt-
age falls below its thresh-
old—during power-up,
power-down, power brown-
out, or momentary power
interruption. Reset asser-
tion is guaranteed for a
voltage as low as one volt.
All the supervisory IC's
have a debounced manual-

reset input that lets the

. user generate reset pulses

on command. An included
independent comparator/
reference circuit can
monitor a supply voltage,
battery voltage, or other
voltage source.

The MAX705 to
MAX708 supervisory IC's
are priced from from $0.88
to $1.09 in quantities of
25,000 pieces.

MAXIM INTEGRATED
PRODUCTS

120 San Gabriel Drive
Sunnyvale, CA 94086
Phone: 408-737-7600,
ext. 6087

MODULAR DIGITAL VOLT-
METER. All of the models in
this line of modular digital
voltmeters from Datel have
large (0.52-inch), 4Y%-digit
LED readouts, and each
measures only 0.85 x 0.56
X 2.17 inches.

The DMS-40PC volt-
meters are available in a
range of signal-input con-
figurations (% 2-volts DC,
+20-volts DC, and = 200-
volts DC), and primary
power options.
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The voltmeters are man-
ufactured by surface-
mount technology. Each in-
strument has a lasertrim-
med reference, is fully
encapsulated, and re-
ceives a 100% burn-in. All
models offer high-imped-
ance differential inputs, au-
tozero, and autopolarity
indication from an internal
stable reference circuit.
The voltmeters are suit-
able for panel or PC-board

mounting. The LED dis-

plays are offered in a range

of colors—red, green,

yellow, orange, and amber.
The DMS-40PC volt-

meters are priced stating at

$79 (854 in 100's).

DATEL, INC.

11 Cabot Blvd.

Mansfield, MA 02048

Phone: 508-339-3000

Fax: 508-339-6356

CERAMIC CHIP RESISTOR
NETWORK. This new small
ceramic chip resistor net-
work from Rohm is said to
eliminate problems en-
countered in picking, plac-
ing, and soldering conven-
tional resistor networks
with molded packages on
circuit boards. It is intend-
ed for high-density surface-
mount circuits such as
those found in notebook
and palmtop computers.

.......... L
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The MNR-32 resistor
network includes two re-
sistor elements in a
0.1x0.1-inch package.
The Ye-watt device is avail-
able with resistor values
from 100 ohms to 330 K.
The network has a rated
maximum voltage of 50
volts.

According to Rohm, the
network can be placed au-
tomatically because its pin-
out pitch is the same as
that for miniature molded
IC's. This network resistor,
with only two resistive ele-
ments, reduces compo-
nent count, assembly time,
and cost because two re-
sistors can be placed at the
same time as one.

The package has con-
cave electrodes and large

solder pads. Those fea-
tures assure a strong sol-
der bond.

The MNR-32 is sold on
reeled tape with 4000 units
per tape resulting in a unit
price of $0.03 each when
ordered in 50,000-piece
quantities.

ROHM CORPORATION
3034 Owen Drive
Antioch, TN 37013
Phone: 615-641-2020
Fax: 615-641-2022

SWITCHODE POWER SUP-
PLIES. This new series of
40-watt switching power
supplies from Sola provide
both AC and DC voltage
outputs. The GL Series
was designed to power
benchtop personal com-
puters, laptop and note-
book PC's, industrial con-
trol circuits, instruments,
and disk drives.

The GLD model has dual
outputs, and the GLT
model has triple outputs.
Each has an input range of
85 to 264 volts AC, and
120 to 370 volts DC. The
outputs are 5, 12, 15, or 24
volts, depending on the
model. Output ripple is

specified at 1% p-to-p max.

All models have auto-

2 £
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matic overvoltage, over-

load and 150% overload

protection, 16-millisecond

holdup time, a built-in EMI

filter, and protective fusing.

Cooling is by free-air con-

vection, and Molex con-

nectors are standard for

AC input and DC output.
GL power supplies are

priced at $85.

SOLA

1717 Busse Road

Elk Grove Village, IL

60007-5666

Phone: 1-800-TRY-SOLA R-E



Use The Free Information Card for fast response.

The ARRL Handbook for Ra-
dio Amateurs, 1993 Edition;
edited by Robert Schetgen,
KU7G. The American Radio
Relay League, 225 Main
Street, Newington, CT
06111; Phone: 203-666-1541,
$25.00 (plus $4 shipping).
The ARRL Handbook
has been the radio ama-
teur's "bible,” since the
1920's. It is a comprehen-
sive handbook covering
just about everything re-
lated to amateur radio. This
edition has 39 chapters
that cover everything from
the fundamentals of elec-
tronics and radio to guid-
ance on how to build your
own equipment. Significant
topics include modulation
methods, propagation the-
ory, test equipment, elec-
tromagnetic interference,
and how to deal with it. You
can also learn about simple
wire antennas and baluns
and slow-scan television.
The 70th (1993) edition
of the comprehensive, sin-
gle-volume handbook is ex-
tensively illustrated with
photos, graphs, diagrams,
schematics, and circuit-

G
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board foil patterns. It in-
cludes such new build-it
projects as a 4.5 to 25-volt,
2.5-ampere precision
power supply, a battery

posusnio 3Y, THE AMERICAN RADIO RELAY LEAGU
R S e e G

g

charger suitable for all lead-
acid batteries, a low-cost
high-frequency counter,
and a receiver spectral-dis-
play based on DSP.

TEST MEASUREMENT IN-
STRUMENTS CATALOG. Bel
Merit Corp., 17 Hammond,
Suite 403, Irvine, CA
92718-1635; Phone:
714-586-3700; Fax:
T4-586-3399; free.

Bel Merit's 12-page bro-
chure includes detailed
specifications and descrip-
tions of portable and
benchtop test and mea-
surement instruments for
student, technicians, hob-
byists and engineers who
test, repair, or assemble

=%
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electronic equipment.

The new products high-
lighted in the catalog in-
clude muiltifunction digital
multimeters, digital clamp-

on current meters, non-
contact voltage detectors,
continuity checkers, AC
circuit analyzers, and os-
cilloscope probes.

UNDERSTANDING TELE-
PHONE ELECTRONICS,
THIRD EDITION; by Stephen
J. Bigelow. Sams, Division
of Prentice Hall Computer
Publishing, P.0. Box 90,
Carmel, IN 46032; Phone:
800-428-5331 or
317-573-2500; Fax:
317-573-2665; $24.95.

This book provides a
comprehensive back-
ground on the way ad-
vancement in electonics
have improved telephone
communication. This third
edition updates the infor
mation of the author’s ear-
lier editions.

Understanding

Telephone
Electronics
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in the U.S. today, the
phone network permits
communication between
more than 100 million
phones. Advancements in
electronic technology have
improved the speed as well
as reliability of telephone
interconnection. Mr.

Bigelow's book explains.

how telephone con-
versations and data are re-
ceived, switched, and
transmitted.

It begins with an over-
view of telephone network-
ing that introduces you to
the basic telephone com-
ponents and explains how
they are connected to the
network. A discussion of
the non-electronic sound-
powered telephone is in-
cluded to give you a better
understanding of the fun-
damentals of telephones.

Such topics as analog
and digital signal process-
ing, telephone-line interfac-
ing, tone and pulse genera-
tion, and ringers are in-
cluded. Digital communica-
tion is introduced, and the
advantages and disadvan-
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tages of digital transmis-
sion are presented. You
can read about sampling,
coding, and the multiplex-
ing formats. A discussion
of the central office and the
differing transmission
modes is included. Bigelow
explains wireless tele
phones, cellular phone sys-
tems and other evolving
concepts.

WORD FOR WINDOWS DE-
SIGN COMPANION FOR VER-
SION 2; by Katherine Shelly
Pfeiffer. Ventana Press, P.0.
Box 2468, Chapel Hill, NC
27515; Phone:
919-942-0220; Fax:
919-942-1140; $21.95.
Word for Windows is in-
tended to replace cumber-
some existing software for
most desktop publishing
needs. Ms. Pfeiffer's book
tells you how to push Word
beyond simple word-pro-
cessing tasks and unleash
its graphics power. She has
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included step-by-step di-
rections and dozens of il-
lustrations created using
Word for Windows.

Now you can take advan-
tage of Word's desktop
publishing capabilities to
produce attractive newslet-
ters, brochures, business
correspondence, adver-
tisements, catalogs, re-
ports, forms, and surveys.
The book also explains pro-
duction shortcuts, helps
you to manipulate fonts,
and discusses printing
techniques. The examples
will inspire you to do your
own designs.

AERIALS; by Kurt N. Sterba
and Lil Paddle; Worldradio,
2120 28th Street, Sacramen-
to, CA 95818; Phone:
916-457-3655; $10 (plus $2
shipping and handling).

This book is a compila-
tion of articles on antennas
and feed lines that the au-
thors have had published in
Worldradio magazine. Kurt
N. Sterba and Lil Paddle
debunk many of the myths
and misconceptions about
amateur radio that have
their origins in equipment
and component manufac-
turers’ sales literature and
catalogs.

The style of the articles
is acerbic and irreverent.
Nevertheless, the result is
a sharp, witty dialogue be-
tween two experts. During
their lively discourse, the
authors reveal numerous
discrepancies found in
books on amateur radio,
catalogs, and sales liter-
ature. They have purposely
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included 11 inconsistencies
in the book, "to keep you,
the reader, alert.”

The spirit of the book
might best be summed up
by the publisher's dis-
claimer: “This book is sold
only for its entertainment
or amusement value. The
publisher makes no guar-
antee as to the technical
merit of any article. In fact,
itis rather doubted that any
antenna described by the
author will work any better
than a fifty-ohm resistor
dunked in transformer oil,
at the bottom of an elevator
shaft.” R-E

AMAZING

Remember those Martian

Space Ships in HG Wells o
War of the Worlds?
MYSTERY I

Levitating Device
Objects float on air and move to the

1 X \
touch. Defies gravity! Amazing gift, ‘ 1 é/\(
conversation piece, magic trick or ¥ .

TV & FM Joker/Jammer

great scientific project.

ANT1K Easy-Ass'y Kit/Plans$19.50 i Pocket size device lets you remotely ‘ x:tg&x g:a t::: E:; Sﬁggg
3MILE | disrupt TV or radio reception. Great | ’
FM Wireless | gag! Discretion required. Easy-build MORE Laser Kits!
Micro hOﬂE' electronlc kit. EJKIKM ... $19.50 | [ AS1KM 1mw Laser, 632nm, HeNe
icrop | Easy to Build Kit . .., . ... $69.50

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

@ | &
-l

100,000 V - 20 Range

\ Intimidation Device!
| Electronic module, may be enclosed

» ELECTRONIC
PRODUCTS and KITS

Laser Pen
Pen sized laser, great for movies,

= | drive- ins, pointer. Ready to use, with
batt's. LAPN1 Laser T Pen .

LAS4KM 3mw Version, Kit $99.50

| LATOS5 Low Cost HeNe Laser Tube!
.5mw Tube & Plans ..

$149.50

%= pocket Laser Kit ’
3mw or Smw kits, with solid state
670nm diode. Caution, Class Hia item.

only $24.50

nontechnical language, Harry
explains how, when, and where to listen
in. Its 320 heavnly illustrated pages are
packed with advice on:

The World is Talking!

Shortwave
Listening
Guidebook
by Harry Helms
Here’s your guide ‘
| to getting the most

from a shortwave
radio! In clear,

* antennas

* selecting the right radio
* accessories

* reception techniques
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children, invalids. Be the local DJ! for handheid, portabe, or fixed uses.

MVP1 Plans | bl
WPt ins |11 S50 | [ Pans e ) $100

3 MILE READY-TO-USE, AUTOMATIC
Telephone — | Phone Recordmg
Transmitter!  System

Complete with extended play tape

Automatically transmits 2 sides of
| recorder & fine interface switch.

phone conversation to any FM radio.
Tunabie, easy-assembly PC board. Automatically records both sides of
Operates only when phone is in use. conversation. Check Local Laws on
VWPM7 Plans ..., $7.00 | Proper Use! Ready-to-Use System.
VWPMK? Kit/Plans $39. 50

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

Order by Mail, or by
24 Hr Order Phone:

800-221-1705

Other parts available separately.
o | Grea Great Low Budget Science Project!

Shocker Force Field
Vehlcle Electrmer

Make hand shock balls, shock wands

TAP20X System ........ $149.50 | electrify objects, charge capacitors.
: Great pay back for those wise guys!
SHK1KM Easy-Assembly Kit$24.50

with many more /tems’
| FREE with order, or send $1 P&H

Learn how to hear the BBC, Radio
Moscow, ham operators, ships, even
spies and “pirate” radio stations! Includes |

| hundreds of station frequencies and the |
times you can hear them.

| Only $16.95 at radio equipment dealers,

| or order direct from HighText! Add $3
shipping ($4 Canada, $5 elsewhere). CA
add sales tax. U.S. funds only please.

HighText

publications inc.

| 7128 Miramar Road. Suite 15L
| San Diego, CA 92121
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( Now Touch And Test An

A Complete Waveform And
Circuit Analyzing System
Measure circuit parameters and view
ali of the waveforms shown in any
service literature with one complete
unit. The SC3100 is guaranteed to
increase your analyzing capabilities
with the push of a button.

Auto-Tracking Digital Readout Of
Waveform Voltage And Frequency
Measure the key parameters of any
waveform with one probe connection,
at the push of a button, for fast and
accurate troubleshooting.

=CHOIGE

yrang

Integrated Measurements Of All
Circuit Parameters

There's no need for a separate DVM

to analyze the rest of the circuit
parameters. Measure ohms and current
with an integrated, complete circuit
analyzer that provides you with
troubleshooting answers.

Full Performance, 100 MHz,
Dual Trace Oscilloscope

View any waveform quickly, easily,
and more accurately. The “fiddle free”
trigger controls provide rock solid
viewing of any signal and include a
special TV mode for complex video
waveforms. No signal is too large or
too small with our exclusive 2 mV to
2 kV-input range.
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\utorangeHIEROYEEEM ELSUrEMENtSUn ks Acti
T0 TRACKER”™ Automatic 100 MHz Waveform & Circuit Analyzer Offers:

Exclusive Autoranged Timebase
And Vertical Attenuators

No more time wasted turning knobs.
Simply set the Timebase and channel
attenuators to Auto and view the
waveform without resetting the controls
as you step through the circuit. This
allows you to concentrate on the

circuit - not the equipment.

Digital Delta Measurements
To Analyze Every Portion Of
Any Waveform

Highlight any part of a waveform
with Sencore’s exclusive Delta Bar
and analyze the amplitude, absoiute
DC, time, or frequency. No more
wasting time on graticule counting
or setting cursors.
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CAL

All Functions Microprocessor
Integrated For Ease Of Use

The SC3100’s analyzing speed will
increase your servicing capability. All
measurements are based on digital
circuits, not the analog CRT, for fast,
easy and accurate readings. There are
no hidden menus, no multiple function
buttons, no complicated setups and no
confusing on screen displays. Just push
a button and read the results on the LCD
display. Eliminates any chance of
measurement errors.

For More Information,

Call 1-800-SENCORE
(736-2673)

SENCORE



NTE’s parts catalog just
keeps getting better! Our new
1992-93 edition features:

® Qver a quarter of a miltion
U.S., Japanese and European
devices cross-referenced to
NTE’s 3,500 quality replace-
ment semiconductors —
avaitabie off the sheif!

m Easier to read, thumb-
through format

® Divided sections

Order your copy direct or
through your focal NTE
distributor. For your nearest
one, call NTE toli-free
1-800-631-1250 (inciuding
Canada) or (201) 748-5089.
FAX: (201) 748-6224.

S

.=,—-,1H
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ol &

SEMI(ONDII(TORS

(1 YES PLEASE SEND ME THE FOLLOWING 1

NUMBER OF COPIES OF NTE’S 1992 CROSS
REFERENCE: (715-PAGE PAPERBOUND CATALOG) I

Copies @ $4.95 ea.
Enclosed please find my check or money order I
for &

NTE’s new PC-based software
allows you access to the NTE
. cross reference of over
250,000 parts in about one
second. Check the coupon
box to receive more
information.

{U.S. funds oniy)

2 ALSO SEND ME INFORMATION ABOUT
NTE'S QUICKCross™ SOFTWARE!

Name

Company

Address

City

State Zip

Attach this coupon to your letterhead and mail to:
NTE, 44 Farrand St., Bloomfield, NJ 07003 EN 293
N I I N S S S .

NTE ELECTROICS, INC.

A WORLDWIDE REPUTATION FOR QUALITY,
SERVICE AND VALUE

QUICKCross™ software runs in MS-DOS on any IBM PC or compatible with 640K of
RAM, a small hard drive, and a 5'/4” or 3'/2" floppy drive. NTE's database occupies
only 2.1 Mbytes of hard disc space when loaded. It is a public domain release.
MS-DOS is a registered trademark of Microsoft Corporation. IBM is a registered
trademark of International Business Machines.
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EVERY FEW YEARS. AN ELECTRONIC
gadget comes along and
changes our lives. Devices such
as televisions, cellular phones,
VCR’s, and personal computers,
have had a profound impact on
how we live. Today's hot item is
the handheld camcorder. Fall-
ing prices, smaller sizes, and
greater quality have made them
quite common.

If you do a lot of camcorder
recording, you're sure to notice
that it's always harder to record
quality audio than it is to record
quality video. While the cam-
corder might be doing a great
job recording the picture, the
built-in microphone might not
be doing as well picking up the
sound. That's particularly true
for long-distance shots—re-
member that most lenses can
zoom in on a subject, but most
microphones can't.

Another difficult situation is
shooting a room full of people. If
there is a lot of background
chatter—and there usually is—
that’s what the camcorders in-
ternal mike will record. The
problem is caused by the auto-
matic audio-level control circuit

Wireless
. Camcorder

\

L

\ Microphone

|\ Add professional-quality audio
\‘ to your home videos with our
\wireless camcorder microphone—

that most camcorders use—it
can't differentiate between the
audio you want and the babble
you don't want.

The only sure-fire way to get
good audio, regardless of the
situation, is to use an external
microphone, especially if your
subject is at a distance. The
most convenient mike is a wire-
less mike, which is the focus of
this article. A good wireless
mike will guarantee quality au-
dio every time, regardless of the
distance to the subject. A wire-
less mike also eliminates re-
cording those annoying cam-
corder noises such as the sound
of the autofocus mechanism.

While camcorder prices have
fallen, microphone prices have
not. Unfortunately. a high price
does not always guarantee a
high-quality wireless mike. The
microphone we’ll present here
can be built from readily avail-
able, inexpensive parts. It takes
less than 30 minutes to assem-
ble, and requires no compli-
cated setup or adjustment
procedures. You don’t even need
any complicated test equip-
ment. The resulting quality will
surprise you.

. olesy \ for less than $15.00!
LAVAT LR
C Mic \

PAUL E. YOST

Operation

The wireless microphone is
basically a short-range. low-
power FM transmitter. The cir-
cuit. as shown in the block di-
agram of Fig. 1, consists of three
main sections: the microphone
element. the audio amplifier,
and the RF oscillator. Figure 2
shows the schematic.

The heart of the circuit is the
oscillator section, which is built
around a 2N3904 transistor
(Q1). A parallel-resonant LC, or
“tank” circuit, consisting of L1,
C2, and D2, determines the op-
erating frequency.

Varactor diode D2, a voltage-
variable capacitor, tunes the cir-
cuit. To understand how the
varactor works. recall that a ca-
pacitor is basically two conduc-
tors separated by an insulator. A
reverse-biased diode is similar
to a capacitor in that it has two
electrodes (the anode and the
cathode) separated by an in-
sulator (the reverse-biased
junction). Consequently, a re-
verse-biased diode acts like a ca-
pacitor. Although all diodes
exhibit that effect, a varactor di-
ode is designed to have as much
capacitance as possible.

An oscillator is basically an
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FIG. 1—BLOCK DIAGRAM. The circuit
consists of the microphone element, the
audio amplifier, and the RF oscillator.

supply by placing a DC offset
voltage on one of the inputs.
An op-amp is basically a dif-
ferential amplifier with two in-
puts and one output. One input
is inverting while the other is
non-inverting. A signal applied
to the inverting input will be
phase-shifted (or inverted) 180
degrees at the output. A signal
applied to the non-inverting in-
put will remain unchanged in
phase at the output. If a signal

FIG. 2—The wireless microphone is a short-range, low-power FM transmitter.

amplifier with positive feed-
back. In our circuit, feedback is
provided by capacitor C4, so
that the part of the oscillation
generated in the tank circuit is
coupled back from Q1's collector
to its emitter. Resistors R6 and
R7 bias Q1. Capacitor C3 is the
base bypass and R8 is the emit-
ter load. If you want to see the
oscillation, you can connect an
oscilloscope to the top of R8
with a x10 probe. The initial
oscillation should be some-
where between 60 and 110 MHz,
so a high-frequency scope must
be used. If an oscilloscope is un-
available, you can use a fre-
quency counter to check the
signal.

The audio amplifier is a 741
op-amp chosen because it is one
of the most common and ver-
satile op-amps. It is wired as an
inverting amplifier with a varia-
ble negative feedback gain con-
trol. The purpose of the op-amp
is to amplify the microphone
signal, and to electronically
tune the oscillator frequency.

An op-amp normally requires
a bipolar power supply. For-
tunately, op-amp circuits can be
made to operate from a single

FIG. 3—NORMALLY ONLY ONE OP-AMP
INPUT is used for the signal and the
other is referenced to ground.

BNy

QUTPUT

=

INFUT "

FIG. 4—IF ONLY A POSITIVE SUPPLY IS
USED, the output signal can only swing
positive.

is applied to both inputs simul-
taneously, their difference ap-
pears at the output, multiplied
by the gain of the circuit.
Normally only one op-amp in-
put is used for the signal and
the other is referenced to
ground as shown in Fig. 3.
Since the unused input is refer-
enced to ground, it effectively
stays at a zero-volt potential.

A TN Y & iV 3
Voo 1
%
Uy Mgl aa S8 nay e
L
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NO APPLIED
INPIUIT SIGMAL NPT SIGMAL

FIG. 5—WITH THE UNUSED INPUT refer-
enced to one-half of V¢, the output sig-
nal can swing both positive and negative
around the new reference.

Therefore, the difference be-
tween the two inputs is the in-
coming signal, which is ampli-
fied and passed through to the
output. This circuit works fine
when both negative and
positive supplies are used. How-
ever, if only a positive supply is
used, the output signal would
only be able to swing positive, as
shown in Fig. 4.

For the op-amp to work prop-
erly from a single supply volt-
age, the circuit must be able to
produce both positive and nega-
tive signal swings. The easiest
way to do that is to offset the
output reference above ground.
That's accomplished by refer-
encing the unused input to one-
half of V., instead of con-
necting it to ground. In our cir-
cuit, that’s done by the voltage-
divider network of R3, R4, and
R11l. The output signal can
swing both positive and nega-
tive, except that it does so
around the new reference as
shown in Fig. 5.

Normally, the DC component
of the output is removed before
the signal is passed on to the
next stage, usually by a coup-
ling capacitor. In this project,
however, we do not remove the
DC offset. Instead, it is used
later to tune the oscillator’s cen-
ter frequency.

The cathode of tuning ele-
ment (varactor D2) is connected
to V¢ sbC via coil L1, and its
anode is connected to the op-
amp output via R5. Since the
cathode is at V. and the anode
is at approximately one-half
Ve the varactor is reverse-bi-
ased, which is its normal oper-
ating condition.

One of the primary factors
that determines a capacitor’'s
value is the distance between its




plates. By controlling the
amount of reverse bias applied
to the varactor, we can control
the thickness of the varactors
barrier region, and con-
sequently the distance between
its “plates.” When you increase
or decrease the reverse bias, the
junction barrier increases or
decreases. This, in turn, de-
creases or increases the effec-
tive capacitance, and raises or
lowers the frequency of oscilla-
tion.

As mentioned earlier, the re-
verse bias is provided by the am-
plifier's DC offset, created by the
voltage divider on pin 3 of ICL.
Note that potentiometer RI1 is
part of that network. When you
vary R11, the offset voltage var-
ies as well. That, in turn,
changes the bias on the varac-
tor, which results in a frequency
shift of oscillation. That's how
the tuning is accomplished.

The other potentiometer, R12,
is used to set the amplifier’s
gain. As you increase R12%s re-
sistance, you decrease the
amount of negative feedback,
which then increases the signal
gain. The audio output rides on
the DC offset, and the offset pro-
vides the tuning bias. There-
fore, as the signal varies, so,
too, does the bias and the os-
cillator frequency. That's how
the frequency modulation (FM)
is produced.

In FM, the frequency of the
carrier varies with the frequen-
cy of the modulating signal; the
amount of variation or devia-
tion is determined by the ampli-
tude of the modulating signal.
In our case, the modulating sig-
nal is the audio picked up by the
microphone, so when you ad-
just R12 you are adjusting the
modulating signal's amplitude,
which increases its deviation.

A standard FM broadcast sig-
nal has a deviation bandwidth
(or carrier swing) of plus or
minus 75 kHz. That amount of
deviation is considered to be
100% modulation. For our
transmitter to work properly,
we'll need to adjust it to provide
approximately the same
amount of deviation.

The FM transmitter uses an
electret microphone. An electret
is a permanently polarized piece

of dielectric material, usually a
ceramic compound. It is formed
by heating the material and
then letting it cool in a strong
electric field. That realigns the
molecular structure of the ma-
terial so that it retains a mild
electric field after cooling.
(That's analogous to the way
iron can be made into a perma-
nent magnet.) The electret is
then used as the diaphragm or
moving part of the microphone.
The result is a small, though
very sensitive, high-fidelity mi-
crophone. The microphone also
contains an internal FET ampli-
fier that adds to the micro-
phone’s fidelity and sensitivity.

Although the wireless micro-
phone is battery operated, it
uses a Zener diode voltage reg-
ulator which is absolutely es-
sential for proper operation. A
fresh battery may start out at 9
volts but, over time, the voltage
slowly drops. Because the os-
cillator is voltage-tuned, it is
voltage-sensitive. Any change
in V. will shift the oscillator

transmitter, you should build it
on a PC board. Point-to-point
wiring could cause problems at
VHF frequencies because of too
much interconnection parasitic
capacitance. A foil pattern has
been provided so you can make
your own PC board. You can also
purchase a pre-made board
from the source mentioned in
the Parts List, as well as a kit
that includes a PC board.
Install all the parts on the
board as shown in parts-place-
ment diagram of Fig. 6. There is
room on the board to mount the
9-volt battery holder included in
the kit if you intend to install
the board in a large enough
case. A metal case, like the one
used for the author’s prototype
(see Fig. 7), will provide the best
shielding for the circuit. The
prototype’s case is also available
from the source mentioned in
the Parts List. If you use the
metal case, the PC board must
be cut between the two “CUT A”
points indicated in Fig. 6. Also,
the potentiometers must be

}< 33/ INCHES

Y

FOIL PATTERN for the wireless microphone PC board.

frequency. This is so critical
that even a 0.1-volt change can
shift the oscillator by 100 kHz or
more. Obviously, we want the
transmitter to stay on frequen-
cy so we must make sure that
Ve doesn’t change; the Zener
diode guarantees this.

Construction
Despite the simplicity of the

mounted on the underside of
the board with the battery hold-
er secured to the bottom of the
case and the PC board mounted
on “s-inch spacers (see Fig. 8).

Even though a metal case pro-
vides superior shielding, we
packaged the board in the
pocket-sized plastic case, and
the transmitter seems to work
just fine. However, to get the
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FIG. 6—PARTS-PLACEMENT DIAGRAM. There is room on the board for the 9-volt
battery holder if you are installing the board in a large enough case.

e iy
~ Wireless
Lameorder

- Microphose

FIG. 7—A METAL CASE, like this one,
provides the best possible shielding for
the circuit.

board to fit in that case, three
cuts must be made between the
“CUTA,”“CUTB,”and “CUT C”
points indicated in Fig. 6, and
R10, which connects to the an-
tenna, must be tack-soldered to
the end of L1. Also, the potenti-
ometer leads must be trimmed
as shown in Fig. 9 to decrease
their overall height so that they
fit in the case. The plastic case,
made by Pac-Tec, has a built-in
compartment for a 9-volt bat-
tery. Figure 10 shows how the
board fits in the Pac-Tec case.
The final component to con-
nect to the board is the anten-
na. A 30-inch length of wire is
recommended because that’s

isolation for the oscillator,
greatly enhancing its stability.
Unfortunately the 1K resistor
does decrease the unit’s range.
Without it, the signal will travel
about 300 feet. With it, the
range is approximately 100 feet,
which is comparable to most
commercially available prod-
ucts, and adequate for most vid-
€o production work.

Testing

Unless you have a defective
part or have misplaced some-
thing on the board, the trans-
mitter should work as soon as
power is applied. The easiest
way to test it is to tune a stan-
dard FM radio to an unused fre-
quency, and adjust R11 until
you hear your voice coming
from the radio’s speaker. It’s
usually easier to adjust R11 un-
til the microphone can be heard

FIG. 8—TO USE THE METAL CASE, the PC board must be cut between the two “CUT A”
points indicated in Fig. 6, and the potentiometers must be mounted on the underside
of the board.

the quarter-wavelength of 98
MHz (the center of the FM
band). But you are certainly free
to use whatever length antenna
works best for your needs, such
as the 12-inch telescopic anten-
na we used for the plastic case.

The antenna connects to the
collector of QI via a R10, a 1K
resistor. The resistor provides

over the radio, and then fine
tune the signal by adjusting the
receiver.

You will probably have to ad-
just R12 as well for the proper
volume level. Simply listen to
the signal on an FM radio; if R12
is set too low, the audio will
sound weak. If R12 is set too
high, the audio will be too loud



PARTS LIST

All resistors are Ya-watt, 5%.

R1—4700 ohms

R2, R7—10,000 ohms

R3—47,000 ohms

R4—27,000 ohms

R5—12,000 ohms

R6—22,000 ohms

R8, R10—1000 ohms

R9—100 ohms

R11-—50,000 ohms, potentiometer

R12—100,000 ohms,
potentiometer

Capacitors

C1—1 wF, 25 volts, electrolytic

C2—47 pF, 25 volts, ceramic

C3—0.001 wF, 25 volts, ceramic

C4—10 pF, 25 volts, ceramic

Semiconductors

IC1—741 op-amp

D1—8.2-volt Zener, Vo-watt

D2—MV2109 varactor diode

Q1—2N3904 NPN transistor, or
equivalent

S1—SPST switch

MIC1—electret microphone

Other components

L1—2.5 turns of #18 wire on a Y-
inch diameter form.

Miscellaneous: 9-volt battery and
connector, battery holder, project
case, PC board, 30 inches of an-
tenna wire, solder, etc.

Note: The following items are
available from Paul E. Yost, P.O.
Box 32291, Louisville, KY
40232:

e A kit of parts including the
PC board (no case)—$14.95
plus $1.50 S&H

e PC board only—$6.95
(postpaid USA)

e Metal project case (drilled
and with rubber grommets)—
$6.95 plus $1.75 S&H

Kentucky residents must please

add 6% sales tax.
e The Pac-Tec HML-9VB plas-
tic case sells for about $5. Call
Pac-Tec at (800) 220-9800 for a
distributor nearest you.

or distorted.

If you have any trouble. the
following steps should help you
locate the cause and solve it:

1. Check for 8.2 volts DC at the
cathode of D2. If a voltage is
missing or low. you either have a
bad battery, adefective Zener di-
ode, an open R9, or a short cir-
cuit on the board.

2. Check for 8.2 volts DC at the
transistor collector, pin 7 of IC1,

LR B AN
CUT DASHED LINE
WITH SNIPPERS.

POTENTIOMETER

PC BOARD

FIG. 9—TO USE THE PLASTIC CASE, the potentiometer leads must be trimmed as
indicated by the dashed lines to decrease their overall height so that they haveaslowa
profile as possible.

s ? el :

FIG. 10—HERE’S HOW THE BOARD fits
in the plastic case. Remember to cut the
board between the “CUT A,” “CUT B,”
and “CUT C” points indicated in Fig. 6.

and the R1-C] junction.

3. Check for approximately 4-
volts DC on pin 3 of 1C1. This
voltage should be variable by
turning R11.

4. Check for approximately 2.4-
volts DC on the base of Q1.

If any of the voltages in steps 2,
3, or 4 are missing or the values
are wrong, you have an open or
short circuit.

5. You can check for an oscilla-
tion at the emitter of Q1 by
using either a frequency coun-
ter or oscilloscope. Make sure
that the device you use will work
at 100 MHz or more. You must
also use a X 10 probe to make

FIG. 11—THE FM RECEIVER CONNECTS
to the external microphone input jack on
your camcorder.

this test. Any other probe will
load down the circuit and kill
the oscillation.

If the oscillation is present,
but below the FM frequency
range of 88 to 108 MHz, you
should be able to increase it by
turning R11. If you cannot ad-
just it high enough, then you
can compensate with coil L1,
which is simply three turns of
wire. Separating the windings
slightly will lower its induc-
tance and raise the resonant
frequency. Adjust L1 as much as
necessary until you are able to
correct this situation.

If the oscillator does not work,
but all the proper voltages are
present. then either Q1 or D2 is
probably defective.

6. If the oscillator signal is pres-
ent, but no audio is present,
then use an oscilloscope to
check for an audio signal at pin
6 of IC1 as you speak into the
microphone. Remember, the
signal should be riding a DC
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9245-XX $46.95
Make your printed circuit
manufacturing more productive
and more competitive. Success-
ully plan and manage each oper-
tion involved in manufacturing
printed circuits. 244 pp., Illus.
Counts as 2

Encyclopedia of
ELECTRONIC
CIRCUITS
VOLUME 2
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3138-XX $60.00
A GIANT ““Circuit Book’’ of
over 700 of the most widely-
used, state-of-the-art electronic
and integrated circuits ever com-
piled in a single source! The
perfect sourcebook for all levels
of electronics practitioners.
738 pp. Counts as 2

12th Edition
f12h
STANDARD
HANDBOOK
£

FOR
'ELECTRK:AL
ENGIMEERS

020975-XXX $104.50
The essential reference for all
electrical engineers. Completely
revised and updated, this classic
handbook covers the generation,
transmission, distribution, con-
trol, conservation, and applica-
tion of electrical power.

2,416 pp., 1,388 illus.,

430 tables. Counts as 3

reguicted pawer

SUPPLIES

3991 $39.95
Engineers and technicians will
find full coverage of standard
power supply sources. Covers
new frequency devices including
insulated-gate bipolar transistor
(IGBT), mos-controlled thyristor
(MCT). 464 pp., 365 illus.

3147-XX $38.95
Provides a ready source of basic
information on using program-
mable controllers to achieve a
wide variety of manufacturing
goals. You'll find flowcharts and
step-by-step explanations to
develop, improve, and monitor
process control.

304 pp., 187 illus. Counts as 2

Desior £ Fudd

ELECTRONIC
POWER
SUPPLIES

3540 $26.95
This guide brings you up-to-date
on today’s most advanced power
supply circuits, components,
and measurement procedures.
Covers switching rates up to
3-MHz and higher as well as the
20-kHz standard. 176 pp.

9255-XXX $105.00
“‘Outstanding, extensive refer-
ence to current technology of
electronics. Covers everything
from principles to applications. "
—Computer Book Review
2,528 pp., 1,800 illus.
Counts as 3

PRINTED |
CIRCUITS
WORKBOOK

SERIES

012742-XX $26.95
This sourcebook brings you
up-to-speed on all the latest
printed circuits manufacturing
tools, techniques, and processes.
230 pp., Mius. Softcover
Counts as 2

i SECRETS OF

RF

CIRCUIT
DESIGN

3710 $32.95
Understand the basics of
receiver operation, the proper
use and repair components in RF
circuits, and principles of radio
signal propagation from low
frequencies to microwave.

416 pp., 411 illus.

ELECTRONIC
MEASUREMENTS |

& TESTING
Pty )

003961 $39.95
Here’s your guide to basic elec-
trical measurements, component
measurements, system tests, and
performance verification. Most
of the methods and procedures
you’ll find here use available
off-the-shelf test equipment.
224 pp., 180 illus.

1938-XX $60.00
For quick-reference and on-the-
job use, this sourcebook puts
over 1,300 state-of-the-art
designs at your fingertips. From
A (alarm circuits) to Z (zero
crossing detector circuits) this
compendium excels in content,
scope, and design. 768 pp.
Counts as 2

DATA
COMMUNICATIONS|
FOR

ENGINEERS

025354 $29.95
Understand the latest data
communciations software sys-
tems and how they interface with
the hardware. This hands-on
guide emphasizes the practical
side of the field while keeping
mathematical theory to a
minimum. 192 pp., 30 illus.

009522
Stressing practical know-how,
this unique guide helps you
select and properly use the right
test equipment. It’s organized by
electronic function and includes
separate sections on analog and

$47.95

digital instruments, signal
generators, and oscilloscopes.
320 pp., Dlus.

LINEAR IC

2672 $49.50
This “‘one-stop’’ sourcebook
bridges the gap between data
books and the designer’s search
for the right component. Covers
how linear ICs are fabricated,
how they work, what types are
available, and techniques for
designing. 624 pp.

MASTERING
Electronics
Math - e

A practical toolbox reference for
anyone in the electronics field.
Phagan guides you through the
practical calculations needed to
design and troubleshoot circuits
and components.

352 pp., 270 illus.
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012739-XX $26.95
From the design, layout, and
specification guidelines to
material properties, this conve-
nient manual contains authori-
tative coverage of all aspects of
printed circuits engineering.
256 pp., Illus. Softcover
Counts as 2

COMPUTER
TECHNICIAN’S

HANDBOOK
3rd Edition

3279-XX $36.95
Perform routine maintenance
and diagnose and repair any kind
of computerized device. This
popular reference covers large
dynamic RAMs, 32-Bit proc-
essors, 80286, 80386, and
Z8001-Z8002 processors.

570 pp. Counts as 2
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The

McGraw-Hill
Handbook

of Essential
Engineering
Information
and Data

EJUP N.GANIC, |
TYLER G.HICKS J

| VO —

022764-XX $92.50
Get information for solving on-
the-job design, operation, and
analysis problems. This is the most
complete collection of engineer-
ing facts, figures, techniques,
and methods ever assembled into
a single source.

1,072 pp., 400 illus. Counts as 2

Joiw 0. L

037504 $39.95
Packed with simplified, circuit-
by-circuit  troubleshooting
examples, this handbook pro-
vides the practical know-how
you need to operate and
troubleshoot modern RF equip-
ment. 352 pp., 150 illus.

$17.95
This complete EPROM instruc-
tion manual provides a detailed
explanation of underlying
theory, plus 15 different pro-
jects, including programmers,
erasers, and EPROM-based
circuits. 240 pp. Softcover

004196 $47.95
Get concise information on all
the major materials used for
electrical engineering appli-
cations. This guide covers a full
spectrum of conductor, mag-
netic, insulating, and structural
materials, and more.

320 pp., Illus.

= System

Manual §

LI PETE

049530 $44.95
Keep the lines clean and fault-
free with this organized
approach to power systems
analysis. You'll apply theoretical
concepts to the solution of every-
day power systems problems
with the help of this book.
288 pp., 150 illus.

ST A N
|

ELECTRONIC
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3365P $24.95
Both a professional reference
and a study guide for the aspir-
ing technician, this is a well-
illustrated introduction to
modern communications. Use it
to prepare for your FCC General
Radiotelephone Operator Lic-
ense or CET exam.

704 pp. Softcover

050806 $54.95
This book emphasizes circuit,
transformer, and magnetics
design and it provides worked-
out examples of transformers,
currents, power levels, and
more. 550 pp., 250 illus.
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9244P $18.95
Written in a ‘‘cookbook’’ for-
mat, this source offers all the
guidance you need to understand
and use CMOS devices. It is
both a comprehensive, industry-
wide reference, and a valuable
collection of project ideas.

512 pp., Dlus. Softcover
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your copy send $6.25 plus $2.50 for shipping
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readers.
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516-293-2283

level approximately equal to
one-half of V.

If no audio appears on pin 6,
and R12 has no effect, then
check for a signal input on pin
2. If a signal is present there,
then IC1 might be defective. If
no signal is present, the micro-
phone might be defective.

Using the microphone

The best receiver for the wire-
less camcorder microphone is a
good-quality (sensitive) Walk-
man-type FM receiver because it
is portable and lightweight. The
only requirement for the re-
ceiver is that it must have a
headphone jack.

Tune the receiver to an un-
used frequency, and adjust the
microphone until you hear a
sound clearly over the radio’s
headphones. Now remove the
headphones from the receiver
and connect an audio cable (see
the Parts List) between the
headset jack on the radio and
the external microphone input
jack onyour camcorder (see Fig.
11). Experiment to find the max-
imum volume setting that can
be used without distortion.

For best results, the antenna
wire should be stretched out full
length, such as down the
wearer's back or side. Speaking
of antennas, many Walkman-
type radios use the headset wire
as their antennas. Unfor-
tunately, the audio cable used to
connect the receiver to the cam-
era is shielded, and does make a
good antenna. Thus, the range
of that receiver is limited to
about 25 feet. If you need great-
er range, you can either modify
the radio to accept an external
antenna or use a receiver that
already has a built-in external
antenna.

There are many applications
for this project other than for
camcorders. For example, when
used in conjunction with a
“boom box” receiver, it makes a
very effective portable public-
address system. It also makes
an inexpensive nursery
monitor. Another application is
for those of you who, like the
author, teach electronics: Stu-
dents always want to do “hands
on” work in the lab classes, and
this project makes an excellent
classroom lab. R-E




AUDIO LEVEL CONTROLLER

Build this programmable audio-level controller to tame your
receiver’s input and keep it in your ear’s comfort zone.

STEVE SZABO, N1AYO

HAVE YOU EVER BEEN STARTLED
when the audio from your radio
receiver went out of control and
nearly blasted you out of your
chair? Maybe you just turned
up the volume in an effort to
hear a distant station or a soft
voice, and within seconds an
unwanted burst of sound over-
whelmed you. If your answer is
yes, you need an automatic au-
dio level controller.

Not all transceivers and scan-
ners—even the most expensive
high-end products—have auto-
matic volume control circuits.
Now you can build the Audio
Leveler module to keep your re-
ceiver’s audio volume constant,
regardless of incoming signal
strength. It will work in your
ham receiver, scanner, marine
or other mobile transceiver, tele-
vision set, or stereo system.

The Audio Leveler is indepen-
dent of the host receiver’s vol-
ume control. You set its volume
to a comfortable level, and the
Audio Leveler locks in on that
setting. It amplifies desired low-
level audio signals while dis-
criminating against back-
ground noise and attenuating
strong random signals.

Circuit description

The heart of the Audio Leveler
is a Signetics NE577, a pro-
grammable, low-power inte-
grated circuit called a compan-
dor. The NE577, shown as a
simplified block diagram in Fig.
1, is packaged in a 14-pin DIP
The first question you might
well ask is: What is a compan-
dor, and what does it have to do
with audio leveling? The an-
swer is that it’s a circuit capable
of compressing and expanding
an input signal to remove noise
in a communications channel,
and one of its sections can be
organized to control audio in-
put signal level. The term is de-
rived from a contraction of the
two words compressor and ex-
pandor.

The compandor was de-
veloped as a discrete component
circuit for telecommunications
applications, primarily to re-
duce unwanted noise. The in-
put signal is fed to a compressor
stage which rectifies and condi-
tions it so that the input signal
level always remains above the
noise level. The conditioned sig-
nal is then fed to the expandor
stage which restores it to its ini-

tial volume level—any noise is
expanded below the audible
level.

The NE577 has both a com-
pressor and an expandor stage,
but the Audio Leveler uses only
the compressor stage which is
configured as a programmable
automatic level control (ALC).
The ALC accepts a range of in-
put signals, and produces a
constant AC output level. The
host equipment can have a vol-
ume control, but with the Audio
Leveler in your receiver, you will
only have to set the receiver’s
volume control once.

Figure 2 is the schematic for
the programmable Audio Level-
er. Only the compressor section
pins on IC1, the NEb77, are
used: pins 1 to 3 in the expan-
dor section are not used. The
ALC function is configured with
the rectifier at REcT,,, pin 10 and
GAINCELL;,, at pin 9 forming a
closed loop around the internal
op amp. Because the AC output
level of the ALC can be pro-
grammed, you can choose a re-
sistor value for a desired output
level.

The audio signal is fed simul-
taneously to both pins 10 and
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FIG.1—SCHEMATIC FOR THE AUDIO LEVELER. The audio output stage is not needed
if you can use the host receiver’s audio amplifier stage.
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FIG. 2—BLOCK DIAGRAM OF THE NES77 LOW-PQWER COMPANDOR. This IC com-
presses the input signal to eliminate noise and control range, and then expands it

again for normal listening

12. At pin 10, resistor R2, with a
value of 6.8 K, is shunted by
programmable resistor Ry,
which limits maximum gain to
prevent amplification of back-
ground noise. If resistor R2 is
6.8 K. R4 can be selected so that
an input signal below 10 milli-
volts will not be amplified with a
gain greater than 10. The cir-
cuit’s output remains at a con-
stant 100-millivolt (rms) level
for the range of input voltages
shown in Table 1.

The value of resistor Ry can

vary from 64.3 K to 715 K. de-
pending on input signal condi-
tions. A value of 715 K for Ry
was obtained in the prototype
by connecting a 680 K resistor
in series with a 33 K resistor.

If the input is 10 millivolts
(rms) and Ry is 715 K. the max-
imum circuit gain is limited to
10 for an output of approxi-
mately 100 millivolts. Increas-
ing the value of resistor R2 will
increase circuit gain and out-
put level. but reducing R, will
reduce the threshold level.

The crossover point of this
circuit is defined as that point
where the input signal is equal
to the output signal. All input
signals into the Audio Leveler
circuit above the unity gain-
level crossover point are attenu-
ated, while all signals below that
crossover point are amplified.
The optimum threshold level for
your application can be selected
by choosing a value of Ry, by
trial and error methods, within
the limits set by Table 1.

Where practical, the Audio
Leveler circuit should be in-
stalled within its host equip-
ment enclosure in series with
its volume control. Your receiver
or scanner might not have
enough space within its en-
closure to accommodate the Au-
dio Leveler, but do not alter the
layout of the circuit board to fit
a confined space unless you
have enough experience to solve
any interference, insulation, or
thermal problems that might
arise.

TABLE 1
DYNAMIC RANGE WITH
DIFFERENT X RESISTOR VALUES

For a 100-millivolt rms output for dif-
ferent values of gain:

(1) Set input voltage, and

(2) Set RX as follows:

Input Ry Gain
(volts,rms) (K ohms) (approx.)
1.0 6.43 1
0.050 136.0 2
0.100 715.0 10

Circuit construction
Conventional electronic cir-
cuit construction practice
should be followed in building
the Audio Leveler. The circuit
can be built on standard perfo-
rated circuit board with a 0.1-
inch grid, but a circuit board is
strongly recommended. A foil
pattern is provided in this arti-
cle if you want to make the
board. Alternatively, it can be
purchased as a separate item
from the source given in the
Parts List. Regardless of your
choice, be sure to drill holes in
the corners of the board at the
right locations for fastening it
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FIG. 4—MODULE ASSEMBLY AND TEST dlagram The stand-alone module can be
placed in a separate plastic enclosure with a battery for power.

within your intended enclosure
(host cabinet or separate plastic
box) before starting assembly
work.

Refer to the parts placement
diagram, Fig. 3. Insert all re-
sistors and capacitors in their
proper places. (Two resistors in

series might be required to ob-
tain the desired value of Ry.)
Then insert a recommended
socket for IC1. Insert the ends of
all input, output and power ca-
ble or twisted wires at the termi-
nals shown in Fig. 4.

Carefully check the module

PARTS LIST
All regigtors are Ya-watt, 5%

R1—100,000 ohms

R2—6800 ohms

R3--10,000 ohm, potentiometer, PC
board mourit

R4-—10 ohms

Ry—715,000 ohms, 680,000 ohms in
series with 33,000 ohms

Semiconductors

IC1—NE 577 unity-gain, programmable
low-power compandor (Signetics) or
equivalent

IC2—1.M78LO5SACZ 5-volt voltage reg-
ulator (Nationa!l Semiconductor) or
equivalent

IC3—LM3BE audio power amplmer (Na-
tional Semionductor) or equivalent

Capacitors

C1-C4,C7,C9, C10—10 pF,16 volts,
electrolytic

C5-—22uF, 10 volts, electrolytic

C6—2.2uF, 10 volts electrolytic

C8—0.001pF ¢

C11—220.F, 16 volts, electrolytic

C12—0.047 uF,

Miscellaneous: circuit board, experi-
menter's plastic enclosure (optional),
powar source (See text), twisted-wira
pairs or audio cable, solder, jacks and
plugs as required.

Note' The following parts are available,
from C & S Electronics, P.O. Box
2142, Norwalk, CT 06852-2142,
phone or fax: (203) 866-3208

_® Formed and drilled PC board—
$12.95

e Complete kit of parts excluding
power supply and cabinet—$24.95.
e An assembled and tested module
{Model ALC225C)-$32.95.

Please send check or money order only.
Connecticut residents add 6%. tax.
Add $3.00 for postage and handling.

o
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FOIL PATTERN for the audio leveler proj-
ect

for mistakes and inadvertent
solder shorts, and make all cor-
rections before inserting and
soldering IC2 and IC3. The Au-
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dio Leveler is a low-level audio
circuit, so trim all leads as short
as possible to minimize noise
interference. Then insert IC1 in
its socket.

The twisted-wire pair from
the prototype module'’s sPEAKER
OUTPUT terminals was termi-
nated with a Y4-inch open-frame
jack, and the pair from the
SIGNAL INPUT terminals was ter-
minated with a Y-inch plug.
The 8 to 15 volts DC are sup-
plied over a twisted pair. Select
jacks and plugs that interface
directly with those on your re-
Ceiver or scanner.

If you plan to install the mod-
ule within a receiver enclosure
and do not need the output au-
dio stage, omit the LM386 audio
power amplifier, IC3, and re-
lated components R4, C11 and
C12, and use the PREAMP OUTPUT
terminals for the circuit output.

If you plan to use the Audio
Leveler as a stand-alone ac-
cessory, put it in a separate plas-
tic experimenter’s enclosure as
shown in Fig. 4. If you want to
power the module with a bat-

tery, select an enclosure that will
accommodate both.

Circuit testing

Connect the completed mod-
ule to an 8- to 15-volt DC power
source such as a battery or uni-
versal AC-to-DC adapter with a
100-milliampere rating. (If you
plan to omit the power amplifier
stage, only 10 milliamperes will
be required. A standard 9-volt
transistor battery will meet this
requirement.)

Set an audio signal generator
at any frequency up to 1 kHz,
turn its output level to the mini-
mum setting, and connect it to
the siGNAL INPUT terminals.
Then place an AC voltmeter or
oscilloscope across the pPREAMP
ouTPUT terminals (see Figs. 2, 3,
and 4, two drilled pads next to
trimmer R3) to observe the in-
struments output.

Connect the SPEAKER OUTPUT
of the module to an 8-ohm
speaker. Set trimmer R3 to an
audio output level that is com-
fortable for you. Then connect
the siGNAL INPUT terminals of the

module to the external speaker
jack of your receiver, turn the
volume control to a minimum
level, and slowly increase the
setting until no further change
is noticed. To change audio vol-
ume, only trimmer R3 need be
set. As you increase the output
amplitude of the signal gener-
ator, observe the circuits out-
put on the AC voltmeter or
oscilloscope. Any change in vol-
ume will be slight if the circuit
is operating satisfactorily.

Amplifier not used

If you omit the output ampli-
fier stage, connect the module
in series with the input wire of
the host receiver’s volume con-
trol—not the wiper. (If you can
gain access to the host equip-
ment’s power supply, you can
also omit a separate power
source.) The host receiver’s vol-
ume control should remain fully
functional after the installa-
tion. The volume level of the
host receiver will stay nearly
constant, regardless of incom-
ing signal strength. R-E
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Here’s a DC power supply
that makes working on high-voltage

projects a breeze.

A VARIABLE HIGH-VOLTAGE POWER
supply can be a great con-
venience to have on the bench.
You can use it for servicing
tube-type equipment, checking
capacitors, and for general ex-
perimentation. This article de-
scribes the construction of a O-
to 250-volt, 100-milliamp regu-
lated power supply. The supply
is short-circuit protected and
has an output impedance of 15
ohms. Output noise is less than
20 millivolts rms, while the tem-
perature coefficient is only 0.03
percent per degree Celsius.

Operation

The circuit, shown in Fig. 1,
uses two standard filament
transformers to develop 300-
volts DC. Transformer T1 steps
down the 120-volt AC line power
to 25 volts, and T2 steps the
voltage back up to 120 volts. The
120-volt output of T2 feeds the
full-wave doubler consisting of
C7, C8, D1, and D2. Neon lamp
NE2 and R11 form a combina-
tion bleeder and high-voltage
warning light.

The heart of the circuit is IC1,

DAVID CUTHBERT

an LM317T regulator. The reg-
ulator is powered by 16 volts de-
rived from the secondary of T1.
Resistor R5 limits the current to
IC1 during short-circuit opera-
tion. Current flowing through
HV ADJUST potentiometer R12
generates a 1.25-volt drop
across R7. If the power supply
output voltage drops, IC1 turns
Q1 on harder and raises the
supply voltage. Resistor R3 im-
proves the regulation by main-
taining a minimum of 3
milliamps through IC1, and R2
is a parasitic oscillation sup-
pressor for Q1.

Components R1, R4, and Q2
form the current-limit circuit,
which works as follows: When
100 milliamps flows through
R1, the resulting 0.7-volt drop
turns Q2 on, which then steals
the base drive to @1 and limits
the supply current. A 1-milli-
amp analog meter is used to
read 250 volts or 100 milliamps
full-scale. When reading volt-
age, the meter is connected be-
tween the emitter of Q1 and the

negative output terminal
through R6, R8, and R9. When
reading current, meter M1 is
connected across current-sense
resistor R1 through calibration
trimmer R6. Diode D4 protects
the supply against reverse cur-
rent from the load. Switch Sl-a
turns power on and off, and S1-
b disconnects the output when
the supply is switched off.

Construction

No PC board was used to build
the prototype power supply. In-
stead, most of the power supply
circuitry is contained on a 44-
pin edge-connector perforated
construction board (see Fig. 2),
which plugs into a matching
edge connector that is mounted
to the bottom of the cabinet
with a couple of standoffs. The
plug-in board makes the supply
easier to build and to service, if
that becomes necessary, in the
future. However, the power-sup-
ply construction is not critical
to its operation.

Power transistor @1 must be
heatsinked. The heatsink for Q1
measures 3 X 3 inches square
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FIG. 1—HIGH-VOLTAGE DC SUPPLY. The circuit uses tw

volts DC.

FIG. 2—MOST OF THE CIRCUITRY is
contained on a 44-pin edge-connector-
perforated construction board.

with l-inch cooling fins, and is
mounted on the outside rear
panel of the metal cabinet,
which measures 8 x 6 x 5
inches. The case of QI can be
more than 400 volts above
ground, so make sure you
mount it with sufficient insula-
tion and put an insulating cover
over Q1 to prevent a shock haz-
ard. The fuse holder is mounted
on the rear panel.

Switches S1 (rower) and S2
(METER), which must both be
rated for 250 volts AC. are
mounted on the front panel of
the cabinet, along with the
meter (M1), HV ADJUST
potentiometer R12, output
jacks J1-J3, and neon indicator
NE1. Diode D5 is soldered di-
rectly across jacks Jl and J2.
Figure 3 shows an internal view
of the prototype.

* 1 MUST BE HEATSINKED

otransformers to develop 300-

FIG. 3—PROTOTYPE POWER SUPPLY. Everything fits neatly in the metal cabinet that

measures 8 X 6 x 5 inches.

Calibration

During calibration, be very
careful. as 300 volts will give you
quite a shock! Set your DVM to
the highest DC-voltage range,
and connect it to the power sup-
ply outputs. Switch the supply
on, and turn the Hv ADJUST knob
to maximum. Adjust nv Limir R7
for 260 volts. Switch the supply

off. and set the DVM to the 200-
milliamp range. Switch the
supply on, and turn the uv ap.
JusT knob to maximum. The
supply should limit at about 100
milliamps. Adjust the current
meter calibration trimmer R6
so the current meter agrees
with the DVM. Switch the DVM

continued on page 56



Learn how crystal-controlled oscillators produce
precise, stable output frequencies

by building the circuits.

DAN BECKER

THE CRYSTAL-CONTROLLED OS-
cillator has provided stable tim-
ing and frequency signals for
years, and is now an integral
part of products ranging {from
watches and computers to
handheld transceivers and sat-
ellite receivers. First introduced
in vacuum-tube form, most are
now transistorized. The word
quartz in advertising copy and
specification sheets is the clue
that they're inside. A time or fre-
quency base derived from a res-
onating quartz crystal is the
next best thing to a national
time standard.

In the first installment of this
two part series, resonators
based on the piezoelectric effect
were introduced. It was pointed
out that a piezoelectric crystal
produced electricity if it is sub-
jected to physical stress and.
conversely, the crystal is phys-
ically distorted if a voltage is im-
pressed across its faces. Both
properties are put to use in
depthfinder transducers.

In fact, the first practical ap-
plication of a piezoelectric crys-
tal was as a transducer to
generate and receive sounds
underwater for the detection of
submarines during World War L.
Later, crystal loudspeakers, mi-
crophones, and phonograph
pickups were developed. The
first quartz crystal-controlled
oscillator was introduced in the
19205.

Synthetic or cultured quartz

RYSTAL

OSCILLATORS

is now the dominant material of
both crystal resonators and fil-
ters. The desired physical and
electrical properties are ob-
tained by cutting the quartz
blank according to a set of strict
rules. Packaged quartz crystal
resonators are available as low-
cost catalog items, and if you
can't find the frequency you
need, you can order a custom-
made resonator.

All this is background to the
subject of crystal-controlled os-
cillators. This article covers the
fundamentals of all tran-
sistorized oscillator circuits,
and includes five schematics
and eight tables covering crys-
tal-controlled oscillators com-
plete enough for you to build
your own circuits for personal
instruction, experimentation
or to meet a specific project re-
quirement. All of the compo-
nents are low in cost and readily

available through retail stores
or mail-order houses.

What is an oscillator?

An oscillator is a circuit that
generates a specific frequency
and maintains that frequency
within limits. A transistorized
inductance-capacitance (LC)
oscillator depends for its opera-
tion on the resonant inter-
change of energy between a
capacitor and inductor for its
operation; a transistor ampli-
fier supplies pulses of energy of
the proper phase and magni-
tude to maintain oscillations.

When used in oscillator cir-
cuits, transistors become con-
verters that change DC elec-
trical energy from the collector
power supply into AC energy in
the output circuit. The amplify-
ing characteristic of the tran-
sistor maintains the circuit
oscillations.

MON SOILUOI03(T ‘661 Aeniqad

E
~



Electronics Now, February 1993

F
(- -]

Two conditions are necessary
to sustain oscillations. First,
the feedback voltage from the
collector circuit must be in
phase with the original excita-
tion voltage on the base—that
is, the feedback must be
positive or regenerative. Sec-
ond, the amount of energy fed
back to the base circuits must
be sufficient to compensate for
the energy losses that occur in
the base circuit.

It is useful to review the con-
cept of Q before discussing os-
cillator operation. Q is defined
as a figure of merit in a resonant
system. Equal to the reactance
divided by the resistance, it rep-
resents the ability of the device
or network to sustain oscilla-
tions with minimum feedback.
In short, the higher the Q the
more efficient the resonator.

The intrinsic Q of quartz is 10
million at 1 MHz. Although the
Qvalue for a mounted resonator
crystal is reduced to levels of
20,000 to well over a million, it
is still orders of magnitude bet-
ter than the best LC resonator
or tank circuit.

Crystal oscillator theory.

The very high Q of a crystal
oscillator significantly reduces
frequency drift caused by tem-
perature and power supply volt-
age variations. Moreover, crys-
tal-controlled oscillators gener-
ate less noise than conventional
oscillators with LC tank cir-
cuits, so they have a purer out-
put signal.

The simplest crystal oscillator
consists of a single bipolar tran-
sistor with a simple feedback

network. Figure 1-a shows a.

block diagram for a generic
crystal oscillator. Here, an NPN
amplifier is connected in three
feedback circuits. Appropriate
DC bias is assumed but not
shown. Figure 1-b is an equiv-
alent circuit with components
L1 and C1, and C2 shown. All of
the crystal oscillator circuits to
be discussed here have the
same basic topology, and in-
clude at least two capacitors
and an inductor. The crystal can
be considered to be part of the
feedback circuit.

Capacitors C1l and C2 include
residual transistor and junc-

tion capacitance. Capacitor C2
can be equivalent to a parallel
combination of an inductor and
a capacitor. This pair functions
as the crystals third overtone
selector because it is capacitive
only at the crystal’s overtone fre-
quency, and inductive at its fun-
damental. Thus, an inductor
located at C2 prevents oscilla-
tion at the crystals fundamen-
tal frequency.

s
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FIG. 1—BASIC OSCILLATOR CIRCUIT
showing equivalent components, a and
the circuit redrawn to show a feedback
network, b.

In addition to amplification
and feedback, an oscillator re-
quires limiting, which occurs
when an increase in the input
signal no longer produces an in-
crease in the output signal.
Thus, the oscillator's output
reaches a limit and stays there.

Some oscillator circuits are
named for a circuit charac-
teristic such as electron-cou-
pled or phase-shift. However,
many oscillators are named for
their inventors: Among these
are Butler, Colpitts, Hartley, and
Miller. Five inventor-named cir-
cuit have been selected for this
article; three are crystal-con-
trolled versions of the Colpitts
oscillator, one of the Pierce os-
cillator, and one of the Butler
oscillator.

The standard Colpitts crystal-
controlled oscillator has rigid
load and tuning requirements,
while the two semi-isolated ver-
sions are less temperamental,
and are recommended as better
choices for general-purpose ap-

FIG. 2—A STANDARD COL
tal-controlled oscillator.

plications. If you want very pre-
cise output frequency, the
Pierce crystal oscillator is your
best bet. However, if you want to
experiment with oscillators,
you'll find that the Butler circuit
oscillates even without a crys-
tal, you can observe the results
with the crystalin or out. Table 1
compares the characteristics of
each of these circuits.

Colpitts oscillators

Two versions of the Colpitts
crystal-controlled oscillator are
presented here: the standard
and the semi-isolated. The stan-
dard circuit, shown in Fig. 2, is
sensitive to variations in both
crystal and load resistance. In
addition, its output power is
limited to less than half of the
crystal’s power dissipation.
But, it still a popular circuit.

Resistors R1, R2, and R3 DC
bias transistor Q1. Potentiome-
ter R2 allows up to about 1.5
milliamperes of emitter cur-
rent. Capacitors C3, C4, and C6
bypass radio frequency at
XTAL1's operating frequency
(fundamental or overtone). Ca-
pacitor C2 functions like the
feedback base circuit capacitor
Cl in Fig.1. At XTALIs operat-
ing frequency, L1 and C5 have a
net capacitive reactance, and
thereby form collector circuit
feedback capacitor C2.

For overtone crystals, L1 and
C5 act like an overtone selector,
preventing oscillation at the
crystal's fundamental frequen-
cy. Trimmer capacitor C1 fine
tunes feedback element L1. As
the value of Cl1 is made smaller,
the oscillator’s output frequen-
cy increases.

Toorganize astandard Colpit-

PITTS crys-
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ts oscillator for your specific
output frequency require-
ments, refer to Table 2. Note
that frequencies from 1 MHz to
30 MHz are obtained with the
fundamental mode, and fre-
quencies from 35 to 60 MHz are
obtained with a third-overtone
crystal. The values for C2, C4,
and C5 are given in picofarads,

and the values for L1 are given

in microhenries.

Semi-isolated Colpitts

Two versions of the semi-iso-
lated Colpitts oscillator are de-
scribed here. The first, shown
in the Fig. 3 schematic, in-
cludes a fundamental-mode
crystal. The second, shown in
Fig. 4, is the same as that
shown in Fig. 3 except that it
includes overtone selector L1,
C6 and radio-frequency bypass
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Thus the circuit has its own
built-in buffer that can drive
low-impedance loads without
detuning the oscillator.

However, as with the stan-
dard Colpitts circuit, the crystal
is shunted by the emitter-base
junction of the transistor—a
low impedance. This lowers the
oscillator’s Q from tens of thou-
sands to a few thousand, reduc-
ing its frequency stability.
However, for most practical ap-
plications its stability is more
than adequate.

Refer to the schematics
shown in Figs. 3 or 4. In both
circuits, resistors R1, R2, and
R3 apply DC bias to transistor
Q1. RF bypass capacitor C6
grounds one end of Tl's pri-
mary. Capacitors C2, C5, and
crystal XTALI form a feedback
network as discussed earlier in
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FIG. 3—A SEMI-ISOLATED COLPITTS OSCILLATOR with a fundamental-mode, paral-

lel resonant crystal.

capacitor C3. Its operation re-
quires a third-overtone crystal.

In both circuits, RF trans-
former T1 takes an output sig-
nal from Ql's collector current,
but Tl is not part of the os-
cillator's feedback network. In
addition, the output power is
up to 100 times the crystal’s
power dissipation. Therefore,
15 milliwatts of output can be
obtained with only microwatts
of crystal dissipation! Moreover,
if the output transformer is
tuned to a harmonic of the os-
cillator’s frequency, the RF load
current is effectively isolated
from Ql’s fundamental RF cur-
rent. Therefore, variations in
the load or T1 do not affect os-
cillator tuning.

For example, if a 10-MHz crys-
tal is used, the RF transformer
can be tuned to 20 MHz, 30
MHz, 40 MHz, or higher MHz.
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FIG. 4—A SEMIFISOLATED COLPITTS OSC

and overtone selector.

reference to Fig. 1. Trimmer ca-
pacitor C1 serves the same func-
tion as it does in the standard
Colpitts circuit. Transformer T1
and trimmer capacitor C3 (with
C4) form a parallel resonant
tank tuned to the desired out-
put frequency.

If the output frequency is to

PN %
ILLATOR with a paral

be the same as the crystal’s fre-
quency, use the component val-
ues given in Table 3 or Table 5.
(Tables 3 through 6 contain
specifications information on
winding transformer T1, which
is explained under the Con-
struction section) In this case,
the oscillator, the load, and T1
are all tuned to the same fre-
quency, and each affects the
tuning of the other. (The load
resistor R, should initially be a
Va-watt resistor).

If the output frequency is to
be a harmonic of the crystal’s
frequency, use the component
values given in Table 4 or table
6. As mentioned earlier, this ar-
rangement isolates T1 and the
load, enabling the circuit to
work with a wide range of load
impedances.

The semi-isolated Colpitts os-
cillator shown in Fig. 4 requires
a third-overtone crystal. There-
fore, L1 and C5 appear capaci-
tive at the third overtone, but
they appear inductive at the
crystal's fundamental frequen-
cy; together they form the col-
lector circuit feedback element
C2 shown in Fig. 1. Capacitor
C6 bypasses DC-bias resistor
R3, but it is most effective at the
overtone rather than the funda-
mental frequency.
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lel resonant crystal

Pierce oscillator.

The best feature of the Pierce
crystal oscillator, shown sche-
matically in Fig. 5, is its very
high operating Q. That very
high Q is maintained because
the crystal is connected be-
tween Ql's base and collector (a
high impedance). This os-
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FIG. 5—A PIERCE CRYSTAL-CONTROLLED OSCILLATOR with a parallel resonant

crystal.

cillator provides a very stable
and accurate output frequency
up to about 75 MHz. It is possi-
ble to tune this oscillator to
within a few hertz of the desired
frequency and expect it to re-
main stable there (when held at
constant temperature).

If an oven-controlled crystal is
used, frequency change will
only be several hertz over a wide
temperature range. However,
the Pierce oscillator does not of-
fer very high output power.
Moreover, it requires a very high
load resistance of about 3000
ohms.

Resistors R1, R2, and R3 es-
tablish the DC-emitter current.
Capacitor C5 bypasses RF at all
frequencies, while C4 bypasses
RF current at the desired oper-
ating frequency (fundamental
or, overtone only). Capacitor C2
is base circuit feedback element
C1 as shown in Fig.1, and the
parallel network of C3 and L1
yields a net capacitive reactance
at the operating frequency and
is analogous to collector circuit
feedback element C2 as shown
in Fig. 1. Crystal XTAL1 forms
feedback inductor L1 of Fig. 1,
and as with the Colpitts os-
cillator, trimmer capacitor Cl
fine tunes the circuits operat-
ing frequency:.

The component values of the
Pierce oscillator also depend on
frequency and are given in Table
7. Note that a fundamental-
mode crystal permits frequen-
cies from 1 to 25 MHz, while a
third-overtone crystal is re-
quired for output frequencies
from 30 MHz to 75 MHz.

If a load resistance of the

circuit operates at series reso-
nance, making it look resistive
in the circuit. It is possible to
substitute a 47-ohm resistor for
the crystal and tune the circuit
to a wide range of frequencies
with variable inductor L1. But
the circuit is so sensitive to vari-
ations in load resistance that a
fixed resistive load must be con-
nected to its output.

Resistors R1, R2, and R3 set
the DC-emitter current. Bypass
capacitors C1, Cb, and C2 place
transistor Q1 in a common-base,
configuration, couple the collec-
tor to the load, and bypass the

FIG. 6—A BUTLER CRYSTAL-CONTROLLED OSCILLATOR with a series-resonant

crystal.

Pierce crystal oscillator is to be
less than several thousand
ohms, a 1- to 5-picofarad coup-
ling capacitor must be used at
C5 to prevent the low resistance
of the load from detuning the
circuit and preventing circuit
oscillation.

Butler oscillator

Aschematic of a Butler crystal
oscillator is shown in Fig. 6. The
Butler oscillator demonstrates
what is known as input-resis-
tance limiting. Transistor Ql's
DC-emitter current is directly
proportional to the strength of
the radio frequency input sig-
nal; in addition Q1s RF-input
resistance of approximately 40
ohms is inversely proportional
to the DC-emitter current.
Therefore, as the RF feedback
increases, Ql's DC-emitter cur-
rent increases, but its RF-input
resistance decreases. As Ql’s
RF-input resistance decreases,
its RF gain also decreases, and
this causes the output signal
strength to reach a plateau.

The Butler oscillators crystal

positive supply lead, respec-
tively. The feedback elements
consist of capacitors C3 and C4,
and inductor L2. The capaci-
tors act like the base and collec-
tor elements C2, and Cl and
inductor L2 act like the feed-
back circuit L1 in Fig.1.

Crystal XTAL1 feeds some of
the RF output energy back into
the emitter. Because the crystal
behaves like a narrow bandpass
filter, the emitter current forms
clean sine waves that are low in
harmonics. Inductor L1 cancels
the detuning effects of the crys-
tal’s static capacitance C_. How-
ever, ifyou build this circuit, get
it to oscillate first without LI.
Then, after it is working, install
and fine tune L1 to obtain a pre-
cise output frequency.

Table 8 gives the values of the
components in Fig. 6 that are
shown without values. Note
that a third-overtone crystal is
necessary to obtain output fre-
quencies from 20 to 55 MHz,
while a fifth-overtone crystal is
needed to obtain output fre-
quencies from 60 to 100 MHz.
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Selecting components

Remember that many com-
mon passive electronics compo-
nents such as capacitors, re-
sistors, and inductors that
perform well at audio frequen-
cies become inefficient and
lossy in the radio frequencies.
For example, the parasitic in-
ductance of a wirewound re-
sistor can be significant in a ra-
dio- frequency circuit. Keep this
in mind when selecting o0s-
cillator components.

Power-supply regulation is
important for stable oscillator
operation. Low-Q oscillators
that are tunable over a wide
range of frequencies require
very stable, low-noise supplies,
but that is not a requirement for
high-Q crystal- controlled os-
cillators because they are gener-
ally immune to voltage spikes
and noise. Thus, while regula-
tion is important, it can be ob-
tained with low-cost integrated
circuit regulators.

Even with minimal regula-
tion, it is recommended that the
power supply positive voltage
lead be bypassed with a 6- to 10-
microfarad tantalum capacitor
and a 0.01 microfarad ceramic
disc capacitor. Capacitors suit-
able for RF bypassing and tun-
ing should have Q values of 100
or more, and most general pur-
pose ceramic disc capacitors
meet that requirement.

The crystal oscillators de-
scribed here need only one bi-
polar transistor. In general, any
NPN transistor with a gain-
bandwidth product of at least
650 MHz is suitable. Pos-
sibilities include the 2N918
(shown in all of the circuits in
this article), the MPSH-10, and
the 2N2857. The 2N918 is avail-
able in plastic packages and
metal cans. If you use 2N918's in
metal cans, be sure to ground
their cases. For frequencies be-
low 50 MHz, a 2N3904 switch-
ing transistor will perform
satisfactorily.

Inductor variety

Two basic kinds of inductors
(tuning coils) are generally
available: air wound, and core
wound. Most are wound from
number 20 to 40 AWG enamel-
coated magnet wire. Inductors

for RF circuits usually have
both magnetic and electrostatic
shielding. This is obtained by
winding the coil on an iron-
powder core, and then enclos-
ing the assembly in a small met-
al can.

Core-wound inductors offer
high Q', good temperature sta-
bility (usually +200 ppm/°C),
and are small. Powdered-iron
core materials are often mixed
with other materials to make
special powdered-iron alloys.
¥ach is formulated to yield a

{igh Q and optimum tempera-
ture stability over a specified
frequency range. Oscillators or
tuned circuits usually require
Q’s between 60 and 120. Before
selecting a coil, examine the
manufacturer’s data to verify
the coil's @ and usable frequen-
cy range.

Winding transformers

You can make your own radio-
frequency transformer T1 for
the semi-isolated Colpitts crys-
tal oscillators shown in Figs. 3
and 4 from the toroidal cores
and magnet wire specified in Ta-
bles 3 through 6. Under the col-
umn heading T1 (primary)
these tables give the total
number of primary turns, the
wire gauge, and the designation
for the appropriate core (e.g.
T-80-2, T-50-2, T-50-10,
T-50-17).

The first letter in this core
code, T, stands for toroid, and
the first number stands for the
core outside diameter in frac-
tions of an inch (e.g. 80 =
80/100 inch, 50 = 50/100 inch).
The third number in the code
designates a specific powdered-
iron composition.

When winding wire on the
core, first wind on approximate-
ly 12.5% of the total primary
turns on the core (or three
turns, whichever is larger).
Then make a tap by twisting to-
gether several inches of wire to
form a loop, and continue wind-
ing until all the primary turns
have been wound. The loop can
then be formed into a tap by cut-
ting the loop and scraping the
insulation off of the ends. This
tap is then ready to be con-
nected to Q1l's collector as
shown in Figs. 3 and 4 and sol-

dered during the circuit assem-
bly procedure.

The secondary of transformer
T1 should reflect the load im-
pedance shown on the sche-
matics of Figs. 3 and 4 (at the
primarys tap). The turns ratio
between the secondary and the
primary’s tap should be the
square root of tap resistance di-
vided by load resistance. The
secondary winding can be
wouund from the same gauge
wire as the primary.

For example, to reflect a tap
resistance of 500 ochms, a 50-
ohm load would require a pri-
mary-tap to secondary-turns
ratio of 3.16:1 (the square root
of 500 divided by 50). Therefore,
if the primary tap consists of
three turns, use a one turn sec-
ondary. After you find that the
circuit oscillates with the initial
transformer, you can experi-
ment by substituting other
transformers with different
turns ratios.

Oscillator construction

Carefully designed printed-
circuit boards are preferable to
standard perforated boards as
substrates for radio-frequency
oscillators to minimize noise
and interference. When build-
ing radio-frequency circuits, it
is important that all compo-
nents be inserted so they lie as
close as possible to the board.

Use coaxial cable or TV twin-
lead to conduct high-frequency
signals for any distances over
an inch. RCA-type audio con-
nectors work well up to frequen-
cies of 30 MHz, but BNC, F, and
equivalent 50- or 75-ohm con-
nectors should be used at the
higher radio frequecies. '

The Colpitts and Pierce crys-
tal-controlled oscillator circuits
discussed here include parallel-
resonance crystals, but the
Butler oscillator has a series-
resonance crystal. In all circuits
the crystals load capacitance
rating can be from 12 to 32
picofarads.

However, the higher frequen-
cies require a smaller load ca-
pacitance so the crystal will
provide enough inductive reac-
tance to prevent oscillation
above the desired frequency.
Therefore, a 12- to 20-picofarad
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load capacitor should be used in
circuits expected to operate at
frequencies above 15 MHz.
After building the standard
Colpitts oscillator, and before
trying it for the first time, set
variable capacitor C1 to its max-
imum capacitance value. The
following start-up directions
apply to all Colpitts oscillators
and the Pierce oscillator, but not
the Butler oscillator:
® Initially, couple a 4.7 K ohm
resistor to the 0.1 microfarad
load-coupling capacitor (C6 in
Figs. 2 and 5).
® Adjust trimmer potentiome-
ter R2 until the circuit oscil-
lates. When the circuit is
oscillating properly, a different
load resistor value can be sub-
stituted. For 0.1 microfarad
load-coupling capacitors, R,
must be a resistive load of 2 to
10 K ohms
® For coupling a low-impedance
load, use a 1- to 47-picofarad ca-
pacitor.
® [f the output frequency is to
be the same as the crystal’s reso-
nant frequency, refer to the
component values given in Ta-
ble 3 or Table 5. In this case, the

oscillator, the load, and T1 are
all tuned to the same frequency,
and each affects the tuning of
the other. Therefore, a V4 watt
resistor should be inserted ini-
tially at R, .

After completing the Pierce
oscillator, lightly couple a radio-
frequency or oscilloscope probe
to Ql’s collector with a 5
picofarad capacitor. Then care-
fully adjust trimmer potentiom-
eter R2 until the circuit oscil-
lates properly.

As stated earlier, a 47-ohm re-
sistor can be substituted for the
crystal in building the Butler
oscillator. The circuit can be
tuned to a wide range of fre-
quencies with the variable in-
ductor L2. Be sure to keep a
fixed resistive load connected to
the oscillator's output because
it is sensitive to variations in
load resistance.

It was also stated earlier that a
second optional inductor L1 will
cancel the detuning effects of
the crystal resonator’s parallel
capacitance C, Complete the
construction and make sure the
circuit oscillates before install-
ing L1 and fine tuning it.  R-E

RANDOM DOTS

continued from page 23

eyes slightly. If you do that, however,
the image will be inverted; whatever
would appear as floating above the
page would now be recessed.

Where do they come from?
Our random-dot images were
created on a PC with the Stare-FO
Workshop software from N.E. Thing
Enterprises (P.O. Box 1827,
Cambridge, MA 02139.
617-621-7174). The software lets
you turn graphics, text, and PCX
files into professional-looking ran-
dom-dot images. The $40 disk for a
PC-compatible computer can run
on nearly any machine. All it re-
quires is 512K of memory, and an
HGA, CGA, MCGA, EGA, or VGA
display. A mouse and hard disk
make the program a little easier to
use, but neither is required. The im-
ages you create can be printed on
most graphics printers. There's also
a Mac version of the software avail-
able for $35.
continued on page 90
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POWER SUPPLY : T »»PARlTS,LIST‘ . LI S
continued from page 46 ‘ R = PR R ‘:
s ; s TN o
Al resistors are Ya-watt, 5%, un- transistr, TO-3 typé {Radio"
¢ less otherwise noted. < +  Shack #276-2055) - s
" R1—6.8 ohms gl - Q2—2N3904 NPN transistor - g

’ R2—10 ohms .. Other components

- R3, R4—220 ohms “T o T, T2—120/25.2 volt c:s-ntﬂr- 5%
R5—470 chms, 1-watt ¢ tapped 2-amp power transformer &
.RE—1000-0hms, potentiometer  * Ji—banana jack, red sy
. R7—5000-chms, potentiometer J2—banana jack, black g e
QHB—ECI 000-ohms, potentiometer - J3—banana jack, green  « v

R9. R10—220.000 chms, “e-watt .

&

. . F1—ie-amp slow-blow fuse,, * gi
CR11—-470,000 ohms | 81, 52—DPDT SWIIEI'I””(GA

R12—1 megohm, panei-mount 250VAC) 7 ]
FIG. 4—THERE IS ONLY 20 MILLIVOLTS potentiometer © M1—1 milliamp panel- -mount DG R
of ripple in the 250-voit DC output. . Capacitors . meter ¢ < A N
- »C1—C4——O 01 uF, 500 volts ce- - NE1—neOn indicator’ lamp w1th 5
back to the voltage range and ramic disk « £, builtin series resistor az
adjust the v apjust knob for C5—0.1 wF, ceramic disk "NE2—neon lamp i 5

250 volts. Adjust the voltmeter

calibration trimmer R8 so the

meter reads full scale. 4
Although the outputs can

“float,” it's best to connect one of

them to the ground jack. Due to

the voltage rating of typical po- D1-D5--1N4005 diode {800V, 1A) . offs, knob for R12, wire, solder,

tentiometers we do not advise Q1—25C1308 NPN high-voitage* el =l it

floating the output more than .- =~ 7 S e < T T

e P

150 volts above ground. R-E . C T e

4

CE—220 uF, 26 volts, electrolytic

C7, C8—220 pF, 200 volts, 2
electrolytic ]

Semiconductors .

1C1—LM317T variable positive *
regulator

: Miscellaneous: Fuse hoider,
edge-mount perforated con-"
% struction board and matching ,
edge connector (optional, see <
text). enclosure, heatsink, TO-3%.
mounting hardware for C1, stand-



THE DEMAND FOR RESISTORS TO-
day directly reflects ongoing
changes in the design and pack-
aging of electronic products
worldwide. Carbon-film, and
metal-film fixed resistors with
ratings of Ys-watt or less have
displaced the carbon composi-
tion and wirewound resistors so
widely specified in the past. The
lower power requirements of to-
days integrated circuits, and
the incessant push toward min-
iaturization have led to wider
use of smaller. low-cost, low-
power resistors.

Thick- and thin-film resistive
networks permit automated as-
sembly of circuits, particularly
digital, where large numbers of
resistors of the same value are
specifiec. The chip resistor has
moved from its origins in
hybrid microcircuits to circuit
boards assembled by surface-

Learn more about

resistors—how they

are made, and how
to apply them
effectively in
your circuits.

RESISTORS

RAY MARSTON

mount technology (SMT). Some
other recent trends in resistor
specification include:

® Increasec use of fixed re-
sistors and resistor chips with
resistive tolerances of *1% to
+5 % in preference tothe +10%
to 20% acceptable in the past.
® Increased demand for planar
chip resistors and networks for
automated parts placement, in-
creasing component density
while saving PC board space
and cutting assembly labor
costs.

¢ Trimmer potentiometers
made to withstand automated
insertion or surface-mount
placement, wave soldering, and
high-pressure. water-based sol-
vent cleaning.

® Decline in the demand for
precision potentiometers be-
cause of the replacement of ana-
log functions that required
precise, repeatable setting with
digital circuitry.

Fixed resistors
Every material impedes the
flow of electric current to some
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extent. Materials such as cop-
per or silver offer very little resis-
tance to current flow, and they
are called conductors. Other
materials such as glass, ceram-
ics, and plastic offer high resis-
tance to current flow, and they
are called insulators. Electronic
circuits need components with
known resistance values in the
range between insulators and
conductors; those components
are called resistors.

The unit of resistance is the
ohm (represented by the Greek
letter (1) Resistance values in
thousands of ohms are ex-
pressed as kilohms (K or K
ohms) and in millions of ohms
as megohms (MEG or M ohms).
Nominal values of resistors are
given at an ambient tempera-
ture of 25°C. The graphical sym-
bol for a fixed resistor is shown
at the top of Fig. 1. The block
diagram “tree” illustrates how
fixed resistors are classified.

The resistance of any resistive
material is given by the follow-
ing equation:

R=pL/A

where R = resistance

p = resistivity of the material,
ohms-cm.

L = length of material, cm

A = cross-sectional area of ma-
terial, cm?

Resistivity p (Greek letter rho) is
an inherent property of materi-
als. Values of p for some com-
monly used materials are sum-
marized in Table 1.

The equation says that for a
material with a given resistivity,
the resistance varies directly
with length L and inversely
with cross-sectional area A. For
example, a long wire has greater
resistance than a short wire,
and a thick wire has less resis-
tance than a thin wire.

The voltage and current in a
resistor are related by ohm’s
law:

[=ER,E=IR,R=El
where E = voltage across the
resistor and I = current flowing
in the resistor.

Power P (in watts, W) dissi-
pated in a resistor can be stated
with any of the following math
expressions:

P = EI, = I?R, = E?R

A number of terms define a

resistor in addition to its nomi-

BYMBOL:

LRESISTOR. FIXED W i

]L

1 composmion LY

IREWOUND
(ACCURATE

WIREWOUND ] ]
W LPOWER W SPECIAL

= =TT

PRECISION

i .E'EIELSEMI-PRECISION \[

TABLE 1
RESISTIVITIES OF COMMON
MATERIALS

Material p. ohms-centimeter
Silver 1.5 x 106
Copper 1.7 x106
Aluminum 2.6 x 106
Carbon 30 x 10-6to

(graphite) 190 x 106
Nichrome 100 x 106
Glass 1010 — 1014

nal value in ohms: tolerance,
temperature coefficient of resis-
tance, power rating, and rated
continuous working voltage.

® Tolerance expresses the max-
imum deviation in resistance
from the resistor’s nominal val-
ue, expressed as a percent. Gen-
eral purpose resistors have
tolerances of 5%, =10%, and
+20%. Most carbon composi-
tion and carbon film, and some
metal-film and wirewound re-
sistors are in this class. The
*1% and *=2% semi-precision
class includes some metal-film
resistors and networks, while
the +0.5% and 1% precision
class includes those with metal-
film and wirewound elements.
e Temperature coefficient of re-
sistance {abbreviated TCR, or
tempco) states how the re-
sistor’s resistance changes with
temperature. TCR is usually ex-
pressed as parts per million per
degree Celsius (ppm/°C), and
can be positive or negative.
Semi-precision and precision
units typically have the lowest
TCRS.

FIG 1—THIS FIXED-RESISTOR FAMILY TREE shows how flxed resistors are
classified in industry by resistive element and power handling ability.

® Power rating is the maximum
continuous power, in watts,
that a resistor can dissipate at a
temperature as high as 70°C. At
temperatures beyond 70°C, the
power rating is reduced or de-
rated. A typical derating curve
for a resistor is given in Fig. 2.
® Rated continuous working
voltage (RCWV) is the max-
imum voltage that can be ap-
plied non-destructively to the
resistor.

® Noise. Electrons move ran-
domly in all materials and pro-
duce random voltages or noise.
Noise in resistors increases
with resistance value, operating
temperature, and thée band-
width of the circuit in which the
resistor is located.

Resistor classification
The blocks in Fig. 1 represent
the four most widely specified
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FIG. 2—A TYPICAL RESISTOR DERAT-
ING CURVE plots power against ambient
temperature, the temperature of the en-
vironment in which the resistor is oper-
ating.
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types of fixed resistor—carbon
composition, metal-film, car-
bon-film, and wirewound. The
“special” category includes such
products as high-voltage re-
sistors, chip resistors, and re-
sistor networks.

Table 2 summarizes the char-
acteristics of the most popular
fixed resistors. The values given
in this table state the typical ex-
tremes for any given resistor,
not what is readily available as a
commercial product. Manufac-
turers offer alimited selection of
resistors with preferred ratings
as standard catalog items.
Thus, it may not be possible to
obtain the exact resistor type
and value you need off-the-shelf
or from the catalog. Resistors
with an application-specific
combination of features can be
custom ordered.

The preferred values for all
fixed resistors are given later in
this article. It is important to
keep in mind that for many gen-
eral applications, more than
one resistor type will perform
satisfactorily. In those in-
stances, the purchase decision
will be based on lowest unit
price.

Carbon-composition resistors

Carbon-composition re-
sistors were, for many years, the
commodity products among
fixed resistors. Figure 3-a is a
cutaway view of the classical
molded carbon-composition re--
sistor. It has a resistance ele-
ment made by mixing graphite,
aform of carbon, with a suitable
viscous binder to form a uni-

form bulk resistive material.
These resistors were made by
inserting leads in the resistive
element, coating it with an in-
sulating jacket, and molding
the unit in a single step before
firing it under pressure at a
high temperature.

The resistance values of the
molded carbon-composition el-
ement can be altered by chang-
ing the ratio of carbon to binder
or the size of the element. An-
other form of carbon composi-
tion resistor that is made by
applying a thick film of carbon

in a binder on an insulating

mandrel was also introduced.

Carbon-composition re-
sistors can have resistance val-
ues from about 10 ohms to 22
megohms, and typical toler-
ances ranging from *5% to
+20%. Power ratings are 6 to 5
watts. Their temperature coeffi-
cients are typically greater than
500 ppm/°C. Continuous work-
ing voltages can be up to 350
volts. These resistors can ab-
sorb moisture in storage or
when not operating that will al-
ter their resistance values. They
generally recover after operation,
because heat drives out the
moisture.

Carbon-composition re-
sistors continued in use long
after cheaper carbon-film re-
sistors were introduced because
of their ability to withstand sig-
nificant overcurrents without
being destroyed.

Wirewound resistors
Wirewound resistors are clas-
sified as power or precision

TABLE 2—CHARACTERISTICS OF POPULAR FIXED RESISTORS*

Resistor Resistance | Tolerance | Power | Temperature Time
Type Range Range Range Coefficient Stability
(Ohms) (Percent) | (Watts) (ppm/°C) (1000 hours)
Carbon 1-100 MEG | =5-*20 1/8-5 +100-+1000 | *=5-+10%
Composition
Carbon 10-10 MEG | +0.5~-*10| 0.1-2 +100-+200 | +0.5-*3%
Film
Metal 0.2-10 MEG | =0.1—-+2 | 1/20-20 +20-+200 | =£0.1-+0.5%
Film
Cermet 10-20 MEG +1-=5 0.1-3 +50-+200 +05-+2%
Film
Wirewound
Power 0.1-1 MEG | =2-+10 | 5-1500 +20—+450 +2-+5%
Precision | 0.1-10 MEG | =.001—-=*1 0.4-2 +0.5-+50 +0.1-0.5%

*Includes general purpose, semi-precision, and precision

MOCLDED BODY

SOLID RESISTANCE
ELEMENT ;

e GOLOR CODE
IDENTIFICATION

EMBEDDED

LEAD

COLDR CODE
{DENTIERCAITON
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REGIGTANCE
ELEMENT
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TNSULATIGN CORTING
 MOLDED JACKET
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b
METAL FILM RESISIANCE
ELEMENT DEPDSITED 0N
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LEAD AND CAP TOLERANCE
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¢

FIG.3—The CONSTRUCTION OF AXIAL-
LEADED FIXED RESISTORS is shown
for carbon composition (a), wirewound (
b), and metal-film (c).

components, and both types are
made by winding resistance
wire on ceramic or epoxy marn-
drels and terminating each end
of the wire with a leaded end cap
as shown in Fig. 3-b.

Power wirewound resistors
are made by winding a single
layer of resistive alloy wire
around a ceramic mandrel. The
winding is then coated with an
insulating material such as
vitreous enamel (an inorganic
ceramic) or silicone to protect it
from moisture and damage
while insulating it from contact
with surrounding objects. The
winding can become hot in nor-
mal operation.

Resistance wire is selected for
uniform resistance properties,
low temperature coefficient,
and ability to withstand high
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temperature. Nickel-chromium
alloy (nichrome) is commonly
used to obtain high resistance
values, and copper alloys are
used for low resistance values.

Resistance values of commer-
cial power wirewounds range
from less than an ohm to great-
er than a megohm, and resistive
tolerances can be from *2% to
+10%. Power ratings can be as
high as 1500 watts and TCR's
can be as low as =20 ppm/°C. A
power resistor’'s normal power
rating can be doubled by insert-
ing it in an aluminum case with
heat-radiating fins, and mount-
ing the case on a heatsink.

Precision wirewound re-
sistors are usually made as mul-
tilayer coils wound on epoxy
mandrels. Copper-alloy resis-
tance wire is used for low resis-
tance values, and nichrome
wire is used for high resistance
values. Precision wirewound re-
sistance values range from less
than an ohm to 60 megohms,
resistive tolerances can be less
than 1%, and TCR’s can be as
low as 0.5 ppm/°C. Power rat-
ings, less important in their ap-
plications, are typically to 2
watts.

Metal-film resistors

Metal-film resistors are made
with different resistive ele-
ments, and they can be classed
as general purpose, precision,
and semi-precision. Thin films
include nickel-chromium alloy
that are less than one-millionth
of an inch thick; thick films in-
clude cermet and proprietary
metal glazes that are more than
one-millionth of an inch thick.
Metal-film resistors offer good
thermal stability and generally
low noise ratings.

Figure 3-c is a cutaway draw-
ing showing the general meth-
od for making most metal-film
resistors. Thin resistive films
are deposited on a long ceramic
rod or mandrel in a high-vac-
uum chamber by vacuum de-
position. By contrast, thick
films are applied by screening or
spraying resistive inks onasim-
ilar mandrel before the mandrel
is fired.

The mandrels are then cut
apart into individual resistor
bodies, and leaded end caps are

fitted on the ends. Trimming to
the nominal resistance value is
done with a laser in a closed-
loop circuit under computer
control. The resistive film is re-
moved in a spiral pattern whose
length sets the desired resis-
tance value. Insulating epoxy
jackets are then applied.

Nickel-chromium alloy metal-
film is suitable for a resistance
range of about 1 ohm to 1
megohm with tolerances as low
as *1%. TCR' can range from
as low as =25 ppm/°C to =200
ppny/°C. Power ratings can be
up to 5 watts, and working volt-
ages can exceed 200 volts.

Cermet-film resistor elements
are prepared by mixing precious
metal with a binder to form an
ink and screening it on ceramic
mandrels before the mandrels
are fired. Cermet resistors have
values to 10 megohms, resistive
tolerances as low as 1%, TCR’s
as low as 25 ppm/° C, and power
ratings to 3 watts.

Carbon-film resistors

Carbon-film resistors are
made in the same general way
as cermet metal-film resistors,
as shown in Fig. 3-c. These re-
sistors have gained in popu-
larity for general purpose ap-
plications because they cost less
than carbon composition re-
sistors. Because they are widely
used in protected, low-voltage
transistorized circuits, they do
not need to be as rugged.

available with resistance values
from about 1 ohm to 10 meg-
ohms with resistive tolerances
aslowas =5%, TCR's under 200
ppm/°C, and power ratings up
to 3 watts. They are less noisy
than carbon-composition re-
sistors, and are less likely to be
affected by humidity.

Common characteristics

All resistors exhibit some ca-
pacitance and inductance. Fig-
ure 4 is the equivalent circuit
for aresistor operating at a high
frequency. An effective induc-
tance is in series with the nomi-
nal resistance, and both are
shunted by an effective capaci-
tance. Both inductance and ca-
pacitance are caused by the
composition of the resistive ele-
ment and its connecting leads.
These undesirable effects, L
and C, are called parasitics.

The inductance is negligible
in carbon-composition re-
sistors, but somewhat higher in

i 1
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FIG. 4—THE EQUIVALENT CIRCUIT FOR
A RESISTOR operating at high frequen-
cies shows that stray inductance and
capacitance, called parasitics, can be

Carbon-film resistors are present.
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FIG. 5—THE EIA STANDARD COLOR CODE FOR FIXED RESISTORS is based on

colored stripes that are read from left to

right to give resistance value and toierance.




both metal- and carbon-film
units. Inductance can. however,
be a serious consideration with
wirewound resistors operating
at high-frequency because they
are coils. This inductance can
be reduced by a winding tech-
nique called bifilar winding. A
length of resistance wire is
folded back on itself before
being wound on the mandrel.
This cancels most of the para-
sitic inductance.

The true value of a resistor
also varies with ambient tem-
perature, humidity, age, and ap-
plied voltage. The magnitude of
these variations depends on re-
sistor composition.

Resistor coding

The values and tolerances of
axial-leaded resistors can be
read from alphanumeric mark-
ings (e.g. 4.7K, 5%) or by inter-
preting colored bands on them.
The Electronic Industries Asso-
ciation (EIA) color code, shown
in Fig. 5, is now the most widely
used code in North America. (It
agrees with U.S. military speci-
fication MIL-R-11).

Bands of different color desig-
nate both resistance value and
tolerance. The first two bands
denote the first and second dig-
its of the resistance value. and
the third band indicates the
multiplier—the number of
zeros that follow the first two
digits. The fourth band gives re-
sistance tolerance.

A resistor with four colored
bands can be identified by read-
ing the colors from left to
right—yellow, violet. orange, sil-
ver. These identifies it as a
47.000-ohm resistor with a
+10 % tolerance.

A fifth band found on MIL-
R-39008 resistors denotes re-
liability:

Brown = 1.0%.Red = 0.1%, Or-
ange = 0.01% , and Yellow =
0.001%

Wirewound resistors may
have a double-width first band.
A final blue band indicates the
resistor is recognized by Under-
writers Laboratories as failsafe.
Some general-purpose and
semi-precision film resistors
may have a final white band to
indicate that its leads can be
soldered. Also, precision film re-

sistors may have three rather
than only two significant-figure
bands.

Asin many other areas of elec-
tronics. Government specifica-
tions and standards set the
acceptance level for resistors. In
the U.S., for example, military
standards are referenced in
most manufacturer’s catalogs
as a quality benchmark. Among

Tl el
et e

FIG. 6—THE EFFECTIVE VALUES of
connected resistors can be calculated
by simple formulas. Resistors con-
nected in series are shown in (a), and
those in parallel are shown in (b).
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FIG. 7—SPECIAL FIXED RESISTORS include the chip resistor (a), and a single-in-line

package (SIP) network (b).
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the military specifications refer-
enced are MIL-R-11 (four-band
color code identification) and
MIL-R-10509 and MIL-R-22684
for metal-film resistors. The
procurement of high-reliability,
military-qualified resistors is
mandatory in many military
and aerospace contracts.

Resistors in series

Certain formulas apply when
resistors are connected in series
and parallel in DC and low-fre-
quency AC circuits. Figure 6-a
shows n resistors connected in
series. In a series circuit. the
current I flowing in each re-
sistor is the same. The total
equivalent resistance of the se-
ries circuit R, is equal to the
sum of the individual resistors:
Rl()tul = R1+R2+
R3...Rn

If n equal resistors are con-
nected in series, the total
equivalent resistance is equal to
the product of the value of an
individual resistor and n:
Rt()l:ll - n'R

The maximum voltage E_ ..

WRAP-AROUND ELECTRODE
LEAD-TIN OVER PALLADIUM

SILVER

7
RESISTIVE ELEMENT
RUTHENIUM-OXIDE

CERAMIC
SUBSTRATE
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that can be applied across a se-
ries of resistors is equal to the
sum of the rated continuous
working voltage (RCWV) of each
resistor:

E nax = (RCWV)1 +

RCWV)2... + (RCWV)n

Resistors in parallel

Figure 6-b shows n resistors
connected in parallel. In a paral-
lel circuit. the voltage E across
each resistor is the same. The
equivalent resistance of two re-
sistors, R1 and R2 in parallel, is
equal to their product divided
by their sum:
R = RIxR2/R1 + R2

For n equal resistors in paral-
lel, the equivalent resistance is
equal to the value of an individ-
ual resistor, R1, divided by n:
Riota = RN

For n resistors with different
values, the equivalent parallel
resistance is equal to 1 divided
by the sum of the reciprocals of
the individual resistor values:
Rioas = VI/R1 + 1/R2 + 1/R3
e

n

The maximum voltage that

can be applied across resistors
in parallel is limited by the
smallest value of RCWV for a re-
sistor in the circuit.

Special resistors

There are many different
kinds of fixed resistors made for
special applications. In general,
most are manufactured with
the same kinds of resistive ele-
ments that are used in making
conventional fixed resistors.
Therefore, all the technology
and formulas previously dis-
cussed apply to those products
as well. Special resistors in-
clude high-voltage resistors.
chip resistors, and packaged re-
sistor networks.

High-voltage resistors are re-
sistors that are effective at volt-
ages as high as 40,000 volts.
These can be manufactured as
axial-leaded, carbon-film re-
sistors that are hermetically
sealed in glass capsules.

Chip resistors are basically
thin- or thick-film resistors that
have been deposited on a ce-
ramic substrate as shown in

SYMBOLS—%— —ﬂ-
a b

RESISTORS, VARIABLE

Fig. 7-a. Ruthenium-oxide
thick-film cermet is widely used
as a resistive element in com-
mercial-grade chip resistors for
surface mounting. Wrap-
around electrodes permit solder
bonding to the circuit board,
and glass passivation protects
the resistive element from en-
vironmental stresses.

The typical power rating for a
chip resistor is % watt or less.
Chip resistors for surface
mounting are formed ina 1.6 x
3.2 millimeter (0.125 x 0.063
inch) standard size to permit
them to be picked up and placed
by automatic machines.

Resistive networks are arrays
of thick- or thin-film resistors
deposited on a common sub-
strate and packaged for ease of
assembly on circuit boards.
They are classed as DIP (dual-in-
line package) or SIP (single-in-
line package) networks. A SIP
network is shown in Fig. 7-b.

DIP and SIP network conduc-
tors are formed as silver-pal-
ladium powders in a volatile
binder screened on the ceramic

GENERAL PURPOSE &
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FIG. 8—THIS VARIABLE-RESISTOR FAMILY TREE shows how potentiometers are
classified in industry by resistive element, function and application. Schematic sym-
bol (a) shows a voltage divider, and symbol (b) shows a rheostat.
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substrates and fired. These con-
ductors are brought out to the
pins that are brazed to the edges
of the substrate. The conduc-
tors can also form a variety of
interconnection patterns. In
standard commercial net-
works, the resistors have the
same value, but networks with
different values can be custom
ordered.

Resistive networks are used
for pull-up and pull-down tran-
sitions between logic circuits,
as sense amplifier termina-
tions, and for LED display limit-
ing. DIP networks, formed by
epoxy molding, are available
with 14 or 16 pins. They can be
inserted by the same machines
that insert DIP-packaged IC's.
SIP networks, by contrast, typ-
ically have 6, 8 or 10 pins on one
edge for vertical mounting to
save PC board space. They are
packaged by epoxy molding or
conformal coating.

Standard commercial thick-
film resistive networks have re-
sistor values that range from 10
ohms to 10 megohms with
TCR’s of =2%. Total power dis-
sipation of .-watt is a typical
upper limit for the package.

Resistor networks are also
available in small-outline IC
(SOIC) packages-—miniature
DIP's with stub leads—as well as
open network packages, and
hermetic-sealed leadless chip
carriers for surface mounting.

Preferred values

By international agreement,
general-purpose resistors are
manufactured in a limited
number of preferred nominal
values that are«related to each
other in a logical order. The
number of values per decade is
related to a distribution of desir-
ed resistance tolerance. Thus, if
a precision of =20% is ade-
quate for some design require-
ment, the entire spectrum of
possible resistance values in the
80-ohm to 800-ohm decade can
be adequately spanned with
just six preferred resistors with
the nominal values and toler-
ance ranges shown in Table 3.

The values in Table 3 increase
logarithmically, in increments
of about 50%. This range of pre-
ferred values can be expanded

TABLE 3
COMMON FIXED RESISTOR
VALUES AND TOLERANCES*
Value, nominal Range
(ohms) (ohms)
100 80 - 120
150 120 — 180
220 176 — 264
330 264 — 396
470 376 — 564
680 544 — 816
* + % spread

in decade multiples and sub-
multiples to span all possible re-
sistance values from below 10
ohms to greater than 10
megohms. Resistor manufac-
turers refer to this set of values
as the 20% tolerance series, but
in most European countries it
is known as the E6 series be-
cause it is based on six values
per decade.

Variable resistors

Variable resistors are com-
monly called potentiometers or
pots. These components in-
clude a means for changing
their nominal resistance values
by the manual movement of a
contact or wiper over the re-
sistive element. The qualities of
variable resistors depend on
their resistive elements, the size
of those elements, and the con-

figuration or package style of
the component.

All potentiometers are the
electrical equivalents of three-
terminal resistors shown sche-
matically at the top of Fig. 8.
Symbol a depicts a voltage di-
vider. However, symbol b depicts
a rheostat, organized by con-
necting the wiper terminal with
one other terminal. Thus, the
wiper shorts out part of the re-
sistance element so that the val-
ue of the resistive element can
be changed with each setting.

Figure 8 is a block diagram
“tree” showing how potentiome-
ters are classified as general
purpose, semi-precision, and
adjustable (trimmer). General-
purpose and semi-precision
units are also called volume con-
trols or panel potentiometers.
Resistive elements are classed
as wirewound or non-wire-
wound (e.g. conductive plastic,
carbon, and cermet).

Precision potentiometers

A potentiometer with an ac-
curacy of 1% or greater is de-
fined as a precision potentiome-
ter. These variable resistors are
generally considered to be in-
struments rather than elec-
tronic components. A close
relationship is maintained be-
tween the position of the wiper
and the potentiometer's re-

FIG. 9—A CUTAWAY OF A MULTITURN PRECISION POTENTIOMETER shows how the
wiper tracks around the inside of the helical resistance element for high resolution.
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sistive (or output) value.
Precision potentiometers
were important parts of analog
and hybrid computers where
accuracy of the output was de-
pendent on the precision of the
potentiometer. Precision was
determined by such factors as
resolution, thermal stability,
and repeatability—the ability
of the wiper to return to the
same point on the resistive ele-
ment and reproduce the same
voltage or current output.
Modern commercial precision

T
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FIG. 10—POTENTIOMETER TAPERS in-
clude linear (a), nonlinear logarithmic (
b) and special (c).

LEADSGREW

potentiometers look very much
like panel-mounted volume con-
trols. Most are made as applica-
tions-specific products, but cer-
tain commercial units are
available off-the-shelf. The po-
tentiometers can be either sin-
gle-turn or muititurn for higher
resolution.

Single-turn precision poten-
tiometers have planar (circular)
resistive elements, but multi-
turn precision potentiometers
have helical elements. Figure 8
is a cutaway view of a multiturn
potentiometer whose wiper ro-
tates and traverses axially down
the length of case while track-
ing the helical resistive element.

Most multiturn potentiome-
ters are actuated with vernier
dials to permit repeatability.
Their resistive elements are
wirewound or hybrid helixes.
Hybrid elements are wirewound
helixes coated with conductive
plastic. Up to ten turns may be
required for the wiper to track
the entire length of the element.

The resistance elements of
single-turn precision potenti-
ometers are most likely to be
conductive plastic or cermet
rather than wirewound today.

REGIETANCE ELEMENT

FIG. 11—A CUTAWAY OF A TRIMMER POTENTIOMETER shows the adjustment mecha-
nism. The three pins permit it to be organized as a voltage divider or rheostat.

Conductive plastic elements are
made by mixing carbon with a
suitable plastic binder to yield a
sheet with uniform volumetric
resistance. It can be cut or
stamped as uniform C-shaped
elements or shaped for special
functions. This material ex-
hibits good linearity and long
rotational life.

Most standard, off-the-shelf
precision potentiometers have
linear tapers—resistance values
that are proportional to wiper
movement between the two end
terminals as shown in Fig. 10-a.
If the resistance value is not di-
rectly proportional to wiper mo-
tion, the wiper is said to have a
nonlinear resistive element. Ta-
pers are produced by shaping
the resistive element. The varia-
tion in resistance value (and
output) can follow the square
law as shown in Fig. 10-b or
other mathematical function as
shown in Fig. 10-c.

Panel controls

Panel or volume controls are
general purpose potentiometers
whose setting is determined
subjectively. These controls set
audio volume in radios and
TV's, and brightness on TV and
computer CRTS. A precise rela-
tionship between wiper setting
and resistance value is not re-
quired.

Panel potentiometers have
wirewound or non-wirewound
(e.g. carbon, conductive plastic
or cermet) resistance elements.
The performance of these com-
ponents is related to their re-
sistive elements (e.g. range of
values, tolerance, TCR, and
power handling ability.) Carbon
elements wear with repeated
wiper rotation, and cermet ele-
ments tend to abrade the wiper.
The elements of panel potenti-
ometers can also be tapered as
shown in Fig. 10.

Some panel potentiometers
are assembled from modules
and have a common shaft. This
permits them to be ganged so
that one axial shaft motion
changes two or more resistive
elements all at the same time.
Panel potentiometers are also
made for PC board and surface
mounting.

continued on page 90
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Part 2 of building a remote-boot controller for your PC.

THOMAS E. BLACK

RING-THING IS AN INEXPENSIVE YET
extremely useful telephone-
based AC power controller. You
connect Ring-Thing to your
phone line, and an AC-powered
device to Ring-Thing. When
Ring-Thing recognizes a set
number or pattern of ring sig-
nals, it turns on a relay that ap-
plies 117 volts AC to whatever is
plugged into the power strip.
After the phone connection ter-
minates, Ring-Thing waits
about five minutes and then re-
moves power from the power
strip. Ring-Thing can control
both computers and other
equipment.

Last time we described oper-
ating modes and began a de-

tailed circuit description. This
time we’ll complete the circuit
description and move on to con-
struction details. You can order
partial and complete parts Kkits,
and software can be found on
the RE-BBS (516-293-2283,
1200/2400, 8N1).

In the descriptions that fol-
low, remember that the control
unit has three separate ground
circuits: analog for the ring de-
tector, digital for the micro-
controller and functional units,
and a separate relay ground.

LPT interface

Referring to Fig. 4 (shown last
time), ports pBo and pB1 of the
microcontroller support the PC
power-down feature by detect-
ing inputs from the parallel port

of a PC. Those inputs receive a
stream of two-bit code values
from a standard Centronics par-
allel printer port (LPT1-4).
There is no false triggering be-
cause Ring-Thing must receive
a specific series of codes.

The PC interface also depends
on the microcontroller’s paz
output, whose main function is
to control the LED2 (POWER),
but which is also used to pro-
vide a handshaking signal. (The
LED drive circuit was shown
last time in Fig..5.) Incidentally,
LED2 will blink while Ring-
Thing sends handshaking mes-
sages, but normal operation will
resume thereafter.

The PC interface circuit,
shown in Fig. 6, works as fol-
lows: Optoisolators IC3-ICH
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FIG. 6—PC INTERFACE CIRCUIT. Optoisolators IC3-IC5 provide electrical isolation

between Ring-Thing and the attached PC.
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FIG. 7—THE TELEPHONE INTERFACE CIRCUIT senses the voltages present on the

phone line.

provide electrical isolation be-
tween Ring-Thing and the at-
tached PC. The Schmitt trig-
gers in [C6-e and IC6-f con-
dition the optoisolator outputs
for the microcontroller. Diodes
D7-D9 protect the optoisolators
from reverse voltages that
might occur if the interface
were accidentally plugged into a
PCs serial (RS-232) port.

Telephone interface

The telephone interface cir-
cuit, shown in Fig. 7, senses the
voltages present on the phone
line. A standard phone line sits
at —48-volts DC when it is not
in use (on-hook). When it is in
use (off-hook), the nominal volt-
age is approximately — 7-volts
DC. While ringing, the phone
receives a 90-volt 20-Hz AC sig-
nal. Because of the circuit’s

high input impedance (about 1
megohm), the phone line does
not recognize that Ring-Thing
is connected.

Surge absorber MOV1 pro-
tects against minor lightning
strikes. Diodes D2, D3, D5, and
D6 form a bridge rectifier and
provide polarity protection. Op-
amp IC2-a functions as a volt-
age comparator with a thresh-
old reference of 2.5-volts DC,
provided by the R3/R4 voltage
divider. Resistors R9, R14, and
R7 scale the rectified phone-line
voltage by a factor of Yio. Diode
D4 limits the attenuated ring
voltage present at [C2-a to safe
levels. With the phone line on-
hook, the input voltage at pin 2
of IC2-a is about 4.8-volts DC,
which when compared with the
2.5-volt reference sets the op-
amp’s output {pin 1) high.

Schmitt trigger IC6-a inverts
that signal and feeds it to the
microcontroller’s active-low 1RQ
input (pin 4).

If the phone line goes off-
hook, the input voltage at pin 2
of IC2-a drops to about 1 volt,
which sets the output of IC2-a
high. That, in turn, raises the
output of IC6-a and triggers the
microcontroller’s interrupt in-
put. If the phone is ringing, the
output of IC6-a switches at the
20-Hz AC-ringing frequency.
The microcontroller firmware
can quickly determine whether
the phone is ringing or simply
off-hook.

DC supply and AC connections

Figures 8-a, 8-b, and 8-c
show the DC power supply, AC
transformer, and bypass capaci-
tor wiring, respectively. The by-
pass capacitors in Fig. 8-c
mount on the main board, as do
the DC supply components in
Fig. 8-a. The transformer and
relay in Fig. 8-b mount on a sep-
arate board that installs inside
the AC power strip. The main
circuit board installs in a sepa-
rate case.

The power supply (Fig. 8-a)
provides several interesting fea-
tures. Bridge BRI rectifies the
12-volt AC input, which after fil-
tering by C17 powers the
switching relay. The unregu-
lated DC voltage also drives IC8,
which provides 5 volts for the
digital circuitry. The regulator
IC differs from most in that it
has very low quiescent current
drain, and operates with mini-
mal input voltage. If AC power
goes down while Ring-Thing is
in operation, battery Bl can re-
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tain settings for about two Diode D10 isolates the AC

chargeable nickel-cadmium
(Ni-Cd) type packaged like a tra-
ditional transistor-radio bat-
tery. It actually puts out 7.2-8.4
volts DC, which is more than
adequate to drive the regulator.
During AC operation, resistor
R23 limits end-of-charge cur-
rent to less than 5 milliamps.
Note: Do not install R23 if non-
rechargeable batteries are
used.

Now that we understand how
Ring-Thing works—lets put it
together!

Construction

First a few general notes. Use
a 25-47 watt soldering iron;
temperature-controlled irons
set at 700—800° work best. Use
only 60/40 rosin core solder. Use
the components shown in the
Parts List; substitutions are not
recommended. Be especially
careful in selecting parts for the
telephone interface—low-leak-
age components are a must!
Read through all assembly in-
structions before beginning,
and make sure you understand
each step before continuing,.

Component XTALI can be ei-
ther a quartz crystal or a ce-
ramic resonator. Delete C7 and
C8 if you use a ceramic reso-
nator with built-in capacitors.
Use care in handling the IC’s;
they are static discharge-sen-
sitive CMOS devices that can be
damaged through mishan-

TABLE 4—POWER

CABLE WIRING
Jack/Pin | Cable
Function No. Color
Relay power |J3/1 Red
Relay ground |J3/2 Black
12VAC  an White
12 VAC Ja/2 Green

TABLE 5—POWER DOWN

hours. In general, all compo-
nents were chosen carefully to
minimize current drain and
maximize battery life.

transformer during power
failures, and steering diode D11
provides battery voltage to reg-
ulator IC8. Battery Bl is a re-

CABLE WIRING
DB-25

J2 Pin No. | Cable Color | Pin No.
1 White 3

2 Green 2

3 Red 9

4 Brown 11

5 Black 18+19 |

MON SO1UON08|T ‘C661 Aleniqa

2]
~
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dling. Use high-quality sockets
for all IC’s, especially IC1 (the o
microcontroller).
Foil patterns for both PC
boards have been provided; o :
component-mounting di- a
agrams for the main and power ° °
boards appear in Fig. 9 and Fig. S
a
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FIG. 10—PARTS-PLACEMENT diagram
for the power supply board. :
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