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BUILD A REMOTE ,__,/’
CAR STARTER | S

The ultimate convenience |
add-on for your car! \

UPDATE YOUR DASHBOARD

With good-looking, smart
electronic gauges

GREAT SOUNDS IN
YOUR CAR

Build an audio
signal processor

BUILD A SINGLE-CHIP DVM

it provides 4'2-digit
resolution

FIELD-EFFECT TRANSISTORS
Learn how JFET’s work and
how you can use them
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Iluke meters are your top choice for accuracy, reliability, and performance. They offer

more combinations of features and functions than any other meters on the SCopZ',\‘j';fe?L

market. Ieatures fike true-rms measurements, high resolution,

Smoothing™ and Peak Hold. Or simultaneous scope and meter

functions in one portable package. Whichever Fluke meter

-]
-,

you choose you can count
CHANNEL A
on benchtop accuracy, 54

test lab versatility, and

handheld convenience.

‘ Ilus, Fluke keeps you

Fluke 79 . . ]
covered with a full line of quality
FLUKE 79 FLUKE 87 8060A FLUKE 97
The Fiuke meters listed above fealure diode test, auto and manual range,
. continuity, and frequency measurements.
accessories, Strong customer Suppon, Lo-Ohms True-ms True-rms True-ms ac. or
- measurements dc&ac
™~ Capacitance Capacitance Resistance Scope, Meter or
300 M2 ° &netﬁv and scope
. isplay
and prOdUCt Warram'es that measure Up Smoothing™ Duty Cycle Hi@h—impedence Dual Trace 50
measurements P \{i%l’r‘age MHz bandwldth
unc!
4000 count 20.000 count 20,000 count 40 nanosecond
., ., - . display SEEI ;soluﬂcn display glitch capture
to any in the industry. When it's up to you to get the job done, look to Basczecuaty | Ofsolfeaive | Ofsoingiive  Slo vavgioms
= 3% reference reference and setups
' Imiisecond 3B dBm, 0BV, 4B
T - Peak Hold measurements  Relative and
& Audio Watt
43 calculations

Fluke for the choices you need to get it done right. See your

Basic accuracy Basic accuracy Basic accuracy
0.1% 0.04%. 0.5%

B f
Fluke distributor, or call 1-800-87-FLUKE ‘ John Fluke Mig. Co., Inc.
8060A P.O Box 9090, Everett, WA 98206
For more information call:
| {416) 890-7600 from Canada
206} 356-5500 from other countri
for a catalog and the name of the , el s
©Copyright 1992 John Fluke Mig. Co. Inc. All rights reserved.
Ad No. 00282

distributor nearest you.

FLUKE.
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These days, people expecta lot
from their car stereos—some
even wantmusicto sound as good
as it does in their home listening
rooms. In fact, it was popular de-
mand that lead us to resurrect the
popular Acoustic Field Generator
(AFG) project from January 1990.
The circuit has been completely
redesigned to operate from a 12-
volt battery supply. The AFG |l au-
dio sound processorcanturnyour

car into a concert hall on wheels.
Using ambience effects like
echoes and delays, it recon-
structs a three-dimensional
acoustic field. It also can decode
anysurround-sound material
that's present. The completed
project fits into a commercial en-
closure that easily can be
mounted in most vehicles. That's
just one of three great automotive
stories featured this month!

APwan WArag o A
Fenbaey ie Snt teet Wiberie
e that oyt deutroas
Shisinsts uy Dardee %3 B
o ety Dngiryraent Mae

v sy oot mvch e

Umeee Sre ceinctar

ol ok gl 4 2ctui YL
et ailewing AumaRuneIE
meavatements 18 iware

2
4
il
!

ooy
o oy B Ak ke’ ekt et 1

Eoxi sor V0 i mpanaies S i peterromeies B 7 20
B o Notcl g it
i, Tt e sty ) i e thar” e e

o e snan o 15 g Ferent &) brywoen pina 51
T et et A et v el
g " i o peans T untsiops eoneeramn
wich 4-dlgH meses - it

T g reseincr of the T ey U DV 8
o i 1 g, fregeid
oy ot o o
ity Cogicttd i
ST s m ey o

3 = 5
h wrompishitsd by adueing 0 o v k.'“."“"
el
B i et of i

w5 Doy Tk o
A i s,
e
ST

e oo
o Sy i oy
iy

&
i
aueniies we
e
3 o n
FEae hY
EERy

pretmate Indiciaton of e
e teat

b Taialance vetwcen &
Build this dashboard instrument ok Al ar st AR B ke
Lonari ke rocesind v the
and get precise readouts of your car's weter temperature, Pyl o Yol e e i
e o, o
ol pressure, and battery voltage. Tox chresis m oty ey 15 32 e b 9
[ i R g
ESOLULLS Bociy S vaniage Rt 1S E e iy
MR AT o ure i prrasure wad  on ) varTy s ew P = o wehich 829 nesula Wy
LTI ST e s e Fias ol ] e
e Dbt It Ty Gt MR BONCNeid ) YErgage g I Ol @ Jytas Bar st T ty e Pt impla 3310} ooy
o A T R A gy e ey o e o8l
tor ertglue has -
ey gl up ehey iR xou this i & digiea semperar e RLET IR AU AC S gmponrait 3
(e Ia e PORI/UBEIII ekt o The there welabieb a  Twren 345 7 40 00, The 1t N S oI s 3 arit 2t ety
o e e pirgegegifiiie ey niitiigr o gy e snn R
B yon get tin (pinmaain i e Th P 20 preome andce: § e nod o i) ] 1
B T T A o s e b e 0 gt i el et (e £ i
o e AR Ll B T e e U i i | Fop— Tevs e i ST AT R
P e B GEmialedn T ot SRR T
VLRion Tepuriie wevies i Soriy sk e e a  Wieitarou preuin when of ) &b L7120 Sauron the ubh noaie e
e cu b eiganents ) e the Inies  pul A U warIDY, b oo (g erad ter wit vy s H00 v Wit §
2 gie o o witimy gt e o
el e g o 7 Biemornoddnsi ¢ prddntoglitadigl B f
paaci e s OB TS wtenes 23 #0d 634 e @ "

i;
umntiaiive adout'of wates Biremsen Hinl p “

PAGE 45

PAGE 59

As a service to readers, ELECTRONICS NOW publishes available plans or information relating to newsworthy products, technigues and scientific and technological developments.
Because of possible variances in the quality and condition of materials and workmanship used by readers. ELECTRONICS NOW disctaims 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 anyone interested in such projects consult a patent attorney.
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7 BUILD THE AFG I

The Acoustic Field Generator Il will turn your car into a mobile
listening room!

Tod T. Templin

BUILD THE SMARTGAGE

Get precise readouts of your car’s water temperature, oil pressure and
battery voltage.

N.J. & R.E. Tuthill

SINGLE CHIP DMM

Build this inexpensive alternative to a store-bought 4'2-digit volt
meter.

Anthony J. Caristi

REMOTE CAR STARTER
Start your car from the comfort of your house!
Martin Fournier
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JUNCTION FIELD-EFFECT TRANSISTORS

Learn how to bias JFET’s and use them in a variety of practical
circuits.
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APRIL 6: ELECTRONICS TECHNICIANS DAY
If you've been thinking about becoming a CET, now’s your chance!
Larry Steckler, EHF/CET
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The Audio Answerman returns.
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‘ up to 1900MHz «om6
actual size Now available, a large variety of tiny, ultra-rel high

performance mixers to handie your applications from extra wideband,
high isolation, low two-tone third-order IM, to very low +3dBm LO power.
Mini-Circuits’ new LRMS-series Ultra-Rel™ mixers are

offered with a difference ... unprecedented reliability. Units are
manufactured with Ultra-Rel diodes, all-welded construction, metal stubs
to all connections, and to 4.5 sigma performance repeatability. Each
Ultra-Ref™ LRMS mixer can withstand strenuous shock and vibration, will
perform over a -55° to +100°C range, and is guaranteed for five years.
Aim for 4.5 sigma repeatability in your product designs

by specifying Mini-Circuits’ Ultra-Rel™ LRMS mixers, available for
immediate delivery in tape-and-reel format (500 units, 16mm width) at
prices from $6.25.

u‘TRAoRElm with extra long life due to unique HP monolithic
diode construction, 300°C high temp. storage, 1000 cycles

M’XERS thermal shock, vibration, acceleration, and mechanicat

shock exceeding MIL requirements.
5YR. GUARANTEE %

finding new ways
setting higher standards

[JMini-Circuits

| KEL
/MOUNT
MIXERS

-with a difference

SPECIFICATIONS: all spec limits are 4.5 ¢ from mean

Model Freq. Range (MHz) LO Conv.Loss L-Rlsol. Price
LO. RF IF Level Mean (X) Mean (X} $
(dBm} mid-band mid-band (1-9)
(dB) (9B)

LRMS-2L 800-1000 DC-200 +3 6.6 24 6.95
LRMS-1 0.5-500 DC-500 +7 6.4 45 6.25
LRMS-TW 20750 DC-750 +7 58 45 6.75
LRMS-2 51000 DC1000  +7 68 38 695
LRMS-2D 51000 DC1000  +7 638 40 125
LRMS-2U 10-1000 10-1000 +7 65 46 11.45
LRMS-5 51500 DC1000  +7 60 4] 1395
LRMS-11A 1400-1900 40-500 +7 70 25 16.95
LRMS-TLH 20500 DC-500 +10 58 47 795
LRMS-2LH 51000 DC1000  +10 66 40 895
LRMS-5LH 10-1500 DC-900 +10 54 38 1495
LRMS-TMH 20500 DC-500 +13 5.7 44 895
LRMS-2MH 51000 DC1000  +13 66 44 995
LRMS-5MH 10-1500 DC-900 +13 58 46 1595
LRMS-TH 20500 DC-500 +17 63 44 10.95
LRMS-2H 51000 DC-900 +17 12 36 11.95
LRMS-2UH 10-1000 10-750 +17 IR 38 14.45
LRMS-5H 10-1600 DC-900 +17 12 45 1795

Designers Kit, KH-3

availabte only $59.95 includes: 8 mixers, 2 each of LRMS-1, LRMS-2, LRMS-2U,
LRMS-11A, 740 page RF/IF DESIGNER'S HANDBOOK Contains application
notes using mixers as electronic attentuators, frequency doublers, switches, and
bi-phase modulators.

WE ACCEPT AMERICAN EXPRESS AND VISA

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156
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WHAT'S NEWS

A review of the latest happenings in electronics.

Sending voice and video
over the airwaves

A microwave radio transmission
system has been granted approval
by the Federal Communications
Commission (FCC) to operate in
the 28-GHz band. An alternative to
cable TV, it makes use of a band
that was once considered to be too
high a frequency for effective TV
transmission.

The Cellular Vision system, fi-
nanced by the Suite 12 Group (Free-
hold, NJ), was invented by Bernard
Bossard. Microcells transmit high-
quality video signals at radio fre-
quencies that are much higher than
the UHF or VHF signals assigned to
satellite TV transmission. TheTV
signals are received by a 4.5-inch-
square, flat antenna that can be
mounted either inside or outside a
customer’s house.

According to the system’s inven-
tor, the elimination of cables, which
require costly installation and main-
tenance, permit Cellular Vision to
be offered at a lower price than ca-
ble TV. Bossard claims that the sys-
tem will improve TV the same way
that FM improved radio.

Microwaves at 28 GHz can carry
more information than longer-wave
transmissions, and they can be
bounced off buildings. The major
drawback to microwave transmis-
sion is seen as its limited range—
only a few miles from the transmit-
ter. The proposed solution to that
problem is the division of large geo-
graphical regions into smaller cells,
each of which has its own micro-
wave transmitter.

To eliminate mutual interference
and ghosting, microwave transmis-
sions from adjacent transmitters
will be polarized as "vertical” or
“horizontal™ signals that can be dis-
tinguished by a customer’s antenna.

The short 28-GHz wavelength
permits the use of the small receiv-
ing antennas. Their size contrasts
with the three-foot or greater diame-

ters of the parabolic “dish™ anten-
nas that now receive TV transmis-
sions directly from satellites. With
only slight modification, a Cellular
Vision microwave receiving antenna
can be converted so it will transmiit
signals back to the base antenna.
This would give Cellular Vision inter-
active capability.

The service was approved by the
FCC in December 1992 for opera-
tion in the Brighton Beach section
of Brooklyn, NY. At present, 49
channels of TV programming are
being offered for less than $30 a
month. The FCC also voted unan-
imously to seek public opinion on its
plan to permit voice and video trans-
missions in the 28-GHz band. Li-
censes would be granted to two
operators in each of 489 regions
across the country. A 1000-MHz
block of spectrum would be assign-
ed to each operator.

The new technology puts TV ca-
ble companies and telephone oper
ating companies in close competi-
tion. It permits cable companies to
provide telecommunications ser
vices, and local telephone operating
companies to provide such services
as video teleconferencing and
movies on demand.

Unmanned police vehicle
An unmanned ground vehicle was
tested by a police department in the

THE HARE can enter hazardous situa-
tions without endangering human lives.

1

simulated apprehension of an
armed suspect who was holding
hostages. The telecheric machine
(rather than a robot) was under

| human control at all times. It would |

have permitted police to carry out a
hazardous negotiation without ex-
posing themselves to possible hos-
tile gunfire.

Built by Westinghouse Electric
Corporation’s Huntsville (Alabama)
Engineering Center, the vehicle,
called the Hazard Avoidance Recon-
naissance Extender, or HARE, was
tested in the training exercise by |
Huntsville, AL police. |

The Huntsville police depart-
ment’s Special Response Team and
Hostage Negotiation Team,
equipped with the HARE, put the |
vehicle to work in the realistic test.
“Shots" had been fired on the fourth |
floor of a Huntsville bank building, |
and one man seized an unknown
number of hostages. A police unit
entered the building and set up a
command post at the opposite end
of the fioor on which the hostages |
were being held.

The “suspect” was persuaded to
accept a portable phone delivered
to him by HARE. The suspect did
not know that HARE also contained
three on-board video cameras that
were filming his actions. Video of
the suspect and the hostages was
transmitted back to the police, per
mitting them to appraise the situa-
tion. That information, transmitted
from HARE over a four-hour period,
helped police to “rescue” the hos-
tages and apprehend their captor
without exposing themselves to
possible gunfire.

Westinghouse plans to build and
ship the first six production HARE's
in the second half of 1993. The com-
pany asserts that HARE's can also |
be used by bomb squads to remove
suspicious objects or known bombs |
for safe disposal. It is also seen as
being useful in rescue work and fire
fighting. Q




The DMM our
customers designed.

Pulse Defector NS Fitenptic Backight

Sipte, Nem-Dniven Feature ‘5e/ed‘/m

Frotective taolster

Before we built the new generation Beckman
Industrial Series 2000 DMMs, we asked people
like you what you really want.

You want more. More test and measurement
capabilities. More troubleshooting features. All
in an affordable hand-held DMM. The Series 2000
features the widest range Frequency Counter in
any professional DMM, a full-range Capacitance
Meter, True RMS measurements, Intermittent
Detection, 50ns Pulse Detection, and Peak
Measurement capabilities. Plus, the Series 2000
is the only meter to offer autoranging Min/Max
recording and relative modes. e Three Year Warranty

You want a DMM that’s easier to use. The The Series 2000 offers the most solutions for your
Series 2000’s display is 25% larger, with bigger A A SO e everyday test and measurement needs. The only
digits and backlighting for easier reading, even DMMs designed by the people who use them. You.
in the worst light. Plus the fast 4 digit display For more information on these new DMMs
provides the high resolution needed for adjusting call (outside CA) 1-800-854-2708 or
_power supplies and generators down to 1mV. (inside CA) 1-800-227-9781.

And only the Series 2000 features a menuing
system for fast, simple feature access. WAVETEK INSTRUMENTS DIVISION
9045 Balboa Ave , San Diego, CA 92123

USA (619)279-2200 » UK (384)442394 « FRANCE (1) 4302 7606 » GERMANY (089) 960 94 90 WAVE I EK

‘Bl (formerly Beckman Industrial Instrumentation Products Division) is now a part of Wavetek Corporation
CIRCLE 98 ON FREE INFORMATION CARD

The Beckman Industrial Series 2000, priced
from $209 to $279 offers you the best perfor-
mance for your dollar. Look again at these features:
* 4 Digit, 10,000 Count Resolution
e Basic Accuracy to 0.1%

e True RMS, AC or AC on DC

¢ 0.01Q Resolution

¢ Automatic Reading Hold

e lms Peak Hold

* Fully Autoranging Relative and Min Max Modes
e Intermittent Detector

e UL1244, IEC1010 Design

Made in the USA
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VIDED NEWS

Whats new in the fast-changing video-riéd{}s't;ylf. " IO s

DAVID LACHENBRUCH

® Widescreens are here. The
new TV sets with 16:9 ratio screens
have now been introduced and are
slowly finding their way to the mar-
ketplace. They will not be available
in any large numbers, and their high
prices sharply limit their appeal for
the time being, although manufac-
turers say price tags could come
down fairly rapidly in larger-scale
production. The first models are
being aimed at movie buffs who like
to see films on TV in the same pro-
portions in which they were filmed.
The laserdisc owneris being singled
out because so many laserdiscs are
available in the letterbox format.
Suggested list prices for the sets
run from about $5,000 and up, al-
though actual selling prices are ex-
pected to range about $500 below
list price.

CinemaScreen, billed as “'the
television set made for movies,” is
being offered under the RCA and
ProScan brands as a console and
table model, respectively. Both are
electronically identical and have 34-
inch widescreen picture tubes. (This
tube is made in ltaly, where it's
known as a 36-inch tube because of
a different way of measuring it)
These sets have two tuners for pic-
ture-in-picture (and picture out of
picture, which puts the secondary
picture to one side of a standard 4.3
ratio image). Among their many fea-
tures are the capability of displaying
two standard TV pictures side by
side on a split screen (67 % of each
picture is displayed). Those sets are
currently being offered in some
stores at a $4,999 list price, and will
gradually be made available nation-
wide.

Also scheduled to become avail-
able this month is the first wide-
screen projection TV set from
Panasonic—a 50-inch CinemaVi-
sion set (the industry seems to be
running out of “‘cinema’ trade
names), also with two tuners and
picture in and out of picture (known
in the trade as PIP and POP). Like

the RCA tube-type set, the Pan-
asonic projector carries a $4,999
list price. It will be followed in Sep-
tember by a 58-inch version, de-
signed for custom home-theater
installation, at $5,999.

Philips' 16:9 TV set, like the RCA,
has a 34-inch direct-view tube and is
scheduled to be on the market by
midyear at a $5,995 suggested list
price. Philips calls its set "HDTV-
ready"” because it has an RGB in-
put, which can accommodate a fu-
ture HDTV decoder. Philips con-
cedes the resolution isn't up to
high-definition standards, but says
that at the distance consumers cur
rently view TV's, the resolution will
be as good as on any HDTV set.

Another widescreen projection
set, this one 55 inches, is promised
for next month by JVC, at a sug-
gested list price of $4,995. Like the
other sets, it can display standard
4:3 pictures either in the proper
ratio or stretched out to fit the wide
screen. To eliminate distortion
where the action occurs, JVC has
varied the formula somewhat. When
a standard picture is stretched to fit
the screen, the central part of the
picture is unprocessed, while the
left and right edges of the picture
are stretched. Sharp also promises
a widescreen set later this year,
using either a 34- or a 30-inch tube,
but it has given no details.

The widescreen set is considered
by its proponents as an interim
product to ease the transition from
the current NTSC image to the
HDTV widescreen system, due to
be selected this year and in use
possibly in 1995. But some man-
ufacturers—including Zenith, Sony,
Toshiba and Hitachi—say they’ll sit
out widescreen because of the lack
of availability of wide program mate-
rial and the confusion which could
be caused by introducing non-
HDTV widescreen sets. It's ex-
pected that the widescreen TV
couid be the trend-setter among the
Hollywood cognoscenti and, in

effect, replace the much more ex-
pensive movie screening rooms.

® Largest TV picture tube. If
you've got $4,999 burning a hole in
your pocket and don't want a wide-
screen set, perhaps you'll be tempt-
ed by Mitsubishi’s latest—a TV set
in the standard proportions with a
picture tube measuring 40-inches in
diagonal measurement. Mitsubishi
was the first to introduce the 35-
inch tube set at about the same
price as it's asking for its 40-incher.
Today, 35-inch sets are carrying list
prices as low as $1,400 and less.
Although the set isn't much bulkier
than a 35-inch, you'd better make
sure your floor is well reinforced—
the set weighs about 266 pounds
(still is less than a widescreen set).

® Snap that video. In this age of
combinations, someone had to
come up with a combination TV and
Polaroid camera. A company called
VideoSnap Inc. has been demon-
strating just such a device, and
promises to deliver it within a year.
In addition, that system includes
what is probably the world's small-
est projection TV set—with a five-
inch screen. The VideoSnap set is a
wedge-shaped apparatus with a
0.7-inch LCD as its picture source.
It can tune to TV stations or can be
hooked up to a camcorder or VCR
for capturing those rare moments
as stills. The TV or video picture can
be viewed on the five-inch rear proj-
action screen, and a still picture of
any frame can be made by pushing a
button on the remote control. A slot
below the screen yields a standard
Polaroid Spectra print. The Vid-
eoSnap people estimate that the
system could list for about $499.
The VideoSnap system is
claimed to be compatible with
NTSC, PAL, and SECAM TV stan-
dards. Although the product isn't
currently available, it's scheduled to
be manufactured and marketed by
Phonex, of Midvale, Utah. Q




Some Breadhoards Gost Less
Than PROT0-BOARD Brand
. = « They Should

At Global Specialties” we make only one kind of breadboard,
the very best, PROTO-BOARD" brand. American made and

guaranteed for life.

Sure, save a few dollars today... buy cheap... but remember,
you only get what you pay for! Isit really worth it??? Ask
yourself... Do they perform like PROTO-BOARD brand?

How can we guarantee PROTO-BOARD" brand breadboard for

The others arrive from Taiwan, with good reason, they are
made cheaper!

So next time you consider a cheaper breadboard, think twice.

PROTO-BOARD® brand. The

You'll need to, because even after you have worn out your
second imported breadboard our PROTO-BOARD® brand would
still be going strong.

life unconditionally? Because we control every step right in our
New Haven factory, and because we are obsessed with quality.

That's why we mold our own plastic and stamp our own
precision contacts. We even designed our own machine to
assemble each breadboard to exacting standards. Assuring
every PROTO-BOARD" brand is built to perfection when it
leaves our USA factory... backed by our unconditional
"Life-Time" guarantee.

. |
=== Can’t Wait! Call Toll-Free GLOBAL
([T 1-800-572-1028 SPECIALTIES

breadboard you only buy once.
Now which one really costs less?

PROTO-BOARD® brand breadboards

and the complete Global® line of test

instruments are in stock at fine

electronic distributors
everywhere.

GLOBAL SPECIALTIES

70 Fulton Terrace, New Haven, CT 06512
©1993 Global Specialties’

All Global Specialties® breadboarding
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ELIMINATING LOCKUP

I've been using my 286-based
PC clone for years without any
problems and, since I'm a pro-
grammer, | spend a lot more time
thinking about software than |
do thinking about hardware.
When I’'m writing software, my
computer locks up all the time
as bugs show up in the program.
Is it better to turn the PC off and
then turn it back on or is it better
to press the reset button on the
front of the case? | want to keep
this computer for a while yet, so
which method will cause the
least damage? Better yet, is
there some way to keep it from
locking up altogether?—F. Gish,
Wind, IN

Computer lockup is common
when you're developing software,
so the first thing {'d tell you to do is
to run your prototype code in some
kind of programming shell so you
can regain control of the computer
when your code crashes. Of
course, the best thing you could do
is to write the program correctly in
the first place so the computer nev-
er locks up at all.

Seriously, it's much better to use
the reset button than it is to turn the
computer off and on. Some of the
worst enemies of the PC, or any
electronic contraption for that mat-
ter, are the surges and peaks that
appear as power is applied. Com-
puters, especially the faster ones,
generate lots of heat as they run,
but that's a normal operating
characteristic, and the IC's are de-
signed to handle that. Power surges
are much more of a problem be-
cause they are, by nature, unpredic-
table, and can cause a lot of
damage.

Pressing the reset button on the
case of the computer will, most of
the time, be equivalent to turning
the power off and on. | say “most of
the time" because there are circum-
stances under which a lockout can
be cleared only by disconnecting

the power. This can only happen on
Al-class computers, and has to do
with how the CMOS memory is ac-
cessed by the BIOS.

As a programmer, the reset but-
ton on the front of your computer is
your best friend. It's interesting that
iIBM, all the way through its PS2
series, never provided a reset but-
ton. Since providing one meant
adding only a capacitor, resistor,
button, and some wire, I've never
understood why they left one out.
Considering IBM's falling share in
the market they created, and what's
happening to the value of their
stock, I'd guess that the absence of
areset button is the least of its prob-
lems.

BULB DRIVER

I’'m building some circuits
that must control a few 12-volt
light bulbs, and | am having a
hard time getting the logic gates
to turn the bulbs on and off. The
logic is correct, but the bulbs
need more current than can be
supplied by the circuit. | can’t
use relays in the design be-
cause of the environment in
which the circuit has to operate.
Do you have any ideas?—J.
Linz, Margate, FL
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FIG. 1—YOU CAN BUILD ANY GATE with
discreet transistors. Here’s an AND gate
made from two transistors.

You haven't described the details
of the environment, but I'm having a
difficult time understanding one that
could be so harsh that relays can’t
be used. You can get relays that will

work under even the most severe
conditions. Come to think of it
though, I've never seen relays that
are guaranteed to work on Nep-
tune, so maybe that's what you have
in mind.

You're using TTL in your design,
so a perfect answer to your problem
is to have the TTL output control a
transistor configured as a switch,
and let the transistor provide cur
rent to the buibs. You didn't tell me
how much current each bulb needs
but, regardiess of the number, this is
a good way to go. The two things to
avoid if you are to use this approach
is that the base-emitter current
needed to turn on the transistor can
be supplied by the gate you're
using, and that the transistor you're
using can safely supply the amount
of current for the bulb.

Those considerations, by the
way, are exactly the same ones
you'd have to work out if you were
using relays. The base-emitter cur
rent of the transistor is equivalent to
the coil current of the relay, and the
collector current is similar to the
switch current. Pay attention to
these numbers, they're important.

A more interesting way to carry
out the design would be to get rid of
the TTL logic completely, and com-
pletely replace the smallest number
of gates in your design with tran-
sistors. You can build any gate with
discreet transistors and, if you did
that, all your current problems
would solve themselves (excuse
the pun). To give you an idea how
this is done, take a look at Fig. 1.
The schematic shows how to make
an AND gate from two transistors.

Any logic gate can be built this
way. If you're not sure how to set up
the transistors for a particular gate,
all you have to do is study the gate
schematics in any good data book.
This might seem like a strange way
to solve your problem but, depend-
ing on the requirements dictated by
the environment, it might be the
best way to take care of things.
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SCHEMATIC DRAWING

I design a lot of PC boards at
home and working out the pat-
terns is a really time-consuming
procedure. There are a lot of rou-
ting programs on the market
now and | was wondering if they
would make my work any easier.
Some of the software is pretty
reasonably priced, but before |
buy any of them, I'd like to be
sure that they would really help
me out. | don’t expect you to rec-
ommend any one in particular,
but is there any general rule?—
D. Tunn, Boston, MA

The two major points to consider
when you're thinking about getting
an autorouter are the complexity of
the boards you generally make, and
whether you actually make the
boards yourself. How you answer
those questions will tell you
whether it's worth your while to
make the investment in hardware
and software.

As a board gets more and more
complex, the number of needed
layers increases. If you regularly de-

sign double-sided boards, you're
really in a quandary because auto-
routing software will undoubtedly
generate a board with more vias
than a hand-routed design. The al-
gorithms used by autorouters, no
matter how good they are, just can't
measure up to human experience.

| have a board that | use to test
autorouters, and the results are al-
ways the same. None of the auto-
routing packages produce a board
that’s as easy to manufacture as the
one | design by hand. And the more
restrictions you give to the auto-
router (single-sided boards, single
traces through IC pins, minimize
vias, etc), the less chance you have
of getting a complete route from the
software.

Most autorouters will give you a
list of the connections that it
couldn't complete, and it then be-
comes your job to find a way to
make them. Every time |'ve done
this, it's been necessary to throw
away large quantities of successful
routes and redo large sections of
the PC board. Sometimes this

takes more time than it would have
taken to do the whole job by hand.
Autorouters just don't think the way
we do, and they don't seem to have
the ability to look at the whole board
in the middle of the job and decide
to start all over again.

If you manufacture your own
boards at home, an autorouter will
give you a foil pattern that's murder
to produce. Boards that are de-
signed for commercial production
have the luxury of multiple layers,
blind vias, and extremely thin trace
widths. This is performance that,
even after making lots of boards,
I've never been able to match suc-
cessfully on my kitchen table.

The best test for an autorouter is
to ask it to generate a foil pattern
with the same restrictions you have
when you do a pattern by hand.
Look at the results and make your
decision based on how you plan to
manufacture the board. For what it's
worth, | route boards both by hand
and with an autorouter at times.
Which way I'll do it depends on the
budget for the job. Q
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FREE GIFT b

See your participating Chemtronics”
Jistributor for an order form for |
your free SURVIVAL KIT gift | i

For information, i
Call 1-800-646-6244 |

COMPANY
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““Whnat to use for Flectronics Service and Repan""’

Clean and degrease circuit boards Gleans switchels, m—wts and—relays
and companents ! e Maximum reliability « Reduced 0DP*
* Flush PC boards safely, without CFC's*

oo Remove dust and try dirt
Locate detective components e ULtra-tiltered * Contains no CFC's*
e Fast Ireeze with no CFC's* L

hb U™ 20 [ i Desalder components with the
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MISSING TABLES
Olur February 1993 issue featured
Fart 2 of "Crystal Oscillators. " Un»
fortunately. eight tables that were

- supposed to accompany the article

never made it to print. The missing
fables appear on page 84. We apol-
ogize for any inconveniences we
may have caused you —Editor

PHOTO CD/CD-l VERSUS VIS

| think that Jeff Holtzman did his
readers, Philips, and Kodak a disser-
vice in his December Computer
Connections.

While he admonishes Kodak to
“work with Tandy to ensure that VIS
can play Photo-CD discs,” he fails
to mention that Kodak and Philips
collaborated on the development of
Photo-CD or that Philips (and prob-
ably other) CD-| players are already
Photo-CD players, too. When | pur-
chased my CD-l player a year ago, it
included a coupon for a free Photo-
CD demo disc, and | recently re-
ceived a certificate good for a free
Photo-CD with my own film.

Mr. Holtzman also fails to mention
that the Philips CD-| player is also a
top-notch audio CD player. It has
some features not found on the
average CD-DA player, such as the
ability to create and store “Favorite
Tracks Selections” lists in non-vol-
atile memory. Those lists can be re-
called at any time to play only
selected tracks in a selected order,
allowing you to, in effect,
“customize” discs.

While the initial cost of a CD-|
player might seem high at first
($599 “street” price here), when
you consider that you are also get-
ting a Photo-CD player and an audio
CD player, the cost-perfunction is
very reasonable. Although the Phi-
lips CD-I player is the only one cur-
rently available in the U.S., | hope
we will soon see other manufac-
turers join in, perhaps with a single
player that will handle all CD for-
mats including video formats.

Mr. Holtzman also leaves the im-
pression that the available CD-l ti-
tles are limited in number and
scope, which is not true. CD Mar
ketplace 1992, an industry publica-
tion from Knowledge Industry
Publications Inc., lists 92 titles pub-
lished worldwide, and 29 more in
production. It also lists more than
80 publishers, producers, and de-
velopers of CD-I software, including
most of those that Mr. Holtzman
lists as potential VIS developers.
The current CD-| catalog includes a
wide variety of titles, including such
standards as Sargon Chess, Battle
Ship, Backgammon, and Tetris.
Others are ABC Sports Golf (and
soon baseball), and adventure
games such as Defender of the
Crown and Escape from Cybercity.
One can obtain "Jukebox" discs
that include video lyrics and trivia, a
large selection of children’s educa-
tional works including Sesame
Street, Richard Scarry, and Aesop's
Fables. Adult educational selec-
tions include a tour of the Smithso-
nian, Time-Life’s 35-mm Photogra-
phy, and both classical and jazz
guitar lessons. In the past several
weeks, | was notified that Philips
released 20 new titles, with more
promised before Christmas (1992).

The article also mentions that
Tandy's immense retail network will
ensure broad availability of its VIS
system. Within 10 minutes of my
home there are at least six retailers,
including Sears, Montgomery
Ward, and Service Merchandise,
that sell CD-l players and software.
That is hardly what | would consider
limited availability. Moreover, it ex-
poses CD- to a much wider au-
dience than the typical Radio Shack
Store ever will.

Philips, Sony, and others de-
veloped CD-| with the expectation
that it would become an interna-
tional standard (for example, the
same CD-| disc can be played on
both American NTSC and European
PAL format players). | thinkit's unfor-

tunate for all of us that Tandy has
chosen to develop its own unique
format rather than adopt the emerg-
ing CD-l standard. I'm afraid that
this will only result in another VHS/
Betamax-style battle for supremacy
that will hurt the consumer in the
long run.

Rather than wait for Tandy, Mr.
Holtzman should consider hooking
a CD-l player to his home-entertain-
ment center to see what he's been
missing for the last year. He might
not have to “throw it away ™ as soon
as he thinks.

MIKE MAGNUS
Des Plaines, IL

SIMPLER AUTOMATIC POWER
CONTROLLER

I have been a subscriber to Radio-
Electronics/Electronics Now for
more years than | can remember,
and look forward to each month's
issue.

| enjoyed David Sweeney's arti-
cle, "Automatic Power Controller,”
in the November 1992 issue. It pro-
vided me with new insights on a
controller application | have
planned.
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However, Mr. Sweeney's ap-
proach seemed to be a bit of overkill
for the task at hand. Figure 1 shows
a cheaper, and simpler circuit that
performs the same function: oper
ating a remote relay while providing
a dashboard indication that the relay
has been switched.

By using a push-on/push-off

’
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switch for S1, one can eliminate the
{C circuitry. For example, the switch
has a built-in, replaceable 12-volt in-
dicator lamp. That option has an
even smaller footprint on the
dashboard. (Using that port would
eliminate the automatic power-off
feature of the circuit presented,
however)

WILLIAM E. BAKER
Independence, MO

“FREEDOM,” NOT THEFT

Does placing a tin cup on the
sidewalk while | recite Hamlet to
passers-by create an enforceable
claim against one who stops to lis-
ten? Mr. Mihok's “implicit” contract
(Letters, Electronics Now De-
cember 1992) exists only in his
imagination. Furthermore, removing
three newspapers from a coin-oper-
ated vending box when only one
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was paid for, deprives a news dealer
of the opportunity to sell those
other two papers. However, tuning
in to a signal that | have not paid for
deprives the cable company only of
the opportunity to sell services to
me. The fundamental difference be-
tween finite newspapers and infi-
nitely divisible signal renders Mr.
Mihok's argument void.

The reality is, passive reception is
no more subject to restriction than
eavesdropping. Legislation has at-
tempted to intervene, but as Bruno
Leoni has instructed us, legislation
is not law. Real law is like language:
It is universally accepted, and it
does not pander to the majority or
to the cable-industry’s special-inter
est group.

The socialist in Mr. Mihok would
have the police force us to pay him
for his Hamlet. In a free society, he
will need a job making real products
that people want to buy, rather than
tinkering with something he enjoys
while plotting ways for the govern-
ment to make it worth his while.
JACK DENNON
Warrenton, OR

CURRENT-FLOW CONTROVERSY

| am writing to comment on Don
Lancaster's Hardware Hacker (Elec-
tronics Now, December 1992) re-
garding current flow.

His “bottom line,” that any text-
book teaching electron current the-
ory is ripping you off and will lead to
confusion later on, oversimplifies
the field of electronics. When | went
to school, both thevries were taught
side-by-side, each with its applica-
tion. Conventional current, also
known as the Franklin Theory (after
Ben) or Flow of Positive Charges, is
fine for motors, transformers, and
power electrical apparatus, and is
used by electrical engineers, elec-
tricians, automotive technicians,
and others identified in Mr. Lan-
caster's article.

Conventional current theory sim-
ply does not explain the operation of
vacuum tubes. They are still as
CRT's (monitors or television pic-
ture tubes). Here electron-flow the-
ory provides a better explanation of
tube operation, and conveys the
actual makeup of electricity, re-

Continued on page 87
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o matter how carefully you
Nplan things and how ex-

plicitly you set your goals,
projects always take on a life of their
own. It's very hard to decide of-
ficially that a job is finished. The
more time you put in, the more diffi-
cult it is to stop putting time in. Proj-
ect goals just seem to grow as the
project develops.

There are only a few things to
take care of in finishing the design of
a basic SSAVI descrambler. We
need a detector to let us know when
lines 24 and 257 show up because
they mark the points where we use
our manufactured sync and where
we switch to the transmitted sync,
respectively. As we discussed last
month, this subcircuit is no big deal
because it just involves a counter
that will keep track of the horizontal
line numbers and some decoding
circuitry that will signal the arrival of
the two lines we're interested in.

You can use any counter you
want, and the 4040 we used earlier
is as good as any one of them. The
tricky part of the design is that the
decimal 257 is 100000001 in binary
code. That means we need a coun-
ter/decoder that can handle nine
lines. The 4040 can output the cor
rect count, but the decoder must be
able to “watch” nine lines. That's
not a problem if you're using dis-
crete logic gates to do the decoding
because you can have as many input
legs as you want. If you're using an
EPROM, it's obvious that the extra
available address lines for the input
have to be tied to either power or
ground.

Somewhere out there in de-
signland, there's a combination of
gates that will decode the two num-
bers (24 and 257), but finding it is
pretty tedious and, to make matters
worse, there's not a lot to be learned
from doing it. | haven't given it a lot
of thought, but it can probably be

uses the correct sync.

DRAWING BOARD

Here's how to make sure your SSAVI descrambler

ROBERT GROSSBLATT
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FIG.1—THE EPROM WILL DECODE two input addresses (24 and 257) with only one or

two data lines.

TABLE 1—EPROM CHARACTER GENERATOR CHART
Input Programmed Output Data
Line EPROM | D D D D D D D D Hex
Number | Address | 7 6 5 4 3 2 1 0 |Data Byte
1 000 0 0 0 0 0 0 0 1 1
2 001 0 0 0 0 0 0 0 1 1
3 002 0 0 0 0 0 0 0 1 1
4 003 0 0 0 0 0 0 0 1 1
5 004 0 0 0 0 0 0 0 1 1
6 005 0 0 0 0 0 0 0 1 1
24 o7z o jo|o|olo|lo]|1]|o 2
25 018 0 0 0 0 0 0 1 0 2
26 019 0 0 0 0 0 0 1 0 2
27 01A 0 0 0 0 0 0 1 0 2
28 018 0 0 0 0 0 0 1 0 2
29 01C 0 0 0 0 0 0 1 0 2
257 8 |0 |o|o]o|o|o]| o] 1
258 081 0 0 0 0 0 0 0 1 1
259 082 0 0 0 0 0 0 0 1 1
260 083 0 0 0 0 0 0 0 1 1
261 084 0 0 0 0 0 0 0 1 1
262 085 0 0 0 0 0 0 0 1 1
This EPROM can also be used to decode line 20 (see text) by programming one of the
data lines high when line 20 (address OFh in the EPROM) is reached.

done with a handful of gates. I'll
leave the rest of this as an exercise
for some of you out there. If some-

one works it out, drop me a note and
I'l pass it along.
Continued on page 84
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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-plus
graduates of the Cleveland Institute of
Electronics who are working in high-
paying positions with aerospace,
computer, medical, automotive and
communications firms throughout the
world.

They'li 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

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

Includes hundreds of the most
frequently used electronic symbols.
Published exclusively by CIE for
our students and alumni. Yours
free when you request a CIE
Course Catalog.

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 resuit 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
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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 AA.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.

YES? | want to get started. Send
me my CIE course catalog including
details about the Associate Degree
Program. (For your convenience, CIE
will have a representative contact you

I - there is no obligation.)

s = ]| Address _

AE49

Please print clearly

Name _

City State

Age

Zip

Phone No. (____)

Check box for G.1. Bill Benefits
[J Veteran ] Active Duty

e

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

1776 East 17th Street
Cleveland, Ohio 44114
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NEW PRODUCTS

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

power supply. An included
signal generator produces
sine, square, and triangle

' ‘m;,,_._,m,mg - waves with frequencies
IOy | | from 200 Hz to 200 kHz. A
*’bLIUD;“# | speaker, and 1- and 100-
fi}"d;]u'.'li;i}iii:’;:;fﬁa'i"',;," ' Kohm potentiometers are
included. All outputs are

PROFESSIONAL-GRADE
DIGITAL MULTIMETERS. = =
Beckman Industrial has in- o~y

troduced two new four-digit
DMM's, Models 2020 and
2030. Both offer true RMS,
AC, and AC plus DC mea-

S o oo
-~

surement, a “faultfinder,”a . —

2-MHz frequency counter,
and a 50-nanosecond
pulse detector. Capaci-
tance values to 2000pnF
can be measured. The
“fault finder" locates inter-
mittent shorts, bad con-
tacts, and broken wires.

Both DMM's have back-
it LCD analog and digital
displays. Minimum, max-
imum and average readings
can be recorded in the au-
toranging mode. Probe
hold captures the last sta-
ble reading, beeps ac-
knowledgement, and re-
tains the reading on the
display. Peak hold captures
noise and events as fast as
a millisecond. Both positive
and negative peaks can be
measured. The pulse-de-
tection function detects
CMOS and TTL logic
pulses as short as 50
nanoseconds. With 0.01-
ohms resolution on the re-
sistance range, motor-
windings and relay coils
can be measured.

An overload alert warns

CIRCLE 16 ON FREE INFORMATION CARD

the user of excessive input
currents and voltages with
a tone, and an incorrect in-
put warning alerts the user
when a lead is in the cur
rent jack but current is not
being measured.

Both meters have AC
and DC voltage ranges of
100 millivolts, 1 volt, 10
volts, 100 volts, and 1000
volts. The basic DC ac-

L~

curacy of the 2020 s given
as 0.25%; forthe 2030, itis
0.1%. A holster, strap, and
tilt stand is included.

The Model 2020 DMM
is priced at $249 and
Model 2030 DMM s
priced at $279.. —Beckman
industrial Corporation,
3883 Ruffin Road, San Di-
ego, CA 92123-1898;
phone: 619-495-3200.
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CIRCUIT DESIGNER. A sol-
derless "breadboard’ for
designing, prototyping, and
testing circuits is now avail-
able from JPC Interna-
tional. Circuits can be built,
modified, expanded, and
dismantled on Circuit De-
signer TA102 without sol-
dering. Leaded compo-
nents are inserted into the
breadboards, which accept

CIRCLE 17 ON FREE
INFORMATION CARD

DIP IC's and most active
and passive components.

The standard TA102 has
1380 tie-points, which can
accommodate up to 16 14-
pin DIP IC’s. It is expanda-
ble up to 2020 tie-points,
to accommodate up to 24
14-pin BIP IC’s. Circuit De-
signerincludes both +1.25
to +15-volt DC and —1.25
to —15-volt DC variable
power supplies, and a cen-
ter-tapped, 30-volt AC

short-circuit protected.
The TA102 Circuit De-
signer is priced at
$149.95 —JPC Interna-
tional, Inc., PO. Box 55,
Agoura Hills, CA 91301;
Phone: 818-707-1514; Fax:
818-707-7327.

PERMANENT REPLACE-
MENT CMOS BATTERY
BACKUP. Clover Point is of-
fering its C-LIFE! perma-
nent replacement battery
for CMOS memories. It is
said to have a useful life in
excess of ten years. C-
LIFE! contains a nickel-cad-
mium (Ni-Cd) power pack
and a charging circuit that
was designed to match the
characteristics of Nj-Cd
cells.

CIRCLE 18 ON FREE
INFORMATION CARD

The Ni-Cd cells are pro-
tected against sudden dis-
charge, which could cause
cell overheating, and might
rupture the cells. C-LIFE!
obtains its charging current
from a disk-drive power-
output cable. The nominal
output voltage is 4.25
volts. With a CMOS drain
of 40 to 50 microamperes,
the C-LIFE! is said to pro-
vide continuous backup



Standard Features - Models 100, 150, 200 & 400

@ AC & DC VOLTAGES @ DC CURRENT @ RESISTANCE
@ CONTINUITY TESTER - Buzzer @ DIODE TEST @ 3 1/2 Digit LCD
@ LOW BATTERY INDICATOR @ ACCURACY +/- 0.5% RDG

PRO 400

Kelvin Meters backed by a
2 Yr Warranty - Parts & Labor

100 Basic 150 Basic+ 200 Advanced
BATTERY TEST TRANSISTOR hFE TRANSISTOR hFE

20MHz FREQ
COUNTER

BATTERY TEST  CAPACITANCE
AC/DC CURRENT  AC/DC CURRENT
KELVIN KELVIN KELVIN CAPACITANCE
# 990087 # 990090 # 990091 LOGIC TEST
100 Basic 150 Baslc+ 200 Advanced
$1 Q95 $2995 $3995

Protective Cases
For Models 100, 150, 200 $4.95 (990088)
Case For Model Pro 400 $9.95 (990004)

Model 93 Model 95
DIAGNOSTIC S ENGINE ANALYZER ¥

Standard Features - Models 92, 93, 94 & 95
@ DC/AC VOLTMETERS @ AC/DC CURRENT @ OHM METER
@® FREQUENCY COUNTER to 4 MHz @ AUDIBLE CONTINUITY TESTER
@ DIODE TESTER @ MAX/MIN AVERAGE MEMORY RECORD
@ RELATIVE MODE @ 10A HIGH-ENERGY FUSE PROTECTION
@ DATAHOLD @ AUTO SLEEP & AUTO POWER OFF

PERFORMANCE P8 Complete with above Standard Features plus
Model 92 # 990109 WATER RESISTANT (92 & 94 Models only),

Model 92
PERFORMANCE #*

2 YEAR WARRANTY, YELLOW HOLSTER,
$9995 PROBES, BATTERY, FUSE, STAND
R Complete with Standard & Model 92 Features plus
DIAGNOSTIC Prvs LOGIC PROBE, CAPACITANCE TESTER,
Mode! 93 #990110 TRANSISTOR TESTER, TEMPERATURE
TESTER & K-TYPE PROBE, HIGH VOLTAGE
$1 2995 WARNING BUZZER
Complete with Standard & Model 92 Features plus
ENGINE ANALYZER ~» TEMPERATURE, TACHOMETER & DWELL
Model 95 # 900112 ANGLE TESTER DUTY CYCLE, 10 MEGA
$ OHM IMPEDANCE, ANALOG BAR GRAPH,
1999 K-TYPE TEMP PROBE, ALLIGATOR CLIP
TEST LEADS, INDUCTIVE PICKUP CLIP,
6 TEST LEADS & CARRY CASE
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KELVIN TRUE RMS ™ 94

12 INSTRUMENTS IN ONE - DC VOLTMETER, AC VOLTMETER,
OHMMETER, AC CURRENT, DC CURRENT, DIODE TESTER, AUDIBLE
CONTINUITY TESTER, dBm,FREQCOUN TER, CAPACITANCE METER

MODEL 94

INDUCTANCE METER, LOGIC PROBE 19
#990111

RA Water
CONES COMPLETE WITH
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ase or 90 erie ete This meter Is designed In

3Q 9 - accordance with relevant safety
il requirements as specified In IEC-

348, UL-1244 and VDE-0411.
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power for one year. To
maintain the CMOS indefi-
nitely, the computer must
operate for at least 12
hours within a year.

Clovis Point guarantees

its product for the life of
your computer—when in-
stalled and used according
to its instructions. The in-
troductory price of the
backup power source is
$25. A 'Y adapter,
needed if all your disk
power cables are in use, is
priced at an additional
$5—
Clovis Point, 215 Main
Street, Rochester, VT
05767; Phone:
802-767-9292.

SPECTRUM PROBE. A new
oscilloscope probe can
measure RF voltage, field
strength, and current being
received by or transmitted
from electronic equipment.
Smith Design’s 255 Spec-
trum Probe is intended pri-
marily for detecting and
correcting electromagnetic
interference (EMI) in equip-
ment such as computers
with internal high-frequen-
cy generators.

The probe can safely

read RF voltage or current.

(with a simple adapter) on
the power line, useful for
any manufacturer or builder
trying to meet FCC and
VDE EMI standards. The
probe can estimate the
field strength of emissions,
and help in efforts to re-
duce them to obtain FCC
compliance.

The probe is said to be
able to "see"” RF currents
and voltages on a PC board
without loading the circuit.
It will also provide RF "'sig-
natures” of the board for
further reference, and it
can “sniff” out sources of
EMI. The 255 can also
check the high-frequency
sections of infrared and ul-
trasonic equipment.

The probe has a frequen-
cy range of less than 30

i

CIRI.E 19 ON FREE
INFORMATION CARD

kHz up to 2.5 MHz, a mini-
mum dynamic display
range of 60dB, and 10
picofarads input loading.
The 255 Spectrum
Probe is priced at $279 —
Smith Design, 207 East
Prospect, North Wales, PA
19454, Phone:
215-661-9107.

TWO-CHANNEL 0S-
CILLOSCOPE. A new 20-
MHz, dual-channel os-
cilloscope has been intro-
duced by Leader Instru-
ments. The Model 8020
has twelve ranges from 1
millivolt to 5 volts per divi-
sion. Vertical accuracy is
stated at 3%, and the
scope can be calibrated
from front-panel controls.

The Model 8020 offers
single-lever selection of
NorM-auTo, X-Y sweep
modes, and trigger coup-
ling selections including TV
horizontal and vertical sync
separators. It has a trigger
source switch that includes
a VERT setting. Sweep
speeds range from 0.5 mi-
croseconds to 0.5 sec-
onds per division with a
maximum speed of 50
nanoseconds per division
with a times ten magnifier.
Rear-panel jacks provide

INFORMATION CARD

channel 1 output for fre-
quency counters, and Z-
axis (intensity) modulation.
The Model 8020 os-
cilloscope is priced at
$595.—Leader Instruments
Corporation, 380 Oser Ave-
nue, Hauppauge, NY
11788; Phone:
516-231-6900 in NY, or
800-645-5104.

HANDHELD LCR BRIDGE. A
new handheld LCR bridge
is said to be able to mea-
sure inductance from 0.1
microhenry to 2,000 hen-
ries, capacitance from 0.1
picofarad to 10,000 micro-
farads, and resistance from
0.1 ohm to 20 megohms.
The Model 878 LCR Bridge
from B+K Precision is in-
tended for field-service or
general applications. Basic
accuracy of the bridge is
stated at 0.7%.

CIRCLE 21 ON FREE
INFORMATION CARD

When testing capaci-
tors, the Model 878 dis-
plays capacitance and dis-
sipation factor simulta-
neously. For inductors,
inductance and Q can be
read at the same time. The
value of a reference part
can be stored and then
show a plus or minus dif-
ference between the refer
ence and the measured
value. The LCR bridge can
be set to beep when a
component is outside the
preselected 1%, 5%, or
10% tolerance with respect
to the reference value.

A data-hold function
freezes any displayed read-
ing. A minimum/maximum/
average function keeps
track of the running aver-
age of readings, and rec-
ords the highest and
lowest values. The micro-
processor-based bridge
signals when it needs re-
calibration, and this can be
done with a pushbutton
switch. The LCD bridge
has separate four- and
three-digit liquid crystal dis-
plays with function annun-
ciators. Other feratures
include auto or manual
ranging and battery opera-
tion. It can also be powered
from the AC-to-DC adapter
provided.

The Model 878 LCD
bridge is priced at $275.—
B + K Precision, 6470 West
Cortland Street, Chicago.
IL 60635; Phone:
312-889-9087; Fax:
312-794-9740.

POCKET-SIZED FREQUENCY
COUNTER. Startek's
ATH-15 frequency counter
is said to be able to count
frequencies in the range of
1 MHz to 1.5 GHz. The
counter has an eight-digit
LED readout ( 0.3-inch),
and a 10-segment red LED
bargraph display. The bar
graph displays relative sig-
nal-strength for signals
from less than 1 MHz to
more than 4 GHz. The
counter’s sensitivity is
stated as less than 1 milli-
volt over the range of 1 to
800 MHz, 0.3 millivolt at
150 MHz, and 0.5 millivolt
at 450 MHz.

The ATH-15 has an auto
and manual hold switch
and indicator. Its indicators
include BATTERY CHARGE.
COUNT, and HoLD.” Auto
trigger and hold with auto
CLEAN DROPOUT are stan-
dard. The automatic clean
dropout feature prevents
the display of erroneous
data from a partial reading.
A one-shot trigger-and-
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Silicon Chip, the most popular hobby

electronics magazine south of the equator is
written for you; if you are fascinated by building projects,

increasing your understanding of theory, fixing consumer

electronic products, and keeping up-to-date with world-wide
trends within your electronics interests.

Silicon Chip, an Australian publication, is reprinted in the
United States offering the best of selected articles suitable

for North American readers.

Plan to become
a reader of

Packaged in a specially prepared format guaranteed
to excite the electronics hobbyist with new ideas,

novel projects, extraordinary features and down-right
good reading.

you will discover how the other

side of our world—down under—approaches the

same hobby interests as you do, with ramifications
that will amaze you.

Detailed construction projects to appear in upcom-
ing issues of Silicon Chip include:

4-Channel Guitar Mixer

Adjustable 0-45V, 8A Power Supply
Interphone Digital Telephone Exchange

1.5V to 9V DC Converter

Multi-Sector Home Burglar Alarm

1-Megabyte Printer Buffer

Exciting and imaginative Features like:

if you are fascinat-
ed by electronics,
especially the hobby

CSIICOR CHEP, 5008 Bi-County Bouievard, Farmingdale, New York 11735 ENas3
aspects related to v

-

Understanding Computer Memory
How to Interlink Musical Instruments
What’s New in Oscilloscopes

EN493 |
construction projects ‘ I'm convinced! Enroll me as a Charter Subscriber. Enter my subscription as designated below '||
theory, applications in '|‘ United States of America Canada ‘l‘
nome and $h0p. and. 1834 Sea o siss B e iy oy :
latest developments, if \ . (Includes postage &.G.S.T.) \ >
you a,re €0 mpel!gd to \ [J Payment enclosed Please charge my [JVISA [J Mastercard 5 S
experiment and f'x"t’, \ For your conveniencs, if paying by credit card: To avoid any interruption in service, your subscription will be renewed v D
then 1S } automatically at 12-issue intervals, at the then prevailing introductory rate, until you advise us to cancel it. 3 &
your kind of magazine. ! Signature -
is available '.‘ Account No ‘ Expiration Date = “' g
exclusively by subscription. .‘Oﬁer valid in the U.S.A. and Canada only. No foreign Orders. VoS
So take advantage of this ~ {Name Vg
great opportunity and start  yAddress e I
your Charter Subscription 3G : State Zp____\ %
today. LA" orders payable in U.S.A. funds only. Allow 6-8 weeks for delivery. ¥
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hold feature, which will hold
the frequency of the first
readable signal until man-
ually reset, is offered as an
option.

Two ranges each offer
three selectable gate
times. The ATH-15 can read
an input signal, display the
frequency, and automat-
ically switch to hold status
in tess than 80 millisec-
onds. The ATH-15 is
powered by rechargeable
nickel-cadmium batteries,
providing three to five
hours of operation. A bat-
tery charge indicator and
an AC-to-DC adapter/
charger are included.

The Model ATH-15 fre-
qguency counter is priced at
$235.—Startek Interna-
tional Inc., 398 NE 38th
Street, Ft. Lauderdale, FL
33334; Phone:
305-561-2211 or
800-638-8050 (for orders);
Fax: 305-561-9133.

SPECTRUM DISPLAY
MONITOR. A spectrum dis-
play monitor for panoramic

signal display for VHF
scanners and communica-
tions receivers such as the
ICOM R-7000 has been in-
troduced by Avcom of Vir
ginia. The SDM-42A dis-
plays all signals present in
the receiver's IF on a 5-inch
CRT. so the the operator
can monitor signal activity.

This capability permits
the operator to tune quick-
ly to signals as they appear
on the spectrum display.

U
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The display monitor makes
it easy to locate and tune
intermittent signals as well
as monitor a particular fre-
quency band.

The SDM-42A can
monitor a satellite re-
ceiver's intermediate fre-
quencies and demodulate
single-channel-per-carrier
satellite signals (with op-
tional demodulator circuit-
ry). It can also function as a
general-purpose spectrum
analyzer for specific fre-
quency ranges. With a
scanner, the SDM-42A can
be paired with Avcom’s
PSA-65A spectrum ana-
lyzer to form a spectrum
monitoring system.

The SDM-42A spectrum
display monitor costs
$1145 —Avcom of Virginia,
Inc., 500 Southlake Bivd.,
Richmond, VA 23236;
Phone: 804-794-2500;
Fax: 804-794-8284. Q

63W-188581-2

EVEN AT $39,
THE BLUES CAN LAST
A LONG, LONG TIME.

Conventional wisdom says if you spend less than
forty bucks on a probe, it won't be long until the thrill is
gone. But Duraprobesm start at $39, live practically
forever, and work with almost any scope around, so it
won't sumprise us if you pick up a whole case.

For the name of your nearest Duraprobe distributor,

call us at 1-800-426-2200. After all, some folks were just

born to have the blues.

Tektron/ix
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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-

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.

All This For Only!

« $100.00 Tuition Credit

« Academic Credit

- Free issue of The Electron

« Build your personal burglar alarm
« Toll Free Instructor Assistance

« 24-hour grading

- CIE bookstore privileges

| Yes! Send me CIE’s Introductory
Electronic and Electricity Lessons
and Equipment. A7320

Name:

Street:

City:

State:

Phone: ( _

/ I I IP = BOOKSTORE

1776 East 17th Street

« 39 theory and hands-on training
lessons and exams.
- Patented learning method
- CIE electronic bulletin board
privileges
[ N §F N ¥ N N B _ N B N N N _§N _§N__§N__§N__J
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

I |

Card Expiration Date: __

Signature:

S=e

CHARGE BY PHONE!
9 AM to 4:30 PM Eastern Time,
1-800-321-2155 ext. A7320

Cleveland, Ohio 44114

MON $01UONY3|T ‘E661 Ldy

N
~




% Electronics Now, April 1993

Get 3 Books gy Y02

when you join the ELECTRONICS ENGINEERS’ BOOK CLUB®

3258p $19.95
This book offers up-to-date
instructions for troubleshooting
and repairing all major brands of
equipment, with hundreds of
diagrams, specs, and schematics.
Covers TVs, VCRs, CD play-
ers, and much more. 310 pp.

[

Encyclopedia of
ELECTRONIC
CIRCUITS
4+ VOLUME 2 .

LT g )
& U7 A
A2

y W % .

& ¥a

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

3589 $27.95
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.

regulated power -

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.

[ TPRINTED
: | CIRCUITS |
*  WORKBOOK
*  |SERIES

: ENGINEERING

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

Desion & Build

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

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., Illus., Softcover

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 fre-
quencies to microwave.

416 pp., 411 illus.

=

ELECTRONIC
MEASUREMENTS
& TESTING

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.

Tue encvcLopDu of
ELECTRONIC
CIRCUITS {

s

Y et miantant
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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

Electrical

Engineering
Materials
Reference

Guide

o town oty

004196 $47.95
Get concise information on all
the major materials used for
electrical engineering applica-
tions. This guide covers a full
spectrum  of  conductor,
magnetic, insulating, and struc-
tural materials, and more.

320 pp.. Illus.

MASTERING
TECHNICAL
MATHEMATICS

- L

3438 $39.95
Promotes true understanding by
explaining how and why
mathematics principles work.
Step-by-step instructions and
alternative techniques are
provided for solving problems in
basic arithmetic, algebra,
geometry, trigonometry, and
calculus. 512 pp., 481 illus.

LINEAR IC
"HANDBOOK

[Rverr—

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.

INTRODUCTION T

ELECTRICAL
ENGINEERING
SECOND EDITION

011322-XX $43.95
Get an inside look at the world
of electrical engineering. Basic
concepts are covered before
moving on to more advanced
topics—allowing you to master
critical analysis techniques and
other basic skills early in the
book. 790 pp., illus.
Softcover  Counts us 2




MUNICATIONS |
RECEIVERS |

PRINCIPLES
& DESIGN

031716 $49.95
Get valuable information on the
production, recording, editing,
transmission, distribution, and
display of video signals in this
valuable guide.

300 pp., 120 illus.

053570-XX $64.95
This is a ‘‘one-stop™” guide to the
theory and design of com-
munications receivers: short-
wave, broadcast, radar, military,
broadcast (AM-FM), radar
aeronautical, marine, and direc-
tions finding. 608 pp., 402 illus.
Counts as 2

COMPLUTER
TECHMNICIAN'S

HANDEOHOE
Jed Editann

Join 0. Lonk

037504 $39.95
Packed with simplified, circuit-
by-circuit troubleshooting
examples, this handbook pro-
vides the practical know-how
you need to operate and

3279 $36.95
Perform routine maintenance
and diagnose and repair any kind
of computerized device. This
popular reference covers large
dynamic RAMSs, 32-Bit proc-

2962P $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

\PRINTED |
CIRCUITS |
WORKBOOK |
SERIES |

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

033559-XX $29.95
This up-to-date problem-solving
guide covers all components,
circuits, power supplies, opera-
tional amplifiers, and transistors.
592 pp., 800 illus.

Softcover Counts as 2

050806-XX $54.95
This book emphasizes circuit,
transformer, and magnetics
design. Provides worked-out
examples of transformers, cur-
rents, power levels, and more.
550 pp., 250 illus. Counts as 2

$24.95
Both a professional reference
and a study guide for the aspir-
ing technician, this is a well-

3365P

illustrated introduction to
modern communications. Use it

009522 $47.95
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

essors, 80286, 80386, and troubleshoot modern RF equip- Counts as 2 to prepare for your FCC General separate sections on analog and
Z8001-Z8002 processors. ment. 352 pp., 150 illus. Radiotelephone Operator Lic- digital instruments, signal
570 pp. ense or CET exam. generators, and oscilloscopes.
704 pp. Softcover 320 pp., Iius.
[T T T T T T T T T T T T T T T T T T

Your source for quality,
affordable and timely authoritative
engineering books.

. ronics 1

Baok Club. .

o, you'llenjoy rﬂmng ﬂiub bulleting every 3-4
‘weeks containing exciing offers on the lawest books
in the field at savings of up w 50% off of regular
.m’pmirmmﬁumsﬂmd%
nothing and it will be shipped automaticatly. If you
wiinit another book, or oo book at all, simply retutn
the reply form to us by the date specified. You'll have.
at feast 10 duys 1o decide. And you'll be eligible far
FREE hooks through the NEW Bonus Book Program,
Your only obligation is o purchase 3 more books
during the next 2 yeurs, alter which you may cancel
_'}wrmnbum-hjpmmy time: T BERD
Al Pouky are hisdpeser unless ctherwise noted. Publishers' prives shasn,

1f ous seliet o Soek that et o 2 chiices, wrie e bouk umber o one
o and XX i the peat 17 gou sebecr @ Cova as 3 chaice. wrilo e ook

bt ens boadnd XXX in the nes 2 bones.
A shippinghundtiog e & sles s will be aaced ol anders.

ﬂ'cmd I misking, write o
Elecirmicy Engineers’ Beok Clah, Blue Blidge Siromit, PA | Ta-LiB)

ELECTRONICS ENGINEERS’

A e WO OK CLUB
Blue Ridge Summit, PA 17294-0860

YES! Please rush me the book(s) indicated below for just $9.95 plus ship-
ping/handling & applicable sales tax. Enroll me as a member of the Electronics
Engineers’ Book Club according to the terms outlined in this ad. If not satisfied,
I may return the book(s) within 10 days without obligation and my member-
ship will be cancelled.

Name

If you select a book that counts as 2 choices, 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.

Address ____

City/State

Zip

Phone

Offer valid for new members only, subject to acceptance by EEBC. Canada must remit in U.S. funds
drawn on U.S. banks. Applicants outside the U.S. and Canada will receive special ordering instruc-
tions. A shipping/handling charge & sales tax will be added to all orders.
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Use The Free Information Card for fast response.

Fantastic Electronics: Build
Your Own Negative-lon Gen-
erator and Other Projects; by
John lovine. TAB Books, Di-
vision of McGraw-Hill Inc.,
Blue Ridge Summit, PA
17294-0850; Phone:
1-800-822-8138; $17.95.
Electronic hobbyists
whose interests include all
aspects of science, and
particularly the tech-
nologies of the future, will
enjoy building the projects
presented in lovine's book.
The subjects of the 23
projects and experiments
presented in the book in-
clude lasers, holography,
Kirlian photography, alter-

PANTASTIC
ELECTRQNICS

auc‘.- "‘-'f," 0

CIRCLE 24 ON FREE
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nate energy sources, and
even genetics. Included are
a biofeedback/lie-detector,
an ELF monitor, a Geiger
counter, a magneto-
hydrodynamic (MHD) gen-
erator, and an air-pollution
monitor. As if that were not
enough you'll find projects

on an expansion-cloud
chamber, a pinhole cam-
era, and a laser power sup-
ply for holography. Experi-
ments show how synthetic
gas and oil are made from
from coal, and how energy
is generated from plants.

Each project has been
designed and thoroughly
tested by the author, and
each chapter includes
background references
and historical information
on the technology being
explored.

The ECG Relays and Ac-
cessories CompuCross
Cross Reference Program.

Philips ECG, 1025 West-
minster Drive,
Williamsport, PA 17701;
Phone: 800-526-9354;
$11.95.

A floppy disk for IBM
PC's and compatibles,
available from Com-
puCross, contains the
same reference data base
as in the sixth edition of the
ECG Relays and Accesso-

CIRCLE 25 ON FREE
INFORMATION CARD

TTL-cM0S BONANZA

The Biggest Budget Buy an Experimenter,
Circuit Designer, or Engineer would want!

5 compact pocket guides provide a comprehensive listing of all commonly used TTL

and CMOS integrated circuits. All current families including: Standard, Low Power,

Schottky, Low Power Schottky, Advanced Schottky, Advanced Low Power

Schottky, High Speed and Fast Schottky, and all the commonly used CMOS
devices.

> They're easy to use! Each page describes one component only and is divided
into eight parts, which offer the following: 1—The device's schematic diagram. 2—

Logic description. 3—Data on the chip’s operational characteristics such as signal

levels, etc. 4—Major applications. 5—Summary of essential data. 6—Table of TTL

. families in which the component is available. 7—Device common name. 8—Type

reference number highlighted at the bottom of page for rapid and easy reference.

ORDER THE COMPLETE SET TODAY!

US and Canada orders only. Sorry, no Foreign orders. ALL PAYMENTS MUST BE IN u—_s. FUNDS

~Check Off the Books You Want

] 1

]

- E ELECTRONICS TECHNOLOGY TODAY INC. Each Book is $9.95 Shipping Charges :

§ 1 PO-Box240, Massapequa Park, NY 11762-0240 (] TTL Pocket Guide 7400-74200, Under$10.00 . i

;; ! [ Paying by Check Please charge my [] Visa [ MasterCard Volume 1 $100010$20.00 ... t

1 . $20.0110 $30.00........ 1

< ! cann Expiration Date [ TTL Pocket Guide 7420174640, $30.01 to $40.00 E
ard No. ! 00 ...

F o1 — Ealield $40.01 to $50.01 . |

S | signature ___ [] TTLPocket Guide 74641- Over $50.00 .. ... 00 |

a 1y 7430640, Volume 3 [0 Number of books ordered :

ame - i

2 e S (] CMOS Pocket Guide Standard e ‘I’r:'c‘(’;g gﬁ;’r“g g !

S ! Address Components, Volume 1 pping - 5

g | Subtotal $ I

o : City State Zip [] CMOS Pocket Guide Special Sales Tax {NY Only)  § l

= ! Il . Components, Volume 2 Total Amount $ )

1

l .

(2
N



TO ORDER

48 HOUR ELENCO & HITACHI & B+ K PRODUCTS CALL TOLL FREE

1-800-292-7711

SHIPPING AT DISCOUNT PRICES  1s004ss.201 ccan

ELENCO OSCILLOSCOPES B+K OSCILLOSCOPES Hitachi Compact Series Scopes
2120 - 20MHz Dual Trace _ $395  v-212 - 20MHz Dual Trace _ $409

2125 - 20MHz Delayed Sweep $539 V-525 - 50MHz, Cursors %975

1541B - 40MHz Dual Trace _$749  v.523 - 50MHz, Delayed Sweep $949

2160 - 60MHz Dual Trace, Delayed Sweep, V-522 - 50MHz, DC Offset $849

Dual Time Base $949  v.422 - 40MHz, DC Offset $749

2190 - 100MHz Three Trace Dual Time Base, V-222 - 20MHz, DC Offset $625

Delayed Sweep $1,395  v.660 - 60MHz, Dual Trace $1,095

2522 - 20MHz / 10MS/s Storage _ $895 V-665A - 60MHz,DT, w/cursor___ $1,325

1442 - 20MHz Portable %1229 V-1060 - 100MHz, Dual Trace $1,375

5-1325 25MHz $349 1443 - 40MHz Battery / AC operated with V-1065A - 100MHz, DT, w/cursor __%$1,649

_ Cursor & Readouts $1,439  v-1085 - 100MHz, QT, w/cursor $1,995

Dual Trace Oscilloscope V-1100A - 100MHz, Quad Trace__ $2,195

5.1340 40MHz $495 1.0GHz PORTABLE V-1150 - 150MHz, Quad Trace $2,695

Hitachi RSO Series
Dual Trace Oscilloscope SMF:)EdgnglgM ANsAz%SYQEESR RSO's feature; roll mode, averaging, save

memory, smoothing, interpolation, pretrigger-

- B AC/DC operation (battery included) .
S$-1360 60MHz B 7008 dynamic rangs ing, cursor measurements.

M Resolution bandwidth of 10kHz VC-6023 - 20MHz, 20MS/s $1,650

Dual TraceA’ Delayebd Swedep W 50Q and 75Q input impedance (switch selec- VC-6024 - 50MHz, 20MS/s $1,950
* Automatic beam finder table) i SRS

$775 < Buitin component tester B Fixed bandwidth selting for viewing TV signals ~ YC-6025A - 50MHz, 20MS/s____ $2,350
« 1MV sensitivity H Field calibratible with internally generated VC-6045A - 100MHz, 40MS/s __ Call

100MHz, ignal d =
o BYE] e e z, 80dB signa VC-6145 - 100MHz, 100MS/s _Call

Digital Capacitance Meter Digital LCR Meter Multimeter with FLUKE MULTIMETERS

i . 000 Capacitance &
CM-15508 | 8 LC-1801 uE‘;IJ_ Tror'\):ﬂm Tester Scopemeters (All Models Available Call)

$58.95( - $125 g Model 93  $1,22500 70 Series
9 Ranges : Measures: m $55 CM-1500B Model 95 1,549.00 Model 7011 $65.00
Coils 1uH-200H ; Reads Volts, Ohms Model 97 1,795.00 Model 771 $145.00
.1pf-20,000utd HE a .0
5% basic accy. Caps .1pf-200uf § ~ Current, Capacitors, 10 Serles Model 78I $169.00
Zero control w/ Case Res .01-20M ¥ Transistors and Modet 10 $62.95 80 Series
ig 1" Di P i i i del 12 $79.95 Model 87 $289.00
Big 1" Display | Big 1~ Display Diodes / with case Mo

Quad Power Supply XP-580 Triple Power Supply  XP-620 AM/FM Transistor | ¢ True RMS 4 1/2
$69.95 ‘ Assembled $75 Radio Kit Digit Muitimeter
2-20v @ 2A ' Kit$50 |  with Training Course i IR M-700T

" @ 4§ 210 15V @ 1A,

12V@ 1A '

5V @ 3A "oa ¢ -210-15V@ 1A Mode! AM/FM 108 $135
{or 4 to 30V @ 1A)

and 5V @ 3A $27.95 ) 05% DC Accuracy

All the desired features for doing experiments. 14 Transistors e 5 Diodes © i with Freq. Counter
Features short circuit protection, all supplies Makes a great school project Data Hold

Fully reguiated and short circuit protected

Sweep/Function Generator Function Generator XK-500 Digital / Analog Trainer

with Freq. Counter - Blox| A complete mini-lab for building, testing, prototyping anatog and digital circuits

$2 59 #9600 Elenco's Digital/Analog Trainer is specially designed for school projects, with 5 built-in power

9 supplies. Includes a function generator with continously variable, sine, triangular, square wave

Elenco e $2895 forms. All power supplies are regulated and protected against shorts.
Model GF-8026 == Power Supplies
Sine‘ Square_ Triangle_ Pulse, Ramp . Provides sine, triangle, square Variabie Power Supply

.2 10 2MHz, Freq Counter .1-10MHz Kit wave from 1Hz to 1MHz *‘~255‘° 20;000 @ ﬁ Rl
Internal Linear & Logic Sweep | $26.95  AM or FM capability f:_‘z‘é.;".z‘o\)’oég 5 A:lf,’
{-1.251t0 -15VDC @ 1 Amp}

i i 12vDC @ 1 Amp
Learn to Build and Program Elenco Wide Band ATl

Compuiers with this Kit S|gna| Generators +5VDC @ 1 Amp

Includes: All Parts, Assembly and Lesson Manual 30VAC Center tapped
@ 15VAC a1 1 Amp

Model - 5 Analog Section
MM-8000 el o P | Function Generator Sine,

Triangular, Square wave torms
$129.00

Frequency adjusiabie in five
ranges from 1 to 100KHz
Fine frequency adjust
Ampittude adjust
DC oftset
Modulation FM-AM
Dlgnal Section

8 Eight data swiches

B Two no bounce togic switches
$G-9000 $129 ® 8 LED readouts TTL buftered

) ) RF Freq 100K-450MHz AM Modula- @ Clock frequency 1 to 100KHz
Starting from scratch you buikd a complete system. Our ﬁonqog 1KHz Variable RF output ® Ciock amplitude 5VPP square wave

Micro-Master trainer teaches you o write into RAMs, Breadboards
i i SG-9500 w/ Digital Display & )
ROMs and run a 8085 microprocessor, which uses g play A e e G $159.95

similar machine language as IBM PC. 150 MHz built-in Counter $249 840 tie points (total 1,680) Assembled d $129.95 Kit

WE WILL NOT BE UNDERSOLD C&S SALES INC. ;SLILD'::C'\T/I;I:EV\VIABR':%T?UARANTEE
,“LP:ESSH;"S'Z'”TGI;;“‘S?I:J‘ i 1245 ROSEWOOD, DEERFIELD, IL 60015 ——

P T ) FAX: 708-520-0085 o (708) 541-0710 {PRTR SR ERRE CATHIOS
PROBES INCL ALL SCOPES & METERS NG
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ries Catalog. Listed are
designations for replace-
ments of many different
electromechanical relays.
Among them are relays
with specialized magnetic
contacts as well as solid-
state, reed, DIP, time-delay,
and programmable relays.
There are also references
to electronic timers and
standard and in-line input/
output modules.

The expanded ECG
cross-reference gives
readers access to a
database of more than
39,500 industry part num-
bers. They are cross-refer-
enced to over 530 ECG
relays and accessories.
The CompuCross program
displays a description of
the relay, including style,
and all pertinent specifica-
tions data such as input
voltage, contact arrange-
ment, and current rating. A
list of manufacturers of the
relays that can be replaced
is included.

CompuCross requires
512K of RAM, a hard drive,
and a 3%- or 5Y%-inch flop-
py drive. The program is
available on two standard-
density or a single high-
density 5Ya-inch disk, or on
a single standard-density
3Ve-inch disk.

The Television Gray Market;
by Henry L. Eisenson. Index
Publishing Group, 6755 Mis-
sion Gorge Road, Suite 6,
San Diego, CA 92120;
Phone: 619-281-2957;
$23.75.

An electronic under-
ground is stealing billions
of dollars worth of televi-
sion programs from satel-
lites, cables, and video-
tapes. It is also violating
state anti-pollution laws.
Ironically, the vendors of
the equipment or devices
needed to steal these ser-
vices, and in other ways
violate the law are legiti-
mate manufacturers.

They include manufac-
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turers and distributors of
cable descramblers, de-
scrambling IC's, and scan-
ners that can be easily
modified for eavesdropping
on private conversations
over cordless and even cel-
lular telephones.

Other topics include a
discussion of an industry
that replaces original
equipment automotive mi-
crocontrollers that meet
the legal requirements of
the states in which they are
sold with modified versions
that boost car performance
by disregarding anit-pollu-
tion laws. And you can read
about readily available sur
veillance “bugs” and cam-
eras that you can buy retail
or from mail-order houses.

They're all perfectly
legal—as long as you don't
use them. The “gray mar
ket” flourishes because no
laws prohibit the manufac-
ture, sales, distribution or
purchase of those devices
or products. Eisenson's
book explores the gray
market,describes legal is-
sues, industry counter-
measures, scrambling and
descrambling methods,
and the way certain equip-
ment is modified illegally.

The author quotes mem-
bers of the gray market and
their customers. He also
includes discussions with
law-enforcement agencies.
Appendixes include a de-
scription of the television
spectrum with call letters
for TV channels, and a
comprehensive listing of
gray-market vendors.

Aliasing Errors in A/D Con-
verters. Alligator Tech-
nologies, 17150 Newhope
Street, Suite 114, P.0. Box
9706, Fountain Valley, CA
92728-9706; Phone:
714-850-9984; Fax:
T4-850-9987,; free.

These application notes
summarize the causes of
aliasing errors for engi-
neers and scientists who
sample data with analog-
to-digital converters. They
explain how to select the
best filter for each applica-
tion. The notes also de-
scribe Alligator Tech-
nologies products —a front-
end, low-pass filter board,
the AAF-1.
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Other topics covered in-
clude choosing the correct
filter, setting and calibrating
AAF-1 cut-off frequencies,
using AAF-1 daughter
boards in non-AAF-1 sys-
tems, and distinguishing
between the six types of
grounds and associated
power sources. The sub-
jects of the notes are:
® AP-301, Aliasing Errors
in A/D Converters, de-
scribes the phenomenon
of aliasing and explains the
theory behind anti-alias fil-
ters and the benefits of
using such filters.
® Note AP-302, AAF-1 Fil-
ter Selection, describes
five switched capacitor fil-
ters available for the AAF-1
system.
® AP-303, Setting and Cal-
ibrating AAF-1 Cutoff Fre-
quencies, explains how to
use a built-in or external
frequency clock source,
with the AAF-1 and how to
select the frequency range
and how to measure the
corner frequency.

® AP.304 covers pin con-
nection, digital and analog
grounds, clock frequency,
and power supplies for the
filtering daughter board of
the AAF-1.

® AP-305, Grounding in a
System with AAF-1 Com-
ponents, discusses chas-
sis, digital, analog, and
three other types of ground
references and their rela-
tion to signals in a data-ac-
quisition system.

The MIDI Manual, by David
Miles Huber. Sams, Division
of Macmillan Computer
Publishing, 11711 North Col-
lege, Carmel, IN 46032;
Phone: 800-428-5331 or
317-573-2500; Fax:
800-448-3804 or
317-573-2655; $24.95.

This all-around guide to
MIDI technology explains
how you can improve your
techniques for recording
music and your perfor-
mance with MIDI. It de-
scribes the industry's lead-
ing products, and explains
how to integrate them with
the IBM PC, as well as
Macintosh, and Atari com-
puters.

the
MIDE Manual
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lllustrations and step-by-
step lessons teach you
how to set up an efficient
MIDI system. The basic
MIDI components and
functions are explained,
and there is detailed
coverage of subjects such
as production technigues,
synchronization, combin-
ing MIDI and sync-pulse
timing, and the art of se-
quencing. Q
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FREE...EARN BIG $$ IN YOUR SPARE
TIME—AIl supplies and Do-It-Yourself kits
with complete instructions available. Sup-
plies cost from $9.95 in gty and you can sell
recharged toner cartridges for $40.00 to
'$55.00 each. Printers include HP Laser-Jet
Series |, Il, 1ll, IV, Apple LaserWriter, QMS,
etc. Canon PC Copiers also. CHENESKO
PRODUCTS, 2221 Fifth Ave., Suite #4,
Ronkonkoma, NY 11779, 516-467-3205.
FAX 516-467-3223, 1-800-221-3516
CIRCLE 110 ON FREE INFORMATION CARD

CABLE TV 50dB NOTCH FILTERS for inter-
ference removal or channel censoring. Filters
are user-adjustable to desired channel # or
frequency. Eight Models available, each for
certain channels: 2 & 3; 4 to 6; 7 to 13; 14 to
17;181022;23 10 29; 30 t0 36; 95t0 99 plus O
& 1. Just $30 each or 3 for $75, includes
shipping. ONE MONTH MONEY BACK, fast
delivery. Visa, MC, check or M.O. (C.O.D. is
$5 extra) Huge discounts for higher quan-
tities. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, NV 89193, Call 24 hours
1-800-535-7827.

NEW JENSEN MASTER CATALOG
Jensen'’s 1993 Master Catalog, available free,
contains many innovative products for de-
sign, testing and repair of electronic equip-
ment. Presents new instruments from Fluke,
Beckman, Tektronix, Huntron, Leader, BK
Precision, and others. Introduces latest inch
and metric tools, tools kits, soldering sup-
plies, cables, connectors, static control prod-
ucts, PC diagnostics and more. Enjoy free
technical assistance and free shipping within
the continental USA. JENSEN TOOLS INC.,
7815 S. 46th St., Phoenix AZ 85044 (602)
968-6231.
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CALL NOW
AND

RESERVE
YOUR SPACE

e 6 x rate $940.00 per each insertion.

e Fast reader service cycle.

@ Short lead time for the placement of
ads.

e We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space.

Ask for Arline Fishman. Limited number

of pages available. Mail materials to:

mini-ADS, ELECTRONICS NOW, 500-8

Bi-County Blvd., Farmingdale, NY

11735.

FAX: 516-293-3115

POMONA ELECTRONICS ELECTRONIC
TEST ACCESSORY CATALOG—Pomona
Electronics new 142-page 1993/1994 Catalog
of Electronic Test Accessories introduces
several new individual DMM test accessory
products and an expanded line of os-
cilloscope probe kits including an active dif-
ferential ‘probe kit. The all new catalog also
introduces a helpful guide to offer accurate
SMT test clip selection for new low-profile,
fine-pitch packages such as SQPF, SSOP
and PQFP styles and safety-designed prod-
ucts. ITT POMONA ELECTRONICS, 1500E.
Ninth Street, P.O. Box 2767, Pomona, CA
91769, Telephone: 714-469-2900, Fax:
714-629-3317.
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WORLD’S SMALLEST FM TRANSMIT-
TERS! New Surface Mount Technology
(SMT) makes all others obsolete! XST500
Transmitter—powerful 3 transistor audio am-
plifier, transmits whispers up to 1 mile.
XSP250 Telephone Transmitter—line
powered, transmits conversations up to Vs
mile. Both tune 88-108 MHz. Easy to assem-
ble E-Z KITS (SMT components pre-
assembled to circuit board)! XST500—
$39.95, XSP250—$29.95, VISA/MC. COD
add $5. XANDI ELECTRONICS, 201 E.
Southern Ave., Suite 111, Tempe, AZ

| 85282. 1-800-336-7389.
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TWO TRANSMITTERS IN ONE! 5 MINUTE
ASSEMBLY! MONEYBACK GUARANTEE!
New Law Enforcement grade device on a
single chip is the most sensitive, powerful,
stable room transmitter you can buy. Uses
any 3V-12V battery. Or attach to telephone
line to monitor all telephone conversations
over 1 mile away without batteries! 100mWwW
output! 80-130MHZ. Receive on any FM radio
or wideband scanner. VT-75 microtransmitter.
$49.95 + 1.50 S&H. VISA, MC, MO. COD’s
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 914-232-3878.
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CABLE TV 50dB NOTCH FILTERS for inter-
ference removal or channel censoring. Filters
are user-adjustable to desired channel # or
frequency. Eight Models available, each for
certain channels: 2 & 3; 4t0 6; 7 t0 13; 14 to
17,1810 22;231029; 3010 36;95t0 99 plus O
& 1. Just $30 each or 3 for $75, includes
shipping. ONE MONTH MONEY BACK, fast
delivery. Visa, MC, check or M.O. (C.O.D. is
$5 extra) Huge discounts for higher gquan-
tities. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, NV 89193. Call 24 hours
1-800-535-7827.
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m Precision-crafted with top-quality materials
m Designed for long life and ease of use
m Backed by Radio Shack’s 1-Year Limited Warranty

New TECHLINE tools represent Radio Shack’s uncompro-
mising dedication to quality. Each is precision-crafted of
long-lasting, hard-working materials and employs the lat-
est design innovations for comfort and ease of use. And,
each is backed by our full 1-year limited warranty.

TECHLINE Mini Hand Drill. Terrific

Portable Power Inverter. For camp-
ing, fishing, emergencies. Converts
car/boat 12VDC to 115VAC for power-
inga TV, VCR, light or tool. Compact
and efficient. Rated 140W continu-

TECHLINE Swiss Army Knife. Tool
kit for your pocket! You’ll be prepared
with a large blade, Phillips and slot
screwdrivers, wire stripper, cutter, pli-
ers, opener, tweezers and toothpick.

for PC projects. Precision geared, fits
comfortably in the palm of your hand.
Four standard drill bits—3/2" 1/s”
Sh2" and ¥16” —store in shank.

ous. #22-132 . ... ...

Hi-Current Car DC
Adapter. Plugs into ve-
hicle lighter socket. Pro-
vides 6, 9 or 12VDC.
With four Adaptaplugs.
#270-1562 ... .. 15.95

...... 99.99

Getting Started
‘in Electronics

Getting Started in
Electronics. A great
hands-on introduction
to building your own
electronic circuits.

#276-5003 ... .. 2.99

#64-2001

B

Anti-Static Spray. By
STATX® brands. New
high-tech cleaner and
protector repels dust—
cleans without scratch-
ing. #64-3310 ... 3.99

29.95

Mini Audio Amp With

Built-in Speaker. Many
uses—test amp, signal
tracer, phone amp and
amplified PC speaker.

#2771008 . . .. .. 11.95

#64-1979 . ..

............. 12.99

Bench-Top Soldering
Iron Holder/Cleaner.
Safe way to hold hot
iron while working.
Sponge tip cleaner.

#64-2078 ... .. 6.49

Speedy service and low prices on thousands of parts and accessories!

0

® FREE delivery to Radio Shack on orders $5 and up

m Semiconductors and ICs m Hard-to-find batteries

n CB and scanner crystals m Long-life vacuum tubes
m Phono cartridges/styli m SAMS® service books

Electronics Now, April 1993
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Why pay more for mail-order? Your Radio Shack stocks 1000 electronic
components, and another 15,000 are available fast from our special-order
‘: warehouse. Ordering is easy! Bring in the exact part number (or old part).
& We'll check availability and order by phone. Delivery time to your nearby
. Radio Shack for most items is a week.

ffffff 1dio Shack =

AMERICA'S TECHNOLOGY STORE

CIRCLE 78 ON FREE INFORMATION CARD

Prices apply
at participating
stores and dealars.




BUILD THE AFG Il

Turn your automobile

R

into a concert hall on wheels with the
Acoustic Field Generator Il.

TOD T. TEMPLIN

WAY BACK IN JANUARY 1990, WE PUB-
lished plans describing the con-
struction of the Acoustic Field
Generator. That circuit, the
AFG for short, will recover natu-
ral ambience and reflections
hidden within any stereo audio
signal. In other words, it will
reconstruct a three-dimension-
al acoustic field by reproducing
both direct and delayed indirect
sound waves through a set of
four speakers surrounding the
listener. The AFG can also de-
code specially encoded sur-
round sound material, and thus
was intended primarily for use
in a home theater system.

Many builders of the AFG
where so impressed with it that
they requested information on
how to modify the circuit to op-
erate from a 12-volt power sup-
ply for use in their automobiles.
It seems that a good number of
audiophiles are looking for a cir-
cuit to enhance the acoustic
properties of their automotive
sound systems.

The circuitry of the original
AFG included a bipolar power
supply and was not readily
adaptable to 12-volt operation.
For that reason, an entirely new
circuit, the AFG II, has been de-
signed for use in a car. However,
the AFG II can also be powered
from a 12-volt DC wall trans-
former, and can therefore be-
come part of any audio system.

Description

The AFG Il is a true stereo cir-
cuit. It’s designed to be placed.in
the line-level signal path of your
car’s audio system between the
output of the receiver and the
input of the equalizer or power
amplifier, which drives the rear
speakers of your vehicle. Figure
1 is a block diagram of a typical
system. The AFG Il uses a pair of
bucket-brigade devices to delay
the sound that is fed to the rear
speakers. The delay (in relation
to the front speakers) can be ad-
justed from about 5 to 35 mitlli-
seconds. A feedback control
adds variable reverberation
(echo) to the delayed signals.

—

In addition to its simple delay
mode, the AFG II has a differen-
tial mode in which it decodes
any surround-sound or am-
bience signals present. Volume
and reverberation level are con-
trolled by an electronic volume
control IC. As in the original
AFG, an electronic crossover is
provided to drive an external
power amplifier for a subwoofer
system.

The entire unit is built on a
single-sided 4- by 5-inch PC
board with all controls and in-
put/output jacks mounted on it.
The completed PC board slides
into an attractive commercial
enclosure. so the finished proj-
ect is quite compact, looks pro-
fessional, and is easily mounted
in most vehicles.

Circuitry

Figure 2 shows a block di-
agram of the AFG Il circuit. Note
that the circuit consists of two
identical audio channels which
share a common power supply
and bucket-brigade clock gener-
ator. Next refer to the schematic

MON SOIUOII03(T ‘E661 ILdy
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MATCHING

TRANSFORMER

FIG. 1—THE AFG Il 1S DESIGNED to be placed in the line-level signal path of your car’s

audio system between the outputs of the receiver and the inputs of the equalizer or
power amplifier, which drives the rear speakers.

>

>

IG. 2—AFG {| BLOCK DIAGRAM. -

2048 STAGE ]
BBD

ELECTRONIC

CLOCK
DELAY
2048 STAGE
BBD

REVERB

that share a common power supply and bucket brigade clock generator.

diagram shown in Fig. 3. An in-
put buffer amplifier is made up
of ICl-a and IC1-d. With
SURROUND SELECT switch Sl
open, ICl-a and -d act as simple
inverting amplifiers, and have
no effect on the input signal
other than providing some gain
and a low source impedance for
driving the filter section of the
following stage.

When Sl is closed, each op-
amp becomes a differential am-

plifier because its non-inverting
input is cross-connected, via
R3-C6 and R4-C5, to the op-
posite audio channel of its in-
verting input. When operating
in the differential mode, any au-
dio information that is common
to both channels (i.e., mono) is
canceled from the output. Only
the difference component (L —R
and R —L) of the original signal
remains. Operating the input
amplifier stage in the differen-

| VOLUME CONTROL

POWER
AMP
(STERED)

OPTIONAL
EQUALIZER

ELECTRONIC
VOLUME
CONTROL

e circuit consists of two identical audio channels

tial mode decodes any ambience
or surround information pres-
ent in the incoming signal.
Trimmers R73 and R74 provide
a means for adjusting the over-
all circuit gain, thus compen-
sating for the varying source
signal levels of different compo-
nents likely to be used with the
AFG 1I.

When op-amps are operated
from a single-ended power sup-
ply. their non-inverting inputs




should be biased at the same DC
voltage as the inverting inputs;
usually one half the supply volt-
age. To satisfy that requirement
in our circuit, resistors R21 and
R22 form a fixed voltage divider.
Because the resistors have
equal value, the divider splits
the supply voltage in half. Ca-
pacitor C17 acts as a filter and
ensures that no audio signal or
noise is coupled to the non-in-
verting inputs of the op-amps.
All of the op-amps in the entire
circuit are biased in this man-
ner. Op-amps IC1-b and ICl-c
form a pair of anti-aliasing fil-
ters for the delay section (see
Fig. 4).

The heart of the AFG II delay
section consists of a pair of Pan-
asonic MN3008 2048-stage
analog bucket-brigade devices,
or BBD (one for each channel),
and a shared MN3101 two-
phase variable-frequency clock-
pulse generator. Each element
in the BBD is one of 2048 series-
connected stages. Each stage
consists of a small capacitor

that stores an electric charge,
and a tetrode transistor switch-
es that charge from one capaci-
tor to the next. Consider each of
the 2048 capacitors to be a
bucket in a fireman's brigade. A
signal presented at the input to
the BBD is transferred down
the line of capacitors in the
same manner in which firemen
in a bucket brigade transfer a
pail of water from one man to
the next. The speed at which the
signal is transferred down the
line of buckets is controlled by
the frequency of the clock signal
applied. The more slowly the
clock runs, the longer it takes
for the signal to travel through
the circuit and reach the far
end.

When using delay lines, one
must contend with a nasty
property known as “aliasing.”
In this case, aliasing means
“false signal.” When the fre-
quency of a signal applied to the
input of a BBD is allowed to be-
come higher (i.e., shorter) than
one half of the clock pulse fre-

quency, the sample time dura-
tion becomes longer than the
actual frequency being
sampled. Put another way, the
amplitude of that high-frequen-
cy signal has a value that
changes during the sample
time: thus the value stored in
the capacitor is not an accurate
representation of that instant
in time, and the output of the
BBD is not “true.” To avoid al-
iasing and the resulting distor-
tion, a low-pass filter is placed
ahead of the BBD to limit the
input-signal frequency to one
half or less of the lowest clock
frequency used. The low-pass
filter used for this purpose is re-
ferred to as an anti-aliasing fil-
ter.

Another property of BBDS is
that clock phase one drives all of
the odd number stages, and
clock phase two drives the even
number stages. When the sig-
nal reaches the end of the line,
the output of the last odd stage
must be combined with the out-
put of the last even stage to

N c18
R9 ZR10
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+ i 34« J——o SUBWOOFER OUT
? c)1| i 2 + T0 17 PINS (FIG.6)
= 2.2uF < RS Ri15¢ % C11
3 c3 o +12V $q00k 20K S 220pF
2.2uF c7 1C1-¢
R73 ¢ g JK 220 AU R13 ylF3aT | oys
3 e o 20K 10K 9
1K & ' le AAA- AAA 22|1F
= i T0 IC2 PIN7 (FIG.4)
) 5 1C1-d C9 10 e
R3 4700pF Y/4 LF347 3900pF = 11 ANTI ALIASING LPF
10K + L RI7S Bl
Je " A o WO LEFTREVERBIN
> vy
onNoG OFF on 2 100K 13 L R19 FROM C37 (FIG.5)
o"OOFF D}’/gT 3900pF - 20K
St-a o~ - o =
SORROUND S1b  SEPARATION = RIGHT REVERB IN
S YWA—0  rRoM (38 (FIG.5)
c6 R4 R18 g c14 L R20
4700pF 10K R6 K 3900pF T 20K
100 N
J2 C2 'yVv
RIGHT IN 2.2uF R16:; —o
|+ - IC1-a 20K9 c12
2.2uF 1/4 LF347
Dok P qok o 58 R R14 220pF o
= ‘) —WWy = <UF 20k 10K 2 9uF
K2 i 1 AR AR 6 M
3], HE—wW— Wy = 7 + RIGHT BBD OUT
hd / C10 L, +12v4 (5], 0 151c4 pin7 (FIG.4)
RS & 3900pF T pp1 b ANTI ALIASING LPF
7 100K3 Rl | N IS
e /s LF347 R22
B 1K

o

FIG. 3—WITH SWITCH S1 OPEN, IC1-a and IC1-d act as simple inverting amplifiers.
With S1 closed, each op-amp becomes a differential amplifier because its non-invert-
ing input is cross-connected to the opposite audio channel of its inverting input. The
differential mode “decodes” any ambience or surround information.

A\ AA4

=

MON $O1U0103|] ‘£66! (HdY

w
(7]



Electronics Now, April 1993

&
o

+12Vi
c21 & R27 +12V R43 ¢ .L C29
10uF $1000 \ 100kF 7 47pF
err Ik » R33 ¢
I 1 ¥, na1as P29 100ke R35  R37 | R39
FROM C15 5.6K 47K 47K | 47K
{FIG.3) iIC2 3 AAA +1€ AAA @ AAA AAA 6
o. 7 MN3008 vyw AA AL AA AL Yy
BBD Ak C23
R3V L ics c31
8 |6 (2 9 -a
R23 $ +12V I’ D3 5.6K '“520;5,; 12 LF353 + 2.2uF
aK$ - Y 1natss o A,
L LEFT VCA OUT
R25 R41 50K c27
12v TO IC6 PINS 14, 15
619 10K , s 10K DELAY ALORE il (FIG.5)
1OPF 1C3 M Yy 4
R75 MN3101 = R45
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R4 - 100K ¢ P
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>
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FIG. 4—THE AFG Il DELAY SECTION consists of a pair of Panasonic MN3008 2048-
stage analog bucket-brigade devices and a shared MN3101 two-phase variable-fre-

quency, clock-pulse generator.

properly reconstruct the input
signal. The purpose for doing
that is to cancel the clock signal
from the audio signal at the
BBD output. In practice, a post-
BBD low-pass filter with a very
sharp cutoff frequency further
reduces any clock component in
the recovered audio signal.

The delay time available from
a BBD is equal to the number of
stages divided by twice the clock
frequency. Using Panasonic’s
data for the MN3101 clock gen-
erator IC, values were calculated
for the frequency-determining
components (R41, R42, C55,
and R77) to produce a clock fre-
quency, adjustable by R77,
which ranges from approxi-
mately 145 kHz to 40 kHz. That
produces a corresponding delay
time ranging from about 5 to 30
milliseconds—more than
enough to recreate the am-
bience of a large concert hall.

The BBD is rated by the man-
ufacturer to have an upper fre-
quency response limit of 10 kHz
and a signal-to-noise ratio of 55
dB at a clock frequency of 40

kHz. (Note that the S/N ratio ofa
BBD improves as the clock fre-
quency rises.) Actual testing of
the device has proven that it will
work slightly beyond 12 kHz. In
the AFG I, the anti-aliasing low-
pass filter (LPF) and post-BBD
LPF were designed to obtain the
maximum performance avail-
able from the BBD.

Returning to the circuit di-
agram Fig. IC1-b and IC1-c form
the anti-aliasing, low-pass BBD
input filter. Although basically a
second-order filter, component
values have been selected to ob-
tain a response curve which
rises smoothly from O dB at 1
kHz until it peaks at about +5
dB at 10 kHz. The response then
falls back to O dB at 14 kHz, and
continues to drop at about 6 dB
per octave. In Fig. 4, IC5-a and
IC5-b form the post-BBD low-
pass filter. Component values
for this third-order Butterworth
filter have been selected to pro-
duce a response curve nearly op-
posite that of the input filter cir-
cuit. This method of high-
frequency

3 pr; T

pre-emphasis followed by de-
emphasis of the audio signal
passing through the BBD re-
sults in an improved signal-to-
noise ratio for the delay section
of about 5 dB. The actual mea-
sured frequency response of the
entire AFG II from input to out-
put varies no more than 1 dB
from 20 Hz to 10 kHz. The -3
dB point is 12 kHz, and re-
sponse beyond 12 kHz drops at
more than 36 dB per octave.
The next section, shown in
Fig. 5, is the volume and rever-
beration control stage. A
TDA1074 two-section dual-
ganged electronic volume con-
trol, or EVC (IC6). eliminates
the need for an expensive dual-
ganged potentiometers, as well
as all the wires required to hook
them up. Instead, a single con-
trol voltage applied to the con-
trol input of the EVC simulta-
neously adjusts the gain of a
matched pair of amplifiers. The
range of adjustment available is
from infinite attenuation to uni-
ty gain. The voLuMmE control
(R78) adjusts the level of the sig-
nal being sent to the final out-
put filter stage. The REVERB
control (R79) adjusts the level of
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FIG. 5—A TDA1074 ELECTRONIC VOLUME CONTROL simultaneously adjusts the
gain of a matched pair of amplifiers (IC7-a and -b). The volume control (R78) adjusts
the level of the signal being sent to the final output filter stage, and the reverberation
control (R79) adjusts the level of the delayed signal being added back to the input.

the delayed signal being fed
back to IC1-b and IC1-c where it F%%%W&%F(EF’,‘G'%, v;v‘f L 4
is added back to the input sig- o :E 100K

nal to produce the reverberation
effect. Components R17, R19,
and C13, and R18, R20, and C14
form a pair of first-order LPF’s to
prevent ringing and match lev-
els of the feedback signal. The
output stage, IC7-a and IC7-b,
is another pair of third-order
LPF's with a corner frequency of
14 kHz. They provide for addi-
tional reduction of clock noise
from the output signal as well as

J5 S
SUBWOOFER 5
QUTPUT

providing a low output-source S A =

impedance. FROM R51 9
The other half of IC7 (IC7-c (FG.) _‘m—@_‘L

and IC7-d) forms an active K Dl =

crossover network for driving a
subwoofer system; IC7-c sums > 1'3(1)01
the left and right channel in- » 2] 1cs |

s - — bt 12vDC OUT
puts, inverts the summed sig- Tl SIS0 - 5
nals by 180°, and provides a low % +

e ] _ €53 3 C54
driving impedance for the fol 2200uF 10uF

lowing low-pass filter stage (see GROUND O—— .
Fig. 6). Potentiometer R76 ad- =

justs the gain of this stage from

unity to 3 times unity value. Op-  FIG, 6—AN ACTIVE CROSSOVER NETWORK for driving a subwoofer system is
amp IC7-d and its associated formed by IC7-c and -d. Potentiometer R76 adjusts the gain of this stage.
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FIG. 7—ABOUT 150 COMPONENTS mount on the AFG Il board. Don’t forget to install
the six jumpers, marked *'J,” where indicated.
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RC network form an 80-Hz

third-order low-pass filter. Be- PARTS LIST
cause the filter inverts the sig-
nal another 180 degrees, the All resistors are s-watt, 5%. Capacitors

signal that appears at the out-
put is back in phase with the
signals at the inputs to the AFG
II.

Finally, a brief word about the
power supply. Rectifier DI, al-
though unnecessary when oper-
ating the AFG II from an
automotive DC electrical sys-
tem, has been included in the
circuit to serve as a protective
device; it will protect about $50
worth of IC’s if you should acci-
dentally connect the unit to a
cars electrical system with the
polarity reversed. The AFG II
can be powered from any source
capable of supplying 14 to 18
volts of noise-free DC. A small,
well-filtered DC wall trans-
former is all that’s required to
bench test the AFG I, or adapt it

R1-R4, R13, R14, R25, R26, R41,
R53-R58, R67-R69—10,000
ohms

R5-R8, R33, R34, R43, R44—
100,000 ohms

R9, R10, R17, R18, R23, R24,
R35-R40, R47, R48, R70—
47,000 ohms

R11, R12, R15, R16, R19, R20, R42,
R59, R60, R71—20,000 ohms

R21, R22, R45, R46, R49-R52,
R72—1000 ohms

R27, R28, R61-R66—100 ohms

R29-R32—5600 ohms

R73, R74—1000 ohms, horizontal
PC-mount trimmer potentiometer

R75—10,000 ohms, horizontai PC-
mount trimmer potentiometer

R76—100,000 ohms, horizontal
PC-mount trimmer potentiometer
R77, R78, R79—50,000 ohms,
PC-mount potentiometer

C1-C4, C18, C23, C24, C31, C32,
C45, C46—2.2 uF, 50 volts, radial
electrolytic

C5, C6—4700 pF, 50 volts, Mylar or
metal film, 5%

C7, C8, C15, C16, C35-C38—2.2
wF, 63 volts, axial electroiytic

C9, C10, C13, C14—3900 pF, 50
volts, Mylar or metai film, 5%

C11, C12, C43, C44—220 pF, ce-
ramic disc, 5%

C17, C19, C20-C22, C33, C48,
C52, C54—10 uF, 35 voits, radial
electrolytic

C25, C26—560 pF, ceramic disc,
5%

C27, C28—470 pF, ceramic disc

C29, C30—47 pF, ceramic disc, 5%

C34—100 pF, 16 volts, radial
electrolytic

C39, C40—2700 pF, 50 volts, Mylar
or metal film, 5%
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C41, C42—2200 pF, 50 voits, Mylar
or metal film, 5%

C47—0.1 wF, 50 voits, Mylar or met-
al film, 5%

C49—0.56 nF, 50 volts, Mylar or
metal film, 5%

C50—0.47 wF, 50 volts, Mylar or
metal film, 5%

C51—0.039 wF, 50 volts, Mylar or
metal film, 5%

C53—2200 wF, 16 volts, radial
electrolytic

C55—100 pF, ceramic disc, 5%

Semiconductors

IC1, IC7—LF347N gquad op-amp

IC2, IC4—MNB3008N 2048-stage
BBD (Panasonic)

IC3—MN3101N clock generator
(Panasonic)

IC5—LF353 dual op-amp

IC6—TDA1074 voltage-controled
amplifier

1C8—78L12 12-volt regulator

D1—1N4001 diode

D2, D3—1N4148 diode

LED1—red light-emitting diode

Other components

S1—DPDT toggle switch

J1-J5—PC-mount RCA jack

Miscellaneous: four 14-pin IC
sockets, one 8-pin IC socket, one
18-pin IC socket, project case,
knobs for R77-R79, wire, solder

Note: The following items are
available from T3 Research,
Inc. 5329 N. Navajo Ave., Glen-
dale, W1.53217-5036:
® AFG 1l PC board only—
$12.00 + $1.50 S&H
e Complete AFG H kit (in-
cludes all parts, PC board, and
case)—$95.00 + $4.00 S&H
® A pair of 4096-stage MN3005
BBD’s can be substituted for
the MN3008’s included in the
standard kit—Add $30.00 to kit
price

Wisconsin residents must add
5%2% sales tax to total amount
before adding shipping
charge.

for use with your home stereo
system.

Construction

The AFG II is built entirely on
one single-sided PC board. To
make construction as easy and
fast as possible, all of the com-
ponents, including the input
and output jacks, mount di-
rectly on the circuit board. Only
the sURROUND SELECT switch
and the power LED are
mounted off the board; they are
connected by short lengths of
hookup wire. You can make the
PC board yourself from the foil
pattern provided, or you can
order a finished board from the
source listed in the Parts List. A
complete kit of parts, including
the custom case shown, is also
available.

The printed-circuit board has
many narrow foil paths and
small pads which could be
damaged by excessive heat dur-
ing soldering. Use a low-wattage
soldering pencil with a fine tip.
And, be certain that you use
rosin core solder.

The AFG Il has about 150 elec-
tronic components mounted on
its circuit board. To avoid er-
rors, work slowly, and double
check component values and
polarity. Don't try to rush the
project and build it in one night.
Refer to the parts-placement di-
agram shown in Fig. 7, and be-
gin construction by inserting
the resistors on the circuit
board first. Then, using some of
the clipped resistor leads, in-
stall the six short jumpers (J)
where indicated.

Two of the 14-pin IC sockets
must be modified to match the
unusual pin arrangement of the
BBD IC's. Locate pin 1 of the
socket, usually indicated by a
notch or other unique indica-
tion at one corner. Referencing
from pin 1, locate and carefully
pry out or clip off pins 3—5 and
10—-12 of both sockets. Examine
the actual BBD IC if you are un-
sure of which pins to remove.
Mount these and the remaining
IC sockets next. Align pin 1 with
the square-shaped pad on the
circuit board. Don't install the
IC's now; leave them in their
protective shipping sleeve until
called for later.
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X ns the mple board for bridged foil aths and missed solder connec- -

Fl
tions before you slide it into the guide rails of the case.
TABLE 1
SUBWOOFER CROSSOVER FREQUENCY
Corner Frequency C49 C50 C51
50 Hz .82 nF .68 nF .056 uF
80 Hz .56 nF A7 uF .039 uF
100 Hz .39 uF .33 uF .033 uF
120 Hz .33 uF .27 nF .027 uF

All capacitors are 5% tolerance.

Continue by mounting the
four trimmer potentiometers
and the electrolytic capacitors.
Match the negative lead of each
capacitor to the square pad on
the circuit board. Follow this by
mounting the remaining disc
and Mylar capacitors, then IC8,
and diode D1. Finally, mount
the five phono jacks (J1-J5) at
the rear of the board and the
three large potentiometers at
the front of the board. Note: If
the shafts of the potentiometers
are too long for your applica-
tion, cut them off before you
mount them on the circuit
board.

Use some insulated 26 to 28
AWG hook-up wire to make six
jumper leads, each about five
inches long. Solder these wires
to the surrounDp switch and
power LED first, then solder the
other ends to the circuit board,
being careful to match each lead
to the proper pad. If you are
using a wall transformer to
power the AFG II, determine the
polarity of its leads, and solder
them to the board with the po-

larity indicated in Fig. 7. If you
will be using the unit in your
car, cut an appropriate length of
26 to 28 AWG hook-up wire to
run between the AFG Il and the
power source in your vehicle.
Solder the wires to the PC board
first, and mark the positive lead
for later reference.

All of the IC’s in the AFG Il are
CMOS and, although they are
rugged, handle them carefully
to avoid ESD damage. If possi-
ble, try to keep one hand
grounded while handling the
IC’s. Carefully place each IC in
its socket as shown in Fig. 7.
Make sure that none of the pins
have become folded underneath
the body of the IC. Figure 8
shows the inside of the com-
pleted prototype.

Setup

Use shielded patch cables to
interconnect the AFG II to your
audio system as shown in Fig. 1.
If your auto radio does not have
line-level outputs, you will need
a matching transformer to go
between the radio’s rear speaker

outputs and the AFG II inputs.
These can be purchased at elec-
tronic supply stores which sell
automobile audio equipment.
Connect the positive lead of the
AFG II's power input to the
switched power output of the
radio (if present). If your radio
doesn’t have a switched power
lead, you might have to connect
directly to the car’s fuse block.
Connect the negative lead to
ground, preferably at the same
point at which the radio is
grounded.

Although there are no critical
adjustments in the AFG II, trim-
mers have been provided to cali-
brate the signal levels of the unit
to the requirements of your par-
ticular system. Begin by setting
each trimmer to the center of its
range. Next, turn everything
on.
If all is well, you should hear
sound coming from your sur-
round (rear) speakers. Check
that the voLuME, pDELAY, and
REVERB controls of the AFG Il
operate properly. Set the
SURROUND SELECT switch to off
and set the voLUME control to
about the center of its rotation.
Now adjust R73 and R74 (input
sensitivity) in equal amounts to
get the level from the surround
speakers about equal to the
level from the front speakers. If
you have a subwoofer in your
system, adjust R76 for proper
drive to the subwoofer amplifier.
Potentiometer R75 adjusts the
bias voltage to the bucket bri-
gade devices; set it for mini-
mum distortion, which is
usually at the exact center of its
range.

Each component in your
finished audio system will prob-
ably have its own volume con-
trol. There will be one on the
radio, one on an equalizer, if
used, one on your power ampli-
fier, and, of course, one on the
AFG II. To get the best possible
signal-to-noise ratio from the
AFG I, the audio level fed into it
should be at the highest possi-
ble level that does not cause any
distortion. Since you will most
likely want to use only the vol-
ume control on the radio to con-
trol the entire system volume, it
might be necessary to perform

Continued on page 90
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Build this dashboard instrument
and get precise readouts of your car’s water temperature,
oil pressure, and battery voltage.

MODERN AUTOMOBILE DASH-
boards have a lot of warning in-
dicator lights, but they don't
give you. the driver, much
meaningful information. When
they light up, they tell you that
there is some malfunction:
some variable is outside of a
vague limit. Unfortunately,
when you get that warning,
your engine or one of its sup-
port systems might already
have been damaged. However.
that cluster of lights is the only
status reporting system that
your car has.

Would you like a single mini-
ature instrument on your
dashboard that would give you a
quantitative readout of water

N.J. & R.E. TUTHILL

temperature, oil pressure, and
battery voltage—not just vague
fault indications? Smartgage,
the subject of this article, does
exactly that.

Smartgage provides a digital
readout of the three variables as
well as an illuminated icon to
indicale the nature of the fault.
It supplements rather than re-
places the existing instrumen-
tation in your car. Before
discussing Smartgage in detail,
it is useful to consider the ac-
curacy of the existing status in-
struments in even the latest
cars.

A survey of automobiles made
within the last ten years reveals
considerable tolerance varia-

tion in warning lights. For ex-
ample, the temperature warn-
ing light of a typical General
Motors car will not be illumi-
nated until the engine has
reached a temperature of be-
tween 245°F and 265°F. The tol-
erance of Ford car indicators
was found to be similar.

The low oil pressure indica-
tors installed by the two giant
U.S. automakers are equally in-
effectual. Ford cars indicate a
lubrication problem when oil
pressure has dropped toabout 5
psi. and the warning light on
GM cars turns on only when oil
pressure is between 2 and 7psi.
Table 1 summarizes the mea-
surement limits for oil pressure

MON S9IU0N03|T ‘E661 [HdY

&
(%))



Electronics Now, April 1993

&

TABLE 1
WARNING LIGHT THRESHOLDS FOR TYPICAL AUTOMOBILES

Manufacturer Temperature (°F) Oil Pressure (PSl) Model Year
Ford 239 - 251 4-75 1967 — 89
General Motors 245 — 265 2-7 1958 — 88
Chrysler 247 — 259 8-12 1962 — 82
Foreign 250 - 265 25-75 1962 - 85

and water temperature indica-
tors for cars made by different
manufacturers. There is no evi-
dence to suggest that these lim-
its have been tightened on 1992
model cars.

You could obtain more accu-
rate readings if you installed
separate electromechanical
gauges, but each gauge would
be larger than the multifunc-
tion Smartgage. Moreover, after-
market gauges are unsightly
and are not compatible with the
interior decor of a late-model
car.

Smartgage is a compact mi-
crocontroller-based system that
can monitor and display three
parameters. It has user-settable
alarms that permit the driver to
enter specific “safe-limit” condi-
tions for water temperature, oil
pressure, and battery voltage so
they can be individually
monitored. Smartgage can be
installed easily in most vehicles.
Measuring only 2 x 2.5 inches,
it smaller than a 1-inch stack of
business cards.

How Smartgage works

Whenever your car’s ignition
switch is turned on, Smartgage
beeps twice to tell you that it’s in
working order. First it displays
all four alarm settings sequen-
tially so that they can be check-
ed, and then it displays the
actual temperature, oil pressure
and battery voltage. If a setting
is exceeded, the ouroF-LIMIT
display and annunciator flash,
while the in-LiMIT displays are
blanked.

The speaker beeps ten times
and then stays quiet for five
minutes. During that time, the
IN-LIMIT displays are unblanked,
while the ouror-LiMIT display
continues to flash. At the end of
the five-minute interval, the n-
LMt displays are again blanked
and the speaker beeps ten more
times. This cycle will continue
until the alarm condition is cor-
rected or readjusted.

- | ALARM

WATER
TEMPERATURE

LED display modules are multi-
plexed, a feature which further
reduces circuit complexity and
component count.

The functional block diagram
for the Motorola MC68705R3,
an 8-bit microcontroller with an

SENDER

8-BIT

OIL
PRESSURE
SENDER

EEPROM
X24LC00

BATTERY MICRO-
VOLTAGE CONTROLLER
MCB8705R3

DIGIT ‘1 :
DRIVER

74A8Ta1 |

FIG. 1—SIGNALS FROM TRANSDUCERS for water temperature, battery voltage, and
oil pressure are processed by the microcontroller for display and alarm.

Whenever the reading returns
to an in-LiMiT value, the alarm
condition is reset automatically,
and will stop the display from
flashing and beeping. The high-
est alarm priority is given to oil
pressure; next are water temper-
ature, low-battery voltage, and
finally high-battery voltage.

The alarm settings are stored
in nonvolatile EEPROM, and are
fetched and displayed sequen-
tially whenever the ignition
switch is turned on. Smartgage
includes a simple two-button
alarm setting sequence.

Smartgage theory
Figure 1 is a functional block

diagram for Smartgage. Input
signals are supplied to the in-
strument from standard auto-
motive transducers or senders
available in most retail auto-
motive parts stores. The inclu-
sion of a software-driven micro-
controller permits a low parts
count. There are only four inte-
grated circuits: voltage reg-
ulator, microcontroller,
EEPROM, and display driver.
The multidigit, seven-segment

on-chip EPROM. is given in Fig.
2. It has four eight-bit input/
output ports permitting it to
drive the multidigit LED display
modules without external de-
coder IC's. Ports A, B, and C
(clusters of eight pins) are pro-
grammable as either input or
output lines under software
control.

Figure 3 is the schematic for
Smartgage. The host vehicle's
12-volt battery provides the raw
power, and the regulated 5-volt
DC for the IC' is obtained from
three- terminal positive voltage
regulator IC1. Diodes D1 and D2
protect the circuit against nega-
tive voltages at the power input
terminal, and capacitors C1 and
C2 reduce noise voltages on the
input and output sides of IC1.

Power is supplied to micro-
controller IC3 at pin 4 (V).
Electrolytic capacitor C6 is con-
nected to RESET pin 2. Capacitor
C6 and a pull-up resistor within
IC3 form a reset time-delay cir-
cuit. That time delay allows
IC3’s internal clock signal to
stabilize before it begins pro-
gram execution.
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FIG. 2—BLOCK DIAGRAM OF THE MC68705R3 showing how the four ports and

control pins are organized.

In Smartgage, Port B drives
the segments and decimal
points (a through g and d.p.) of
the LED digital displays, and
port C controls the anodes of the
eight digits. Port A is assigned
to several alarm function, and
EEPROM communications
tasks.

Two of the eight port A pins,
PAO (pin 33) and PAl (pin 34),
are assigned to serial data and
serial clock for the EEPROM,
which stores the alarm settings.
Pin PA2 (pin 35) is assigned to
aLarM switch S2, and PA3 (pin
36) is assigned to seT switch S1.
Pin PA7(pin 40) drives the
speaker.

The port D input lines service
IC3’s internal analog-to- digital
converter. Electrolytic capacitor
C7 is connected between the
two A/D converter reference
voltage pins (PD4/Vg,) pin 20
and PD5/Vg, )(pin 19) to reduce
any noise voltage.

Control for the on-chip clock
oscillator is provided through

pin 5 (EXTAL) and pin 6 (XTAL)
of IC3. A crystal resistor/capaci-
tor combination or an external
signal can be connected to these
pins to provide clock pulses.
Analog-to-digital conversion in
IC3 is performed by successive
approximation, so a crystal-
controlled timebase is not nec-
essary; an RC oscillator option
was selected. A 15 K resistor be-
tween pin 6 and pin 4 (V¢) pro-
vides an approximate 4-MHz
clock frequency.

An important feature of the
MC68705R3 for this applica-
tion is its on-chip multi-chan-
nel eight bit A/D converter. It
reads analog voltages and con-
verts them to digital values. The
converter processes analeg in-
put data for three inputs: bat-
tery voltage, oil pressure, and
water temperature. One digital
conversion is made for each
analog input every 30 machine
cycles.

Refer again to the schematic,
Fig. 3. To initiate the alarms

connected to Port A, alarm set-
tings must be stored when the
car’s ignition switch is off. Two
options were considered:
¢ Storing alarm settings in
CMOS static RAM and retaining
the data in memory with the car
battery as a standby power
source.
® [nstalling an EEPROM which
does not need standby power.
The CMOS SRAM was the
least desirable option because
data would be lost if the car bat-
tery were disconnected, as
would occur if the battery were
replaced. By contrast, an
EEPROM is ideal because it can
store alarm settings without
data loss even if Smartgage is
removed from the car. Whenever
an alarm is set or changed, the
new values are written serially
to the EEPROM. Therefore,
when the Smartgage is powered
up, the settings are fetched and
stored in the microcontrollers
RAM for program execution.

The Xicor X24C0O0 in
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Smartgage is a CMOS 128-bit
serial EEPROM organized inter-
nally as 16 X 8 bits. It has a se-
rial interface and a bidirectional

a f 4 n bus permitting data transfer
N ey, over only two two wires. The mi-

' ' ' 12 S ' n =% crocontroller always initiates

' - ' data transfer, and provides the

' ' ' = ° clock pulses for both transmit

Jd - ] e S P y and receive operations. In
& ' ' o L — g ' ' l =1 Smartgage, all data transfers
e ' ' 2 | ‘) are done with byte reads and
-y writes (eight bytes per opera-

= | _ 2 | tion). As stated earlier, pin 33

transfers data serially to and

™
- ‘ from EEPROM IC4. and Pin 34
(PA1) provides its serial clock

S RNNAGR L L C A !

A N E The aLarM switch S1 and seT
°l ~ % ~ q switch 2 interrupts (connected to
AN g g pin 36 (PA3) and pin 35 (PA2),

|
]
"]
m
e

b
=1

)

g
O

ED3

respectively, access the soft-

l'—'“l LM ware. A more complete discus-
< oo |

28 sion of the alarm-setting pro-

; z =8 cedure appears later in this
B 2 % °% article.
f T[] Miniature speaker SPKRI1,
T

which sounds an audible alarm,

i+ 1

agigi 25 - — o’ is driven by bipolar transistor
Wt .5 Q1 from pin 40 (PA7). The tran-
& &5 $33% 52 $33Ex sistor amplifies the alarm so
agv-l‘)' P 5 ~ that it can be heard above am-
i i & ?ﬁ*( ( bient noise within a moving car.
aGHC ELECE LR EE LR LR EE As stated earlier, port B pins
ol xE2FFf2sEPB83EFEE25 3% PBO to PB7 (pins 25 to 32) drive
2 2588 the segments and decimal
onbs8 points of the LED display mod-
[ | 8 . ules DISP1, DISP2. and DISP3.
| _eBssBesBecppppspsiil £ By ivond WifhfRedEoid
SRRV EEECEEEEEEEEEERD s.egment-swnchmg, informa-
mj R T = . tion is stored by IC3’s software.
% w G e L2 ey o e ' ey Simultaneously, a digit enable
e - DEEDEEEER SN R pulse for each digit is stored in
g 3 Port C—PCO (pin 9) to PC7 (pins
I e 3 { 16). These are labeled D1 to D8
;’% ofgik PEEERE '\r_:zx:_»gl'—_- in Flg 3 The multlplexed
" - I J switching sequence runs
—— ©f 588 3 88 'sks 2 ) through all digits and then re-

a3 SN - g peats itself.

= - - Port B was assigned to switch
all of the LED display segments
and decimal points because it is
the only port capable of sinking
necessary 10-milliampere cur-
rent. Resistor network RN1 con-

2z R = E tains the series current-limit-
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FIG. 3—SMARTGAGE SCHEMATIC. The water temperature and oil pressure senders worst-case current of only 80
are equivalent to variable resistors. milliamperes will still be able to



illuminate all eight segments
when a number “8” is displayed.
Because a current of that mag-
nitude is not available from IC3,
an octal noninverting buffer,
IC2, is needed to drive the dis-
play modules anodes. The dig-
its are time-division multiplex-
ed by the microcontroller’s
program.

The annunciator light bars
LED1, LED2, and LED3 are
turned on sequentially to coin-
cide with display module digits
D8, D5 and D3. Thus, only the
appropriate icon will be illumi-
nated during the alarm-check,
alarm-active, or alarm-setting
modes.

Port D, configured asan input
only port, supplies input infor-
mation to the microcontroller’s
A/D converter. Pin 20 (PD4/V, )
voltage reference low, and pin 19
PD5/Vg,) voltage reference
high, define the acceptable in-
put voltage limits. Pins 21
through 24 (PD3/AN3 to PDO/
ANOQ) are inputs for the four
multiplexed channels of the A/D
converter. Pin 17 (PD7) and pin
18 (PD6/INT2) are not used in
Smartgage.

Pin 24 (PDO/ANO), designated
VT, receives an analog input
voltage from the temperature
sender TR1 on the car’s engine.
The sender is an NTC (negative
temperature coefficient) ther-
mistor in a brass housing. Be-
cause the voltage across the
sender is inversely proportional
to temperature, a software in-
struction inverts that value be-
fore it is used by the program.
Smartgage’s temperature gauge
reads from O°F to 255°F.

Pin 23 (PD1/AN1), designated
VyB. is the battery voltage in-
put. Battery voltage is scaled by
voltage-divider R1-R2. The scale
factor is approximately 5:1.
Thus, a battery voltage of 13.8
volts DC is reduced to 2.7 volts
DC before it reaches the A/D
converter. When processed by
the software program, that volt-
age produces an accurate volt-
age readout on display DISPI.
Electrolytic capacitor C3 filters
any AC noise present on the bat-
tery voltage input pin. The bat-
tery voltage readout has a range
of 0 to 25 volts DC.

Pin 22 (PD2/AN2), designated

VnD, is connected to the oil
pressure sender TR2, a variable
resistor. The signal from the oil
pressure sender specified in the
Parts List is directly propor-
tional to pressure.

Software explained

Software gives Smartgage its
ability to multiplex the analog-
to-digital inputs, perform bin-
ary to BCD (binary- coded deci-
mal) conversion, and do display
scanning as well as alarm ser-
vicing. It also makes it possible
to monitor three independant
gauges with a single compact
instrument.

The main program flow chart
is shown in Fig. 4. The program
begins at POWER-ON RESET Wwith
initialization. The alarm set-
tings, which are stored in the

EEPROM, are fetched and writ-
ten to microcontroller IC3’s
RAM memory. The program
then multiplexes through the A/
D inputs: temperature, oil pres-
sure, and battery voltage. The
analog voltages are converted to
binary numbers by IC3's on-
chip A/D converter and stored in
the assigned memory locations.

The binary to BCD con-
version subroutine is then
called, and the stored binary
numbers are converted to BCD.
The converted numbers are
then stored in a different memo-
ry location where they will be
fetched by the display scanning
subroutine of the program. In
this section of the program, a
timer interrupts to multiplex
the display and update the eight
digits individually and sequen-
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tially with new segment data
about every 1.6 milliseconds.
(The entire display is updated
every 13 milliseconds.).

Alarm switch S2 is checked
regularly during program ex-
ecutiontodetermine ifan alarm
setting condition has been set.
If it has. the alarm setting sub-
routine is called. If any settings
are changed, EEPROM IC4 is
updated with the new values
when the program exits the
subroutine. The alarm settings
that are fetched from IC4 at the
start of the program are con-
stantly compared with the val-
ues read from the sender to
determine if an alarm condition
has ocurred.

The Smartgage firmware in
the Motorola 5-record format is
available from the address given
in the Parts List or from the R-E
BBS (526-293-3000; 1200/2400
baud 8. N. I as SMRTGAGE.519).
Ifan EEPROM other than the one
specified in the Parts List is sub-
stituted. it might not work cor-
rectly in this application.

Building Smartgage

Smartgage is built on two 2
x 2.5-inch single-sided printed
circuit boards: a display board
and a microcontroller board.
Printed circuit board artwork is
provided for both boards if you
want to make them. However,
they can be purchased from the
source given in the Parts List.

The completed display board
shown in the photograph, Fig.
5, contains the three LED mul-
tidigit display modules, three
LED icon light bars, resistor R7,
and the setr and ALARM
switches, S1 and S2. Refer to
the display board parts place-
ment diagram Fig. 6. Position
the display board with its foil
side up on the benchtop, and
position a 10-pin header (P1 or
P2) so that the longer pins are
directed downwards as shown
in Fig. 7.

Carefully align the ends of the
pins with the matching holes in
the circuit board, and inset un-
til the ends penetrate the board
thickness and are flush with the
surface on the component side.
Repeat this step for the second
header. Now reverse the board
and solder the two end pins of
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FOIL PATTERN FOR DISPLAY BOARD.

each header with a low-heat sol-
dering pencil. Then solder the
rest of the pins carefully, mak-
ing sure that molten solder does
not short any pins.

Before inserting any more
components on the display
board, position the board with
its component side up and in-
sert three fine bare wires J1, J2,
and J3, as shown in Fig. 6 and
solder them in place. (The
jumper wires must be flush
with the surface of the board
because the solder flux cleaning
gap under the modules limits
the diameter of the jumper if the
modules are to seat flush with
the board.) Then insert the rest
of the components, making
sure that they are all mounted
flush against the board surface
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FOIL PATTERN FOR MICRO-
CONTROLLER BOARD.

before soldering them in place.

Figure 8 is photograph of the
completed microcontroller
board. Refer to parts placement
diagram Fig. 9 for the installa-
tion of components on that
board. Start by soldering the
surface-mount resistors (SMT)
R1, R2, and R6 on the foil side of
the board first. (Use fine
tweezers to hold the chip re-
sistors in place while you solder
them). Use a low-heat soldering
pencil with a fine tip and fine
guage solder wire. Only a small
amount of solder is needed on
each end of the chip resistors.

fe—————— 2 nches ——>|

DISPLAY MASK showing the three icons
and windows for LED display modules.

- — - —
N - : N
4 » +

FIG. 5—DISPLAY CIRCUIT BOARD
showing the three seven-segment LED
display modules and three LED light
bars (white squares at left).
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FIG. 6—PARTS PLACEMENT DIAGRAM for the display board.

Turn the board over, and in-
sert the axial-leaded resistors
and diodes first, making sure
that each diode’s polarity mark-
ings are observed. Next, insert
the radial-leaded capacitors
and transistor, making sure
that their pins are oriented cor-
rectly before soldering all parts
to the circuit board. Be sure
that all of the parts on the com-
ponent side of the board are in-
stalled so that highest surfaces
are less than %-inch above the
board. Note: Figure 8 shows the
three radial-leaded tantalum di-
pped resistors that were in the
prototype, but these are re-
placed by the miniature alumi-
num electrolytic capacitors
listed in the Parts List.

Insert voltage regulator IC1 so
its three pins are positioned in

the correct holes in the board
and its heat sink is flush with
the board. Fasten the sink to the
board with a No. 4-40 machine
screw, lock washer, and nut
through the punched holes in
both sink and board. Insert IC2
and IC4 and resistor network
RN1, observing their pin 1 posi-
tions. Solder all pins.

Insert and solder speaker
SPKRI last. For correct phasing
and maximum speaker volume,
observe the correct polarity. The
plus indicator on the bottom of
the speaker should be con-
nected to Q1's collector—not to
+ 5 volts. Finally, insert micro-
controller IC3 in its socket.
Carefully examine the com-
pleted circuit board for solder
shorts, and check to see that all
components have been in-

stalled correctly.

Cut a length of colored 0.050-
pitch flat ribbon cable with 28
AWG conductors long enough to
extend from the intended loca-
tion of Smartgage on your
dashboard, through the firewall
to the senders on your car’s en-
gine block. With a razor knife,
carefully slit the end of the cable
to remove a ribbon of four con-
nected conductors. (The colors
selected are not important as
long as you make note of the
color of each wire and its in-
tended function.)

In the prototype, a yellow wire
was selected for water tempera-
ture, an orange wire for oil pres-
sure, a red wire for 12-volt DC
source, and brown wire for
ground. This code is used in the
remainder of this article and in
all figures.

Strip both ends of all wires

e B

FIG. 7—TEN-PIN HEADERS ARE INSER-
TED so longer pins enter the foil side
and are flush with the component side of
the display board.

approximately Y-inch, and
wrap the yellow, orange, and red
wire ends around projecting
leads at the locations shown in
Fig. 9, and solder them in posi-
tion. The brown ground wire
can be secured to the board by
loosening the bolt and nut on
the heat sink of voltage reg-
ulator ICI, wrapping the bare
end of the wire around the
screw, and tightening the screw.
Now trim any excess lead
lengths.

A fuse holder with fuse
should be inserted in the red
wire between the micro-
controller board and the battery
power source. This can be done
by carefully splitting out the red
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wire at a convenient distance
from the Smartgage (so it is out
of sight under the dashboard in
the final installation). Cut the
red wire and splice in the fuse
holder.

Set a DC power source be-
tween 12 and 15 volts DC, and
connect test leads terminated
with miniclips to the ends to the
supply’s output terminals. With
the power supply off, attach the
black miniclip (negative power
supply lead) to the anode of di-
ode D1 and the red miniclip
(positive power supply lead) to

o T ) - Sl 3 b e ., =

FIG. 8—MICROCONTROLLER CIRCUIT
board with the microcontroller at center,
and clockwise from the top, speaker,
logic IC, voltage regulator, EEPROM
memory, and resistor network

the cathode of D1. Now turn on
the power supply, and adjust
current to the 100- to 150-milli-
ampere range. Voltage regulator
IC1 should produce an output
voltage of +5 volts DC = 10%.

If the circuitry is operating
properly, after about a 10-sec-
ond waiting period, the speaker
will emit two short beeps. Ap-
proximately five seconds later
ten beeps will be heard. If this
test has been passed
sucessfully, the two boards can
now be connected.

Refer to exploded view Fig. 9.
Position both boards compo-
nent side up as shown with set
switch Sl on the display board
above voltage regulator IC1 on
the microcontroller board. In-
sert both sets of header pins
into the matching holes on the
microcontroller board. Be sure

PARTS LIST

Resistors (all are 1/4-watt, 5%, ax-
ial lead unless specified as sur-
face-mount (SMT) or 1%

R1—6200 ohms, SMT

R2—1500 ohms

R3— 210 ohms, 1%

R4— 910 ohms

R5—22000 ohms

R6—15000 ohms, SMT

R7—13 ohms

RN1—resistor network, eight 33
ohm-resistors, DIP package,
(Beckman) 898-3-R33 or equiv-
alent

Capacitors

C1—22u.F, 25-volt, electrolytic

C2, C3, C4, C5, C6, C7, C8—
2.2uF, 25 volt, electrolytic

Semiconductors

IC1—MC78M05, 3-terminal volt-
age regulator (Motorola) or
equivalent

IC2—-74ABT541, or 74ALS541,
octal non-inverting buffer (Sig-
netics) or equivalent

IC3-—MC68705R3, 8-bit micro-
controlier (Motorola) (See text)

IC4—X24C00 serial EEPROM
{Xicor) or equivaient

Q1—2N3904, NPN transistor

D1, D2—1N4001, diode

DISP1, DISP3 —three-digit LED
7-segment display module,
(with decimal points), red, 0.3-
inch character height, (Rohm)
LB203VvB, common anode, or
equivalent

DISP2—two-digit LED 7-seg-
ment display module, (with
decimal points), red, 0.3-inch
character height, (Rohm)
LB202VB, common anode, or
equivalent

LED1, LED2, LED3—LED light
bar, red, 10 mm x10 mm,
(Hewlett Packard) HLMP 2655
or equivalent

Other components

TR1—water temperature sender
(Napa/Echlin) No. TS6641 or
equivalent

TR2—oil pressure sender (Gen-
eral Automotive Specialty Co.)
No. 2473 or equivalent

there is at least a Y4-inch gap
between the bottom of the dis-
play board and the top surface
of any component on the micro-
controller board. Solder all
header pins on the foil side of
the microcontroller board.

Cut an approximate 25 X 2%

SPK1—speaker, %e-inch diame-
ter, Matsushita 12RT04CC or
equivalent

$1, S2—pushbutton, miniature,
NO. PC board mounting,
Omron 83FNY7E or equivalent

P1, P2—10-pin header (0.1-inch
spacing, 0.6-inch total pin
length)

S01, SO2--10-pin SIP edge con-
nector (0.1-inch spacing)

Miscellaneous: display PC board,
main PC board, 40-pin IC socket,
plastic filter, red (see text), annun-
ciator artwork film negative, 1-am-
pere fuse, in-line fuse holder, four
Y2 x 4-40 machine screws with
lockwashers and nuts, one Vs
X 4-40 machine screw, nut and
lockwasher, four Ya-inch stand-
offs, two automotive sender tee
fittings (see text), insulated hook-
up wire, length of four-wire col-
ored ribbon cable (see text),
solder, enclosure (optional),
crimp-type spade lugs.

NOTE: The following parts are
available from TLI, P.O 2082,
Corvallis, OR97339-2082 (503)
753-6723:

e A set of two etched and
drilled printed-circuit boards—
$12.50

e A set of three Rohm LED dis-
play modules—$15.00

e Motorola MC68705R3 micro-
controller programmed with
Smartgage code—$24.95

e A kit containing all of the
parts listed in the parts list ex-
cept the water temperature and
oil pressure senders and tee
fittings—$89.95

e Acompletely assembled and
tested Smartgage (not includ-
ing temperature and pressure
transducers and tee fittings)—
$139.95
Please add $3.50 for shipping
and handling to all orders.

inch rectangle from a sheet of
red transparent plastic plastic
about 0.080-inch thick. Care-
fully drill a 32-inch hole in each
of the four corners to align with
those in the corners of the dis-
play board. (You might also
want to countersink the holes



so the four mounting screws
can be inset). Then drill two
Ye-inch holes in the plastic at
locations directly over the cen-
ters of switched S1 and S2.
These will provide access for
switch actuation with a paper
clip or other fine wire.

Make a high-contrast pho-
tographic negative from the dis-
play mask artwork provided.
{Most local photo shops will per-
form do this for you.) Trim the
completed mask, punch four Ys
-inch holes in the corners to al-
ign with those of the filter, and
punch two more holes to align
with the access holes over
switches S1 and S2.

Place the red filter over the
mask as shown in Fig. 10. (The
icons are over the LED light
bars and the open frames are
over the LED display modules.)
Then carefully assemble the
mask and filter to the display
board as shown in Fig.10 with
Ys-inch standoffs, screws, and
lock washers. Before tightening
the screws, carefully align the
mask over the display modules
and light bars.

Installation

Smartgage can now be in-
stalled in your car. Select a loca-
tion on your dashboard where
the front face of the readout will
shielded from direct sunlight,
or consider making a hood for
it, perhaps as part of the pack-
aging. (LED displays are diffi-
cult to read in direct sunlight.)
The unit can be mounted di-
rectly to the dashboard or
placed in any suitable en-
closure. The way the instru-
ment is packaged and mounted
to the car dashboard is left to
the discretion of the builder. If
the instrument is to be enclosed
in a case, be sure to leave ade-
quate openings in the case for
internal cooling.

Connect the end of red wire
with the in-line fuse holder and
fuse from the + 12 volt DC pad
on the microcontroller board to
any point in the automobile’s
electrical system that is ener-
gized by the car’s ignition
switch. Then connect the
brown wire between the ground
pad and the automobile’s chas-
sis ground.
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FIG. 9—PARTS PLACEMENT DIAGRAM for the microcontroller board.

It is recommended that the
existing water temperature and
oil pressure senders that are
connected to your car's temper-
ature and pressure indicator
lights be removed and re-
mounted on brass “tees.” This
will give your car redundant
backup warnings. (Brass send-
er tees are standard items that
can be purchased in retail auto-
motive parts stores.) Install the
water temperature sender (TR1)
and oil pressure transducer

({TR2) on the appropriate tees in
parallel at the correct locations
on the engine block of your car.

Run the paired yellow and or-
ange wires through the firewall
of your car at the nearest conve-
nient location. Depress the rub-
ber grommet and carefully
thread the wire through. Secure
the wires to the existing cable
harness in the engine compart-
ment with tie wraps so they will
not contact any hot engine
parts. Crimp spade lugs on the

MON S21u0N0313 ‘e661 UdY

[2]
(2]



Electronics Now, April 1993

g

ety

AL FEREIM03

B L TR
223 u{“ LB EosnE
TR TRH

You can count on one hand
the gifts that actually get
better as they get older.
There’s only one, though, you
can buy at your bank:

a U.S. Savings Bond.
Visit your bank for the gift
that improves with age:

a U.S. Savings Bond.

For more information, write:
Office of Public Affairs,
U.S. Savings Bonds Division,
Washington, DC 20226.
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FIG. 10—EXPLODED VIEW OF SMARTGAGE assembly. The assembled unit can be

housed in a plastic box

wire ends and fasten them to
the sensors TR1 and TR2.

Operation

With Smartgage installed, the
alarms can be set and the sys-
tem will be ready for operation.
After carefully checking the wir-
ing, turn the your car’s ignition
switch on. The speaker should
beep twice, and then sequence
through it’s alarm check rou-
tine. After a ten-second delay,
assuming that no alarm con-
dition exists, the gauge will dis-
play all three readings.

To set the alarms, press the
ALARM switch S2 (left side) with
a wire through the front filter,
and hold it down as the display
sequences through the existing
alarm settings. The tempera-
ture alarm setting is displayed
first, then the oil pressure set-
ting is displayed, followed by
low battery, and high battery.

Release the aLarm switch
when the alarm being set is dis-
played, and then press the set
switch S1 until the display is
incremented to the desired set-
ting. Release the seT switch and
again push the aLarM switch to
increment the display.

Each time the display returns
to the actual readings, the
EEPROM is updated with the
new alarm settings. When the

- temperature alarm display

reaches 255 (25.5 for both bat-
tery settings) or oil pressure is
indicated as 55, the display will
reset to 000. (Oil pressure must
be cycled twice before resetting
because the “1” or “2"most sig-
nificant digit (MSD) is not dis-
played).

Smartgage will also reset to
internally programmed default
settings when both the ALARM
and seT switches are pressed si-
multaneously. Q



A DIGITAL VOLTMETER. OR DVM. IS
probably the first test instru-
ment that most electronics en-
thusiasts buy. because it's a
necessary instrument. More-
over, they don't cost much these
days. However, one voltmeter is
often not enough; a second volt-
meter, allowing simultaneous
measurements, is always
handy.

Our DVM project fills the need
for a second voltmeter that can
be made at low cost. But, al-
though our DVM is inexpensive
to build, it has a full 4%-digit
display. That allows measure-
ment resolution of 10 micro-
volts on its most sensitive
range, which is not possible
with 3%-digit meters.

The input resistance of the
voltmeter is about 11 megohms,
which is comparable to that of
commercial DVM’s. Calibration
of the instrument is very easy;
it's accomplished by adjusting a
single potentiometer.

An additional feature of this
DVM is a continuity function
that allows the instrument to lo-
cate opens or shorts in circuit
wiring. Continuity is indicated
not only by a conTinuITY flag on
the display, but also by the dig-
ital readout which gives an ap-
proximate indication of the
resistance between the test
leads. Also, an audio tone is au-
tomatically generated when the
test leads are placed across a
conductive path.

The circuit is relatively sim-
ple, containing justonelCanda
handful of other components.
There are four DC voltage
ranges: 200 millivolts, 2 volts,
20 volts, and 200 volts full scale.
The current draw by the circuit
is only 1 milliamp from a 9-volt
battery, which permits several
hundred hours of operation
from a fresh alkaline battery. A
LOW BATTERY indicator is auto-
matically energized when the
battery nears the end of its
useful life.

The circuit

The heart of this digital volt-
meter is IC1, a Maxim ICL7129A
4'%-digit A/D converter with
LCD driver (see the schematic
diagram in Fig. 1). The chip has
a +20,000-count resolution,

BUILD
THIS

SINGLE

&
4 1/2 prgir Dvm
AKND CONTINUITY CHEC!

A 4Y>-digit volt-
meter is usually
pretlty expensive—
but it doesn’t have
to be when you
build it yourself!

ANTHONY J. CARISTI

features high input impedance,
and auto polarity indication.
Only one active external compo-
nent is required for voltage mea-
surement: D1, a Harris 1.2-volt
bandgap reference.

Power to IC1 is provided by 9-
volt battery B1 that is connected
to pins 23 and 24 of IC1 through
POWER switch S1. The battery
also drives the external refer-
ence voltage circuit composed
of R6—R9 and D1. About 1.2
volts is developed across DI,
and potentiometer R8 is ad-
justed during instrument cal-
ibration so that the voltage
differential between pins 34
and 35 is set to 1 volt.

The dual-slope conversion
technique of IC1 requires an os-
cillator circuit; in thisDVM itsa
120-kHz crystal, XTAL1, and its
associated components. A 120-
kHz crystal allows maximum
normal-mode rejection at 60
hertz, the standard U.S. power-
line frequency. For countries
where 50-hertz power-line fre-
quencies are comnfon, a 100-
kHz crystal should be used.

The DVM chip, IC1, is de-
signed to accommodate an RC
oscillator instead of a crystal, as
shown in Fig. 2. However, for 10-
microvolt resolution, provided
by the DVM's most sensitive
range, a crystal oscillator is rec-
ommended.

The input voltage to IC1 is fed
to pins 32 and 33. The test leads
of the instrument, connected to
J1 and J2, drive a voltage divid-
er composed of R1-R4. The val-
ues of those resistors are
chosen so that each step of
RANGE switch S2-a results in a
10:1 reduction in the voltage
presented to pin 33 of IC1. Com-
ponents R11 and C5 form a low-
pass filter to attenuate any noise
or AC component appearing
across J1 and J2. That helps by
providing a more stable DC volt-
age reading.

Pin 37 of IC1. the digital input
control terminal, sets the full-
scale sensitivity of the A/D con-
verter. When pin 37 of IC] is
connected to pin 36, digital
common, the full-scale sen-
sitivity is 200 millivolts. With a
high-level logic input at pin 37,
full-scale sensitivity is 2 volts.
Switches S2-a and S2-b allow
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FiG. 1—THE HEART OF THE CIRCUIT is IC1, a Maxim ICL7129A 4'2-digit A/D converter

with a built-in LCD driver,

1C1

1 40 2

R16$ C7
75K P 51pF

FIG. 2—THIS RC OSCILLATOR can re-
place the crystal. The PC board is de-
signed to accommodate either circuit.
However, the crystal is recommended
for highest accuracy.

the voltmeter to be set to any
one of the four full-scale ranges.

Switch S2-¢ controls the dis-
play's decimal point. A logic
high presented to any one of the
decimal-point control inputs
(pins 38. 20, and 21) activates
the appropriate decimal point
on the display. The most sen-
sitive range of the instrument

displays millivolts, while the
other ranges indicate volts.

A built-in comparator within
IC1, with a threshold voltage of
200 millivolts, monitors the
analog voltage applied to pins
32 and 33 from input terminals
J1 and J2. When the voltage is
less than the threshold level, the
continuITY flag of the display is
activated. At the same time, pin
27 goes high, which allows an
audio-tone circuit to be acti-
vated on the DVM.

Resistor R10 keeps pin 33 of
IC1 above 2 volts when the in-
strument is used as a con-
tinuity checker and the test
leads are open. That causes the
display to go to overrange, and
extinguishes the continuity
flag. Pin 27 goes low, and the
tone circuit (Q1 and BZ1) is held
dormant.

When the test leads are short-

ed together or connected across
a low resistance, the voltage
across pins 32 and 33 falls to
less than 200 millivolts. That
activates the continuity flag and
sounds the buzzer. At the same
time, the reduced voltage ap-
pearing across pins 32 and 33
provides a relative indication of
the resistance between the test
leads.

Switch S3-b defeats the con-
tinuity function during voltage
measurement by pulling pin 27
(the input/output control) low.
That also ensures that Q1 is cut
off, silencing the buzzer. A 4%-
digit tri-multiplexing liquid
crystal display (LCD) module
(DISP1) allows control of all 37
segments, including the
CONTINUITY and LOW BATTERY
flags, with just 15 connections
from IC1. That is accomplished
by separating the various ele-
ments of the display into three
sections, Three backplane ter-



r A
o\o-:c
-
SN
pe—— |
= » ip—a
- -
o -—a
= -—a
- -—a
- o—a >
o -—a e
- = S
o - z
- -—a =
- -— o
- (- ]
- gy @
- ) ’
- ) k
L <Y

FOIL PATTERN for the DVM circuit.

PARTS LIST

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

R1—10 megohms, 1% metal-film

R2—1 megohm, 1% metal-film

R3—110,000 ohms, 1% metal-film

R4—1100 ohms

R5—270,000 ohms (crystal os-
cillator circuit only)

R6, R7—5110 ohms, 1% metal-film

R8—10,000 ohms, PC-mount po-
tentiometer

R9—10,000 ohms, 1% metal-film

R10—22,000 ohms

R11—100,000 ohms

R12—150,000 ohms

R13—470,000 ohms

R14, R15—47,000 ohms

R16—75,000 ohms (RC oscillator
circuit only)

Capacitors

C1—10 pF, 16-volts, axial elec-
trolytic

C2—5 pF, 50-voits, ceramic disc
(crystal oscillator circuit oniy)

C3—10 pF, 50 volts, ceramic disc
(crystal oscillator circuit only)

C4—4.7 pF, 10 volts, axial elec-
trolytic

C5—0.01 pF, 50 volts, ceramic disc

C6—1 pF, 10 volts, radial elec-
trolytic

C7—51 pF, 50 volts, ceramic disc
{RC oscillator circuit only)

Semiconductors

IC1—ICL7129ACPL A/D converter/
LCD driver (Maxim)

D1—ICL8069CCZR 1.2-volt band-
gap reference (Harris Semicon-
ductor)

Q1—BS170 FET transistor

Other components

S1-—8PST slide or toggle switch

S2—3P4T non-shorting rotary
switch

S3—DPDT slide or toggle switch

DISP1—353R3R03GHZ1 4'.-digit
tripiexed LCD module (LXD)

BZ1—piezo buzzer (Radio Shack
273-074 or equivalent)

J1, J2—Banana jacks (1 red, 1
black)

B1—9-volt battery

XTAL1—120-kHz crystal (for crystal
oscillator circuit only)

Miscellaneous: Test leads with ba-
nana plugs, 9-volt battery con-
nector and mounting clip, en-
closure, wire, 1.5-volt test battery,
test voltmeter for calibration

Note: The following parts are

available from A. Caristi, 69

White Pond Road, Waldwick,
NJ 07463:
e Etched and drilled PC
board—$12.75
e 1C1—$25.50
e D1—$3.75
o DISP1—$24.95
e Set of six 1% metal-film re-
sistors—$6.25
o Q1—$2.25

Please add $4.00 postage and
handling.

minals are used for the tri-mul-
tiplexing scheme. (Ordinary
LCD displays contain just one
backplane terminal.)

The segments of the display
are in three groups. each con-
trolled by its own backplane
square-wave voltage. Driver IC1
generates the backplane signals
that cause the appropriate ele-
ments of the display to be acti-
vated in sequence. The process
takes place at such high speeds
that all three sections of the dis-
play appear to have constant il-
lumination. The Low BATTERY
indicator of the display is auto-
matically energized when the
supply voltage between pins 23
and 24 of IC1 falls below 7.2
volts.

Construction

The voltmeter circuit is con-
structed on a single-sided PC
board. We've provided a foil pat-
tern if you wish to make your
own. However, the circuit layout
is not critical, so it can be hard-
wired on perforated con-
struction board.

Figure 3 is the parts-place-
ment diagram. Be sure to use a
socket for IC1—it is well worth
the slight additional cost, and
permits easy IC removal should
that ever be necessary. Do not
insert the IC in its socket at this
time.

Be sure to use the specified
1% metal-film resistors for R1,
R2, and RS3; the accuracy and
stability of the voltmeter depend
on the accuracy and stability of
their values. Ordinary carbon
resistors are temperature-sen-
sitive and should not be used in
this DVM.

Although a crystal oscillator
is preferred, the alternate RC os-
cillator circuit (shown in Fig. 2)
can be accommodated on the PC
board using the extra pad on
pin 2 of IC1. The existing pads
on pins 1 and 40 can be used to
mount R16 and C7 of the RC
oscillator circuit.

The bandgap reference, D1, is
packaged in a three-terminal
transistor package. Only two of
the terminals are active—the
third is unused. Position it on
the board as shown in Fig. 3.

The LCD module is packaged
like an IC with 15 pins on each
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FIG. 3—PARTS-PLACEMENT DIAGRAM. Install a socket for IC1, and make two 15-pin
SIP sockets for the LCD module from a 40-pin DIP socket.

side. However, only pins 1-15
{the row near the decimal
points) are active. The other row
of pins is used only for mount-
ing. The module, which is frag-
ile, can be directly soldered onto
the PC board, but it is recom-
mended that you make a socket
for it by carefully cutting aparta
40-pin DIP socket to form two
15-pin SIP sockets. Note that
the module is brittle, and can be
fractured if excessive force is
used during handling.

All of the switches and jacks
are connected to the PC board
with appropriate lengths of
~ insulated wire. Refer to the

Parts-Placement diagram as a
wiring guide. Be sure to use
stranded 24- or 26-AWG wire, as
solid wire has a propensity to
break. Make the connections to
S2 first. Note that S2 has three

poles with four contacts each.
Observe which pole terminal of
the switch belongs to which set
of four contacts. If you're in
doubt, check with an ohmmeter
to be sure. A wiring error here
will require a lot of trou-
bleshooting later. Next, make
the connections to S1 and S2.
Finally, install the 9-volt battery
connector, observing proper po-
larity.

When the PC board is com-
pletely assembled, examine it
thoroughly for opens, shorts,
and cold solder joints before
proceeding with the checkout.

Checkout procedure

The calibration of the instru-
ment requires a DC voltmeter
with an input resistance of at
least 10 megohms. A 1.5-volt
battery will be handy as a volt-

age source to calibrate the cir-
cuit. Prepare a set of test leads
consisting of two banana plugs
and lengths of red and black
flexible wire. Insert the plugs
into jacks J1 and J2, and short
the ends of the wires together.
Set rFuncTION switch S3 to
“DVM” and RANGE switch S2 to
200 millivolts. Insert a fresh
battery to power the DVM, and
turn S1 on.

The normal display should be
00.00. The reading might
flicker between 00.00 and
00.01. Rotate the range switch
to the other three positions. A
normal indication is .0000,
0.000, and 00.00 for the 2-, 20-, ,
and 200-volt ranges, respec-
tively. Again, the least signifi-
cant digit might flicker between
0 and 1. The minus sign might
also appear intermittently.

If the display does not operate
as described, troubleshoot the
problem before proceeding. If
the display is totally blank, mea-
sure the terminal voltage of the
battery across Cl1 to be sure that
it is delivering at least 7 volts to
the circuit and the polarity is
correct. Verify that IC1, C1, and
D1 are properly oriented in the
board. Also check all electrolytic
capacitors to be sure they are
installed correctly. Examine the
board for any open circuits or
short circuits. Resolder any sol-
der joints that don’t appear
smooth and bright.

To verify that the oscillator cir-
cuit is operating, examine the
wave shape at pin 40 of IC1 with
an oscilloscope, using digital
ground (pin 36) as the refer-
ence. Anormal indication is a 5-
volt peak-to-peak square wave
ata frequency of about 120 kHz.

If the oscillator waveform is
absent, check XTALI and its as-
sociated components. If a sub-
stitute crystal is not available,
XTALI1, C2, C3, and R5 can be
temporarily removed from the
board and replaced with the RC
oscillator circuit of Fig. 2. That
will verify that the on-chip os-
cillator circuit within IC1 is op-
erating correctly.

If the only problems are with
the decimal-point display,
check the wiring between S2-c
and pin 38 of IC1. If the circuit
seems to be working, but some
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IélG. 4—THE DVM BOARD fits in a small plastic or metal enclosure.

of the digits are not fully illumi-
nated, check the connections
between DISP1 and IC1. Once
the circuit is operating properly,
proceed with calibration.

Calibration

Set R8 to mid-position, and
the RANGE switch to the 2-volt
scale. Connect a separate digital
voltmeter and the test leads of
this DVM across the 1.5-volt test
cell, and compare the readings
of the two voltmeters. Carefully
adjust R8 to obtain a reading
that is as close to the test volt-
meter as possible. Check the
reading with the polarity of the
cell reversed to verify the opera-
tion of the minus sign.

Rotate the rRanGeE switch to
the 20- and 200-volt range, and
ascertain that the voltage dis-
play is still correct. Set the
RANGE switch to 200 millivolts,
and verify that the DVM goes
into overrange with only a “1”
displayed.

If the readings do not track
within about 1% for the 2-, 20-
and 200-volt positions of S2,
measure the values of R1, R2,
R3, and R4 to be sure they are
correct. If the readings are off by

a factor of 10, check the wiring
to S2-a, S2-b, and pins 36 and
37 of IC1.

Remove the 1.5-volt test bat-
tery and short the meter leads
together. Set the FuncTION
switch to “continuity” and the
RANGE switch to the 2-volt scale.
The conTiNuiTY indicator
should be activated, and the
piezoelectric buzzer should
emit a tone. Disconnect the
leads; the audio tone and
continuiTy indicator should be
extinguished, and the display
should go off scale.

If the piezoelectric buzzer
does not work, check the orien-
tation of Ql and the buzzer.
Check the wiring to S3-b, and
try a new transistor.

Final assembly

The entire DVM assembly
easily fits in a small plastic or
metal enclosure. Figure 4 shows
the author’s completed pro-
totype. Before drilling holes in
the enclosure for the control
switches and jacks, determine
the location for the LCD cutout
by holding the board assembly
next to the panel and measur-
ing and marking carefully. A 1-

x 2-inch opening is suitable for
the display module specified in
the Parts List from LXD, Inc. of
Beachwood, Ohio.

Once the LCD cutout has
been made, locate the mounting
holes for the PC board. Carefully
drill both the board and front
panel to accommodate the
mounting hardware. Four ma-
chine screws, spacers, and nuts
are recommended. Be sure the
spacers are long enough to pre-
vent the LCD module from con-
tacting the front panel so that
no stress will be put on the dis-
play.

With the board assembly tem-
porarily mounted to the front
panel, determine the desired lo-
cation of switches S1, S2, and
53, and jacks. J1 and J2; the
jacks should be spaced %-inch
apart to accommodate a stan-
dard dual banana plug. Remove
the PC board assembly before
proceeding with the mechanical
work on the panel. Remember
to install a mounting clip for the
9-volt battery inside the case so
it will not contact any of the
DVM circuitry.

Using the DVM

Your new instrument works
like any other DVM. When using
the continuity function, the
RANGE switch must be set to the
2-volt scale. The display will in-
dicate about .0000 for a dead
short between test leads, and
will provide a relative reading
for resistances up to 100K. Note
that the continuity function is
not calibrated, and can be used
for relative resistance readings
only.

When the battery is near the
end of its service life, the Low
BATTERY indicator of the display
will be activated. Replace the
battery at that time with a new
one, and be sure to turn off the
instrument when it’s not in use.

As with many other digital
voltmeters, this meter will con-
tinue to operate for some time
in the low-battery condition, its
accuracy will be affected, and
you will not be able to trust the
displayed value. That situation
can be inconvenient when you
are measuring low voltages; it
becomes dangerous when you
measure high voltages. (4}
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JFET, has the same terminals
as other FET's: source, drain
and gate. The JFET is a uni-
polar device whose operation
depends only on the movement
of majority carriers—electrons
or holes—not both as in bipolar
transistors. As a voltage-oper-
ated transistor, the appropriate
voltage applied to the JFET's
gate controls the flow of current
between the drain and source.

Figure l-a is a cross-section
view of a modern diffused
planar N-channel JFET show-
ing its three terminals and
three doped regions: substrate,
source-to-drain channel, and
gate. Figure 1-b is the sche-
matic symbol for an N-channel
JFET. The vertical bar repre-
sents the normally conductive
channel region. (Symmetry
within the JFET permits the
source and drain terminals to
be interchanged.)

Figure 2-a illustrates the
structure of a P-channel JFET. It
is made the same way as the N-
channel JFET shown in Fig. 1-a
except that N- and P- doped re-
gions are interchanged. The
schematic symbol for the P-
channel JFET, shown in Fig. 2-
b, has its arrow pointed away
from the bar representing the
channel.

All JFET's operate in the de-
pletion mode. This means that
maximum current flows in the
source-to-drain channel when
the gate bias is zero. To reduce

Learn how to bias junction FET’s and apply them in practical
amplifier, voltmeter, multivibrator, and converter circuits

RAY MARSTON

THE JUNCTION FIELD-EFFECT TRAN-
sistor (JFET} has interesting
characteristics that set it apart
from the bipolar transistor.
This article contains sche-
matics for a selection of prac-
tical JFET circuits that range
from amplifiers and analog volt-
meters to a multivibrator and a
DC- to AC-converter. Last
month’s article discussed the
differences between JFET's and
MOSFETS, and FET terms were
defined.

You might want to read— or
reread—last month’s article be-
fore you tackle this one unless
you are really “up to speed” on
FET's, their operation, symbols
and terms. The many combina-
tions and permutations of N-
and P-channel FET's operating
in enhancement and depletion
modes can be very confusing
even for the experienced circuit
designer.

The JFET reviewed
The subject of this article, the
small-signal, general-purpose

(deplete) or entirely pinchoff
that current, the gate must be
reverse biased. In an N-channel
JFET, a negative bias must be
applied, while in a P-channel
JFET, a positive bias must be
applied.

Figure 3 is a family of drain
characteristic curves for an N-
channel JFET. Note that the am-
plitude of the drain current (I,)
decreases as gate bias (V5g) be-
comes more negative from Vg
equals zero. The family of
curves for a P-channel JFET are
similar except that the bias val-
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FIG. 2—A P-CHANNEL DIFFUSED JFET
(a), and schematic symbol (b).

ues become more positive with
decreasing drain current.

All of the schematics in this
article are based on the classic
2N3819 N-channel JFET. First
introduced more than 25 years
ago, it is packaged in three-pin
TO-92 plastic case. Table 1 gives
the maximum ratings for this
device at 25°C free-air tempera-
ture. If you want to build these
circuits with an N-channel
JFET other than the 2N3819, be
sure that the substitute’s elec-
trical characteristics are closely
matched to those of the 2N3819.
Also, be sure that the pinout ar-
rangements are similar.

Biasing the JFET

The JFET will work in digital
as well as linear circuits. In a
low-distortion analog amplifier,
it must operated in its linear re-
gion by reverse biasing its gate
relative to its source. There are
three common JFET biasing
techniques: self-, offset-, and
constant-current.

Self-biasing is shown in Fig,.
4. The JFET' gate is grounded
through resistor R, and re-
sistor Rg grounds the source.
Any current flowing in Rg drives
the source positive with respect
to the gate, so the gate is effec-
tively reverse-biased. If drain
current (I,) is to be set at 1 milli-
ampere, and it is known that a
gate-to-source bias voltage
(Vgg) of -2.2 volts is needed, the

L e o
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FIG. 3—N-CHANNEL JFET DRAIN characteristic curves.

correct value of source resistor
(Rg) must be determined.

This correct bias can be ob-
tained with a 2200-ohm value of
resistor Rg. By Ohm’s law, if 2.2
volts appears across a 2200-
ohm source resistor, a 1 milli-
ampere current will flow. If the
drain current decreases, gate-
to-source bias voltage also de-
creases. This causes drain cur-
rent to increase and counter the
original change. Thus, the bias
is self-regulating through nega-
tive feedback.

The value of gate-source bias
needed to set a desired drain
current can vary widely even
among identical JFET' in actu-
al circuits. Thus, the only sure
way to set a precise drain cur-
rent is to pick a source resistor
by trial and error or use a poten-
tiometer. Regardless of how it is
obtained, self-biasing is satis-
factory for most practical ap-
plications, and only a few
external components are
needed. That's why it is still the
most popular way to bias a
JFET.

The second scheme, offset-
biasing is illustrated in Fig. 5-a.
It gives more accurate gate bias-
ing than self-biasing. Here, the
voltage at the junction of re-
sistors R1 and R2 is applied as a
fixed positive bias to the gate
through gate resistor R5. The
voltage at the source equals this
bias voltage minus the negative
value of the gate-sonurce bias.

Therefore, if positive gate volt-
age is large with respect to gate-
source bias, drain current is
controlled mainly by Rg and
gate-voltage; it is not greatly in-
fluenced by variations of gate-
source bias between individual
JFET'. Offset biasing permits
drain current to be set accu-
rately, avoiding the chore of in-
dividual resistor selection. Sim-
ilar results can be obtained by
grounding the gate and coup-
ling the low-end of the source
resistor to a high negative volt-
age, as shown in Fig. 5-b.

The third scheme, constant-
current biasing, is illustrated in
Fig. 6. The source resistor is re-
placed by NPN bipolar tran-
sistor Q2, which is organized as
a constant-current generator.
Consequently it determines the
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TABLE 1
SILICON N- CHANNEL JFET: 2N3819
ABSOLUTE MAXIMUM RATINGS
(25°C Free air temperature

Parameter Unit
Gate-Source Breakdown Voltage Vierjass -40 v
Zero-Gate Voltage Drain Current loss 20 mA
Forward Transconductance Ois 7.0 mmho
Reverse Gate Leakage lass -100 pA
“ON”" Resistance os 500 ohms
Pinchoff Voltage Vas(oFF) -6 Vv
Output Conductance 9os 10 umho
Feedback Capacitance Crss 0.9 pF
Input Conductance Ciss 4.0 pF
Power Gain Gps 12 dB
Power Dissipation 360 mV

drain current. The constant
current is set by G2’ base volt-
age, which is set from the R1-R2
voltage divider and emitter re-
sistor R3.

Resistor R2 can also be re-
placed by a Zener diode or other
voltage reference. Thus, in this
bias circuit, drain current is in-
dependent of JFET charac-
teristics, and high biasing
stability is obtained. However,
this improvement is gained at
the expense of additional com-
ponents.

In the three biasing schemes,
resistor R can have any value
up to about 10 megohms. That
limit is imposed by the voltage
drop across the resistor caused
by gate leakage currents, which
could upset biasing conditions.

Source-followers

JFET transistors in a linear
amplifiers are usually config-
ured as either a common-source
or common-drain (source-fol-
lower) amplifier. These are the
JFET equivalents of the bipolar
common-emitter and common-
collector (emitter-follower) am-
plifier, respectively.

The source-follower amplifier
offers very high input imped-
ance and near-unity overall volt-
age gain. (That’s why its also
called a voltage-follower). A
simple source-follower ampli-
fier is illustrated in Fig. 7. It is
self-biasing, and drain current
can be varied with potentiome-
ter R4.

That self-biasing source-fol-
lower amplifier will work from
any positive 12- to 20-volt sup-
ply. Potentiometer R4 should be
set so that the quiescent voltage

across R2 is 5.6 volts, which
provides a 1 milliampere drain
current. Expect a voltage gain of
about 0.95 between input and
output.

Because of the voltage divi-
sion at the junction of potenti-
ometer R4 in series with R1 and
resistor R2, some bootstrap-
ping is applied to R3. In this
circuit where the output is
taken from the emitter, the out-
put voltage directly affects the
bias. In this amplifier, negative
output pulses cause an increase
in the negative voltage at the in-
put, and positive output causes
areduction in the negative volt-
age at the input.

The input is applied between
the source and the gate. In this
circuit bootstrapping multi-
plies the effective value of R3 by
a factor of about five. The input
impedance to the circuit is
about 10 megohms, shunted by
10 picofarads. Therefore, input
impedance can be as high as 10
megohms at very low frequen-
cies. However, this value drops
toabout 1 megohm near 16 kHz,
and on down to about 100 K at
160 kHz.

Figure 8 is an alternative
source-follower amplifier that
has offset biasing. Resistor ad-
justment is not needed in this
amplifier, and its overall voltage
gain is about 0.95. Electrolytic
capacitor C2, which provides
bootstrapping, boosts the effec-
tive value of gate resistor R3
about 20 fold. However, it is not
required for normal amplifier
operation.

With C2 out of the amplifier,
the source-followers input im-
pedance is about 2.2 megohms,

£

FIG. 5—JFET OFFSET-BIASING
schemes for JFET’s with +V supply (a)
and +V and -V supplies (b).

| +¥
i o "l R mE

FIG. 6—A JFET CONSTANT-CURRENT
biasing scheme

shunted by 10 picofarads; with
C2 in place, input impedance is
increased to about 44
megohms, also shunted by 10
picofarads. Alternative imped-
ance values can be obtained by



with offset biasing has an input imped-
ance of 44 megohms.

ance of about 1000 megohms.
The equivalent resistance turns
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FIG. 9—THIS JFET SOURCE-FOLLOWER amplifier with bipolar transistors in its
source circuit has an input impedance of 500 megohms.

increasing R3 up to a maximum
of 10 megohms.

Figure 9 shows a JFET-bi-
polar “hybrid” version of a
source-follower amplifier. Its in-

out to be about 500 megohms,
shunted by 10 picofarads.
There are two ways to keep
both the effective source load
and input impedance of this cir-

gain.

Voltage-biasing potentiome-
ter R4 in Fig. 10 can be adjusted
so that the circuit accepts, with
minimal distortion. strong in-
put signals that generate large
output-voltage swings. In ap-
plications where only low-level
input signals are to be accepted
(such as in preamplifiers), a
fixed-bias network can be sub-
stituted for the potentiometer.
Figures 11 and 12 show circuits
with that substitution.

Figure 11 shows a simple am-
plifier for headphones with im-
pedances of 1 K or greater. With
an input impedance of 2.2
megohms, the amplifier in-
cludes -an integral volume con-
trol potentiometer R3, and it
can be powered from any 9- to
18-volt positive supply.

The circuit shown in Fig. 12 is
a general purpose, add-on pre-
amplifier that can be coupled to
any amplifier operating from a
single-ended 9- to 18-volt
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