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% GERNSBACK SPECIALTY SERIES (5 49604

1,992 ECTRONICS

® Build A Super Directional Microphone

o Build A Solid State Disk Drive For Your PC
@ How To Put A TV In Your Multisync Monitor
o Build A Novel Rocket Altimeter

o Build A High-Tech Xmas Card

BUILD THIS FREQUENCYFRUBEZS

® All About Surround Sound

® High-Tech Consumer's Guide To Batteries . e e
® How To Find Power-line Glitches o
0"1» b S

Measuressl%wo MHzI

&~ | o Easy-To-Build Shortwave Radio
® Build A Digital Dashboard
o Experimenter’s I/0 Card For Your PC

o And Lots, Lots More!
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$3.50 U.S.
$3.95 CAN




ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES.

HITACHI COMPACT SERIES SCOPES
This series provides many new functions such as CRT
Readout, Cursor measurements (V-1085/1065/665), Fre-
quency Ctr {V-1085), Sweeptime Autoranging, Delayed
sweep and Tripper Lock using a 6-inch CRT. You don'tfesl
the compactness in terms of performance and operation.

V-660 - 60MHz, Dual Trace $1,195
V-665 - 60MHz, DT, w/cursor $1,345
V-1060 - 100MHz, Dual Trace $1,425
V-1065 - 100MHz, DT, w/cursor $105/mo*
V-1085 - 100MHz, QT, w/cursor $125/mo*
V-1100A - 100MHz, Quad Trace $125/mo*
V-1150 - 150MHz, Quad Trace $115/mo*

48 HOUR
SHIPPING

48 HOUR
SHIPPING

Hitachi RSO Series
(Portable Real-time Digitai Storage Oscilloscopes)
VC-6023 - 20MHz, 20MS/s _ ___$99/mo*
VC-6024 - 50MHz, 20MS/s $120/mo*
VC-6025 - 50MHz, 20MS/s _ $135/mo’
VC-6045 - 100MHz, 40MS/s $125/mo*
VC-6145 - 100MHz, 100MS/s _ ' $200/mo*

RSO's from Hitachi feature roli mode, averaging, save
memory, smoothing, interpolation, pretriggering, cursor
measurements. These scopes enable more accurate,
simplier observation of complex waveforms, in addition to
such functions as hardcopy via a plotter interface and
waveform transfer via the RS-232C interface. Enjoy the
comtfort of analog and the power fo digital.

20MHz Elenco Oscilloscope
k : $375

MO-1251

o Dual Trace
Component Tester
= 6" CRT

o X-Y Operation

o TV Sync

» 2 P-1 Probes

LEASING AVAILABLE
For all Hitachl Scopes - Call for detalls

* Based on 24 months except V-1150, VC-6045, VC-
6145 (36 months)

Hitachi Portable Scopes
DC to 50MHz, 2-Channel, DC offset func-
tion, Alternate magnifier function
V-525 - CRT Readout, Cursor Meas. __ $1,025
V-523 - Delayed Sweep $995
V-522 - Basic Model $895
V-422 - 40MHz__ $795
V-223 - 20Mhz delayed swes| $695
V-212 - 20MHz __ $425

FREE DMM
with purchase of

ANY SCOPE

SCOPE PROBES
P-1 65MHz, 1x, 10x  $19.95
P-2 100MHz, 1x, 10x $26.95

Elenco 35MHz Dual Trace
Good to $495

50MHz
MO-1252

o High luminance 6' CRT

o 1mV Sensitivity

» 6KV Acceleration Voltage

 10ns Rise Time

o X-Y Operation e Z Axis

» Delayed Triggering Sweep

e Includes 2 P-1 Probes

All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi

scopes. Call or write for complate specifications on these and many other fine oscilloscopes.

Multimeter with
Capacitance &
Transistor Tester

$55 cm-15008
Reads Vofts, Ohms
Current, Capacitors,
Transistors and
Diodes / with case

Digital Capacitance Meter
. CM-1550B

$58.95

Digital LCR Meter
9 Ranges

LC-1801
.1pt-20,000utd @

$125
5% basic accy. Iﬁ%
peog

Measures:

Coils 1uH-200H
Zero control w/ Case
Big 1° Display

FLUKE
MULTIMETERS

All Models
Available

TEST EQUIPMENT
All Models Available

Caps .1pi-200uf

Call for special price Res .01-20M Call for special price

[ S

Big 1" Display

AM/FM Transistor
Radio Kit
with Training Course

Quad Power Supply XP-580
$59.95

2-20V @ 2A
12V@ 1A
5V @ 3A
-5V @ .5A

True RMS 4 1/2
Digit Multimeter
M-7000

$135

.05% DC Accuracy
1% Resistance
with Freq. Counter
and Deluxe Case

Triple Power Supply XP-620

Assembled $49
Kit $45

210 15V @ 1A,

2to-15V @ 1A

(or 4 to 30V @ 1A)

and 5V @ 3A

All the desired features for doing experiments.

Features short circuit protection, all supplies

Model AM/FM 108

$26.95

14 Transistors ¢ 5 Diodes
Makes a great school project

Fully regulated and short circuit protected

GF-8016 Function Generator
with Freq. Counter

$249

Sine, Square, Triangle
Pulse, Ramp, .2 to 2MHz
Freq Counter .1 - 10MHz

GF-8015 without Freq. Meter $179

Function Generator
Blox

Provides sine, triangle, square
wave from 1Hz to 1MHz
AM or FM capability

Learn to Build and Program
Computers with this Kit
Includes: All Parts, Assembly and Lesson Manual
Model
MM-8000

$129.00

Starting from scratch you build a compiete system. Our
Micro-Master trainer teaches you to write into RAMs,
ROMs and run a 8085 microprocessor, which uses
similar machine language as 1I8M PC.

Robotics Kit for above (MM8010) 71.95
WE WILL NOT BE[UNDERSOLD!

UPS Shipping: 48 States 5%

($3 Min $10 Max) Shipping

IL Res., 7% Tax FAX: 708-520-0085

Wide Band Signal
Generators

SG-9000 $129

RF Freq 100K-450MHz AM Modula-

tion of 1KHz Variable RF output
S$G-9500 w/ Digital Display &

150MHz built-in Counter $249

C & S SALES INC.

1245 Rosewood. Deerfield, 1L 60013

(80 29277 L1 (708) 3410710

XK-500 DIGITAL / ANALOG TRAINER

A complete mini-lab for buliding, testing, prototyplng analog and digital clrcuits
Elenca's Dighal / Analog Tralner is spacially designed for school projects, with 5 bullt-in power supplies.
Inciudes a function generator with continously vanable, sine, triangular, sguare wave forms. All power
supplies are regulated and protected against shons.
POWER SUPPLIES
+ Vanable Power Supply
++1.2510 20VDC @ 5 Amp

(+12510 15VDC @ 1 Amp)
+—1.2510 -20VDC @ .5 Amp

(-1.2510-15VDC @ 1 Amp}

« +12VDC @ 1 Amp 214995 Assembled
oo g 119,95 Kit

« 45VOC @ 1Amp

+ 30VAC Center tappad @ 15VAC
at 1Amp

ANALOG - SECTION

« Function Generator Sine, Trianguiar
Squara wave forms

« Frequency adjustable n five ranges
trom 110 100KHZ

« Fine frequency adjust

- Ampittuds adust

+ DC offset

+ Modutation FM-AM

DIGITAL - SECTION

+ Exght data switches

+ Two no bounce logic swiiches

- Eight LED readouts TTL. buttered

+ Clock 176quency 110 100KHZ

+ Clock amplitude SVPP square wave

BREADBCARDS

« 2 Breadboards, each coman:
B40 tie points (total 1,680}

2 Year Warranty
WRITE FOR FREE CATALOG

CIRCLE 109 ON FREE INFORMATION CARD

15 Day Money Back Guarantee

Prices Subject to Change
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EXPERIMENTER'’S
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12 HIGH-TECH GUIDE TO BATTERIES
69 HOW TO FIND POWER-LINE GLITCHES
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R-E EXPERIMENTERS HANDBOOK

N

EDITORIAL

1992 =) ECTRONICS

EXPERIMENTERS
handbook

Getting the most out of electronics.

Welcome to the 1992 edition of the Radio-Electronics
Experimenters Handbook! As we’ve done in previous
editions, we've gone through the pages of Radio-Elec-
tronics from the past year or so, and picked our favorite
stories to present to you in a single package. The result?
A 128 pages jam-packed with great projects and the
latest technology.

But all these articles don’t amount to much unless you
get actively involved in them. The education that you can
receive from building a project is enormous. You want to
learn how a real power supply is designed? Then build
our laboratory power supply. You want to learn how to
use those new semiconductor laser diodes? We show
you how to build a high-tech handheld laser.

OK. You just want to have fun. Then build our lead-vocal
zapper and call your friends over for a sing-along party.
Or build our high-tech Christmas card that responds to
music. Or build a shortwave radio and tune in the world!

For the computer buffs who is equally enthusiastic
about electronics, we have a couple of great projects.
We show how to build a solid-state disk drive that can
speed up your PC’s performance. We also show you
how to use your multisync monitor to display composite-
video signals!

So before you pop that videocassette into your VCR for
another evening in front of the tube, think of what you
might be missing. Building electronic projects isn’'t only
educational. It's a helluva lotta fun!

—THE EDITORS

Hugo Gemsbagck (158@53 967) foupder

Larry Steckler, EHF, CET,
editor-in-chigf and publiahsr
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wAVItIVI RANGE
IMIZED SENSITIVI

We've Carefully balanced the amount of gain used in our input
amplifiers - too much or too little results in poor performance.
OPTOELECTRONICS' HANDI-COUNTERS™ with maximized
sensmvny give you the maximum range for antenra pick-up.

Made in the USA

Maximum
Security MODEL 8030

Device. With all the features of the
Increase your 3000 pius enhanced input
frequency signal conditioning and
. finding™ by 10 enhanced TCXO time base
§ times the distance
[ =, or more.
Tunable
Preselector
APS-104
$995.

MODEL 3000 g Counter Sold
Multi-function Counter T separately
10Hz-3GHz, 10 Digit LCD with :
frequency, period, ratio, interval
& signal level bargrapn....$375.

The Original Pocket-Sized LED
Handi-Counter™

All of OPTOELECTRONICS' LED
Handi-Counters™ will:

* Count frequencies above 2.4GHz.
e Have display saving Power Switch

(avcids premature LED burn-out, leading cause of
Mﬁ
D‘"-p 00

counter failure.)
m“ e

a00 Accept no substitutes -
22! A Look for the OPTOELECTRONICS  Model 2300 - 1MHz-2.4GHz

' Available with NiCads and AC
name on the label! Charger Adapter. Complete

Package only....$128.

Only OPTOELECTRONICS
offers you MAXIMIZED SENSITIVITY.

Factory Direct Order Line 1 '800'327'591 2

dbtoh FL(305)771-2050 * FAX(305)771-2052
T ey 5821 NE 14th Ave. » Ft. Lauderdale, FL33334 5% Ship/Handling (Max. $10)
2-2,4GH2 Full range U.S. & Canada. 15% outside continental U.S.A.
counter.Price includes

) Visa and Master Card accepted.
Nicads & AC charger/adapter.

CIRCLE 19 ON FREE INFORMATION CARD




& R-E EXPERIMENTERS HANDBOOK

ED BATHGATE

THE MAJORITY OF PROBLEMS THAT OCCUR
in a VCR are mechanical in nature.
Problems caused by dirty heads, worn
idlers, stretched belts, and jammed
gears are perhaps most common, but
VCR’s also have their share of elec-
trical problems. Such problems may
be bad end sensors, burned out
motors, power-supply problems, etc.

A good oscilloscope and a digital
voltmeter can get you through the ma-
jority of VCR problems quickly and
casily. However, problems involving
the video heads, rotary transformer,
head pre-amps, and head-switching
circuits can be tough to troubleshoot.
There are low-cost ($60) video-head
testers, but they won’t indicate if a
head is contaminated or if the gap is
clogged; in either case the output will
seriously be degraded.

You could replace the video head in
question, but that requires that you
have a spare head for every make and
model of VCR you service. Changing
heads is time consuming, and keep-
ing lots of heads in stock is expensive.
What's really needed is an instrument
that can generate a known-to-be-good
video-head playback signal, and one
inexpenstve source for such a signal is
another VCR. A VCR creates that
signal whenever it plays a tape, so a
working VCR can be used to trouble-
shoot a broken VCR (see Fig. 1).

If you are repairing VCR’s as part
of a service business, you probably
have more than one working VCR in
the shop at any given time. What’s
needed is a video jumper cable to take
the signal from the source VCR and
inject it into the VCR being repaired.
This project makes it possible to do
just that, with no modifications to ei-
ther VCR.

VCR operation

There are several signals that a vid-
eo head generates during playback.
The luminance and sync is a signal
from 3.4 to 4.4 MHz, frequency-
modulated by video luminance and
sync information. The chroma, or
color information, is a 629.371-kHz
signal recorded by amplitude modu-
lating the 3.4 MHz FM carrier. The

VCR

HEAD AMP

STER

This inexpensive piece of equipment can turn
a second VCR into a valuable troubleshooting tool.

combined signals are usually referred
to as video-head RF or RF envelope.

Two video heads are needed to
“read” the information from a stan-
dard VHS videocassette (see Fig. 2).
The two heads are mounted 180 de-
grees apart on a polished aluminum
cylinder that spins counter-clockwise
at 30 rpm. When one head completes
a scan of the tape, the other head is
ready to start its scan. In one scan,
one video head generates a ““field,” a
full top-to-bottom picture on the TV
screen. The second video head also
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generates a field, but it is interlaced
with the field from the first head. The
two interlaced fields make one frame.

A standard four-head VCR uses
only two heads at a time, one pair for
“SP™ (two-hour standard play), and
one pair for “EP” (six-hour extended
play). If one of the video heads is bad,
the VCR will send a full-size picture
to the TV, but with only half the pic-
ture information, with every other
field composed of “‘snow.”

Each head has its own pre-amp, and
the output of each one goes to an

PR P

@\”“““‘M;z;’%«w \»W«« 20

WER BEING TESTED
HEAD AMP TESTER -
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FIG. 1—THE VIDEO HEAD-AMP TESTER enables\you to use a good signal from a workmg
VCR to test a VCR with possible head probiems.




5 sure steps o a

fast start

as a high-paid
compuler service technician

COMPUTER]
—SERVICE
— [ JoBs—

1 a Choose training
that’s right for today’s
good jobs

Jobs for computer service technicians
will almost double in the next 10 years,
according to the latest Department of
Labor projections. For you, that means
unlimited opportunities for advance-
ment, a new career, or even a com-
puter service business of your own.

But to succeed in computer service today, you need training—
complete, practical training that gives you the confidence to service any
brand of computer. You need NRI training.

Only NRI—the leader in career-building, at-home electronics training
for more than 75 years—gives you practical knowledge, hands-on skill,
and real-world experience with a powerful 386sx/20 MHz computer you
keep. Only NRI gives you everything you need for a fast start as a high-

o paid computer service technician.

1992

Good pay, too!

2002

2- Go beyond
“book learning”
to get true hands-
on experience

NRI knows you learn better by
doing. So NRI training works
overtime to give you that
invaluable practical experience.
You first read about the subject,
studying diagrams, schematics, and photos that make the subject even
clearer. Then you do. You build, examine, remove, test, repair, replace.
You discover for yourself the feel of the real thing, the confidence gained
only with experience.

3 m Get inside

a powerful com-
puter system

If you really want to get ahead
in computer service, you have
to get inside a state-of-the-art
computer system. That’s why
NRI now includes the powerful
new West Coast 386sx/20 MHz
mini tower computer as the
centerpiece of your hands-on
training.

As you build this 1 meg
RAM, 32-bit CPU computer
from the keyboard up, you
actually see for yourself
how each section of your

NEW!
3J86sx/20 MHz
Mini Tower

Computer!

I._
| A2

| #cHECK ONE CATALOG ONLY

computer works. You

assemble and test your computer’s “intelligent” keyboard, install the
power supply and high-density floppy disk drive, then interface the high-
resolution monitor. But that’s not all.

You go on to install a powerful new 40 meg IDE hard disk drive—
today’s most-wanted computer peripheral—included in your course to
dramatically increase the data storage capacity of your computer while
giving you lightning-quick data access.

I Name
I Address
I City

Lt -

Plus, now you train witt. and keep the latest in diag-
nostic hardware and softwere: the RA.C.ER. plugin
diagnostic card and QuickTech diagnostic software,
both from Ultra-X. Using thase state-of-the-art diag-
nostic tools, you learn to quickly identify and ser-
vice virtually any
computer problem
on |BM-compat- % |
ible machines b

4- Make sure you've always got

someone to turn to for help

Throughout your NRI
training, you've got the
full support of your
personal NRI instructor
and the entire NRI
technical staff. Always
ready to answer your
questions and help you if
you should hit a snag,
your instructors will
make you feel as if
you're in a classroom of
one, giving you as much time and personal attention as you need.

5 a Step into a bright new future in
computer service—start by sending for
your FREE catalog today!

Discover for yourself how easy NRI makes it to
succeed in computer service. Send today for NRI's
big, full-color catalog describing every aspect of
NRI's one-of-a-kind computer training, as well as
training in TV/video/audio servicing, telecom-
munications, industrial electronics, and other
growing high-tech career fields.

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

RA.C.ER. and QuickTech are registered trademarks of Ultra-X, INC.

i T’
School of e
Electronics | Hil . approved under GI Bill

McGraw-Hill Continuing Education Center O check for details.
4401 Connecticut Avenue, NW, Washington, DC 20008

For career courses

] Computer Programming
[0 PC Software Engineering Using C
[ Desktop Publishing & Design
[0 Word Processing Home Business
[ Bookkeeping & Accounting

0 Microcomputer Servicing

O TV/Video/Audio Servicing

[0 Telecommunications

O Industrial Electronics/Robotics
[ Basic Electronics

e

State
Accredited Member, National Home Study Council

Zip

5-101
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FIG. 2-—-VHS BASIC MECHANISM. Two video heads are needed to generate the standard
VHS format. The two heads are mounted 180 degrees apart on a polished aluminum
cylinder that spins counter-clockwise at 30 rpm.

clectronic head switch (sce Fig. 3).
The head-switching circuit combines
the outputs from each head pre-amp.
by switching to the head which is in
contact with the tape at that time. The
head-switching control pulse is a 30-
Hz square wave derived from the rota-
tion of the head-cylinder motor. The
output cnvelope (waveform d) is the

PARTS LIST

All resistors are Ya-watt, 5%, un-
less otherwise indicated.

R1, R4—100,000 ochms

R2—220,000 ohms )

R3—10,000 ohms, audio-taper *

potentiometer

R5—150,000 ohms

R6—2200 ohms

R7—1000 ochms

“Capacitors

C1, C3, C4—0.001 pF, ceramic disc

C2-—39 pF, ceramic disc

Semiconductors

LED1—red light-emitting diode

Q1, Q2-—2N2222 NPN transistor

Other components

J1, J2—RCA-type jack

S1—SPST on/off switch

Miscellaneous: Coaxial cable, PC
board, metal case, solder, etc.

sum of the two individual head pre-
amp envelopes (waveforms ¢ and b).
It the head-switching pulse is not
present, or it it’s distorted or inverted
in phase, the symptoms will be sim-
ilar to bad heads or a bad pre-amp.
Some examples of bad waveforms are
shown in Fig. 4. Waveforms a to  are
caused by mechanical misalignment
of the tape guides, and the waveforms
in ¢ and f indicate proper alignment,
but show a problem with the video
heads, pre-amps, or head switcher.

Head-amp tester circuitry

The schematic for the tester is
shown in Fig. 5. The input is an RF
envelope tfrom a working VCR. ap-
plied to QI through coupling-capaci-
tor Cl. QI is connected as an emitter
follower, with a high-impedance in-
put and a low-impedance output, and
a voltage gain of 1.

Potentiometer R3 is used as the
emitter load for QI and level control
tor the signal applied to Q2. Capaci-
tor C2 is for improving the frequency
ru‘ponse of R3. Transistor Q2 is also

a 2N2222 wired in the same contig-
uration as Q1. but with a lower output
impedance in order to drive circuits in
the VCR under test. The circuit draws

only 12 mA, so a 9-volt battery is well
suited for the project.

Construction

The circuit should be built on a PC
board, because RF as high as 4.5
MHz will be present. A single-sided
board was used in the author’s pro-
totype with no problems. The board
layout is very simple and can be
drawn by hand directly on the copper
with an etch-resist pen. See Fig. 6 for
a parts-placement diagram; a toil pat-
tern is provided in PC Service.

The assembled circuit should be
mounted in a shielded box and coaxial
leads should be used for input and
output. Keep the lead length as short
as possible (2-foot leads were used on
the prototype with no problems).

Checkout

After assembly, check the voltages
on QI and Q2, and the current draw, to
verify proper circuit operation. Con-
nect the VCR to be used as the signal

i ExX3 £ “
&

p Fre [0 WHED BEMODULAHI o——

o WitWEFDRM [ Q%
E

WANEFOER d

HEAD-
|IL=«G | SWITCHING
’ FRE AMP A CIRCLIT
s{% 3 4
ROTARY 1 :
TRANSFORMER [ |+D

#

X Jppe ampal =

EAL
HEROT I Sl

5 WWANEFDRM b G

____,‘_-r_

HEAD SWITERING PULST O-——~
ki WAIFFOERM o
> I 3
%, & B
% T | [ T T T
[[1[[ 11 ‘
&
* [] I | %
a
Al oy
I T
3 | |
ey
A1 :
I i
¥ s
P ' ‘
&
5
g
&
i
#
« - 4 T

¥

FIG. 3—EACH HEAD HAS ITS OWN PRE-
amp, and the output of each one goes to
an electronic switch that combines the
outputs from each head pre-amp.



JUSEF BERNARD

SELECT 5 BOOKS

for only $495

%, (values to $112.75)

3260P $14.95

INDUSTRIAL
HITTRUNKES

TEZ l"'-:iII.tHEi
onte 3
vgeoa.f\“ﬁ nic

{ e

ir

3258 $27.95
Counts as 2

3279 $36.95
Counts as 2

3241P $16.95

ALARMS|

|

2996P $14.95 2980P $19.95

GORDDHN MCOMB'S
TIPS & TECHNIQUES |

BOR THE i
ELECTRONICS |

HOBBYIST

3485 $27.95
Counts as 2

2790P $14.95

HOATED

THE
ILLUSTRATED
DICTIONARY

OF
ELECTRONICS
FIFTH EDITION

| FIXIT BOOK .

Sanow

3345 $39.95
Counts as 2 2883P $18.95

2800P 3$16.95

2613P $17.95

All books are hardcover unless number
15 tollowed by a "P'" for paperback

3632 $18.95

Your most complete source for electronics
books for over 25 years.

anit
=y Repairs

o gy | |
":ﬂ { N H
FOME | i, Sabieg s sty ]
P rmica, L T e St Sy |
WIRING ey ww
L i i

3628 $26.95
Counts as 2

3414
Counts as 2

$39.95

3072P $16.95 3374P $16.95

Membership Benefits ® Big Savings. In addition to this introductcry
offer, you keep saving substantially with members’ prices of up to 50% off the
publishers’ prices. « Bonus Books. Starting immediately, you will be eligitle
for our Bonus Book Plan, with savings of up to 80% off publishers’ prices. ¢ Club
News Bulletins. 15 times per year you will receive the Book Club News, describ-
ing all the current s2lections—mains, alternates, extras—plus bonus off2rs and
special sales, with scores of titles to choose from. « Automatic Order. If you
want the Main Selection, do nothing and it will be sent to you automatically.
If you prefer anothar selection, or no book at ali, simply indicate your choice
on the reply form provided. You will have at least 10 days to decide. As 2 mem-
ber, you agree to purchase at least 3 books within the next 12 months a1d may
resign at any time thereafter.  Ironclad No-Risk Guarantee. If not satisfied
with your books, reiurn them within 10 days without obligation! « Exce stiona)
Quality. All books are quality publishers' editions especially selected by our
Editorial Board. (Pubhshers' Prices Shown)

EcecTRonics Boos Cuue

Blue Ridge Summit, PA 17294-0810

Please accept my membership in the Electronics Book Club and send the 5 volurres listed
below, billing me $4.95. If not satisfied. | may return the books within ten days without obli-
gation and have my membership cancelled. | agree to purchase at least 3 books at regular
Club prices during the next 12 months and may resign any time thereafter. A shipping/han-
dling charge and saies tax will be added to all orders.

Name

Address

City

State Zio Phone

Signature

Valid for new members only Foreign apphicants will receive special ordenng instruchions Canada must remit
n US currency This order subject to acceptance by the Electronics Book Club REX991

3329 $29.95

Counts as 2

1938 $61.00

Counts as 3 2025P  §9.95
R *‘““?”—*; DTE oo
ELECTRONIC lx. 1? b’f {‘\’{}IRI{
RGMVERSIONS

3627 $29.95

2865P $14.95 Counts as 2

lulL-l.iJ-:'-:i-l-‘-‘."!

Troubleshooting
& Repalring

VCRs

S0 DTN

3777 $32.95
Counts as 2

. 1'mﬂ+ AL
ELECTROMICS |
PE_I!-IE[TS |

1367P $24.95
Counts as 2

T

2926 $25.95

BEILD YOLR WD
FOQUIMENT

62
~
-

Ein
Tie TABM "

Sowvice Manuat for .
CCTV and MATY 3//

3475

$27.95
Counts as 2

3343 $29.95
Counts as 2

31991 ELECTRONICS BOOK CLUB
Bive Ridge Summit, PA 17294-0810

~ - MOOSANVH SH3LN3IWIHIAX3 3-YH



® R-E EXPERIMENTERS HANDBOOK

! |
l[hu

L ES ‘W] [ 4} [
& i uL !
[ 4
MECHANTAL i,
ALIGNMENT FROBLERS = e ML
1 = I
| : "]‘mlﬁl -

i

| M
| | | | | . I =2 il
\LI‘_JL"/‘:J LJ| | ; r’ ‘

1A A 1 " ok

“ 3 W M{Md 2 ' - Re =
T T T T
L T |' 4“ 1
|.i J - T
i
|| | : [ |
b

T
ii

M :. ;
[1M1] 1y i e
il |" el | E]H!L e ™ * W wogn 0 BAD HEADS
b, el o RUOTASY TRANSFORMER OPEN/SHORT
ll | | | [ | | " : \ i PRUBLEMS IN PREAMPS DR HEAD SWITCHER
b 1 B T
- | | | | ] R P = T = 1
] -
0 A AT ! N = !
= = 1
4” ! 1 e f . W “
i - L s ‘ = e

FIG. 4—IMPROPER WAVEFORMS. Waveforms a—d are caused by mechanical misalign-
ment of the tape guides. The waveforms in e and f indicate proper alignment, but show
that there’s a problem with either the video heads, pre-amps, or head switcher.

; A s | I e ﬁ}yl i =Ty | : = £ |
’ - s il vORTED gf
] = +V A | Ks Fa =
- . ; =
! il m It By a2 - =
. 01 00K Nz g T ook$  2nzem C4 =
I L v onl - oo wd2
c £ L s
3 o at L Japf = auTeEuT
L qUme O o (T f
. R2 ) R3 - | EE :: L i 1\ -
220K i 10K - 1GOK & 29K :p- =
L] L] ~ =
e L =% . i

i Wi T

A 1
FIG. 5—THE SCHEMATIC for the head-amp tester.

[ A O—» +
opTionaL! R7 ~ t S1 w
—4+—O0—=»0
' LEDI j
E EY R =, R C & 4 e % o ~~ -
ey % *%% ! \ g &;-Jz
& &6
Re # 4
- = e S T ‘
oy wt i, =
il I AF ¢ g 7
% ' & s £
| tae \ o o b T g
4 RS -
RIZA P " | |
Ii 1 | JT_

FIG. 6—PARTS-PLACEMENT DIAGRAM. Use the foil pattern provided in PC Service to
make your own board.

source to a TV or monitor, and play a
tape to use as the test signal: it can be a
test pattern, or a home-made record-

ing of the news or some other show.
Use an oscilloscope to check out the
head RF envelope (Fig. 3-¢), trom the

source VCR for proper flatness. The
RF envelope should be between 100-
and 500-mV p-p in most VCR’s.

Now turn on and connect the head-
amp tester to the source VCR at the
same point in the circuit that you mea-
sured the RF envelope (Fig. 3-¢) with
the oscilloscope. There may be a
slight amount of signal degradation
but if the entire picture disappears, it
is loading down the source and the
output signal will be unusable.

Check the output signal of the
head-amp tester with the oscillo-
scope; it should be the same ampli-
tude as the input signal with the level
control at maximum. The output
should be 0-V with the level control at
minimum.

Using the tester

To substitute a signal in place of
bad or questionable video heads, first
put the source VCR into play, connect
the head-amp tester, and adjust the
output for 5-10-mV p-p. Put the VCR
to be tested into play with a blank
tape, and connect the output of the
tester to the input of one of the head
amps. That may be done at the con-
nector end of the cable between the
rotary transformer and the head amps.
You can also capacitively inject the
signal by clipping the output lead over
the insulation of a non-shiclded wire
(no clectrical connection). and in-
creasing the output level to about Y2 to
Y4 of maximum. Signals can also be
injected into the input and output of
the head switcher. The output level
should be high and direct electrical
connections should be made.

The rotary transformer (one that
can couple a signal from a rotating
drum to the rest ot the circuitry) can
be tested with the VCR under test in
“stop” mode, but the source VCR
must be in “play™ to supply a signal.
Connect the output lead directly
across one head at a time, and mea-
sure the output at the pre-amp input
connector. You should disconnect the
pre-amp connector tfrom the pre-amps
if possible. The signal trom the rotary
transtormer should be equal or greater
in voltage than the applied signal volt-
age. Test cach head and the corre-
sponding transformer winding.

The head-amp tester is not going to
replace any major test cquipment, but
it does help you to troubleshoot some
problems. And, after all. why
wouldn’t you want all the help you
can get? R-E
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BUIRDENI
RADAR

TESTER

HAVE YOU EVER WONDERED HOW SEN-
sitive your radar detector is? Or have
you ever had someone tell you that
their detector was better than yours?
Until now, the average radar-detector
owner had no way to prove or disprove
any claims made by the manufac-
turers concerning the performance of
the various detectors on the market.

The radar-detector tester pictured in
this article is an easy-to-build, low-
power X- or K-band radar transmitter.
With the device’s tow-level emissions,
you do not need a license to use it.
The average detection range is 12 feet,
which is more than enough to deter-
mine the sensitivity of your radar de-
tector. You can then do a side-by-side
test with your friend who’s been tell-
ing you his detector is better!

Operation

The heart of the circuit (see Fig. 1)
is a onc-transistor oscillator that oper-
ates at a fundamental frequency of
1169.44 MHz. The 9th harmonic of

TUNED CIRCUIT

FIG.1—THE HEART OF THE X-BAND UNIT
is a one-transistor oscillator that operates
at a fundamental frequency of 1169.44
MHz; the 9th harmonic of that frequency is
10.525 GHz, which happens to be the cen-
ter of the X-band police radar assignment.

DETECTOR

[
-
i

Is your friend’s radar detector as good as yours? Why not prove it, then!

JOHN B. AYER

that frequency is 10.525 GHz, which
happens to be the center of the X-band
police radar assignment. The K-band
unit operates at a fundamental of
1857.7 MHz with the 13th harmonic
falling at 24.150 GHz. As you proba-
bly have guessed, 24.150 GHz is right
in the center of the K-band police
radar assignment.

The oscillator uses a microwave
transistor in order to maximize the X-
or K-band output. The fundamental
frequency is determined by the tuned
circuit that is attached to the base of
the transistor. The tuned circuit con-
sists of a 50-ohm strip line that is
etched onto a PC board, and then cut
to the proper length during the tuning
procedure.

The printed circuit board is made
out of double-sided copper-clad teflon
with fiberglass reinforcement. The
teflon is necessary because of the high
frequencies involved (standard G-10
epoxy printed circuit boards act like
short circuits at frequencies above 3
GHz). Although teflon sounds exotic,
itisn’t, and it is readily available from
the suppliers listed in the parts list.

Some people may not be familiar
with strip-line circuitry. Any line that
is etched on one side of a double-
sided PC board will have inductance
along its length and capacitance
through the diclectric (the fiberglass,
teflon, etc.) to the ground plane (the
copper plating on the other side of the
board). In a properly designed strip
line, the inductance and capacitance
cancel cach other leaving the designer
with just a resistive impedance to wor-

o

ry about. As it turns out, the width of
the line and the thickness of the di-
electric determine the resistive im-
pedance.

In this particular case, it was deter-
mined that 50 ohms was the optimum
impedance. After deciding which PC-
board material would be best suited
for this project, the following cqua-
tion was used to determine the width
of the strip line needed:

Z,=(87/VE, + L4T) x
L,[5.98H/T + .8W)],

7, = characteristic impedance (50
ohms)

E, = diclectric constant (2.48)

L, = natural logarithm

H = thickness of dielectric (0.0156
inches)

W = width of line (0.038 inches)
T = thickness of copper cladding
(0.0004 inches)

Once the width of the line is deter-
mined, all that’s needed to finish the
job is to determine the length of the
line for the target irequency. (The os-
cillator 1s similar to a pipe organ
where the length and diameter of a
pipe determines the tone that is pro-
duced; the length of the strip line de-
termines the resonant {requency.)

Construction

Etch the circuit board using the pat-
tern provided in PC Service; a ready-
made board is also available. The
transistor has four leads; two are con-
nected to the emitter, and you must
determine which they arec. Use an
ohmmeter if you are not sure. (The
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FIG. 2—PARTS-PLACEMENT DIAGRAM. Resistor R1 must be in a different location,
depending on whether you re building an X- or K-band unit. Also, when aligning the unit,
the strip line must be cut in a different location depending on the type of unit.

emitter leads are the only two that will
exhibit a dead short from one to the
other) Cut off the left-hand emitter
lead, as shown in Fig. 2.

After removing the extra lead,
place the transistor in the hole on the
board so that the base lead is on the
strip line and the collector lead is on
the positive bus, and solder them in
place (sec Fig. 2). Place R2 on the
board and. keceping both leads as
short as possible, solder one of its
leads to the remaining emitter lead of
QI. The other resistor lead should go
through the hole in the PC board, and
soldered on both sides (a through
hole, if you will). A scrap piece of
component lead must go through the
other hole on the left side of the
board, and also soldered on both sides
(another through hole).

Cut one lead of Rl so that it’s Y-
inch long. Refer to Fig. 2 for proper
placement of R1 for cither the X or K
band. Then solder the shortened lead
of R1 to the strip line so that the re-
sistor is standing on end. The longer
lecad of the resistor should then be
soldered to the positive bus of the PC
board (see Fig. 2).,

Using a silicone adhesive, glue the
PC board into the enclosure that you
have selected. DO NOT use a metal
enclosure. The microwaves need to
escape from the box, and you will

PARTS LIST

R1—10,000 ohms, Vs-watt resistor

R2—470 ohms, Vz-watt resistor

Q1—MRF-901 Motorola transistor for
X band, or NE68137 California
Eastern Laboratories transistor for
K band.

B1—9-volt battery

S1—push-button switch

PC-board material—6 x 6-inch piece
of 0.0158-inch thick teflon-fi-
berglass (Taconic Piastics, part
number TLT-9-0150-C1/C1)

Plastic project case

Note: A complete parts kit is avail-
able from MICROSERVE, 60
Thompson Street, Maynard, MA
01754. Besides the parts, the kit
also includes a custom plastic
enclosure with an integrated
battery holder and decorative
face plate. X-band kits are $55,
and K-band kits are $65. Ship-
ping and tax extra. Spare parts
list available on request.

Motorola Semiconductor
Products

3102 N 56th St.

Phoenix, AZ 85018

602-952-3000 or 800-521-6274

California Eastern Laboratories

3260 Jay St.

Santa Ciara, CA 95054

408-988-3500

Taconic Plastics LTD.

Petersburg, NY 12138

518-658-3202

defcat the entire project by using a
metal box. Be sure to orient R1 so that
it's closest to the front of the box,
because most of the radiation is emit-
ted from that point.

Attatch the battery and switch as
shown in Fig. 2, being careful not to
reverse the polarity. Route wires away
from the strip line and components,
because stray wires can de-tune the
oscillator. Construction is now com-
plete and you are ready to tune the
transmitter (see Fig. 3).

9 f
'MM

R

FIG. 3—GLUE THE PC BOARD into the
plastic enclosure using a silicone-type
adhesive.

Alignment

To align the unit, you will need a
radar detector and an X-acto knife
with a fine blade. Turn on the radar
detector and the tester. Now make an
initial cut in the strip line starting at
the point specified in Fig. 2.for either
the X- or K-band unit. Be sure to cut
all the way across and through the
copper trace. If your detector does not
sound an alarm, make another cut
about Ye-inch closer to the transistor.
At some point your detector will
scund an alarm, and the tester will be
properly tuned. Be careful not to cut
too much at one time, because if you
go too far you will have to carefully
solder the line back together.

However, if you go just a little too
far, you can save some work by cut-
ting nicks in the remaining strip line
(cuts that go part way across the strip
line). That has the effect of making the
strip line electrically longer.

If you find that your range is limited
you may have tuned to the wrong har-
monic resulting in low output. It will
be necessary to experiment with dif-
ferent line lengths to achieve max-
imum range.

Your tester is now ready for use.
Simply hold the unit near a detector
and turn it on. The range of the X-
band transmitter is about 12 feet,
while the range for the K-band unit is
about 5 to 10 feet. R-E
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BATTERIES ARE BECOMING A BIGGER
part of all our lives, and many
innovative new products coming
to market either use or contain
them. Battery-powered products
are no longer limited to just toys
and handheld vacuums. Serious
products—Ilike handheld trans-
ceivers, portable scopes, or lap-
top computers—are often bat-
tery-operated. However. while
batteries provide mobility, they're
also often the culprits when a
product fails.

Many of us still consider bat-
teries to be the ultimate black
boxes: mysterious devices that
work only when they feel like it.
However, theyre really not that
difficult to understand and use
effectively. Here are some ques-
tions and answers to help you
create better designs using them.

® I know there are many kinds
of batteries. What's the best type
for my application?

Choosing a battery type means
knowing something about both

batteries and how they’ll be used
in your equipment. Batteries are
commonly classed as either pri-
mary or secondary. Primary cells
include the disposable varieties
such as carbon-zinc, alkaline.
and lithium cells that can't be re-
charged.

Secondary cells include the va-
rieties based on either nickel-
cadmium (Ni-Cd) or lead-acid cell
chemistries, that are rechargea-
ble several times without-degra-
dation. So first, consider your
equipment. Specific questions
include: What is the drain rate?
How often will the equipment be
used? And, finally, is recharging
feasible?

Low current drain, short duty
cycles, and remote operation
favor the use of primary batteries
for watches, hearing aids. garage
door openers, and retrofit smoke
detectors. Obviously, the applica-
tion parameters for secondary
batteries are basically the op-
posite of those for primary cells.
In applications involving high

current drain or extended usage,
the cost of replacement of dis-
posable batteries may be pro-
hibitive. Such applications are
logical for rechargeable seccnd-
ary batteries as long as recharg-
ing power can be provided.

® Based on drain rate and duty
cycle, my application could go
either way. What are the perfor-
mance differences among vari-
ous battery types?

Table 1 provides a comparison
of various common battery types,
both primary and secondary. The
first point of interest is the nomi-
nal cell voltage; more sophisti-
cated concepts like energy densi-
ty will be covered later. Alsc, all
batteries have one or more cells,
operating at voltages fixed by the
electrochemistry of a given cell.
Note that the operating voltages
are shown as decreasing in Table
1; the initial value refers tc the
fully charged state. while the final
value refers to the end of run-
time, or useful life.

BATTERY TECHNOLOGY

Here are some important Q&A’s
about batteries to enable you

to use them more effectively.

*Gates Energy Products

MARK DEWEY*



TABLE 1—CHARACTERISTICS OF COMMON BATTERY TYPES

Characteristic Primary Cells Secondary Cells
Carbon-Zinc Lead-ecid Ni-Cd
(LeClanche) Alkaline (sealed (SLA), ~ound, gel.) (sealed, wound)
Chemistry:
Anode Zn Zn Po ) el Cd
Cathode MnO, MnO, PbO, NiQOH 5
Electrolyte NH,Cl and ZnCl, KOH H,SO, KOH
(all aqueous
solutions)
Cell voltage:
Nominal 15 1.5 2.0 1.2
Open-circuit 1.5-1.75 15 2.1 1.25
**Operating 1.25-1.15 1.25-1.15 2.0-1.5 ~1.25-1.00
End 0.8 0.9 1.7¢8 0.9
Operating -545 - 20-55 —40-55 40-70
temperature (°C)
Energy density
(20°C) for
cylindrical cells
*Whikg 85 85 85 30
*Wh/liter 100 220 70 80
Advantages Lowest cost; good High capacity Low cost; readily available; Sealed, no
for non-critical use | compared with good high-rate, high- and low- maintenance;
under moderate zinc-carbon; good temperature operation good low
conditions; variety low temperature temperature and
of shapes and high-rate
sizes; readily performance,
available - By | long cycle life
Limitations Low energy Moderate cost Relatively low cyde life; limited | Higher initial cost
density; poor low energy density; poor charge than lead-acid
temp., high-rate retention; hydrogen evolution
performance
Major types Cylindrical bobbin Button and Prismatic, cylindrizal, wound Button cells to 0.5
available cells to 30 Ah; flat cylindrical cells to cells, 200-400 Ah Ah; cylindrical
cells 20 Ah B cells to 10 Ah

*Wh: Watt-hour.
**Values are deliberately decreasing

The nominal voltages of all cells
are fixed by their electrochemis-
try (more below). The two major
primary cells, carbon-zinc and al-
kaline, both produce 1.5 volts,
while lithium versions produce
3.0 volts. The carbon-zinc cell is
referred to in Table 1 as a “Le-
clanche” cell. named after the
French chemist George
Leclanche. who discovered it in
1866. Under the Ni-Cd cell list-
ings, one of the the cathode mate-
rial has the unusual formula of
NiOOH, which is nickel oxy-hy-
droxide.

Of the major secondary cells,
Ni-Cd cells produce 1.2 volts/cell,
and lead-acid cells 2.0 volts/cell.
Higher voltages, up to 240 volts,
are commercially available from

series cells. In 12-volt car bat-
teries. all cells are connected in-
ternally. However, certain cell
potentials, like 4 volts, may be
possible from one cell type, but
not from others.

Cell chemistry also causes volt-
age “droop” during discharge,
which may affect a given applica-
tion. While flashlights merely
dim as their battery voltage de-
creases, many electronic circuits
are highly sensitive to even slight
drops in input voltage. Figure 1
compares the performance of pri-
mary carbon-zinc and alkaline
“D" cells with secondary Ni-Cd
and sealed-lead cells, for a dis-
charge current of 800 milliamps.

The carbon-zinc voltage profile
falls rapidly with discharge, with

a runtime under four hours. The
voltage of an alkaline cell also
falls off steadily, but its runtime
is roughly quadruple that of a
carbon-zinc cell. The Ni-Cd cell
has a voltage profile that's nearly
flat for most of its life, but only
half the terminal potential of an
alkaline cell. The Ni-Cd cell has a
first recharge life that roughly
equals the total life of an alkaline
cell.

The stability of Ni-Cd cells at
high current drains is why
they're used in portable items;
drills can draw up to 30 amps
under load. The internal resis-
tance of a Ni-Cd cell is 5—15 mil-
liohms due to its construction,
making such high current drains
possible. A spiral nylon separator

HOOHANVH SHILNINWIHICIXT 3-H
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discharge current of 800 milliamps. The carbon-zinc voltage profile falls rapidly with
discharge, with a runtime under four hours. Alkaline performance falls off steadily, but

runtime is quadruple that of carbon-zinc.

isolating the electrodes goes in a
steel can used as the negative ter-
minal, and is filled with elec-
trolyte that transmits mobile
charge. The steel it’s sealed in is
used as the positive terminal, as
shown in Fig. 2.

Whereas Ni-Cd cells have a
large anode-nylon-cathode sur-
face area due to their spiral de-
sign, alkaline cells have an
annular (or doughnut-shaped)
cross section. Powdered anode
material fills an inner ring, and
compressed cathode material fills
an outer ring. They're isolated by
a porous fiber separator as
shown in Fig. 3, giving a higher
internal resistance, and limiting
the available current drain.

Note that in Fig. 3, the top
positive electrode is the cathode,
while the bottom negative elec-
trode is the anode. At first glance,
that might seem odd, since most
of us are normally accustomed to
the reverse usage encountered
with diodes. However, since a
battery is an electrolytic (or elec-
trochemical) cell, the labels for
the terminals of a battery follow
chemical, not electrical usage.

Earlier, there was a reference to
how the electrochemistry of a
battery fixes its terminal poten-

tial; lets now examine that as-
pect in more depth. The chemical
process in a battery is an oxida-
tion-reduction, also called a “re-

RESEALABLE
VENT MECHANISM

* POSITIVE TAB WELDED
\TO POSITIVE TERMINAL

|I i
| 'SEALRING NICKEL POSITIVE
| 1 P

LATE

GOVER

|
il

1

s |

| NEGATIVE TAB CADMIUM
! NEGATIVE
NICKEL-PLATED STEEL CASE PLATE

FIG. 2—NI-CD CELLS EXHIBIT an internal
resistance of 5-15 milliohms due to their
construction, making stable current drain
possible.

dox” reaction.

The anode is the terminal
where material is oxidized, or
where electrons are removed
from or given up, and is usually
called negative or minus (“— "), or
where mobile electrons exit intoa
wire. The cathode is the terminal
where material is reduced, or
where electrons are accepted,
and is usually called positive,
plus (“+ "), or the terminal where
mobile electrons enter from a
wire.

An electrolyte is the wet (or at
least damp) ionic medium,
through which mobile free elec-
trons released by oxidation at the
cathode travel to the anode, to
propagate the electrolytic reac-
tion of a battery. Table 1 lists the
materials used for all three parts
of the most common batteries.

The term “electrolytic” has the
same meaning here that it has for
capacitors, with certain varia-
tions. An electrolytic capacitor is
polarized like a battery, and may
well explode if its DC working
voltage (WVDC) is exceeded (es-
pecially for reverse polarity), just
as many primary nonrechargea-
ble batteries will if recharged.

A battery, by contrast, is
basically a fuel cell, maintaining
terminal potential by elec-
trochemical means until its fuel
is exhausted. That is, the very se-
lection of electrode metals and
electrolyte is what determines the
terminal potential of a battery,
and a battery thus supplies
charge without having to be
charged initially.

All an electrolytic capacitor can
do is store a charge fed into it,
and dissipate the charge by gen-
erating an exponential current
into a resistance. It stores charge
(whereas a battery generates it
spontaneously), and its potential
decays exponentially, just as with
any other capacitor. However, the
electrolytic medium used allows
the packaging of larger capaci-
tance values than would other-
wise be possible for a given
volume. Nonetheless, batteries
and electrolytic capacitors are at
least second (or maybe even first)
cousins.

e What are cell capacity ratings
based on?
Battery manufacturers rate cell
capacities in amp-hours (Ah), a
continued on page 18
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PC SERVICE

| 12% INCHES
HERE’S THE SOLDER SIDE of the RAM disk at haif the actual size.

12% INCHES
HERE’S THE COMPONENT SIDE of the RAM disk at half the actual size.

| 55 INCHES l
USE THIS PATTERN for the pressure gauge.
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Now you can learn beginning to
advanced electronics at home, with the
same courses used today in the world's
top colleges and tech schools, and pay

a lot less! You'll learn just what you
want, when you want, at your own
pace.The complete story is in our free
catalog, Homeworks by Heathkit.

Order vours today, call toll-free:

1-800-44-HEATH

(1-800-444-3284)

-
YES' Please send me a FREE copy of the
ilomeWorks by Heathikit Catulog.

Send to: Heath Company, Dept 021-090
Benton Harbor, Michigan 49022
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UNIVERSAL POWER SUPPLY FOIL PATTERN.

“The SEMIANALYZER is the most complete
test equipment on the bench” —R. Hohl, GMC,MI

o ..

ELED "RONIT OESILN ECIRALY

Bingie  Jufior

Laaky

¢ CHECKS AND IDENTIFIES SEMICONDUCTORS IN CIRCUIT

 MEASURES VOLTAGE BREAKDOWN, LEAKAGE, NOISE OF
CAPACITORS, SEMICONDUCTORS, NEONS, LEDS, SWITCHES

® SIGNAL TRACER WITH ALC AND 3 DIGIT DC VOLTMETER
* OPTIONAL PLUG-IN IR REMOTE CONTROL TESTER PROBE

® 60 DAY SATISFACTION OR MONEY-BACK GUARANTEE
“THE SEMIANALYZER SPEEDS UP SERVICE ON TV AND VCR”

—AJ'S TV-SAT-VCR Service, IA

Southgate Electronics Distributor

PORTABLE TESTER FOR MICROWAVE OVENS

ELECTRONIC DESIGN SPECIALISTS €576

MICROANALYZER"

S ———r—dlodereopy

:
e ®
| ;

~n ca
@ pwr
ok ok diode  ac Tiac @
€) von aEN ¢
- @
<o a
o 58 iy
e
) vours O ‘._O o
e c———_ - 4

o e
open thort

* MEASURES COMPONENTS AT HIGH-VOLTAGE LOADS

* IN-CIRCUIT TEST OF HV DIODE, CAPACITOR, MAGNETRON
* MEASURES UP TO 5000V AC OR DC IN TWO RANGES

® ALSO CHECKS TRIACS, TRANSISTORS, MOSFETS, SCRs
* 60 DAY SATISFACTION OR MONEY-BACK GUARANTEE

(305) 720-4497

215 Rock Island Road, North Lauderdale, FL 33068

CIRCLE 22 ON FREE INFORMATION CARD

HOOHANVH SHILNIWIHIJIX3 3-H

-—h
-



R-E EXPERIMENTERS HANDBOOK

r_____________________

-
©

BATTERY TECHNOLOGY

continued from page 14

unit of charge, not energy. A 1-
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FIG. 3—THIS IS A CROSS section of an
alkaline cell showing its annular con-
struction.

amp current corresponds to the
motion of 1 coulomb (C) of charge
past a given point in 1 second (s),
or

1amp=1C/s,
where,
1 C=6.25x10'8 electrons/s.

The individual electron is often
denoted by the variable e—, so the
above relation would appear as

1C=6.25x10"8 e,

The metric unit of charge is the
coulomb, while that of energy is
the joule (J). The potential energy
(or potential work) W contained
in a battery is related to its total
available charge g and terminal
voltage V by

W=qxV.

The variable W is used for ener-
gy to avoid confusion with E and
V., normally reserved for voltage,
although many texts use E for
total energy (kinetic and poten-
tial) and V for potential energy as
well, so you should know the con-
text to avoid confusion. Thus, an
“AA" Ni-Cd cell that can maintain
a 0.6-amp load for one hour is
said to contain

r-------------------

NO COMPLICATED ELECTRONICS, NO EXPENSIVE INSTRUMENTS:

An amazing fact: you can
do more than four out of five §&
VCR repairs with ordinary |8
tools and basic fix-it proce-
dures. Our home study pro-
gram shows you how.

Learn all of the systems,
mechanisms, and parts of
almost all brands of VCRs.
With no expensive instru-
ments. No complicated elec- |
tronics. No fancy workshop.
The step-by-step texts and

éﬁ'ﬁ

Name

Home study course shows you how
to make good monev in vcn rena|r

close personal attention from your instructor make learning easy.
Texts, course materials, and tool kit are sent to your
all home. Graduate ready to make up to $50.00 or more
per hour in your own spare-time or full-time business.

Send today for your free career
hooklet. Or call 800-223-4542

Address

City State

Zip

The School of VCR Repair

2245 Perimeter Park, Dept. vM351,Atlanta, Georgia 30341
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q=0.6 Ah,
=(0.6) x

£.25x 1018 e~\ /1C\ /3600s \ (1hr)
< C >< s hr

=1.35x%x1022 ¢,
=2160C

of available charge. Such a cell
has a terminal potential of

V=1.2 volts,

so the total energy nominally
available from it is

W=qxV=06Cx12volts=0.72 J.

As discussed earlier, Table 1
mentions the concept of energy
density of cylindrical batteries,
and uses another energy unit
called the unit watt-hour (Wh),
used with the electric meter on
most houses. Electric utilities
measure energy in watt-hours,
not joules, since the numbers are
more convenient.

The watt (W) is a unit of power,
not energy, defined as

1W=1Jss.

The variable for power is P: if
P>0 W,

then P normally refers to power
expended or dissipated, like the
loss from a resistor. Whereas, if

P<O W,

the reverse is normally true, that
power is being supplied, rather
then expended. Thus, a watt-
hour is equivalent to

1 Wh=<u><36005>(1 hr)

S hr
=3600J,

There are two energy density val-
ues per cell in Table 1, one relative
to mass, and the other to volume.
Thus, for the carbon-zinc cell, for
the value relative to mass

65Wh= <65Wh> <3600J>
kg kg Wh
=2.34x105%J
kg

A similar argument follows for
energy density relative to volume.

However, the same cell, if
providing less current, can pro-
vide more useful energy, since
there’s then less internal battery
heat loss. If the same “AA” cell
were discharged over five hours,
it could sustain a 130-milliamp
load, for an observed capacity of

q =650 milli-Ah.

— —_ L




Cells are generally marketed
using five-hour ratings, but any
comparison of cells from dif-
ferent manufacturers should use
equivalent ratings.

Battery manufacturers define
C as rated capacity; the italics are
used to avoid confusion with the
coulomb. Charge and discharge
currents are then discussed as
multiples or fractions of C. The
advantage is that we can discuss
battery currents, not cell sizes or
ratings; C for many manufac-
turers is based on a one-hour in-
terval. Thus, an “"AA™ Ni-Cd cell
has a rated capacity of

C=600 milli-Ah.

For example, under that conven-
tion, we could write

2xC=1.2 Ah.
or,
C/10 hours =60 milliamps.

Ni-Cd cells are recharged by ap-
plying DC opposite to that
generated during discharge,
whether pure, half-, or full-wave
rectified. Minimum commercial
recharge rates used are about
C/20, or taking 20 hours to re-
charge to rated capacity. But
since charging isn’t 100% effi-
cient, especially when it's so slow,
some 36—48 hours would real-
istically be needed.

® Is there a danger of over-
charging a Ni-Cd battery?

Recharging efficiency de-
creases as it nears completion.
The final few percent is returned
as the cell approaches “over-
charge,” where Ni-Cd cells gener-
ate gaseous oxygen {O,). At low
recharge currents, continuous
overcharge isn’t damaging, since
the cell electrochemically recom-
bines the total oxygen volume,
letting Ni-Cd cells be totally
sealed.

For safety, venting is designed
into the cell cover. If overcharged
at current above a recommended
limit, the oxygen is expelled via
such a vent, which then reseals.
Repeated venting does dry out
water from the electrolyte, caus-
ing damage manifested as de-
creased lifetime for a given load.

Also distinguishing primary
cells from Ni-Cd cells is the prop-
erty of charge retention. Alkaline
cells can maintain full charge in
ambient environments for up to
four years, especially if they're re-

frigerated, whereas most Ni-Cd
cells will lose some 1-2% of their
rated capacity per day. That's why
many commercial Ni-Cd cell ap-
plications use trickle charging
(as low 0.02C) when the battery
reaches an overcharge condition.

® I've heard a great deal about
charge rates, especially “quick”
and “fast” charging. What'’s the
distinction?

Battery manufacturers have
met market demands for cells
with faster recharge rates. “Stan-
dard” charging is at a rate of 0.1
C, or 16-20 hours. “Quick”
charging is at a rate of 0.33C, or
4-5 hours. Cells are available
that can sustain continuous
overcharge, with 100% oxygen
recombination, at up to 0.33C,
eliminating the need for trickle
charging. “Fast” charging has be-
come the industry standard,
being a rate of 1.0C or higher, up
toc 2C-4C: recharge shutoff is
done to prevent oxygen venting,
even though it does no damage.

® Explain how cells are config-
ured to make batteries. Don’t I
need certain additional knowl-
edge about performance?

Assembling cells into batteries
can appear, at least superficially,
to be a rather trite exercise. How-
ever, knowing correct cell perfor-
mance doesn’'t necessarily guar-
antee uniform, successful bat-
tery performance. Experienced
product designers and hobbyists
alike are aware that battery as-
sembly can involve some impor-
tant concerns, not the least of
which is cell reversal. Ni-Cd cells
are typically series-connected for
higher voltage, and capacity is
achieved using cells of adequate
size.

Ni-Cd cells are typically con-
nected in series for batteries.
Runtime, or capacity, is met by
using cells of sufficient size to
meet the requirement. Cells of
even the same size and manufac-
ture lot can exhibit actual capaci-
ties that vary up to 8% of a mean.
In multicell batteries, such vari-
ances can cause some cells to give
up the last of their usable capaci-
ty, while others are still viable. If
the extent of discharge is deep
enough to bring one or more cells
to zero voltage, cell reversal can
occur.

¢ Explain cell reversal.
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The voltage of a cell is the
stored potential or electromotive
force (EMF) capable of driving
current through a circuit. When
a cell is reversed., its energy is ex-
pended to the point where any
further current drain is into the
cell, such that the circuit drives
the cell, instead of the reverse, as
shown in Fig. 4. During reversal.
cell voltage can go as low as — 1.4
volts, generating gaseous hydro-
gen (H,), which doesn’t recom-
bine and has to be vented.

The solution to cell reversal is
to understand and design for ap-
plications where cells have the

potential for repeated reversal.
Product designers can choose to
use a cutoff circuit to terminate
discharge based on battery volt-
age. to prevent cell reversal.
Motorized products draw high
current, so when their perfor-
mance decays before the onset of
reversal, they should be shut off.
Modern Ni-Cd cells are more tol-
erant of cell reversal. Modern Ni-
Cd cells repeatedly tested to 40%
reversal at 10C have suffered no
degradation.

Finally, if all Ni-Cd cellsinabat-
tery pack are overcharged, rever-
sal is less likely since they all

oRNING

Shape Mo
wWir

These omazing metal olloy filaments octually controct in length when powered and relox
when unpowered! Read about them in our new book “Working with Shape Memory Wires”
— 96 poges of histary, methods, circuits, devices and 14 hands-an projects.

And our new Muscle Wire Sample Kit has 20 cm each of 50, 100 and 150 um dia
Flexinol wire, and 20 cm of 150 Lm BioMetal wire.

Use Muscle Wires with Robatics, Railroads, R/C and Scale Madels, Elecironics, Camputers
and anywhere you need small, strang, electric mation without motars or sofenoids!

Order Today and “Get Moving”!

90 Mondo-tronics, Inc.

2476 Verna Court

San Leandro, CA 94577
Check, MO, Visa, MC

% Flyer Request Line (24 hrs): 415-351-5367
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EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

Qur New and Highly Effective Advanced-Place-
ment Program for experienced Electronic Tech-
nicians grants credit for previous Schooling and
Professional Experience, and can greatly re-
duce the time required to complete Program and
reach graduation. No residence schooling re-

quired for qualified Electronic Technicians.
Through this Special Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up-
grade your status and pay to the Engineering
Level. Advance Rapidly! Many tinish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Qver 40 Years! Write for free Descriptive Lit-
erature.

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING
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E 4251 CYPRESS DRIVE
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begin to discharge from the same

ONE ELECTRODE REVERSED

BOTH
ELECTRODES
REVERSED

\

4

+

CELL CAPACITY

CELL VOLTAGE

|
—_

.41

|—DISCHARGE —>} -OVERDISCHARGE |

FIG. 4—IN CELL REVERSAL, the stored
energy of a cell is expended to the point
where the circuit drives the cell, instead of
the reverse.

point. Building batteries from
cells of equal capacities reduces
the effect of individual cell varia-
tion at the end of discharge, and
minimizes the chance of rever-
sal.

¢ Memory continues to be a
much-discussed problem in Ni-
Cd batteries. How is memory
avoided?

No discussion of Ni-Cd cells
would be complete without men-
tioning the “memory” effect. The
term memory was coined in the
early 1960’s during early NASA
satellite flights. Satellite batteries
have strict discharge/recharge
regimes and receive very little
overcharge. Such precise re-
gimes were the result of NASA
computer-controlled energy
management, and are seldom
duplicated commercially.
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ot

=

o

=

(V)

<o !

Z DEPRESSED 150mv

S KNEE

]

o
1 1 1 1 1 1 1 1
DISCHARGED CAPACITY

FIG. 5—IN NI-CD “MEMORY,” cells repeat-
edly discharged only partially to the same
extent, and then recharged soon won’t
discharge beyond the “memorized” level.

If Ni-Cd cells are repeatedly dis-
charged only partially to the
same extent (or thereabouts) and
then fully recharged, they reach a
point where they won't discharge
further than the “memorized” lo-
cation in their discharge profile.
Today, the term “memory” is a
misnomer, since it's now applied
to a much wider range of similar
problems.

Voltage depression and poor
capacity are two common exam-



ples, often mistaken for memory,
manifested as shortened run-
time, as shown in Fig. 5. Devices
frequently won't operate at volt-
ages below a specific design val-
ue, or will exhibit reduced
performance, at best. Causes in-
clude low recharging, excess re-
charge current, excess battery
heat during recharge, improper
recharge termination voltage, or
wearout.

During standard or quick re-
charging, Ni-Cd cells need some
overcharging, since recharging
isn’t 100% efficient. If they’re not
fully recharged, they can't deliver
their rated capacity. Excessive
overcharge currents can cause
overheating in Ni-Cd battery
packs. In overcharge, the energy
provided to the battery is pre-
dominantly converted to heat,
since the chemical conversions
are complete, or nearly so. Such
overcharging accelerates
wearout or causes voltage depres-
sion or poor capacity, although
improved Ni-Cd cell designs have
lower sensitivity. Such improve-
ments, along with careful ap-
plication, insure long life.

¢ Does the electrolyte in a Ni-
Cd cell ever leak?

Ni-Cd cells can undergo stor-
age leakage, especially in radio
applications, if left on. However,
even if turned off, solid-state
power supplies often allow leak-
age current. In other words, the
battery is not completely discon-
nected from the load circuit even
when the power is turned off.
Over a period of time, ranging
from one week to two months,
leading to minor battery leakage.
Even if designed to prevent such
an occurrence, a minor short
may occur, insufficient to affect
performance even when turned
on, but resulting in what’s
known as “creep” leakage.

In the above cases, “creep” usu-
ally manifests itself as white fuzz
around the top seal of a cell. To
avoid it, turn power switches off
when equipment isn’t in use. In
radios unused for extended peri-
ods, remove the batteries, and re-
place them when needed. Even if
creep does occur, a Ni-Cd cell can
be recharged, with proper care.

¢ Ni-Cd cells have been around
a long time, and yet the applica-
tion of that technology is grow-

ing and changing. What tech-
nology improvements, if any,
have occurred that we should be
aware of, and is there anything
better available on the horizon?
Ni-Cd manufacturers are con-
tinuously seeking to improve
product capabilities and quality.
Increased capacity means lon-
ger run times; for many years,
makers have boosted capacity by
over 10% a year, itself driving re-
search into new electrochemical
couples. Rechargeable lithium
and Ni-metal hydride cells are
prominent contenders, with sig-
nificant increases in energy den-
sity over Ni-Cd cells, but their
availability is still limited.
Safety continues to impede
broad acceptance of lithium
cells. Metal-hydride is progress-
ing steadily, and is also equiv-
alent in voltage to that of Ni-Cd
cells. Broad acceptance of metal-
hydride depends on its ability to
be successfully used in several
environments. Ni-Cd cells offer
such flexibility today, at reason-
able prices. Also, the prices of
newer technologies will further
impede broad acceptance. In our
next article, we’ll spotlight some
recent ingenious and innovative
applications of batteries. R-E
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HELIUM NEON LASER MODULE

This Module contains a HeNe Tube and matching Power
Supply, all in one housing. All that is needed to make the
Laser operate is a 12 volt source along with a switch and
pilot light. Comes with instructions and a 1 year warranty.

Makes an ideal Output: 05mW continuous

Science Fair @ 633 nm (Red)
Project Power Requirements:
. 12VDC @ 600mA
gy "
Cat # S b
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e : 5| Complies
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The Kit includes the Laser Head and matching power
supply, along with instructions. Requires 110 VAC, 19 watts
to operate. Kit complies with C.D.R.H. regulations
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FOR FAST SERVICE TOLL FREE #
Call to Ship COD m for orders only
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6.5% sales tax | h_:"‘ Mon - Fri. 8a.m. -6 p.m

FREE CATALOG — Call, Write or Fax Today!

MEREDITH INSTRUMENTS

P.O. Box 1724 + 5035 N, 55th Ave., #5 * Glendale, AZ 85301
Phone: (602) 934-9387 Fax: (602) 934-9482
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All the tools
& test equip-
ment you need
for hobby or work!

Electrical,
electronics,
computers,
communica-
tions, sound
systems —
all the tools,
meters and
other equip-
ment you
need todo a

professional
job!
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Top technicians and field service
personnel prize their Jensen tool
kits. Qur new 232-page Master
Catalog will show you why. You'll
discover hard-to-find items, the
latest high-tech developments,
soldering stations, wire & cable
accessories and many more guality
products you want and need,
Send for your free copy today!

-2, JENSEN TOOLS INC.

' 7815 South 46th St.,
Phoenix, AZ 85044-5399
™ Phone: (602) 968-6231
FAX: (800) 366-9662
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| " NEW PRODUCTS |

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

I !

ACCEL TECH-
NOLOGIES calls its
Tango-Route PRO the
most powerful autorouter
running on IBM-PC’s and
compatibles, and claims
that designers will typically
experience 20%—-300%
faster routing than with
comparable, high-end PC-
based autorouters. Tango-
Route PRO features a
unique "‘reconstruct’ auto-
routing algorithm that pass-
es remove and re-place
connections for fast, high
completion of all current
printed circuit board tech-
nologies, including multi-
layer through-hole, fine
line, and SMD. In addition,
manufacturing improve-
ment algorithms ensure
high yields, lower the cost

CIRCLE 11 ON FREE INFORMATION CARD

of fabrication, and enhance
board aesthetics. Easy ac-
cess is provided by the AC-
CEL productivity interface,
a Windows-like, menu-driv-
en interface that can be
used by professional de-

signers and novices alike.
Prompts and on-line help
are available to provide
cues to proper operation of
the unit.

Tango-Route PRO ana-
lyzes the current board, its

placement, and the user
defined design rules. Then
it applies heuristics
gathered from routing hun-
dred of boards to the pro-
cess of selecting optimal
defaults. When the user
selects this automated
method of operation, it will
automatically determine
the best routing grid or
grids, routing passes, layer
directionality, and via grids.
That reduces setup time
and allows the user to get
up and running quickly.
Tango-Route PRO has a
suggested list price of
$5500.—ACCEL Tech-
nologies, Inc. 6825
Flanders Drive, San Diego,
CA 92121; Phone:
619-554-1000; Fax:
619-554-1019. R-E
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PanaVise interchangeable heads.

Ready,VVilling

324 PanaVise Electronic Work Center »

This economical package makes work areas more efficient and manageable. Parts,
tools, solder, soldering iron holder and PC board are exactly where you want them! Fea-
tures famous PanaVise “tilt, turn and rotate” control. Solder spool
holder self-centers the feed, and the soldering iron holder keeps the
iron at an easy-to-reach angle. Rugged, sturdy and tough, it aiso accepts all regular

. able heads.
-

delicate cylindrical objects.

A 396 Wide Opening Head PanaVise

Combine our 300 Standard Base (which accepls all PanaVise inter-
changeabie heads) with our 366 Wide Opening Head to create a versa-
tile work-holding tool. Ribbed neoprene jaw pads hold circuit boards or
other objects securely; reverse them for deep "v" grooves that can hold

<€ 301 Standard PanaVise
Here's the world's best small vise and the
perfect introduction to PanaVise guality
and convenience. One control knob locks
work firmly into position! Also accepts
all regular PanaVise interchange-

® 1485 Southern Way
Sparks, Nevada 89431

Tel: (702) 353-2900
Fax: (702) 353-2929
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Operates 12-19 VDC for
Field Use or 115 VAC

AMAZING

R;W CONCEPT!
yste
Levitaglyng
Device

Remember War of the Worlds? Opjects float in air and
move to the touch. Defies gravity, amazing gift,
conversation piece, magic trick or great science project.
ANT1K Easy to Assemble Kit/ Plans .. ... $14.50

Combination Solid State Tesla Coil
& Variable 100,000VDC Generator

Experiments Using Tesla Coil:

+ Plasma in a Jar/Tornado, Furnace

« Kirlian Photography

+ Wireless Energy Transmission

+ Induction Fields « Pyrotechnic Effects
+ Corona and Brush Discharge

+ Energizer for Neon Plasma Tubes

Experiments Using Hi Volts DC:
* Plasma Blaster Driller/Cutter
+ Anti-Gravity/Force Fields
+ lon Reaction Motors
+ Lightning Generation
» High lon Source
. + Ozone For Air Purification
[ ] + Electrification of People & Objects
7~V Particle Accelerators/Atom Smashing
« High Energy Capacity Charging
HVM7  Plans Complete System $10.00

e~

For Laboratory Use

“«

7

HVM7K Complete System Kit/Plans ... ... $149.50
TCL4K Tesla Coil Only KitPlans ....... $79.50
115/19AC Wall Adapter for 115AC  ........ $9.50
(W]
N /
Solar Power! All New! —~

Free, Clean, Safe
and Plenty for All
SOL1 4" Dia., .5V, 2A Silicon Cell & Plans ... $7.50
SOL2 6x12", 14V, .2A Amorphous Cell & Plans $6.50

Solar Energy Kits / Build The FoIIowings:
SOLM1 Motor Kit For Science Fair 14.50
SOLIT1 12" Multi-color Neon Outside Lite Kit $34.50

SOLCH1 Charger Kit With 6V 9A Battery .. $24.50
SOLSHK1 Shocker Kit For Objects, Fence,
Bug Zapper ....... $29.50

Solar Furnace

Use the power of the sun to build a device that can melt
metal! Easy to build, excellent science fair project.
SOLFUR1+ Data Sheets, w/Big Fresnel Lens  $14.50

Produces the spectacular eftect that captured the fantasy
of millions of movie fans. Visible plasma field is
controlied by grip pressure and adjusts saber length.
Active energy field produces weird & bizarre effects.
Excellent for special effects. Specify photon blue, neon
red, phasor green, or starfire purple.

PFS2 Plans ....$8.00 PFS2K Kit/Pians $49.50
$pecial Offer PFS20 Assembled reg $89%, $59.50

Plasma
Fire Saber

Dancing Plasma Lights - Neat electronic
circuit causes the discharge in fluorescent and gas lamps
to move to sounds and music. This is one of the best
devices to use with your stereo music system for a
fantastic display effect. Easy and simple to install.
DPL1KM Easy To Assemble Electronic Kit . $29.50

Shockér Force Field / Vehicle

Electrifier - Neat littie device allows you to make
hand and shock balls, shock wands and electrify objects,
charge capacitors. Great pay back for those wise guys
who have wronged you!

SHK1KM Easy To Assemble Electronic Kit . $19.50

100,000V Intimidator / Shock Wand

Module Build an electrical device that is affective
up to 20 feet. May be enclosed for handheld, portable
field or laboratory applications.

ITM2KM Easy to Assemble Electronic Kit . . $49.50

Blaster Blitzer Device - our answer to legal,
effective personal protection. 20 shot capacity disables
attacker for up to 30 minutes. Also marks subject for
identification. Mini spray can with 8-10 ft range.

BLTZ1 Ready to Use

Invisible Pain

Field Generator
Shirt pocket size electronic
device produces time variant
complex shock waves of intense directional acoustic

IPG7
IPG70  Assembled

energy capable of warding off aggressive animals, etc.
// !\ A

Plans . ...$8.00 IPG7K Kit/Plans $49.50
....... $74.50

Homing / Tracking Transmitter -
Beeper device, 3 mile range.
HOD1 Plans ....$10.00 HOD1K Kit/Plans $49.50

Listen Thru Walls, Floors
Highly sensitive stethoscope mike.
STETH1 Plans ... $6.00 STETH1K Kit/Plans $49.50

3 Mile FM Wireless

Mike - subminiature!

Crystal clear, ultrasensitive

pickup transmits voices and sounds
to FM radio. Excellent security system, warns of
intrusion. Become your neighborhood disk jockey!
Monitor children and invalids.

FMV1 Plans..... $7.00 FMV1K Kit/Plans . $39.50

Telephone Transmitter - 3 Miles!
Automatically transmits both sides of a telephone
conversation to an FM radio. + Tunable Frequency

» Undetectable on Phone * Easy to Build & Use

+ Up to 3 Mile Range + Only transmits during phone use
VWPM7 Plans . ... $6.00 VWPM7K Kit/Plans $39.50

Automatic Telephone
Recording Device

Connects between telephone and

recorder + No power req needed

« Undetectable « Crystal Clear + Extends Tape Time
$pecial Offer! TAT30 Ready to Use . reg 24 $14.50
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Body Heat Telescope - At iast A device
that can detect people and animals at considerable
distances. Excellent for intrusion alarms, detecting hot
spots on objects and people.

BHT1 Plans ....$10.00 BHT1K Kit/Plans $99.50

—

TV & FM Joker / Jammer - shirt pocket
device allows you to totally controf and remotely disrupt
TV or radio reception. Great gag to play on family or
friends. Discretion required.

EJK1KM Easy to Assemble Electronic Kit . $14.50

Visible Beam Laser - High Brightness

red HeNe laser visible for miles. Produce your own
light show - see HoloDiscs (below). Projects a beam
of red lite clearly visible under most circumstances. Can
be used to intimidate by projection of a red dot on target
subject. Also may be used to “listen in" utilizing our
laser window bounce method #LLIS1. Easy to Build
Modules Produce A Working Visible Laser:

LAS1KM Kit w/ 1 MW Laser Tube, Class Il .. $69.50
LAS3KM Kit w/ 2.5 MW Laser Tube, Class lllA $99.50

Holo Discs™

Laser Lite Shows
All new patented concept!
Produce your own animated
special effect lite shows. Uses one of our laser module
systems (see LAS1KM and LAS3KM above). Multi -
programming disc with full instructions. Extremely simple
to use. HODSK1 Holo Disc™ & Instructions $49.50

"Laser Bounce" Listener System
allows you to hear sounds from an area via a lite beam
reflected from a window or other similar object. System
uses our ready-to-use LATR1 Laser Terminator gun site
as the transmitter. The receiver section is supplied as
an easy-to-build kit, including our cushioned H510
headsets. Order # LLIST20 System, includes our
LATR1 Ready-to-Use Laser Gun Site, LLR1K Special
Receiver Kit, and HS10 Headset, all for only $299.50

Visible Red Laser Diodes_ﬁ‘lé

670NM Toshiba. All new, full spec. #VRD1 3mw Laser
Diode & Plans to Build a Complete System . $49.50

See In The Dark Viewing
Device uses invisible infrared
illumination for seeing in total
darkness. Excellent
demonstration of night
vision,along with observing
lasers and other IR sources
Functional unit, many useful applications

SD5 Plans . ... $10.00
SD5K  Kit/Plans Basic $299.50
6032A 1st Gen Image Tube $99.50
IC16  2nd Gen Image Tube $129.50
PBK3K Power Supply Kit ~ .77.... $44.50

INFORMATION UNLIMITED

Dept PE11 , Box 716, Amherst, NH 03031

Phone: 603-673-4730 FAX 603-672-5406
MC, VISA, COD, Checks Accepted. Piease Add $5.00 Shipping & Handling

Celiellog)
with many more items
FREE with Order,
Or Send $1 P&H

Order by Mail,
) or by 24 Hour
Orders-Only Phone:

? 800-221-1705




ouldn't it be nice if you

didn’'t lose memory con-
tents every time you turned off
your PC? And wouldn't it be nice
to have a RAM disk that didn't
tap into your regular memory,
whether conventional (0—640K),
extended (above 1 MB), or ex-
panded (bank-switched beneath
1 MB)?

If you think that either would
be nice, then you'll be interested
in our static RAM disk. It's a full-
length card for any 8- or 16-bit
expansion slot; you can install
32K-512K of static CMOS RAM’s
on the board. The board has
provision for an optional battery
backup system so the card will
retain its contents even after the
main system loses power. That
capability could be useful in re-
mote data logging.

You can build the board for well
under $100, not counting the
cost of the RAM. A double-sided
PC board is available, as are com-
plete kits and assembled units.
The complete assembly-language
source code for the RAM disk is
also available, allowing custom
modifications.

Hardware overview

The circuit consists of three
main sections: the RAM array,
the bus interface circuit, and the
battery backup circuit. Figure 1
shows a block diagram.

The static RAM portion con-
sists of a maximum of sixteen
32K x8 CMOS static RAM's
(SRAM’'s), divided into two
banks. The address and data
lines of all SRAM’s in both banks
aredriven by IC1, an 8255 config-
ured as a triple parallel port. Port
A drives the low-order address
lines (AO—A7), Port B drives the
high-order address lines
(A8—A14), and Port C drives the
data lines (DO-D?7).

A second 8255, IC2, drives the
chip select (TS) inputs of all
SRAMS. Port A drives IC11-IC18,
Port B drives IC19-IC26, and
Port C is not used.

The bus interface consists of a
group of buffers and gates that
isolate the circuit from the PC ex-
pansion bus, and they're also
used to decode a set of I/O port
addresses for passing data and
control information.

BUILD A SOLID-STATE

DISK DRIVE

5 .‘j-awa:!‘.ﬁ:

MARK HATTEN

Retain important PC data with
this inexpensive battery-backed RAM disk.

The battery-backup circuit
consists mostly of several diodes
that isolate the optional battery
from the PC’s power source. We'll
discuss the hardware in more de-
tail next time.

Software success

Success for the PC has come
about in part because of the ex-
pandability of the system. A good
part of that versatile expan-
dability is due to the concept of
the device driver.

A device driver provides a
means of adding special features
to DOS in such a way that those
features appear to be an integral
part of DOS. In fact, DOS itself
comes with several built-in de-
vice drivers.
® ANSI.SYS is a device driver
that provides a standard way of
dealing with the display system.
® DRIVER.SYS is a device driver
that lets you add high-density
floppy disks to older machines,
and to refer to the same physical
disk drive by several different
drive letters.
® VDISK.SYS is a device driver
that emulates a disk drive using
either conventional or extended
Memory.

Manufacturers of special
equipment often supply their
own device drivers. For example,
network interface cards, CD-

ROM drives, and some types of
hard disks require device drivers.

What all device drivers share is
the fact that, if a driver is to be
used, it must be loaded from disk
every time a PC boots. How does
DOS know which device driver or
drivers to load? Via the CON-
FIG.SYS file.

CONFIG.SYS is simply an AS-
CII text file; each driver that DOS
is supposed to load must be spec-
ified on a separate line in the file.
{CONFIG.SYS also specifies sev-
eral operational parameters par-

ticular to your machine; see your

DOS manual for details.)

The structure of a device driver
line in CONFIG.SYS is as follows.
Spaces are shown for clarity, but
must not be included, except be-
tween the name of the driver and
the optional parameters.
DEVICE = [drive:\PATH\]

[DRVNAMI]IPARMS]
First comes the phrase DEVICE

=. Then comes an optional drive

and an optional path and sub-
directory where the driver is
stored. If nodrive is specified, the
boot drive is assumed. If no path
is specified, the root of the boot
drive is assumed.

Next is the name of the driver

itself. The name must follow nor-
mal DOS file-naming conven-

tions: a name with a maximum of

eight characters, plus a three-
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FIG. 1. THE STATIC RAM DISK consists of three major subsystems: an array of as
many as sixteen 32K CMOS static RAMs. a bus-interface circuit. and a battery-backup

circuit.

character extension. Common
extensions include SYS and BIN.
but neither is required. Last
come any optional parameters
the driver might require.

As you've probably guessed by
now. the SRAM disk uses a device
driver to talk to DOS.

Types of device drivers.

There are two types of device
drivers: character and block. As
the names suggest. a character
driver deals with information
character by character. and a
end of the driver in memory. In
addition. it must initialize the
hardware as required. The ini-
tialization routine is usually lo-
cated last in the device driver file,
so that after it does its job. the
system can reclaim the memory
that was formerly occupied by
that driver.

The task of the strategy routine
is to get a pointer to the DOS re-
quest header. The DOS request
header is an array of bytes that
communicates what type of ac-
tivity DOS is trying to request
from the driver. The address of
the byte array is passed to the
driver using register pair ES:BX.

The interrupt routine is what
does the actual work. [t can per-
form various types of operations,
some of which are mandatory for
block drivers, and others for
character drivers. We'll discuss
some of the more important oper-
ations now.

MediaCheck detects whether
the storage media was removed
or tampered with. BuildBPB

*

(Build BIOS Parameter Block)
deals with that occurrence. For
example, DOS calls BuildBPB
whenever it detects that a floppy
disk has been changed. In our
driver, MediaCheck always re-
turns an OK sign to DOS. Be-
cause of that, BuildBPB will be
called only once, when the drive
is initialized.

The input and output routines
pass sectors of data to and from
the disk. They use a buffer area
specified by DOS in the request
header. The number of bytes per
transfer can not exceed 64K (the
maximum size of a memory seg-
ment). If a file is larger than 64K,
DOS will read or write the file in
64K chunks until the entire file
has been transferred.

Structure of a driver

Every device driver has a device
header that occupies the first few
bytes of the file. Our device head-
er is shown in Table 1. The first
entry (Nexdev) is there to provide
a means of letting DOS link each
device driver to the next. DOS
fills in the links as it loads each
driver: thelastdriver in the chain

Parts List i

Resistorns amssramr———————
All resistors are Vi-watt. 5%. unless
otherwise noted.
RI-R5.................. ... 4700 ohms
R6-R21.................. 22.000 ohms

Capacitors m———
C1-Cl16.............. 0.01 uF polyester
Cl7 .. ... . 10 wF. 10 volts.

electrolytic

Semiconductors m———

D1,D2................ IN914 switching
diode

IC1,IC2 .......... 8255 prograimmable
peripheral interface

IC3 ... . 7415245
bidirectional bus buffer
IC4,1C5................ 74L5244 octal
. bus driver

IC6................ .. 74LS138 three-to-
eight line decoder

IC7... ... 741585 four-bit
comparator

IC8 ... 74LS504 hex
inverter

ICO. . ... 74LS00 quad
¢ NAND gdte
IC10..................... 74L.508 quad
AND gate

IC11-IC26 ...... e 43256-10 Static
‘ RAM

Other Components m——

SW1.................. four-position DIP
. . switch
Bl .. ........... i, Jour AA cells.

" with holder (optional)

has —1 (FFFFh) in the Nexdev
field.

The next entry is the attribute
variable, whose value depends on
the type of device. Our driver
uses a value of 2000h. which is
the setting for a non-IBM block
device. If you run CHKDSK on
the RAM drive, it returns a Proba-
ble non-IBM disk warning be-
cause of that value, but otherwise
functions normally.

The next two entries are the ad-

TABLE 1—DEVICE HEADER

nexdev DD —1
attribute DwW . 02000H
: DW STRATEGY
Dw INTERRUPT
DB 1 : number of devices
DB {7) DUP ? ; used for char name

. if char driver



dresses of the strategy and inter-
rupt routines.

The last entry is an eight-byte
field that is used differently for
block and character devices. For
a character device, you would as-
sign a name like CON. PRN,
LLPTI. etc. For a block device, the
first byte contains the number of
physical devices that are being
controlled by the driver. and the
remaining seven bytes are un-
defined.

The BPB

Another important data struc-
ture in a device driver is the BIOS
parameter block, or BPB. The
BPB is a data structure that tells
DOS everything it needs to know
about the format in which infor-
mation is stored on the specified
device. The BPB is located in the
first sector of a disk. and it in-
cludes several items, as shown in
Table 2.

The first item in the BPB con-
tains the number of bytes per
sector. The next item specifies
the number of sectors per cluster.
If you're unfamiliar with the term
cluster (also known as the alloca-
tion unit). it specifies the small-
est number of sectors that can be
allocated to store a file. For exam-
ple, if ten clusters were allocated
to a file, and if the BPB defined
four clusters per sector. then the
file would consist of forty sectors.
Even if a file is only a single byte
inlength, it requires a full cluster
on the disk.

Different versions of DOS use
different cluster sizes. DOS 3.3
generally allocates four sectors
per cluster (depending on overall
disk size); DOS 2.x allocated 8
sectors per cluster.

The default allocation unit in
the static RAM disk is one sector/
cluster, but you could alter that
value to be any power of two (2°.
21, 23, etc.).

The next item in the BPB is the
number of sectors reserved for
the boot sector. The boot sector of
the BPB contains a short pro-
gram that starts the process of
loading DOS from disk. DOS it-
self contains the remainder of
the loader program.

The next entry specifies the
number of File Allocation Tables
(FAT's). DOS uses the file alloca-

TABLE 2—BIOS PARAMETER BLOCK

BPB EQU $
BPB_SS - DW | 512.

" BPB_AU DB* > 1

"BPB_LRS ~  DW . 1

BPB_LNF DB’ 1

BPB_DS DW | 16
BPB.TS ', DW * 1024
‘BPE_MD DB OFEH
BPB_FS DW 4

~ SBPB_ST , DW . . 00

Y OGBPB.NH ¢ DW 00

;BPB-H5 ow . 00
BPE_PRT BPB

oW

tion table to keep track of which
sectors have been used, which
are free, and which are physically
damaged. DOS normally main-
tains two copies of the FAT: to
conserve space, our driver main-
tains one.

Next in the BPB comes the
number of directory entries. This
value specifies the number of files
that can be present in the root
directory of a disk. (Subdirecto-
ries are actually files. so the
number of subdirectories is lim-
ited only by the available disk
space.) DOS 3.3 typically allows
512 directory entries: again, to
conserve space, our driver allows
16.

The next BPB entry contains
the total number of sectors con- -
tained on the disk. This value
represents the total size of the
disk. including space occupied
by boot sectors, FAT's, etc. In our
case. the total number of sectors
(TS) can be determined from this

formula:
TS =(32768/512)*(number of
SRAMS)

The next entry is called the me-
dia descriptor; it specifies the
type of media being used, the
number of sides, etc. Our driver
uses the code for a single-sided
floppy-disk drive.

Following the media descriptor
is a field that specifies the
number of sectors that must
be allocated to each copy of the
FAT.

Several other fields in the BPB
are defined for use with physical
disk drives, including the
number of sectors per track, the
number of disk heads, and the
number of hidden sectors. Our

; sector size in bytes

> ; sectors per cluster

; sectors for boot sector
; # of FAT tables ’
; # of Directory entnes
; # of total sector-
; media descriptor .
; # of sectérs/FAT(S)
These variables would be
S sdrive. . ¢,
.; used for a real disk
; Pointer to this table

£

Note: The following are available”
from
"Hatronics
145 Lincoln Street

» Montelair, N.JJ 07042

(201) 783-7264 ;

(201) 245-6614 (BBS, join the '
Hatﬂgg\plris conference)

[—

Assembled and tested unit. 0K ... $135

Assembled and tested um{ e .
286K .ot $255
Assembled and tested unit, o
BIZ2K coloviiviieieieeee i, .. $395

A silicon boqt board, ( whtch allows »
the PC to boot from the RAM’ e

Drive) w“s«gzoo
All orders add SIOfor shipping and
handling. .. New Jersey orders add 6%

sales tax. - s

5
Pa

driver does not need to use any of
those fields.

Obviously, the subject of device
drivers is complex: for detailed
information. the best work that
was found by the author is called
Writing MS-DOS Device Drivers
by Robert S. Lai.

Hardware details

The circuit consists of three
main sections: a bus interface, a
battery backup circuit, and the
static RAM array. Figure 1 shows
the complete schematic diagram.

The PC bus interface consists
of IC3, IC4, and IC5. The latter
are a pair of 74L5S244's (three-
state octal bus drivers) that buff-
er the address lines. A bi-direc-
tional three-state octal buffer
(IC3, a 74LS245) buffers the data
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lines.

The 6R (I/0O Read) line from the
expansion bus drives the data di-
rection input of IC3; the decod-
ing circuitry discussed below
drives IC3’s gate input (pin 19).

The decoding circuitry con-
sists of 1C6, IC7, and several
gates in IC9 and IC10. Two out-
puts from IC6, a 74L.5138 3-to-8
line decoder, drive the TS inputs
of the parallel ports (IC1 and IC2).
In a multi-board system, the first
board uses the two low-order out-
puts (vo. v1) of IC6: subsequent
boards use higher-order outputs.
Address lines A0 and Al select
one of four registers (three data
ports and one control port) in the
selected port (IC1 or IC2). Address
lines A2—A4 drive IC6, which pro-
vides an output select every four
addresses.

For 1C6 to be enabled, its G2a
must be driven low. For that to
happen, several conditions must
be met. First, aen from the bus
must be low. If it is not low, a DMA
operation is taking place. Sec-
ond, either 1OR or 16w must be ac-
tive (low). When those conditions
are met. pin 3 of IC10 will go
high.

Another necessary condition is
that the a=B output of IC7 be
high. That IC is a four-bit magni-
tude comparator; it has three
outputs that reflect the state of
two four-bit sets of inputs. If the
binary-weighted A inputs are less
than the binary-weighted B in-
puts, the a-B output goes high.
The A=B and aB outputs function
similarly. To compare more than
four bits, you can cascade IC’s by
connecting outputs of one stage
to corresponding inputs of the
next. The lowest-order stage re-
quires its A=B input to be high.

In our circuit, A9 from the bus
drives the A=8 input, and A5—-A8
drive the comparison inputs. DIP
switch S1 is connected to the
other group of comparison in-
puts. The A5 and A8 address
lines actually drive the a3 and ao
inputs, and A6 and A7 drive the
B2 and B1 inputs respectively. The
other A and B inputs are con-
nected to the poles of S1. The net
effect is that pin 6 goes high
when A9 is high and when A5-A8
match the DIP-switch settings.

Table 1 shows the switch set-
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FIG. 2. MOUNT ALL PARTS AS SHOWN HERE.
MAKE SURE THE FOLLOWING VERSION OF THE PARTS
LIST RUNS. THERE ARE A FEW DIFFERENCES FROM PART L

tings for various I/O port ad-
dresses. In each line of the table,
the address shown is 512 more
than the sum of the binary
switch weights. The reason is
that A9 is also decoded, so the
minimum address is 512.

When pin 6 of IC7 and pin 3 of
IC10 go high, pin 8 of IC9 goes
low, thus enabling IC6-d, one of
the port ICs. In addition, after
inversion by IC10-b, the pin-8
output also enables IC3, the
data-bus buffer. At that point a
byte will be read or written (de-
pending on the states of Or and
ow) to the appropriate port of the
selected port IC.

SRAM array

Each SRAM has fifteen address
lines, eight data lines, an output-
enable (0g) line, a write-enable
(wg) line, and a read/write (RW)

line. Port A of IC1 drives the low-
order address lines of all SRAM's;
the lower seven bits of port B
drive the high-order address
lines; and port C drives the data
lines. The high bit of port B (PB7)
functions as a pseudo read/write
line that drives the ok lines, and,
after inversion by IC8-a and IC8-
b, also the WE lines. Last, the A
and B ports of IC2 drive the chip-
select inputs of the SRAM’s, one
bit per SRAM. Port C of IC2 is not
used in the present design; you
could modify our circuit to de-
code an additional 8 SRAM’s or
use the port for other things.

Data retention

The battery-backup circuitry is
quite simple. Five volts from the
bus feeds all of the logic and par-
allel ports. In addition, bus
power also feeds the SRAM's and

TABLE 1—I/0O PORT ADDRESSES
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up battery feeds the SRAM's and
pull-ups via D2.

The author successfully used
several types of batteries for
backup, includinga 0.1-Farad ca-
pacitor formerly sold by Radio
Shack, four AA cells, and a re-
chargeable cordless phone bat-
tery (Radio Shack number
32-173). If you use a rechargeable
battery, install a jumper in D2's
position.

Construction

You can build the circuit on a
prototype board with an XT-type
bus interface, or you can build it
on a PC board. Foil patterns are
shown in PC Service; a drilled
and etched board with plated-
through holes is also available
from the source mentioned in the
parts list.

Asshown in Fig. 2, on the front

R-E EXPERIMENTERS HANDBOOK

(723
o

S1-c Address

S1-d . S1-a ‘St-b side of the board install all re-

(256) (128)- (64) (32) .. (decimal) sistors, then IC sockets, then ca-
. ‘ ' pacitors, then the DIP switch and

ON ON ON ON 512 the two header blocks for the

ON ON ON OFF 544 - backup battery and the decoding

ON : ON OFF ON 576 block. Then, on the back side of

8” 8’;": 8§F - 85': ggg the board, install the six jumpers

ON . OFF - ON OFF ~ * 672 » shown in Fig. 2. Connect a pair of

ON OFF OFF OoN T . 704 ~ wire-wrap wires to each pin of a

ON i OFF . OFF OFF 736 two-pin female header; connect

OFF ON ON ON 768

OFF ON ON | OFF 800 TABLE 2—BOARD SELECT

OFE ON OFF s ON 832 . .

OFF ON OFF . OFF ‘864 _Board 1C2,Pin6 IC1,Pin6

OFF OFF ON -+ ON « 896 1 A+ ~ B :

OFF OFF ON * OFF .. - 928 2 c D

OFF OFF OFF ON 960 3 E F

OFF OFF OFF OFF 992 4 G H
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10 PRINT"*%xkkkkdkkhkhkkhkdkdkkkhkhkhdkkkhkkhkhkhhkdkdhkkhhkkhkdhkkkkhhkkkx"

20 PRINT"*
30 PRINT"*
40 PRINT"*
50 PRINT"¥*
60 PRINT"*

* M

SRAM INITIALIZATION PROGRAM e

*®n

COPYRIGHT HATRONICS e50

g

70 PRINT"**kkkkkkdkhkdkhkhhkhhkdhkdhhkhhhhhhhkhkhhkhkkhkkkkhkkkhkxddhhhhkkh!

80 PRINT" THIS PROGRAM WILL INITIALIZE THE FIRST 32K "
90 PRINT" THIS WILL SET UP THE FAT AND DIRECTORY AREAS "

95 PRINT
87 INPUT"
99 IF PO%=0 THEN GOTO 130
100 PRINT"
110 AS$=INKEYS:
120
130
140
150
160
170
175
180 our
190 our

IF A$="" GOTO 110
PRINT" ABORTED !!!":
DIM S2(16)

P1D, 128
P2D, 128
200 OUT P2B, 255
210 OUT P2A, 255
220 P%=P2A
230 PRINT"
240 IF BA =2 THEN P%=P2B
250 FOR S = 0 TO 127

260 FOR T = O TO 255

270 OUT P1lA,T:0UT P1B,S+128
280 OUT P1C,0

290 out
300 NEXT T
310 NEXT S
320

the other ends of the two wires to
the pads by the €5 inputs of IC1
and IC2 (pin 6). Then connect the
ferale header to the desired pair
of pins on P1. Choose A+ B,
C+D, E+F or G+h, and make
sure that the wire from IC2 goes
to the lower-order pin (A, C, E.
or G). In a multi-board system.
use the jumper settings shown in
Table 2.

The board is a little too tall to fit
in an XT-style case. Either use an
AT case, or trim the board to a
height of about four inches.
Doing so will cut through several
traces. which can then be re-
placed by jumper wires. Make
sure you don’t remove any more
than the top eight traces to keep
the additional jumpers to a mini-
mum.

If you trim the board, the addi-
tional jumpers should be added
between the correspondingly
numbered pads J1...J8. For ex-
ample, run a jumper from J1 un-
der the DIP switch to J1 by C9,
from J2 under the DIP switch to
J2 by C10, etc.

If you're not going to install all
sixteen SRAM’s, install the

WHAT PORT ADDRESS ";

END

P%,S2(S3):0UT P%, 255

PO%

ARE YOU SURE YOU WANT TO DO THIS ?7? Y or N "
IF As="Y" OR AS="Y"

THEN GOTO 140

S2(1)=254:S2(2)=253:52(3)=251:S2(4)=247
S2(5)=239:82(6)=223:52(7)=191:52(8)=127
P1A=PO%:P2A=P0O%+16:P1B=P0O%+1:P2B=P0O%+17
P1C=PO%+2:P2C=P0O%+18:P1D=PO%+3:P2D=P0%+19

INITIALIZING FIRST 32K"

PRINT " END INITIALIZATION":END

SRAM’s in part-number order
(IC11. IC12....1C26).

Check your work carefully for
solder bridges and cold solder
joints. Fix any problems, and
then set S1 to a value unused by
any other adapter in your system.
Try 768 if you're not sure: that
address is reserved by IBM for
prototype boards.

Then power down your PC and
insert the board into a vacant ex-
pansion slot.

Initialization

Power your PC up; if it doesn’t
boot normally. power down
quickly, check the board again,
and correct any mistakes.

Before you can use the board,
you must initialize it. Run the
BASIC program shown in Listing
1; that program performs a func-
tion similar to DOS's FORMAT
command. If you don't keep a
battery attached to the board,
you'll have to run the BASIC pro-
gram each time you boot. In that
case, you may want to modify the
program so that it automatically
uses the correct port address and
so that it returns to DOS after it

Parts List

All resistors are Ys-watt, 5% unless
otherwise noted.

RI=R'D g - 15524 ¢ hieromeen. trre T Wi e 4700 ohims

Capacitors m———

Cl1-C16 .........ceennuenne 0.01 pF polyester
CL'7 ticcrbiSar T A r g saB e 10 pF. 10 volts,
electrolytic

Semiconductiors mes————————

D1,D2 ...l IN914 switching
diode

ICL,IC2 ..ot et 8255
Programmable peripheral interface

| (CR) - o oo I8 e T 7405245
Bidirectional bus buffer

ICARICEY, . o5 i e 74LS244 Octal
bus driver

1C6 g e = AN e dm i 74LS138 Three-
to-eight line decoder

) ( Oy AP YL o 74LS85 Four-bit
comparator

) (Y e e e 74LS04 Hex
inverter

LC D prias 1is (ar Al etsiduiom ) 4T b 74LS00 Quad
NAND gate

(03 ()% 55 - = O a2 74LS08 Quad
AND gate

IC11-IC26 .................. 43256-10 Static
RAM

Other Components msessse—

SWI o cormspona hamebmes ot Four-position DIP
switch

B oS e F Sl o o o= S Four AA cells
{with holder} (optional)

D GC T oy 2-position, single-
row, 0.1" female header

J2 e, b e Mo 2-position. single-
row, 0.1" female header

L R ore s ol Ao 8-position. single-
row. 0.1" male header

P2 s iovaigs s prrvonimspoassons 2-position. single-

row, 0.1" male header

finishes executing. In other
words, change all END state-
ments to SYSTEM statements.
Then you could execute the pro-
gram from your AUTOEXEC.BAT

like this: GWBASIC SFORMAT.
The author is working on an
enhancement that will allow the
driver to optionally initialize the
board each time you boot. Both
the initialization program and
the device driver are available
from the RE-BBS, 516-293-2283,
300/1200. 8N1. The file called
SRAMDISK.EXE is a self-extrac-
ting ZIP file that contains the
BASIC program. the executable
version of the device driver, and
the source for the device driver.
Run SRAMDISK.EXE on a disk
continued on page 51
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MOST OF US ARE FAMILIAR WITH AN ORDI-
nary pressure gauge, such as that used
for tires that measures pressure in
pounds per square inch (psi). They are
usually analog devices with an indica-
tor bar or a moving needle whose
movements depend on the specific
pressure. However, with the advance
of solid-state technology, it is possible
to construct an accurate electronic
pressure gauge with a resolution as
low as 0.1 psi.

Our digital pressure gauge operates
from a 9-volt battery, so it is com-
pletely portable. The circuit uses only
4 milliamperes, so battery life will be
extremely long. A large two-digit
LCD is used to display pressure read-
ings, but we’ll also show you how to
build it with a 3Y-digit display.

The full-scale range of the pressure
gauge is determined by the selection
of the pressure sensor; in this case we
have used a 0—100 psi semiconductor
sensor, manufactured by Sensym
(1255 Reamwood Ave, Sunnyvale CA
94089). Other sensors are available in
full-scale ranges of 1, 5, 15, 30, 100,
and 150 psi. Using a 15-psi sensor, for
example, would result in a display
resolution of 0.1 psi with a two-digit
readout.

Pressure is measured by connecting
a flexible hose between the sensor and
source of pressure. If the project is to
be used for differential pressure mea-
surements, two hoses must be con-
nected to the sensor and the device
under test. Vacuum measurements re-
quire only one hose connection.

The circuit

The sensor is a differential device,
which allows two pressure connec-
tions, and it measures the difference
between the two. The sensor also per-
mits vacuum measurements when one
side of the sensor is exposed to the
atmosphere and vacuum applied to
the other. Pressure and vacuum mea-
surements may be taken on any non-
corrosive and non-toxic media such as
air, dry gases, etc. The portable
nature of the unit allows it to be used
almost anywhere, such as for check-
ing tire pressure or a compressed air
tank.

The heart of this project is a dif-
ferential piezoresistive pressure sen-
sor which is constructed using
integrated-circuit technology. It con-
sists of four resistors connected in a
Wheatstone bridge configuration,
which are deposited on a silicon di-
aphragm that separates two chambers
of the 'sensor housing. Each side of
the diaphragm can be exposed to a
pressure source by means of ‘‘ports”
called Pl and P2. Any pressure dif-
ference between port Pl and port P2
will be detected by the sensor, provid-
ing a differential pressure reading.
Figure 1 shows a closeup of the sen-
sor. ’

The common pressure gauge which
many people are familiar with is, in
reality, a differential pressure gauge,
with atmospheric pressure (14.7 psi)
being the reference pressure. Thus,
when no pressure is applied to the
sensing port of the common gauge,

DIGITAL

PRESSURE

GAUGE

Now you can take pressure

readings the modern way using

our electronic pressure gauge.

ANTHONY J. CARISTI

the reading is zero. The same goes for
our gauge; pressure is applied to P2
while Pl is exposed to the atmo-
sphere.

When the pressure sensor is at rest,
there is no stress on the silicon di-
aphragm and the values of the re-
sistors are essentially equal. The
Wheatstone bridge is thus balanced
and its output voltage is virtually
zero. During a pressure measure-
ment, any difference in pressure be-
tween the two ports of the sensor
result in mechanical stress of the sil-
icon diaphragm and a change in the
values of the four resistors. Two re-
sistors increase in value and two de-

CUNRZEWOE
SRR WISAYTEN
a _'l_ - - - -

FIG. 1—HERE IS A CLOSEUP of the semi-
conductor pressure sensor.
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FIG. 2—SCHEMATIC DIAGRAM of the electronic p-essure gauge. It uses a Sensym

semiconductor pressure sensor.

crease. That causes the Wheatstone
bridge to become unbalanced, pro-
ducing an output voltage which is pro-
portional to the difference in pressure
between the two ports of the sensor.
That voltage, which in the millivolt
range, is amplified and used to pro-
vide the drive signal to the display
section of the circuit.

The schematic diagram is shown in
Fig. 2. In order to preserve the ac-
curacy of the pressure measurement
with respect to variations in battery
terminal voltage, 1C3, a tixed 5-volt
regulator, maintains a constant power
source which feeds the sensor bridge.
A set of four silicon diodes, DI
through D4, has been placed in the
circuit to temperature compensate the
bridge. That eliminates changes in
calibration of the circuit due to am-
bient temperature effects.

Three sections of IC1, an LM324N
quad op-amp, amplify the millivolt
output of the bridge to a useful level
for the analog-to-digital (A/D) con-
verter circuit that follows.

When there is no pressure applied
to the sensor, the voltage between ter-
minals 2 and 4 of the sensor is essen-
tially zero; however, there may be a
small output voltage, called zero off-
set. To compensate for that error, po-
tentiometer R16 allows a small DC
voltage to be fed to the amplifier cir-

cuit which negates the offset voltage
of the sensor.

When the sensor is exposed to 100
psi, the output of the bridge circuit
will generate approximately 34 milli-
volts. However, there may be varia-
tions in output voltage of as much as
30% between different sensors. To
compensate for any given sensor, the
amplifier gain is adjustable by means
of potentiometer R6.

The display section consists 1C2,
which is a combination A/D convert-
er/7-segment decoder/display driver,
capable of driving a 3's-digit LCD
(we’ve used only a two-digit display,
DSP1). It is driven by the voltage be-
tween pins 7 and 8 of op-amp ICI.
The sensitivity of the A/D converter is
set by the reference voltage applied
between pins 35 and 36. The refer
ence voltage, which is about 238 mil-
livolts, is set by the divider composed
of R2, R3, and R4.

In this project only two digits are
required since the resolution of the
project is 1 psi and full scale is 100
psi. However, note that if you measure
exactly 100 psi, the readout will dis-
play G0, since the hundreds digit is
not present.

Note that for readings greater than
99 psi, or for 0.1 psi resolution, the
circuit can modified to use the most
significant and least significant digits

of the A to D chip. In this case you’d
need to use a 3%2-digit readout, and its
decimal place would be illuminated as
required. If you wish to use a 3)2-
digit LCD, Fig. 3 shows the addi-
tional connections to the A/D con-
verter that are required. However, note
that the 3'2-digit display is a 40-pin
device that won’t fit on the provided
PC board. You must either hardwire it
or design your own board.

Because of the characteristics of
the pressure sensor, the display will
read up-scale regardless of which port
of the sensor is pressurized. However,
you should use the same port for
which the project was calibrated. If
the project is to be used for vacuum or
differential pressure measurements,
the display will indicate the pressure
difference in psi, with no polarity in-
dication. The A to D converter used in
this circuit does have an output termi-
nal to indicate polarity, but it is not
used.

Construction

The project is constructed on a sin-
gle-sided PC board. A foil pattern is
provided in PC Service. The circuit
can also be hard wired on a perforated
construction board if you wish. The
parts-placement diagram is shown in
Fig. 4. Note that the LCD readout is
mounted on the copper side of the
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FIG. 3—HERE ARE THE ADDITIONAL CONNECTIONS to the A/D converter that are
required for a 3%-digit display. Note that the 40-pin display won't fit on the PC board—
you’ll have to hardwire it or design your own board.
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FIG. 4—PARTS-PLACEMENT DIAGRAM. Note that the LCD readout is mounted on the

copper side of the board.

board. That allows the relatively flat
side of the PC board to be mounted
next to the side of a suitable enclosure
containing a cutout or window to ex-
pose the readout for viewing.

You should use sockets for both of
the IC’s. Especially for IC2, which is
a 40-pin chip and not inexpensive.
The cost of a socket is minor com-
pared to the IC itself, and you can
never predict when an IC will have to
be removed from a PC board. Once
the sockets are in place, continue in-
stalling components, but do not insert
the IC’s yet.

The 5-volt regulator, IC3, looks
like a small transistor; simply solder it
directly to the board, and be sure to
watch its orientation. Also be sure
that the diodes are properly oriented.

The circuit requires four jumpers;
the short jumper wire between pins 2
and 6 of the LCD can be a piece of
bare wire, but the other three should
be insulated to avoid shorts.

Many of the resistors specified in
the parts list are metal-film types
which exhibit excellent temperature
stability. Since we want the project’s

calibration to remain stable with vary-
ing temperature, you should not sub-
stitute other types of resistors.

The LCD and the pressure sensor
are fragile and must be handled care-
fully to avoid breakage. It is sug-
gested that the readout be mounted to
the board last. You may wish to use a
socket for the readout, and you can
make one by taking an ordinary 18-
pin DIP socket and cutting it in half
lengthwise. Remember, the socket
(and readout) will be placed on the
copper side of the board, so you must
allow some space between the plastic
of the socket and the board itself to
allow room for soldering.

Before mounting the LCD, take
note of where pin 1 is. If you look at
Fig. 5, the black border around it has a
marking on one side. Looking at that
marking, pin 1 is where you’d nor-
mally see it on any ordinary IC.

The pressure sensor may be fas-
tened to the board using two #4 ma-
chine screws and nuts, but be very
careful not to over-tighten them. Note
that pin | of the sensor is marked with
a small dot; mount it as shown in Fig.

PARTS LIST

All resistors are Va-watt, 5%, car-
bon, unless otherwise indicated.

R1—51 ohms

R2, R4, R8—R10, R12—100,000
ohms, 1% metal film

R3, R15, R17—10,000 ohms, 1%
metal film '

R5—100,000 ohms

R6—200,000 ohms, PC-mount po-
tentiometer

R7, R14—41,200 ohms, 1% metal
film

R11—1 megohm

R13—221 ohms, 1% metal film

R16—100,000 ohms, PC-mount po-
tentiometer

R18—47,000 ohms

Capacitors

C1-C3, C5—0.1 uF, ceramic disc

C4—100 pF, ceramic disc

C6—0.01 uF, ceramic disc

C7—0.47 pF, ceramic disc

C8-—0.22 wF, ceramic disc

Semiconductors

IC1—LM324N qudd op-amp

IC2—ICL7106CPL 3%2-digit A/D con-
verter (Intersil)

IC3—AN78LO05 5-volt regulator

IC4—differential semiconductor
pressure sensor,

SXO1DN for 1 psi full scale

SX05DN for 5 psi full scale

SX15DN for 15 psi full scale

SX30DN for 30 psi full scale

SX100DN for 100 psi full scale

SX150DN for 150 psi full scale

(Sensym, 1255 Reamwood Ave,
Sunnyvaie CA 94089)

D1-D4—1N4148 silicon diode

DSP1—two-digit LCD module (Di-
gikey LCDO001)

Optional—3Y2-digit module (Digikey
LCD002)

Other components

S1—SPST toggle or slide switch,
N.O.

B1—9-volt battery

Miscellaneous: battery clip, en-
closure, IC sockets, hose wffitting,
clamps, wire, solder, etc.

Note: The following are available
from A. Caristi, 69 White Pond
Road, Waldwick, NJ 07463:
Etched and drilled PC board,
$14.95; pressure sensor, $36.50;
set of 12 1% metal-film resistors,
$5.75; IC1, $2.00; 1C2, $15.00;
IC3, $2.00. Add $2.75 postage
and handling per order.

4. The four terminals of the sensor are
very fragile, and must be carefully
bent into position using a needle-nose
pliers to support the leads next to the
body of the part. If you attempt to
bend the leads without such support,
you risk breaking the wires.

If you attempt to bend the leads with-
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FIG. 5—THE BLACK BORDER around the
display has a marking on one side. Using
the marking as a reference, pin 1is where
you’d normally see it on any ordinary IC.

out such support, you risk breaking
the wires.

A suitable pressure hose must be
connected to port P2 of the sensor,
and secured with a small metal clamp
that has been designed to handle high
pressures. Such clamps can be ob-
tained from automotive supply out-
lets. It cannot be overstressed that
pressures greater than 10 psi are sub-
stantial, and the hose and clamp must
be able to withstand such force.

If you want to use the project to
measure tire pressure, you need a
hose from a bicycle shop with a fitting
at the end that depresses the valve
stem during a pressure measurement.
You might be able to take an old tire
pressure gauge and modify it for use
with our digital pressure gauge. As
with the pressure-sensor connection,
you will need to clamp the valve fit-
ting to the hose.

You may wish to use a normally
open pushbutton switch for your proj-
ect. That will prevent accidentally

A/D CONVERTER
|

W WO n e, e e S

ZERO ADJUST

leaving the power on and depleting
the battery.

Be sure to use a connector clip for
the battery to ease replacement when
necessary. The battery should be se-
curely mounted in the project’s en-
closure so that it does not rattle
around and break anything.

When you have completed assem-
bly, examine the circuit board very
carefully for bad solder connections
and inadvertent short circuits, es-
pecially between adjacent IC termi-
nals. Bad solder joints often are dull,
rough blobs of solder. Correct any
problems that you find. Figure 6
shows both sides of the completed
unit.

Checkout

To check out the project you will
need a DC voltmeter, as well as a
source of air pressure such as a porta-
ble air tank. Be sure tank pressure is
not over {00 psi. For the preliminary
checkout it is not necessary to know
the precise pressure of the source, but
it should be in the range near the
maximum measurement capability of
the project.

Before putting ICH and IC2 in their
sockets, set the calibration potenti-
ometers to mid-position. Connect a 9-
volt battery, and turn on power.

Measure the voltage across C2; you
should obtain a reading between 4.8
and 5.2 volts DC. If you do not obtain
the correct reading, do not proceed
with the checkout until you trou-
bleshoot the problem. Check IC3 for
proper orientation. Check the termi-
nal voltage of the battery to verify that
it is delivering at least 7 voits. Discon-
nect the battery and measure the resis-
tance across C2 to verify that you do
not have a short circuit between the 5-
volt bus and ground.

PRESSURE
SENSOR _INPU\'S

PRESSURE
SENSOR

CALIBRATE

FIG. 6—HERE ARE BOTH SIDES of the completed unit. notice how the display goes on the

foil side.

R e : f %

When you are satisfied that the 5-
volt regulator is operating properly,
disconnect the battery from the proj-
ect and insert the IC’s into their sock-
ets. Be sure to follow the orientation
as indicated in Fig. 4.

Reconnect the battery to the project
and turn the power switch on. No
pressure is to be applied to the sensor
at this time. The display should indi-
cate a two digit reading, and adjust-
ment of R16 should allow you to set
the reading to 00.

If you don’t get any display, check
that the LCD is properly mounted on
the copper side of the board. Check
IC2 to be sure that it is properly ori-
ented in its socket. Check the 5-volt
regulator to verify that power is being
applied the circuit. If your meter is
capable of measuring DC current, you
can check the current draw from the
battery to determine if it is approxi-
mately 4 milliamperes, which is the
normal current draw of the project.

If you obtain a display but the il-
luminated segments of the digits are
not entirely correct, the most likely

cause is open or short circuits at the
output connections of IC2 which
drive the readout. Disconnect IC2 and
the battery from the project and locate
the fault using an ohmmeter.

Note that the display may, on occa-
sion, indicate 01 instead of 00. This is
not to be construed as a defect in the
circuit; it merely means that your zero
adjustment is not centered exactly.

When you are satisfied that the zero
adjustment of the display is correct,
you may apply full pressure to the P2
port of the sensor. When that is done,
the readout will indicate some
number. Adjust R6 for a display equal
to the pressure of the source, if
known.

continued on page 38

2-DIGIT DISPLAY
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Limit your audio volume to prevent clipping and distortion.

HAVE YOU EVER BEEN ANNOYED BY A PAG-
ing system that makes the speaker
difficult to understand, or by a stage-
show pertormer who rattles the speak-
ers by singing loudly into a micro-
phone? Most people assume that the
equipment 1s malfunctioning, and
that repairs are necded. However, in
many cases that’s not so; and the real
culprit that’s causing the distortion is
audio-level mismatching.

Basically, if the gain of an audio
amplifier is adjusted for a small input
signal, and a large signal is applied,
then the amplifier is driven beyond its
capabilitics and distortion results,
even though the amplifier is working
perfectly. And, if the amplifier is ad-
Justed for a strong input signal, and a
weak signal is applied, then it is diffi-
cult to understand what the speaker is
saying. In cither case, it sounds
awful, and the message doesn’t get
across. However, if you build the cir-
cuit described in this article, it will
climinate those kinds of problems; the
circult maintains a constant output-
voltage level, regardless of the input
signal.

The circuit produces no clipping,
which would flatten the peaks of the
signal, and virtually zero distortion,
becausce the shape of the output signal

LOWELL D. JOHNSON

is a true replica of the shape of the
input signal. The circuit introduces
little noise, so none is heard at the
output. Pumping, or changes in am-
plifier gain that can be detected by the
listener, is almost imperceptible.
Transient spike handling is cxcel-
lent—if it weren’t, the limiter would
not be fast enough to control in-
stantaneous fast-rising spikes, such as
a percussive sound.

Volume limiters aren’t always de-
sirable. For example, the circuit we’ll
present was tnstalled in a church PA
system to compensate for the different
voice levels of the various members of
the congregation who made short an-

OUTPUT LEVEL SET—

VARYING
AMPLITUDE

VARIABLE GAIN
AMPLIFIER

CONSTANT AMPLITUDE

FIG.1—BLOCK DIAGRAM of the audio lim-
iter. The feedback loop of IC1-a controls
the gain of the circuit.

nouncements. Everyone loved it—ex-
cept the minister. After the sermon,
he very strongly requested that a
switch be installed that could disable
the limiter. It seems that he preached
fire-and-brimstone, and he wanted 10
rattle the speakers.

Circuitry

Figure | shows the block diagram
of the audio limiter. Amplifier ICl-a
can change its gain trom Yooth to
X100, depending on the net effect of
its feedback loop. That way, the over-
all gain of the circuit is such that the
output level remains constant. If we
put a potentiometer in the feedback
loop of ICI-a that we could continu-
ously adjust to maintain a steady out-
put level, that would do the trick.
However, that would be extremely im-
practical, as well as being boring;
what we need is a resistor that can
instantly change its value in accor-
dance with the output voltage of
ICl-a. An optically coupled
Light-Dependent Resistor, or LDR
would do the trick.

An optocoupler is a device that
contains both a light source (an LED)
and some Kind of light-sensitive de-
vice (in this particular case it happens
to bc an LDR) inside one package.
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FIG. 2—SCHEMATIC OF THE VOLUME LIMITER. IC1-a is connected as an inverting
amplifier whose gain is controllied by the LDR portion of an optocoupler.
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FIG. 3—FOLLOW THIS PARTS-PLACEMENT DIAGRAM if you are using the PC board.

PARTS LIST

Al resistors are Va-watt, 5%.
R1—10,000 ohms

R2—1 megohm

R3, R7—100,000 ohms
R4-—300,000 ohms
R5-1000 ohms

R6—100 ohms

Capacitors

Ct, C2, C6, C7, C9, C10—22uF, 35
volts, electrolytic

C3, C5-100 pF, 50 voits

C4, C8—0.1 uF, 50 voits

Semiconductors

IC1—NES5532 low-noise audio amp

IC2—VTL-5C4-2 optocoupler
(Vactec)

D1-D6—1N914 diode

with the leads of both brought out to
external pins, much like an IC. When

Other components

J, J2—RCA jacks

Miscellaneous: power supply, proj-
ect case, wire, solder, etc.

Note: A kit of parts, a PC board,
and assembly instructions
(power supply and enclosure
not included) is available for
$48.00 from Woods Electronics
Inc., 4233 Spring St. #117, La
Mesa, CA 91941 (619) 265-2551
(order # AVL-42889-K). An as-
sembled and tested unit is also
available for $57.00 (order #
AVL-42889-A). Add $4 shipping
and handling. CA residents add
8Ys% sales tax. Other kits are
also available. Contact Woods
Electronics for details.

the LED is turned on via an external
input voltage, the LDR’s resistance is

very small, and when the LED is
turned off, the LDR’s resistance be-
comes very large. The resistance of
the LDR can therefore be varied at a
very fast rate, according to the inten-
sity of the light from the LED. So let’s
use the LDR portion of an op-
tocoupler in the feedback loop of our
amplifier to produce a gain-control-
ling circuit.

Now., to be more specific. we need
an optocoupler with an LDR that can
reduce its resistance instantly when
its input signal reaches the limiting
threshold, thereby reducing the gain
of the amplifier to just below the
threshold. Then we'd like it to stay at
that value until the input signal be-
came weaker. and then gradually in-
crease the gain until the threshold is
reached. Fortunately. the VTL-5C4-2
from Vactec Inc. (10900 Page Blvd..
St. Louis. MO 63132) has exactly
those characteristics. When the light
source 1s illuminated, the resistance
decreases in a matter of microseconds
(very fast with respect to audio fre-
quencies), and when the light source
is removed, the resistance increases
over a period of seconds (very slow
with respect to audio frequencies).
Those combined characteristics can
form a limiting circuit that produces a
constant output level, but whose ac-
tion is not easy—in fact. quite diffi-
cult—tor the listener to detect.

Figure 2 shows the schematic of the
volume limiter. IC1-a is connected as
an inverting amplifier; ignoring the
LDR (assume that its resistance is
very high so that it doesn’t aftect the
feedback loop), the gain is R2/R1, or
100. Standard low-impedance-micro-
phone preamplifiers have a gain of
100. Thus, the output at ICl-a pin |
will be about 2 volts p-p.

The second half of the amplitier.
IC1-b, is connected to the output
through C4, and its gain is R4/R3. or
3. The optocoupler’s LED turns on
when the voltage across it is about 2
volts. The higher the current through
it, the brighter it illuminates. On
positive peaks, 1t is in series with DI
and D2, and on negative peaks it is in
series with D3 and D4. Since D1-D4
are silicon diodes, about 0.7 volts is
dropped across each one betore they
begin to conduct. Therefore. the total
positive voltage across the bridge re-
quired to illuminate the LED is
0.7V+0.7V+ 2V, or slightly less
than 3.4 volts. The same voltage with
a negative polarity appearing across
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the bridge will also illuminate the
LED.

As the AC signal at ICI-b pin 7
approaches 6.8-volts AC, the LED re-
ceives short bursts of current, and the
LDR instantly reduces in value to a
point where it reduces the gain of IC1-
a, thereby reducing the output of ICI-
b pin 7 to less than 6.8 volts AC.
Because of the slow recovery time of
the LDR. it appears effectively as a
fixed resistor and theretore produces
virtually no distortion. The output
voltage. 6.8-volts AC. when divided
by the gain of ICI-b. is about 2-volts
p-p. which is a standard line level.
Since the LDR can go below 100
ohms, the gain of ICl-a can be re-
duced to LDR/RI, or Vieth. That
means that signals up to 200-volts p-p
can be applied to the input (although
you'll never have an input with that
magnitude). while maintaining the
output at a line level; any input signal
ranging from microphone-level to 200
volts will produce a clean line-level
output.

The NE5532 (IC1) is a relatively
expensive dual op-amp with very-low-
noise characteristics. If you can toler-
ate some noise, feel free to use a 741.
324, or any other gencral-purpose au-
dio op-amp. If you do. note that the
pin numbers may change. Also, Cl.
C2.C6.and C7 are used to block DC.
If no DC exists in your design, then
you may omit them. R6 is included
for spike protection: if no dangerous
spikes will exist. you may omit that
resistor, too. Capacitors C3. C5, and
C8 are included as standard practice,
but if no undesirable cffects occur.
you may omit them. Use any regu-
lated supply voltage, such as two 9-
volt batteries or a +12-volt DC sup-
ply. Just don’t exceed the maximum
voltage ratings of the 1C that you de-
cide to use.

If you want to operate without a
negative supply, then connect ICI pin
4 to ground, and create a V- /2 sup-
ply with another unity-gain op-amp
section and a voltage divider. Then
connect all the ground connections
except for the input and output
grounds to that. and connect IC1 pin 8
to V¢ (ust reference everything up
to Ve /2). Always usc at least 15-
volts DC—preferably 24-volts DC.
Also. the optocoupler used for the
project is a dual-element type: they
arc more versatile. However, you can
use the VTL-5C4 (the single-clement
version) if you like.

Building the circuit

Because IC1-a may have a gain of
up to 100, you must keep the leads
short in that circuit. Ground loops can
defeat any circuit, so keep all power-
supply grounds together on one side
of the board. Also, remeniber to use
shielded wire on the input and output
connections. You can use point-to-
point wiring on perforated con-
struction board, but it’s best to use the
foil pattern provided in PC Service to
make a board and use that instead. A
ready-to-use PC board is also avail-
able from the source mentioned in the
parts list.
Figure 3 shows the parts-placement
diagram for the audio limiter. Be sure
to check for solder shorts and all of
that other bad stuff before powering
up and testing the circuit. RCA-type
jacks are probably the best choice for
J1 and J2, but use whatever best suits
your application and your current au-
dio equipment.

To test the circuit, simply connect a
microphone, and observe the output
on an oscilloscope, or listen to it
through a headset (to cut out feed-
back). The output should remain at
the same level, regardless of whether
you whisper or scream into the micro-
phone. A note of caution: Remember
that the limiter works to correct the
gain by looking at seldom-encoun-
tered maximum peaks. If you feedin a
sine wave, you will notice that the
output indeed remains constant, no
matter what the input voltage, but a
“blip” appears on each and every
peak (which would imply high distor-
tion). In a normal audio signal, not all
peaks are the same amplitude, and
only seldom-occurring maximum
peaks are acted upon. Since they oc-
cur very infrequently (as compared to
audio frequencies), the distortion of
the limiter is actually very low—you
won'’t even notice it. R-E

DIGITAL PRESSURE GAUGE

continued from page 35

Final calibration

The best way to calibrate your pres-
surc gauge is to compare it to the
reading of a known, accurate gauge.
Additionally, if you plan to use the
gauge to measure pressure which is
normally less than full-scale ca-
pability, it would be prudent to cali-
brate it at this pressure level rather
than at full scale. Use the setup in Fig.
7, remembering that all hose connec-
tions must be securely clamped. The

PRESSURE
SOURCE

setup allows the pressure source to be
applied simultaneously to both
gauges.

Adjust R6 so that the digital read-
out agrees with the reference gauge.
After adjustment of R6, remove the
pressure from the sensor and check
the display, which should read zero. If
there is some offset from zero. repeat
the adjustment for R16 and R6.

Battery life should be as long as 1 or
2 years if the project is used intermit-
tently. The display will change in ap-
pearance when the battery needs to be
replaced, and it will disappear al-
together when the battery is totally
exhausted. R-E

ACCURATE
PRESSURE
GAUGE
‘,.\"'-' A -\h}\,
PC A3 A
BOARD ;
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BATTERY

LA -Ir_ 15 i
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FIG. 7—TO CALIBRATE THE GAUGE, use this setup. Remember that all hose connections

must be securely clamped.



e -

J l

g Vunn & ’
otsm _DISP, ]

LED’

THE ELECTRONICS CONTENT OF TODAY'S
automob les is higher than ever be-
fore. Electronics can be found in ev-
erything from the ignitien system to
the instrument cluster, commonly
callked your dashboard. That’s what
tells yqu of your vehicle's perfor-
mance, ind warns you of possible
proolems. However, some gauges are
sinply not fecund on some
dasaboands, or there mzay be just an
idiat ligkt, which, if your lucky, will
watn you of a proolem—but usually
after a problem hzs occurred. 1f you
want to monitor Zertain functions,
the1 relicble and accurate gauges arc a
must.

We’ll look at six digital gauges:
vol-age, oil pressure, weter tempera-
ture, fuel level, vazuum, and an aux-
ilizry gauge for displaying any
tenperature, be it outside air, inside
air, trans nission, cil, or whateverelse
you wisk to monitor.

“he digital voltmeter measures and
disolays the voltage leve. of the auto-
maobile’s electrica. system. The cor-
rec: voltage level i3 a good indication
of a hea thy charging system which,
in turn, will extend the life of the
batzery. A failure m the automobile’s
chzrging system can, of Course, leave
you stranded.

Prope- oil pressure is very impor-
tant to -he operation of your auto-
mabile’s engine. Withoat it, the oil
would not be punrped into bearings,
jotrnals, and over moving metal
pants. The end sesult would be a
seized o~ badly damagec engine. The
digital cil-pressurz gauge keeps you
informed as to how well your engine
is being lubricated.

The digital water-temperature
gauge is used to mronitor the engine’s
cooling system, which is designed to

5
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maintain constant engine tzmpera-
ture. Without a temperature gauge,
the first indication of an everhzating
enginc i3 usually the steam that comes
from under tke hood, whick is often
too belated to prevent engine damage.

Next to the speedometer, the fuel
gauge is protably the most watched
instrumznt in the dashboard. Tte dig-
ital fuel gauge presented here displays
the level of fuel left in the tank on a
scale of 0 to 99%.

The digital vacuum gauze mea-
sures the intake-manifold vecaum in
inches of mercury (in. H2). Normal
driving usually produces a vacuum
reading between 16 and 22 ir. Hg.
The geaeral rule of thumb is, the
higher t1e vacuum level, tke ower the
gauge reading, and the better tae gas
mileage.

As you prabably already <now, an
automodile uses many other u ds be-
sides the water and antifrzeze in the
radiator. And, just like the coolant in
the radiator, many of thosz fluids get
hot under use. Since excessive heat-
ing indicates a potentia_ly s2rious
problem, it is advantageous. to

! ’® DIGITAL
~- DASHBOARD

Update your dasnboard
with six accurate,
good-looking

gauges.

ROSS ORTMAN

S {
LED1‘FRA‘&’ ’ 'S-zg
QQ*QOQQ&Q\

monito- such things as the oil, trans-
miss:cr. fluid, differential flaid, etc.
In addition to automotive cperating
parameters, convenience items such
as outs:de air temperature and inside
air tzmperature can also be
monito-ed.

Circuitry

A block diagram, which cescribes
the circuitry that’s common to all of
the gauges, is shown in Fig. 1. The
central component of each digital

MOO8ANVH SHILNIWIHIAIXT 3-H

W
(7}




R-E EXPERIMENTERS HANDBOOK

F-3
o

gauge is the A/D converter. Because it
is common to all of the gauges, it
deserves a thorough explanation. The
CA3162E A/D converter and the
CA3I161E display driver form an accu-
rate, low-cost, three-digit analog to
digital converter system that can oper-
ate from a single 5-volt supply.

The basic operation of the A/D
converter is based on the dual slope
system. Here, an integrating capaci-
tor is charged to a level determined by
the input voltage. That is accom-
plished by converting the input volt-
age to a relative current and using that
current to charge the integrating ca-
pacitor for a predetermined time,
After that charge time, the voltage-to-
current converter is removed and a
current source of opposite polarity is
connected to the capacitor. The time
required to discharge the capacitor to
its original value is measured to deter-
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mine the original input voltage level.

The CA3I61E has a differential in-
put which greatly simplifies circuit
design. The full-scale input is 0.999
volts which results in a reading of
“999” on a three-digit display. The
resolution, or smallest change the A/
D converter can show, is 1 mV.

The CA3162E also controls the dis-
play multiplexing and updating.
Using multiplexing, the parts count is
greatly reduced, and, although only
one digit is lighted at a time, it ap-
pears that all the digits are on all the
time.

The Binary Coded Decimal (BCD)
output of the CA3162E is sent to the
CA3161E display decoder/driver,
which supplies segment current to
each of the displays. Because the dis-
play driver contains internal current
limiting, external current-limiting re-
sistors are not needed.

DIGITAL
DISPLAY

DISPLAY
DRIVER

g S |

1. DISPLAY BOARD _

FIG. 1—BLOCK DIAGRAM COMMON to all of the gauges. The central component of each

digital gauge is the A/D converter.

Let’s take a closer look at each indi-
vidual gauge. ‘The gauges are very
similar to each other, so we will not
repeat descriptions for similar sec-
tions. The same goes for the display
boards.

Voltage gauge

The voltage gauge displays the volt-
age of the automobile’s electrical sys-
tem on a three-digit readout with 0.1-
volt resolution. The gauge will dis-
play voltages from 8 to 19.9 volts.
Because the input of the A/D convert-
er has a maximum input of 0.999
volts, the input voltage to the meter
must be divided by 100. That way, the
A/D’s actual input voltage ranges
from 0.080 to 0.199. That results in a
reading of “080” to “199,” and by
fixing the decimal point to the second
digit, a resulting display of <*08.0"" to
“19.9" is obtained.

The voltage gauge schematic is
shown in Fig. 2. Power is supplied to
the voltmeter through P1. The unit is
protected from excessive current by
fuse F1. Diode D2 assists in protect-
ing from reverse battery connection,
and also clamps any momentary
negative spikes on the automobile’s
electrical system. Diode D2 allows
only positive voltage to reach the 5-
volt regulator, IC1, that reduces the
vehicle’s 12 to 13.8 volts to the 5-volt
level needed by the gauge’s circuitry.

VOLTMETER__ ADJ ™ MAIN BOARD {43821}
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y 3
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;1 1| Lmzaots |2 1= @' 2 »
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FIG. 2——THE DIGITAL VOLTAGE GAUGE displays the voltage level of your automobile’s

electrical system.




VOLTAGE GAUGE
All resistors are Ya-watt, 5%, un-
less otherwise indicated.
R1-R10, R12—-R14—not used
R11—10,000 ohms, PC-mounted
trimmer potentiometer
R15—100,000 ohms
R16—1000 ohms
R17—50,000 ohms, PC-mounted
trimmer potentiometer
Capacitors
C1—47 nF, 25 volts, electrolytic
C2, C5—10 puF, 35 volts, electrolytic
C3, C4—not used
C6—0.33 pF, 50 volts, stacked film
Semiconductors
1C1—LM340T-5, 5-volt regulator
IC2—CA3162E, A/D converter
D1, D2—1N4002 diode
Miscellaneous: 43B21 main PC
board, 3-digit dispiay board, in-line
fuse holider, 1-amp fuse, four 6-32
x 0.625" standoffs, eight %s-inch
#6 screws, bronze or red plex-
iglass, mounting hardware, hookup
wire

Capacitors Cl and C2 help reduce
voltage transients and fluctuations.
The A/D converter (IC2) converts
the input voltage to a relative digital
value, and C6 is the integrating capac-
itor that was discussed earlier. A di-
vide-by-100 network, that provides
the proper input voltage tor the A/D
converter, is formed by R15 and R16.
Capacitor C4 filters the A/D input

voltage to ensure stable readings. A
zero-adjust is provided by R17 and a
gain-adjust by RI1.

Once the input voltage has been
converted, its digital value is sent to
the display section. There, ICI of the
display board receives multipiexed
BCD information and outputs that in-
formation to the three seven-segment
displays, one at a time. The multi-
plexing is controlled by IC2. Current
to each display is switched by Ql, Q2,
and Q3. For example, when Q1 is on,
current is delivered to DISPIi, the
most significant digit of the display.
To display a ““138,” the CA3162E
would send a binary 0001 to the
CA3161E, which would then turn on
the necessary segments to display a
“1” on the first digit. After a predeter-
mined time, the system moves on to
the second and third digits and finally
repeats itself. Because the voltmeter is
designed to display 0.1-volt incre-
ments, the decimal point on DISP2 is
kept on all of the time by R3. A
“VOLTS” annunciator is formed by
LEDI, which is a pre-formed module
containing two LED’s, and limiting
resistors Rl and R2. The module has a
plastic “lens” over it that is all black
except for the clear letters V-O-L-T-S.

Oil pressure
The oil-pressure gauge, shown in
Fig. 3, displays engine oil pressure

OIL-PRESSURE GAUGE

All resistors are Ya-watt, 5%, un-
less otherwise indicated.

R1—470 ohms

R2-R8, R10, R12—R16—not used

R9-—100,000 ohms

R11—10,000 ohms, PC-mounted
trimmer potentiometer

R17—50,000 ohms, PC-mounted
trimmer potentiometer

Capacitors

C1—47 uF, 25 volts, electrolytic

C2, C3, C4—10 pF, 35 volts, eiec-
trolytic

C5—not used

C6—0.33 pF, 50 volts, stacked film

Semiconductors

IC1—LM340T-5, 5-volt regulator

IC2—CA3162E, A/D converter

D1, D2—1N4002 diode

Miscellaneous: 43B21 main PC
board, 15G5 oil-pressure sender, 2-
digit display board, in-line fuse
holder, 1-amp fuse, four 6-32 X
0.625" standoffs, eight ¥s-inch #6
screws, bronze or red piexiglass,
mounting hardware, hookup wire

from O to 80 psi (pounds per square
inch) with I-psi resolution. The input
voltage to the A/D converter must
therefore range from 0 to (.80 volts.
The oil pressure is sensed by the oil-
pressure sending unit which converts
pressure to electrical resistance. In
the case of the sending unit used here,
pressure is converted to resistance
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FIG. 3—THE OIL-PRESSURE GAUGE displays engine oil pressure from 0 to 80 psi with 1-
psi resolution.
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with an approximate 1:1 ratio. That is.
with 60 pounds of oil pressure, the
sender’s resistance is approximately
60 ohms, with a 0.6-volt drop across
it. With no oil pressure, the sender’s
resistance is zero ohms. The voltage
drop across the sending unit is then
filtered and read directly by the A/D
converter. The regulator and A/D con-
verter sections are similar to the volt-
meter, and the display section is
identical except for one less digit.

The sending unit and RI on the
main board form a resistive divider.
The voltage drop across the sending
unit equates to 0.01 volt/psi. That is,
for every psi of oil pressure, the volt-
age across the sender increases by ap-
proximately 10 millivolts. The relative
voltage across the sender is then fil-
tered by C3, R9, and C4 to maintain a
more stable reading. An “OIL" an-
nunciator (LEDI) specifies the read-
ing of the gauge.

Water

The water-temperature gauge,
shown in Fig. 4, displays the auto-
mobile’s coolant-system temperature
on a three-digit readout with 1-degree
resolution. The actual temperature is
obtained by measuring the resistance
across a standard automotive temper-

ature sending unit, which is essen-
tiality a thermistor contained in a
brass enclosure. Because the sending
unit’s resistance is inversely propor-
tional to temperature (the greater the
temperature, the lower the resis-
tance), the differential input of the A/
D converter is used. That means that
the A/D converter CA3162E mea-
sures the difference between its
positive and negative inputs (pins 11
and 10, respectively).

A reference voltage, set by R6, R7,
and R8 is applied to the positive input
at pin 11. The negative input (pin 10)
is connected to the temperature-send-
ing unit via a resistor network. As the
temperature of the sending unit in-
creases, its resistance will decrease,
lowering the voltage across it. When
the lower voltage is seen at the nega-
tive input of the A/D converter, and
compared to the level set at the
positive input, the temperature read-
ing will rise. The opposite happens as
the sending unit cools; its resistance
becomes greater and more voltage is
applied to the negative input. The
temperature reading then decreases as
the negative input gets closer in po-
tential to the positive input. A reading
of 0 will result when the positive and i
negative inputs are equal. Note that

WATER-TEMPERATURE GAUGE
All resistors are Va-watt, 5%, un-
less otherwise indicated.

R1—100 ohms, Y>-watt

R2—430,000 ohms

R3, R7—10,000 ohms, PC-mounted
trimmer potentiometer

R4, R8-—22,000 ohms

RS, RY, R11—-R16—not used

R6—470,000 chms

R10—2200 ohms

R17—50,000 ohms, PC-mounted
trimmer potentiometer

Capacitors
C1—47 uF, 25 volts, electrolytic

C2, C5—10 pF, 35 volts, electrolytic

C3, C4—not used

C6-—0.33 uF, 50 volts, stacked fiim

Semiconductors

D1, D2—1N4002 diode

1IC1—LM340T-5, 5-volt regulator

IC2—CA3162E, A/D converter

Miscellaneous: 43B21 main PC
board, 14G11 water-temperature
sender, 3-digit display board, in-
line fuse holder, 1-amp fuse, four
6-32 x 0.625" standoffs, eight %e-
inch #6 screws, bronze or red plex-
iglass, mounting hardware, hookup
wire.

the negative input is limited to a max-

mum of 1.2 volts.
The regulator and display sections
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FIG. 4—THE WATER-TEMPERATURE GAUGE displays the automobile’s coolant-system
temperature on a three-digit readout with 1-degree resolution.
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FIG. 5—THE FUEL GAUGE displays the level of fuel in your gas tank on a two-digit
readout, which is interpreted as percentage of the fuel remaining.

are again similar to that of the volt-
meter’s. Looking at the A/D convert-
er’s input circuitry, note that Rl and
the temperature sending unit form a
resistive divider network with the
sending unit connected through P2.
The relative voltage at that point is
then divided down by R2, R3, and
R4. Potentiometer R3 provides the
low-temperature calibration adjust-
ment, and CS5 filters the input voltage
for stable readings. That voltage is
then sent to the negative input of the
A/D converter, IC2. Resistors R6,
R7, and R8 form a resistive divider
that sets the upper reference voltage,
the high-temperature calibration is set
by R7, and the A/D converter zero
adjust is set by R17. A “WATER”
annunciator is formed using LEDI,
RI1, and R2.

Fuel

The fuel gauge displays the level of
fuel in your gas tank on a two-digit
readout (see Fig. 5). The readout’s
range i1s from O to 99, and is inter-

preted as percentage of the fuel re-
maining. The fuel gauge senses the
resistance of the fuel sending unit lo-
cated in the gas tank. Typical sending
units consist of a potentiometer with
its wiper connected to a float. As the
fuel level rises and falls, the resistance
of the potentiometer changes. Al-
though sending units are not com-
pletely linear, due in part to the
irregular shape of most gas tanks,
their output resistance does go con-
sistently from low to high. Some
sending units have a high resistance
when empty and a low resistance
when full, as with most Ford, AMC,
marine, and aftermarket senders, and
some go from a low resistance when
empty to a high resistance when full,
as is the case with mest GM sending
units. By having two range settings,
the fuel gauge can handle both kinds
of sending units. The range settings
(A and B) are shown in Fig. 5.
Current for the sending unit is de-
rived from RI, which forms a voltage
divider with the sending unit. The

voltage developed across the sending
unit is proportional to the fuel level.
For sending units that increase in re-
sistance as the tank is filled, the RS
path is taken. Because the voltage in-
creases as the fuel level rises, we off-
set the empty reading and adjust the
top scale for a “full” reading.
Because the gauge works from a
single supply, and the A/D compares
its positive input to its negative, we
need to be able to reach zero volts in
order to display a zero (0% fuel left).
Most op-amps will work very close to
their negative supply, which in this
case is ground, but not completely.
By biasing the negative input of the
A/D converter to 0.21 volts, the
ground reference for the op-amp
“zero™ level becomes 0.21 volts. The
op-amp output can then easily reach
the “"ground” refe.ence level to obtain
a “00" on the display. All other volt-
age values are then referenced to’the
0.21 volt ““ground.” Potentiometer
R7, along with R6, is used to offset
the output of IC2 (pin 8) to 0.21 volts.
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FUEL GAUGE

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

R1—470 ohms

R2, R5, R10, R12, R14, R15, R16—
100,000 ohms

R3—33,000 ohms

R4—47,000 ohms

R6—1.8 megohms

R7, R19—100,000 ohms, PC-
mounted trimmer potentiometer

R8—10,000 ohms, PC-mounted
trimmer potentiometer

R9—200,000 ohms, PC-mounted
trimmer potentiometer

R11—2700 ohms

R13—8200 ohms

R17—22,000 ohms

R18—1000 ohms

R20—470,000 ohms

R21—50,000 ohms, PC-mounted
trimmer potentiometer

R22—2200 ohms

Capacitors

C1—47 pF, 25 volts, electrolytic

C2, C3—10 wF, 35 volts, electrolytic

C4—0.33 pF, 50 volts, stacked film

Semiconductors

IC1—LM340T-5, 5-volt regulator

IC2—LM324, quad op-amp

IC3—CA3162E, A/D converter

D1, D2—1N4002 diode

Miscellaneous: 43B20 main PC
board, 2-digit display board, 0.1” 3-
conductor header, 2-conductor
jumper, in-line fuse holder, 1-amp
fuse, four 6-32 X 0.625" standoffs,
eight %4e-inch #6 screws, bronze or
red plexiglass, mounting hardware,
hookup wire.

After the zero offset is adjusted, the
next step is to adjust for the “full”
reading. That is accomplished by
changing the gain of IC2, by placing a
jumper in the “A” position.

When using a sending unit that de-
creases in resistance as the tank is
filled, the “B" jumper is used. That
way, after passing through R2 and an
inverting amplifier, the higher send-
ing-unit voltage from an “empty”
reading is offset by R8 to produce an
output at pin 14 of IC2 that i near
0.41 volts. Divided down to 0.21 volts
by R14 and RI15, the output at pin | of
IC2 is at the proper 0.21-volt zero
reference. The “empty” voltage is ad-
justed by R19. Components R20 and
(3 are used to average the input volt-
age to avoid erratic readings caused
by the sloshing of gasoline in the fuel
tank. The zero adjustment of the A/D
converter is set by R17, and LEDI,
with an appropriate lens, is used as a
“FUEL” annunciator.

Temperature

The miscellaneous temperature
gauge, shown in Fig. 6, displays tem-
perature by measuring the voltage
drop across a typical silicon diode,
which is determined by the formula
Vi =2mV per degree Celsius, where
V5 1s the voltage drop. Because the
temperature gauge is calibrated to
read out in degrees Fahrenheit, the
voltage across the diode is scaled ac-
cordingly. The temperature is then
displayed on a three-digit readout
with 1-degree resolution.

Because the voltage across the di-

MISCELLANEOUS
TEMPERATURE GAUGE

All resistors are Ya-watt, 5%, un-
less otherwise indicated.

R1-R4, R9, R10, R15, R16—not used

R5—2200 ohms

R6—6800 ohms

R7—1000 ohms, PC-mounted trim-
mer potentiometer

R8—470 ohms

R11—10,000 ohms, PC-mounted
trimmer potentiometer

R12—10,000 ohms

R13—1000 ohms

R14—220 ohms

R17—50,000 ohms, PC-mounted
trimmer potentiometer

Capacitors

C1—47 pF, 25 volts, electrolytic

C2, C5—10 uF, 35 volts, electrolytic

C3, C4—not used

C6—0.33 pF, 50 volts, stacked film

Semiconductors

IC1—LM340T-5, 5-volt regulator

IC2—CA3162E, A/D converter

D1, D2—1N4002 diode

Miscellaneous: 43B21 main PC
board, 1N4148 diode for tempera-
ture probe, 3-digit display board,
coax cable, in-line fuse holder, 1-
amp fuse, four 6-32 x 0.625"
standoffs, eight %s-inch #6
screws, bronze or red plexiglass,
mounting hardware, hookup wire.

ode is inversely proportional to tem-
perature, the differential input of the
A/D converter is used in the same
manner as the water-temperature
gauge. Note that the positive input at
pin 11 is connected only to a reference
voltage set by R6, R7, and R8. The
negative input (pin 10) is connected to
the IN4148 diode temperature probe
via a resistor network. As the temper-
ature of the diode increases, the volt-
age across it will decrease resulting in
a lower voltage at the negative input of
the A/D converter and, when com-
pared to the level set at the positive

input. the reading will rise. Just the
opposite happens as the diode cools.
Resistors R13 and R14 form a volt-
age-divider network that provides a
reference of 0.9 volts for the second
divider network consisting of R12 and
R5. That second divider scales the
relative voltage developed across the
temperaturc probe to coincide with
the range of the A/D converter. It is
also used to bias the temperature-pro-
be diode. For example, suppose the
voltage across the diode at 32 degrees
Fahrenheit is 0.6 volts. Then, 0.654
volts would be delivered to the nega-
tive input of the A/D converter. With
the positive input of the A/D convert-
er calibrated to 0.686 volts, “032”
would be displayed on the digital
readout. As the temperature-probe di-
ode heats to 212 degrees Fahrenheit,
the drop is reduced to 0.4 volts. We
would now have 0.49 volts at the
negative A/D converter input. The
display will now read “212.”
Although the negative input is not a
full 180 millivoits lower than at 32
degrees, the gain control of the A/D
converter compensates for that. The
compensation also allows the con-
verter to have an adjustment window
so tolerance eftects can be calibrated

VACUUM GAUGE

All resistors are Ya-watt, 5%, un-
less otherwise indicated.

R1, R2—10,000 ohms

R3, R8—100,000 ohms

R4—22,000 ohms

R5—1000 ohms

R6—680,000 ohms

R7, R10—200,000 ohms PC
mounted trimmer potentiometer

R9—82,000 ohms

R11—50,000 ohms PC mounted
trimmer potentiometer

R12—2200 ohms

Capacitors

C1—47 uF, 25 volts, electrolytic

C2, C3—10 pF, 35 volts, electrolytic

C4—0.33 uF, 50 volts, stacked film

Semiconductors

IC1—Sensym SX30DN vacuum sen-
sor (Dakota Digital #69G18 in-
cludes mounting bracket)

IC2—LM324, quad op-amp

IC3—LM340T-5, 5-volt requlator

IC4—CA3162E, A/D converter

D1, D2—1N4002 diode

Miscellaneous: 43B17 main PC
board, 2-digit display board, in-line
fuse holder, 1-amp fuse, four 6-32
x 0.625” standoffs, eight %e-inch
#6 screws, bronze or red plex-
iglass, mounting hardware, hookup
wire.
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sensor to monitor the intake-manifold vacuum during engine operation. Between 0 and
30 inches of mercury can be displayed.
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A three-digit display is used, and the
annunciator can be created to read
anything you choose—*“IN,”’
“OUT,” “TRANS,” “OIL,” etc..
The vacuum gauge, shown in Fig.
7, uses a solid-state vacuum/pressure
sensor (IC1, Sensym SX30DN) to
monitor the intake-manifold vacuum
during engine operation. Between 0
and 30 inches (in.) of mercury (Hg.)
can be displayed with 1 in. Hg. resolu-
tion. The sensor consists of a piezo
resistive element housed in a dual
ported plastic enclosure. The piezo
element changes its resistance as it is
flexed or bent. Because a specific
amount of flexing is caused by a spe-
cific force or pressure, the value of
that pressure can be determined by
measuring the sensor’s resistance.
Vacuum has the same effect as it pulls
the element instead of pushing it.
The pressure/vacuum sensor (ICI)
is essentially a bridge circuit with its
outputs at pins 2 and 4. Because itis a

Note: The following items:are
available from Dakota Digital,
11301 Kuhie Drive, Sioux Falls,
SD 57107 (605) 332-6513, (800)
852- 3228 a PC-board set for
each gauge (Includes main PC
board and display board) is
$6.95. A parts kit for each gauge

*~ (includes PC boards, compo-
nents, and manual) is $29.95
each.«g\Each gauge assembled

«and tested is $39.95. Stock num-
,bers are as follows: voltage-
gauge kit #2005-KIT, assembled
and tested: #3005-UNIT; oil-
pressure gauge kit #2006-KIT,

. assembled and tested #3006-
UNIT {order ull-pressure sender
separately); water-temperature
gauge kit # 2007-KIT, assembled
and tested #3007-UNIT (order

-~ water-temperature sender sepa-

» rately); miscellaneous tempera-

* ture gauge kit #2008-KIT, as-

. sembled and tested #3008-
UNIT; fuel-gauge kit #2009-KIT,

- assembled and tested #3009-
UNIT; vacuum-gauge kit #2M0-
KIT; assembled and tested

- #3IMO-UNIT (order vacuum sen-
sor separately). Oil-pressure
sender (#15G5), $15.50; water-
Jtemperature sender (#14G11),
*$5.50; vacuum sensor {#69G18),

' $19.95; RCA CAJ181E driver
(#59616), $1.95; RCA CA3162 A/
D converter (#69G15), $7.95. All
orders add 4% shipping and
handling ($1.50 minimum), Visa
and Mastercard accepted.

] # <y .
3-DIGIT DISPLAY BOARD
All resistors are Y-watt, 5%, un-
, _less otherwise indicated.” ™
R1, R2—220 ohms - 2
R3—22[} ohms {'u'nltmeter only) -,
Semiconductors ~ s
IC1—CAZ161E, Dlsplay drwap .
DISP1-DISP3—0.43], 7- segment
C.A. LED display (Panasomc
LN514RA} © s, .
Q1-Q3—2N3906 PNP trangistor .
. LED1—5- x 15-mm LED, (Pan+.
T asomc LNDEDEHP)
3 g % & o
,2-DIGIT DISPLM" EDAHE g
All resistors are Va-watt, 5%, un-"
less otherwise indicated.
1R1, R2—220 ohms » >
« Semiconductors L
IC1—CA31BIE, display driver ¢
DISP1, DISPZ—D 43" 7- segmemw
* C.A. LED dispiay (Panasomc
LN514HA) .,
Q1, Q2-- ENBBGE PMP transistor -
LED1—5- x 15-mm LED, (Pan-
‘asonic LN{JEUEHP) e

bridge, its outputs change propor-
tionally to one another when vacuum
or pressure is applied. When both
ports have the same pressure, the out-
puts at pins 2 and 4 are identical. As
vacuum is applied to port 2, the out-
put at pin 2 rises while pin 4 is re-
duced. There is now a difference
between the two outputs of the bridge,
and that difference represents how
much vacuum is present.

The first two sections of IC2 are
used as buffers to isolate the bridge
circuit of ICl. IC2-a is used as a dif-
ferential amplifier, and RI-R3 and R8
determine the gain. Resistors R6 and
R7 are used to offset the differential
amplifier so that its normal “zero”
output is 0.21 volts above ground. The
gain of the differential amplifier is set
to give an output approximately 60%
higher than that needed by the A/D
converter. The voltage level is then
reduced by R9 and R10, which is also
used to set the full scale of the gauge.
The input voltage to the A/D convert-
er is averaged by C3 for stable read-
ings. Resistors R4 and RS set the
0.21-volt “ground” reference which
is buffered at the output of IC2, pin 7.
The vacuum value is displayed on a
two digit readout. A “VAC” annun-
ciator on the display board indicates
the reading of the gauge.

Construction
Each digital gauge is built using

two different PC boards. The display
board contains the seven-segment dis-
plays along with the driver compo-
nents, as well as the annunciator light
bar. The main board contains the A/D
converter, all input circuitry, and the
5-volt regulator.

The boards are mounted one on top
of another, separated by standoffs. A
typical gauge is shown in Fig. 8. With
the display board facing toward you,
the main board is mounted directly
behind it, with its components also
facing toward you. Electrical connec-
tions from board to board are made
using short pieces of bare wire be-
tween matching pads on both boards.
A piece of 9-conductor ribbon cable
can be used instead. Once assembled,
the boards can be folded apart to allow
for easy testing, troubleshooting, or
calibrating.

Each gauge uses either a two- or
three-digit display board. Table 1
shows which boards are to be used
with each gauge. When stuffing the
three digit display board, begin with
Rl and R2 as shown in Fig. 9, and
install R3 only if the board is to be
used with the voltage gauge, as R3
supplies power to the decimal point.
Install DISP1-DISP3 and LEDI,
keeping them flat against the board,

DISPLAY

BOARD
SENDER

LEAD

DISP1 AND DISP2
. |

VOUTAGE
REGULATOR

NINE
CONNECTING
WIRES

FIG. 8—THE BOARDS ARE MOUNTED
one on top of another, separated with
standoffs. A typical gauge is shown here.
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FROM GAUGE

FIG. 9—WHEN STUFFING THE THREE-
digit display board, install R3 only if the
board is to be used with the voltage
gauge. Otherwise it is not used.
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FROM GAUGE

FIG. 10—THE TWO-DIGIT DISPLAY
BOARD is the same as the three-digit
board, but uses only DISP1 and DISP2.

+12v

T0 3-DIGIT DISPLAY

FIG. 11—VOLTAGE GAUGE parts place-
ment. Solder the parts to the board in
smallest-to-largest order, clipping and
saving the leads.

TABLE 1

5

4 T e

- Digital ~ Main Display Board -
_Gauge Board _
“Voltmeter 43821 | 43B15 3-digit
Oil Pressure 43B21 | 43B16 2-digit ¢
Water Temp 43B21 i 43B15 3-digit
- Misc Temp 43B21 | 43B15 3-digit
Fuel 43B20 |  43B16 2-digit
Vacuum 43B17 | 43B16 2-digit
and then install Q1-Q3. The tran- SENDER &
sistors must be installed to a height e S '

just below the height of the displays.
Using a good silicone sealant or other
similar glue, secure a photographic
legend or some other form of annun-
ciator lettering to the LED light bar. If
the two-digit display board is to be
used, install everything in the same
manner as the three digit board, but
use only DISP!I and DISP2, and QI
and Q2 (see Fig. 10).

Although the use of sockets is nor-
mally recommended, IC1 must be
kept below the height of the seven-
segment displays. Therefore, ICl1
must be soldered directly to the
board. Be careful when soldering the
IC.

Referring to Table 1, note that the
same main board is used for the volt-
age, oil-pressure, water-temperature,
and miscellaneous temperature
gauges. However, the actual compo-
nents soldered to the board are dif-
ferent for each gauge, and not all PC
pads are used on all boards. Install
only the components specified in each
parts-placement diagram.

Figure 11 shows the component
placement for the voltage gauge. Sol-
der the parts to the board in smallest-
to-largest order, clipping and saving
the leads. The parts-placement di-
agram for the oil-pressure gauge is
shown in Fig. 12, the water-tempera-
ture gauge in Fig. 13, and the mis-
cellaneous temperature gauge in Fig.
14.

The fuel gauge and vacuum gauge
each has its own main board. Figure
15 shows the parts-placement di-
agram for the fuel gauge, and Fig. 16
for the vacuum gauge. Note that the
resistors and diodes on the fuel- and
vacuum-gauge main boards must be
installed standing on end. Be sure to
observe the polarity of the diodes.

After all of the components are in-
stalled on each board, solder a red
wire containing a fuse holder and fuse

o Sk e ek ngiin

i

TO 2-DIGIT DISPLAY
FIG. 12—OIL-PRESSURE GAUGE parts-

placement.

+12v

TO 3-DIGIT DISPLAY

FIG. 13—WATER-TEMPERATURE gauge
parts placement.

into its respective hole.