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Intermittents. We Hear You.
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excellence with a range of advanced ) . ,
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Intermittent alert. A key application Listening is believing. For a hands-on
of audible readout. The HD 153 pinpoints demo, see your distributor now. Learn why
. intermittents by emitting a “crackling’ the HD 150 Series is the soundest DMM value
sound when they’re detected. The you’l] see. Or hear

response sounds in about 1 msec—far

faster than the information appears on
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hang the DMM almost anywhere.
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By George Gore
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year, deciding which test
instrument you want can get pretty
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servicing you do? What
specifications should you look for?
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the most? Here’s an overview of
the equipment you might choose
for your most common
applications.
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Servicing small-screen TVs is
really no different than servicing
large-screen TVs, unless you
consider those tiny little
components you can hardly hold
onto and the cramped spaces under
the TV’s hood. To gain back the
time you lose wrestling with these
minis, you need to know exactly
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where to go once you figure out
what’s wrong. If you run into any
of the symptoms described here,
you’re well ahead of the game.

The case of the missing diode
By Conrad Persson

OK, you’ve tracked the problem
component down and you know,
beyond a shadow of a doubt, that
it’s diode xyz. Problems over,
right? Not a chance—now you’ve
got to track down the diode. It can
make you feel more like a private |
eye than an electronics servicer.
Here are some ideas to get your
investigation on the right trail.
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Editorial

For
want of
a diode...

For want of a nail a shoe was lost
For want of a shoe a horse was lost
For want of a horse a rider was lost. ..

This little bit of verse ends up with
a kingdom being lost, all because of one
nail that wasn’t available for a little
equine servicing.

The want of a part for a TV or VCR
is certainly not going to be that serious
a problem, but the verse illustrates an
important point that we sometimes lose
sight of: A 25-cent diode that’s not
available to restore a TV to service is
not simply an unavailable part—it real-
ly represents a TV that cost several hun-
dred dollars and is not available for
service.

If looked at that way, the thousands
of dollars worth of replacement parts
that are on back-order throughout the
country represents millions of dollars
worth of TVs, VCRs and microwave
ovens that are just sitting, taking up
valuable space in someone’s servicing
facility waiting to be repaired and leav-
ing a gaping hole in someone’s living
room or kitchen.

Of course, there’s no way to eliminate
this problem entirely. No matter what
anyone does, the inventory of replace-
ment parts is huge and no one can
precisely predict at what rate parts will
fail, so there are bound to be times when
replaccment parts just aren’t available.
But there are things everyone can do to
help minimize the product out-of-
service time due to unavailability of
parts.

For starters, there are the manufac-
turers. Sometimes a product is rushed
to market prematurely in order to meet
the competition head-on, or a product
is more successful than had been an-
ticipated. The result—the manufacturer
becomes a huge customer for the parts
manufacturer and there are no extra
parts left over for replacement. If it turns
out that one or more of the specially
made components in the product is
prone to failure, the result may be
disaster: no replacement parts.

The obvious solution to this problem
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is to make product introductions more
orderly. As long as there is competition,
there will occasionally be chaos in prod-
uct introductions, but it’s in the
manufacturers’ best interest to create
this kind of problem as seldom as possi-
ble. Consumers who have new products
that fail and are out of service for an ex-
tended period of time are likely to pass
that manufacturer’s product by the next
time they’re shopping.

Another problem is hoarding. When
a replacement part is in short supply,
servicing technicians, distributors and
everyone else in the parts pipeline has
a tendency to hoard as many of that part
as they can get their hands on against
the time when they need them. This
practice, of course, exacerbates the
problem. Again, there is no solution to
this problem except for servicing shops
to be aware of this kind of problem and,
in times of parts shortages, to track
down the guys who are hoarding and try
to get the parts.

Servicing technicians can also do
their part to alleviate problems due to
shortages of replacement parts. From
many of the articles and tips we receive,
it becomes obvious that it’s not uncom-
mon for a misdiagnosis to tie up a con-
sumer electronics product for some time
awaiting a part that’s not even defective.
Then, when the part comes in and is in-
stalled and the product still doesn’t
operate, the owner has to wait yet again
while the technician checks over the
problem and orders a replacement for
a part that’s truly defective.

Once again, this kind of problem is
going to crop up no matter how diligent
a technician is in doing his job, but it’s
incumbent on technicians to do their
jobs as competently as possible in order
to minimize this kind of situation. Both
of the Troubleshooting Tips in this issue
are examples of technicians going that
extra mile to get the job done right and
keep the customer from spending any
more time or money than necessary to
get their sets repaired. Nice work, guys.

Yl Conrnd Cornemm
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The new 80 Series
is a digital meter,
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a frequency counter,
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a capacitance testet,
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It’s the first multimeter that can truly be
called ““‘multi” .. . not only standard
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Plus, innovations only Fluke can bring
you. Like duty cycle measurements. Or
recording the minimum, maximum and
average value of a signal. Or the audible
MIN MAX Alert™ that beeps for new highs
or lows.

There’s even Fluke’s exclusive Input
Alert™, that warns you of incorrect input
connections. And a unique Flex-Stand™
and protective holster, so you can use the
80 Series almost anywhere.

Make sure your next multimeter is truly
multi. Call today at 1-800-44-FLUKE,
ext 33.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE 83 FLUKE 85 FLUKE 87

Violts, ohms, amps. diode test, audible continuity. frequency and duty cycle.
capacitance, Touch Hold®, relative, protective holster with Flex-Stand™.

$189° $219° $259°
0.3% basic dc accuracy  0.1% basic dc accuracy  0.1% basic dc accuracy
5 kHz acV 20 kHz acV 20KkHz acy

Analog bargraph & Anaiog bargraph & High resolution
00m 200m analog pointer

Three year warranty Three year warranty True rms ac
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4%, digit mode
Backitdspay
Three year warranty
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VICA announces skill olympics winners

Six winners were announced in the
Electronics Products Servicing Contest
held during the 24th annual Vocational
Industrial Clubs of America’s (VICA’s)
United States Skill Olympics last June.
The electronic products servicing con-
test consisted of problems designed by
the technical committee of the Elec-
tronic Industries Association Consumer
Electronics Group (EIA/CEG), a ma-
jor sponsor of the electronics servicing
portion of VICA, under the auspices of
the Product Services Committee. One
of the awards received by the winners
was a l-year subscription to Electronic
Servicing & Technology magazine.

The first section of the contest con-
sisted of six individual test stations in-
cluding VCR, TV and audio
troubleshooting; digital experiments;
and test equipment problems. The sec-
ond section evaluated the contestants’
ability to mount components, solder and
assemble circuit boards. A safety station
was also included.

VICA is the national educational
organization for students in trade, in-
dustrial, technical and health occupa-
tions. It sponsors the U.S. Skill Olym-
pics annually in recognition of voca-
tional students’ achievements and to en-
courage them to strive for excellence.

The winners of the VICA U.S. Skill Olympics postsecondary division electronic product ser-
vicing section were, right to left, Lynn Ronnebaum, KS, second place; Keith Shankle, OK,
first place; and Johnny Boston, AL, third place. The awards were presented by Frank Steckel

(far left) of the EIA.

The winners of the VICA U.S. Skill Olympics secondary division electronic product servicing
section were, right to left, Ricardo Colon, PR, third place; Phillip Bowser, PA, first place; and
Paul Adolph, OH, second place. The awards were presented by Don Hatton (far left) of the EIA.

Esum
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Panasonic’
Technics’

OQuasar

The fact is, only an original is truly an
original. When the decision to purchase
Matsushita VCRs was made, someone opted
for Matsushita quality and performance. Why
should they settle for something else when
they need new video heads?

Come back home. Matsushita doesn’t
make “replacement” video heads. We do build
and supply original, design-specified, video
heads that install and perform and are the
same as those that first came with a
Panasonic machine...no difference...no
modifications...no worries.

Why buy a mere So, if proven performance means any-

thing; if customer and service reputation

[ ] ([ B [ ]
lmltatlon When protection means anything, then you’ll agree

it pays to buy an original...especially if it

you can buy the costs about the same as the substitute.

04 0 l For more information on video heads
and other Matsushita replacement parts,
competltl.ve. y- ? contact your Mgtsushirta Authorized PARTS-
LINK™ Distributor.
priced original? L2

Original quality, reliability,
performance and confidence.

There are a few companies out there
trying to sell you “equivalent” high perfor-
mance video heads. Most “replacement” heads
are just that, replacements — usually built to
accommodate as many as 10 or 12 VCR types.
Of course, these companies don't always
bother to tell you that directly.
It’s up to you to discover
that data from cross
reference charts.

Q¢

.

M A T s U s H I T A s E R v I c E s c 0 M P A N Y ggrlslsegé‘(})i\ifil(::rr‘ld Parkway, Secaucus, N.J. 07094



Choosing a hand-held test

instrument

By George Gore

Although the cost of most professional | electronic servicing technician trying to

equipment has been going up in recent
years, servicing technicians have had a
buyer’s market in test instruments. The
IC chip revolution has done more than
give us low-cost computers and
disposable calculators. It has also helped
to spawn a broad variety of inexpensive,
hand-held electronic measuring in-
struments. Some are very specialized
for measurement of a particular
parameter such as temperature; others
combine a multitude of capabilities in
one convenient device. That’s par-
ticularly important for the consumer

Gore is a product development engineer at B&K-
Precision, Div. of Maxtec International.

lighten his or her load.

Selecting the right instrument for
the right job is a lot easier when you
know the basics of these instruments
and the terminology used to describe
their capabilities and performance
characteristics.

Aside from technical characteristics,
some kinds of instruments are better
suited to one kind of application or
another. Should you check a digital cir-
cuit with logic and pulser probes? A
DMM? An IC comparator? An IC
tester? Even engineers who work with
technology on a daily basis are often
confused by the myriad of choices when
selecting an instrument. In this article,
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we will look at the most popular hand-
held instruments and briefly explore the
basics of each. We'll also provide defini-
tions of common terms, grouped by the
kind of instrument they relate to.

Multimeters

All multimeters measure the basic
electrical quantities of ac and dc volts,
ohms and current. In addition to these
basic electrical quantity measurements,
some multimeters also provide dBm,
frequency, period, data hold, peak hold,
logic level, capacitance, temperature
measurement and more. Measurements
are displayed in either analog or digital
format.

The analog format has a bar graph or
a scale that is swept by a pointer. You
read the quantity by noting where the
pointer rests on the scale. Digital display
format gives direct readings of quantities
in numerical form.

Multimeter applications

Multimeters are available in bench-
and hand-held types, which are both
very portable. The bench-type
multimeter lends itself to applications in
the design engineering, research and
development, education and technician
arenas. Hand-held multimeters are com-
monly used in consumer electronics ser-
vicing. Their size allows them to be
easily transported or fitted easily into a
briefcase-size tool kit.

Key specifications
Some of the basic parameters for a
multimeter are
® dc volt accuracy.
® analog or digital display format.
® bench or hand-held type.
® added measurement capability.

Accessories

Generally, standard test leads are pro-
vided with multimeters. Specialized
probes, clamp-on probes and carrying
cases are also available.

Probes are used to connect the point
of measurement to the input of the in-



strument. The standard type of probe is
normally supplied with each instru-
ment. In addition, a wide variety of
probes are available for special applica-
tions, and to expand the versatility of
many instruments.

Some special probes used with
multimeters include
¢ high-voltage probes, which extend the
measuring range;
¢ current probes, which clamp around
the wire to measure current;
¢ demodulator probes, which convert a
radio frequency signal into a dc voltage
(this probe is also used with
oscilloscopes to display the modulation
envelope);
* temperature probes, which convert the
multimeter into an electronic ther-
mometer. Models are available for sur-
face measurement of solids and for im-
mersion into liquid or gas. A typical ap-
plication for an immersion probe would
be measurement of ambient temperature
in an environmental test chamber.

Multimeter terms

Accuracy: A specification that states
how closely a meter indicates the actual
value of a measured signal, measured
in percent of error. Zero percent in-
dicates a perfect meter.

Data Hold: A DMM feature that allows
the user to press a button and hold (or
freeze) an instantaneous reading on the
display indefinitely.

DMM: Abbreviation for digital
multimeter.

Frequency response: The range of fre-
quencies that can be mecasured by a
meter without exceeding a specific
amount of error.

Input impedance: The combined ac and
dc resistance (mostly consists of
resistance) at the input of a multimeter
or other instrument. This resistance, if
low enough, can load certain circuits be-
ing measured and cause measurcment

errors. An input impedance of 10M or
greater virtually assures freedom from
loading in most types of circuits.

Peak hold: A DMM feature that holds
the highest instantaneous value attained
during a continuous series consisting of
changing levels of voltage or current.

Precision: The degree to which a
measurement is carried out. As a rule,
the more digits a DMM displays, the
more precise the measurement will be.

Ranging: Matching the sensitivity of the
meter to the signal being measured.
Underranging occurs when the meter’s
range is set to levels much greater than
those being measured, thereby sacrific-
ing precision. Overranging occurs when
the meter range is set to measure smaller
levels than those being measured,
thereby causing an off-range or off-the-
scale reading. The best measurement is
obtained when the meter range is set in-
between these two conditions. Ranging
is accomplished manually (by the user
manually selecting appropriate ranges)
or automatically (by meter circuitry).

Component testing instruments

These instruments include a wide
range of products used for testing in-
dividual components. These products
include LCR meters, capacitance
meters, transistor checkers and X-Y type
component testers.

Component testers

Component testers apply an ac voltage
across the device and measure the
resulting ac current. Each value and
type of component produces an in-
dividual “signature,” which is displayed
as a graph of voltage vs. current on a
CRT. Because the component testers
apply an ac signal to the device and no
actual measurements are made, the
testers can be used on unpowercd
devices (or combinations of devices) in-
circuit or out-of-circuit. Components
that can be tested include resistors,
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capacitors, inductors, diodes, transistors
and integrated circuits. The versatility
of these units make them ideal for a
wide variety of electronics applications,
including service shops, field service,
engineering laboratories, production
testing, school laboratories and home
use by hobbyists.

Transistor checkers

These instruments usually test in- or
out-of-circuit performance of diodes and
transistors. Measurements include
leakage and gain checks. Many tran-
sistor checkers can also be used to iden-
tify the leads of a device.

Capacitor and LCR meters

Capacitor and LCR meters are
dedicated to checking the value of out-
of-circuit components. As their names
imply, capacitance meters measure the
value of capacitors, and LCR meters
measure the value of inductors (L),
capacitors (C) and resistors (R).

A typical capacitance meter gives a
direct reading of capacitance. Up to ten
ranges give precision readings from
0.1pF to 999.9mF, which includes vir-
tually all capacitors used in electronic
cquipment. The instrument has applica-
tions in electronic engineering labs, pro-
duction, scrvice shops and schools. It
can be used to check tolerance, sort
values, select precision values, measure
unmarked capacitors, select matched
sets, and measure cable or switch
capacitance. Battery operation, light
weight and small size make it a truly
portable instrument.

Counters
A counter is used to provide an ac-
curate measure of signal cycles or pulses
over a standard period of time. They are
used to totalize or to measure frequen-
cy, period, frequency ratio and time
interval.

Counter applications
Counters arc used in a wide range of
applications from frequency measure-



ment of 2-way/land-mobile radios to
research and development labs.

Key specifications

Counters are available for single func-
tions (frequency only), multiple func-
tions (frequency, period, totalize) or
universal (frequency, period, totalize
and time interval) measurements. Some
basic specifications are
* frequency range.
® resolution.
® time-base accuracy.
® sensitivity.

Counter terms

Frequency: The number of complete
cycles per second (how many times a
waveform repeats itself per second),
measured in hertz (Hz).

Frequency ratio: Measurement of the
frequency ratio of two different input
signals as applied to two different input
channels.

Period: The time required for a single
cycle of the input event to occur.
Measured in seconds or fractions of a
second, the period is also the reciprocal
of frequency (time = l/frequency).

Period averaging: Sampling a number
of input periods and displaying the
average of these sampled periods.

Prescaler: A frequency-divider circuit
that extends the high-frequency
measurement capability of a counter.

Resolution: Smallest increment of
change that can be displayed. The
degree of resolution is selectable on
many counters. Higher resolution selec-
tion requires a longer time for a
measurement.

Sensitivity: The lowest amplitude
(strength) signal that the counter will
count. Measured in fractions of a volt.

TCXO: Temperature compensated
crystal oscillator. The time base of the
highest quality frequency counters is a
TCXO, which provides the highest
possible accuracy and stability.

Time-base accuracy: The accuracy of a
counter is determined by the stability of
its internal time base. Stability is
measured in parts per million (ppm)
while the counter undergos temperature
and operating voltage variations.

Time interval: Measurement of the time

difference from the edge of one chan-

nel’s input signal to the edge of another
‘ channel’s input signal.

1 Totalize: Continuous counting of the

number of events that have occurred
‘ since the counter was reset.
' Digital circuit testers
The logic probe

The logic probe allows quick obser-
vation of the logic state present at the
point in a circuit. Typically, the probe
is a hand-held, pencil-like instrument.
The probe tip is touched against a logic
input or output of an IC or circuit ter-
minal and detects logic HI or LO states.
If a logic HI is detected, a red “HI”
LED lights; if a logic LO is detected,
a green “LO” LED lights. The techni-
cian saves a lot of time by never bother-
ing with exact logic voltages. The probe
simply indicates the logic state on a line
at a given time, which the technician
needs to know for this task. The logic
probe can be used with TTL as well as
CMOS circuits.

The logic pulser

The logic pulser allows the technician
to test gates and other logic devices in-
circuit. Because most in-circuit ICs are
influenced by the outputs of other in-
circuit ICs, a means of forcing the in-
puts of the IC under test HI or LO is
needed. When the logic pulser is
touched against an input of an IC under
test, the pulser overcomes whatever
logic state that is being forced on the IC
under test by other ICs. Using a logic
probe, the technician then monitors the
output of the IC under test and looks for
the expected logic pattern as dictated by
the logic symbol of the IC under test.
The logic pulser can be used with TTL
as well as CMOS circuits.

IC comparators

IC comparators serve two basic
functions:
1. In the MONITOR mode, the IC com-
parator monitors all pins of an IC under
test simultaneously. This is the
equivalent of connecting a logic probe
to each IC pin. Connecting a probe to
every pin would hardly be feasible.
However, the IC comparator has an in-
circuit IC test clip that connects all pins
of the IC under test to a flat-lead cable,
thereby connecting all pins of the IC to
the comparator LED monitors.
| 2. In the IC TEST mode, the IC com-
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parator allows an in-circuit IC to be
compared against a known-good, same-
type IC placed in the comparators’s
reference socket. While the circuit con-
taining the IC under test is operating,
the comparator TEST switch is pressed.
If the in-circuit IC under test matches
the responses of the reference IC (the
IC placed in the comparator socket), an
LED lights, indicating that the IC under
test is good.

As you can see, the IC comparator
can save a great deal of time when
you’re troubleshooting ICs with many
pins or many ICs at a time. A TTL IC
comparator tests TTL DIP ICs having
up to 20 pins. A CMOS IC comparator
tests CMOS DIP ICs having up to 20
pins.

IC testers

Some manufacturers offer compact,
easy-to-use, hand-held instruments that
can be used as either a 20-pin logic
monitor or an in-circuit CMOS IC tester
(using the comparator method). Because
the IC tester draws so little current, it
can usually draw its power from the
equipment you want to test. To help pre-
vent accidental damage to the IC tester,
reverse polarity protection is usually
provided.

The IC tester usually comes with two
IC clips. One can be used for ICs with
20 pins or fewer; the other can be used
in tighter spaces for ICs with 16 pins or
fewer. Also provided is a list of testable
ICs and the data necessary for testing
those ICs.

When used as an IC tester, the instru-
ment compares the logic states of the IC
under test with those of a known-good
reference IC. If all logic states are equal,
a GOOD indicator lights. If not, an
LED is lit for each pin of non-equal
logic states. By allowing you to test ICs
while they are still in the circuit, the IC
tester helps you avoid the time-
consuming task of removing each device
from the circuit board. It also helps you
avoid the risk of damaging the IC or the
PC board when removing or reinstall-
ing the device.

When used as a logic monitor, the IC
tester indicates the logic state of each IC
pin for CMOS ICs with up to 20 pins.
Logic high is indicated by a lit LED;
logic low is indicated by an extinguished
LED. This function continuously
monitors each pin of the device and,
therefore, follows changing as well as
constant logic states. When compared
to using a standard logic probe that can
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How

You've got your oscilloscopes, your logic
analyzers and your signature analyzers. But
Fluke offers a better way to troubleshoot:
the tool you'll reach for most. It's the 9010A
Troubleshooter, a versatile board tester
that's so easy to use, you can start testing
the very first day.

The Fluke S010A has a proven track record
in saving repair time and substantially
reducing board float. In fact, it has become
the microprocessor repair tool of choice for
over 2800 companies worldwide, including
the leading computer and electronics
manufacturers.

Test the easy way: from the micro-
processor socket.

To begin board repair, remove the micro-
processor from its socket and insert the
interface pod connector in its place. Each

FLUKE AND PHILI;S;TI‘EE GLOBAL AﬁLiLIAANCE IN TEST & MEASUREMENT
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to rescue yourself from

a landslide of

microprocessor board failures.

Complementing traditional trouble-
shooting tools, the Fluke 9010A can
help decrease your board repair times
by 55-80%.

element of the microprocessor kernel (the
bus, ROM, RAM and I/0) can be tested with
a few simple commands.

Fluke's patented emulation technology
offers real tim testing and complete vis-
ibifity throughout the circuit. This lets you
test even the fough problem areas, includ-
ing DMA, disk, video, communications and
peripheral controllers. Al diagnostic mes-
sages are presented in simple-to-understand
English.

Comprehensive support from Fluke.

The 9010A supports over 50 micro-
processors (including 180X, 6502, 680X,
B80XX, 803X, 804X, 805X, 808X, 874X,
80X86, 9900, 280, Z800X, 8751). And it is
backed by Fluke's complete support net-
work, which effers training courses nation-
wide on test strategy, basic operation and
even P fundamentals.
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PHILIPS

PHILIPS

In addition to the 9010A, the leader in emu-
lative board test technology also offers the
9100A Digital Test System for a fully auto-
mated repair solution; plus the 90 Series, a
compact inexpensive troubleshooting solu-
tion for 6809, 780 and 8085 wPs.

To learn how you can escape the land-
slide, get your free video brochure
“The 90104 wP Board Repair Solution.”

Call +-800-44-FLUKE, EXT. 88 today.

John Fluke Mfg. Co,, Inc. P 0. Box C9090,
MIS 250C, Everett, WA 98206.

U.S.: 206-356-5400 CANADA: 416-890-7600.
OTHER COUNTRIES: 206-356 5500

© Copyright 1988 John Fiske Mtg. Co., Inc
All rights reserved. Ad No 01819010
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Fluke 80 Series Analog/Digital
multimeters do what no other
handheld meter can do for you.

Which is to say just about every-
thing. Because it’s the first
multimeter that is capable of
12 different measurement func-
tions plus digital, analog and
audible readouts.

FLUKE 83 FLUKE 85 FLUKE 87
Voits, ohms. amps, diode test. audible continutty, frequency and duty cycle,
capacitance, Touch Hold"  relalive, protective holster with flex-Stand™
$189" $219° $259°
0.3% basic dc accuracy 0 1% basic dc accuracy 0 1% basic dc accuracy
5 kHzacV 20 kHz acV 20 kHz acV
Analog bargraph & Analog bargraph & HIE“?SMUDO"
200m 00m ) analog pointer
Thiee year warranty Threeleav warranty Trig ms ac
Tms PEAK MIN MAX_
~ 4% digtmode

Back it display

_ Three year warranty

“Suggested U S Gist pnce

(¥ v g

For more information and
immediate delivery call
Tool Kit Specialists, Inc.
today

(408) 745-6020
(800) 621-0854 Ext. 202
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check only one IC pin at a time, the IC ’ 70% of source voltage. Any value above

tester is much faster for checking the
logic states of ICs that are suspected of
malfunctioning.

Digital testers for digital circuits

Digital signals (and the analysis of
them) differ greatly from the analysis of
analog (linear) signals.

When analyzing an analog signal (as
commonly encountered when trouble-
shooting analog equipment such as RF,
video and audio circuits), we concern
ourselves with the capability of measur-
ing a wide range of voltage or current.
While you work from the input to the
output of any receiver or amplifier,
voltage requirements may range from
several millivolts to several hundred
volts. The ability to measure specific
levels of voltage or current helps us
locate defects in the circuit. For this
reason, an instrument that accepts and
accurately quantifies the wide range of
voltage and current levels encountered
in analog circuitry is necessary.

Multimeters and oscilloscopes are ex-
amples of analog instruments. Note that
the term digital multimeter merely im-
plies that the display is digital; the in-
strument still is designed to give a
measurement of an analog signal.

Digital signals occur as either one or
two distinct voltage levels. One level is
used to denote an ON state; the other
level is used to denote an OFF state. As
stated earlier, no voltage levels in-
between the ON and OFF states are
used or recognized. For example, when
you turn a light switch on, the light is
either on or off; no state such as “in be-
tween on and off” is possible.

These distinct levels are referred to as
logic states. Again, the two logic states
used in a digital circuit are the ON state,
typically represented by a positive
voltage level whose exact voltage is not
important, and the OFF state, typically
represented by the absence of a voltage
(zero volts). The ON state is also called
a I, with the number 1 denoting
presence of an ON. The off state is
called a 0, denoting absence or opposite
of an ON or I.

TTL digital circuits operate from a
+5V source and have a logic high
threshold of 2.4 typical. Any value

above the threshold is a logic HI. The ’
logic low threshold is 0.8V typical. Any |

value below this threshold is a logic LO.

CMOS digital circuits operate from
a +3V to +15V source (usually +15V)
and have a logic high threshold of about
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this threshold is a logic HI. The logic
low threshold is about 30% of source
voltage. Any value below this threshold
is a logic LO.

Noting that a logic state consists of
one or two distinct voltage levels, you
can easily see that an instrument that in-
dicates a wide range of voltages is un-
necessary and cumbersome when
checking digital states.

Multi-function hand-held instruments

Although specialized instruments
such as a separate frequency counter or
capacitance meter may be the best
choice for a specific range of tasks, there
is a new class of instruments that pro-
vide many functions in one hand-held
package. For example, an instrument
might include a 41-range voltmeter, an
ammeter, an ohmmeter, a frequency
counter, a capacitance meter, a logic
probe, a transistor and diode tester, and
an audible continuity checker. This kind
of instrument costs about the same as
a conventional digital multimeter, but it
gives the user access to five instruments
in one. Although a separate capacitance
meter or frequency counter will prob-
ably have a broader range than those ac-
cessible on the combination instrument,
that extra range may not be needed for
the measurement task at hand.

For example, if the intended applica-
tion is to measure test frequencies and
the audio and ultrasonic ranges, the
hand-held combination instrument will
more than handle the need. If the signal
to be measured is at an RF frequency,
such as that used for a 2-way radio, then
a separate frequency counter must be
used.

Determining which kind of test instru-
ment you need should be based on your
own measurement requirements. After
you have decided on a type of instru-
ment, compare the offerings from
several major brands and see which
represents the greater value for your
specific needs. Buying an instrument
made by a reputable manufacturer is
very important. It gives you the
assurance that the feature and specifica-
tion information presented is factual,
| that you can expect satisfactory reliabili-
ty, and that the instrument is serviceable
if a problem should develop.

Finally, purchase your instrument
from a distributor you trust. A good
distributor can be very helpful in match-
ing the best instrument with your needs.
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Projection TV Service can
be a work-out both physically
and financially. The routine is
tough. You want to complete
the repair on the spot, without
the heavy equipment, or the
hassle of pick-up and delivery.

The Mitsubishi Projection
TV In-Home Service Guide is
the answer.

This compact (6" x 9")
3-ring binder is packed with
the help you need to repair
any Mitsubishi Rear
Projection television ever
produced...

» PC Board Layouts

« Major Component Locations
and Part Numbers

» Voltage Test Points

- Convergence and
Adjustment Procedures

- Common Symptoms &
Causes

In full color, and INDEXED
BY MODEL.

Now the only muscle
you'll use is your arm, waving
good-bye to your happy
customer.

$29.95

PART NO. T/M VSS101 MITSUBISHI

ELECTRIC SALES AMERICA, INC.
C.0.D. Orders accepted
(800) 533-7278
FAX (800) 825-6655
VISA/MC ACCEPTED
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Servicing Sharp’s
small color TVs-part |

By Homer L. Davidson

When you compare the servicing of
small-screen color receivers to large-
screen color receivers, there are more
similarities than differences. New
receivers have no surplus of space,
regardless of the brand or picture size.
However, as the picture size shrinks,
some components and their spacings
must shrink in proportion. Capacitors,
coils and resistors become smaller, but
human fingers remain the same size,
thus posing some problems for techni-
cians. You can overcome this disadvan-
tage by gathering additional knowledge
such as the specialized information in
this article, which covers two Sharp
9-inch models.

General features
Sharp models 9HI00 and 9HIO02 are
9-inch color TV look-alikes that have

Davidson is the TV servicing consultant for ES&T.
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many similar characteristics. However,
they are not twins because the 9HI02
(H5 chassis) has many more boards and
features. Evidently the 9HIO0 (H4
chassis) is the standard version, having
only six circuit boards. Eight circuit
boards are used in the 9H102 to accom-
modate the extra circuits, complicating
the troubleshooting both physically and
electronically.

Twelve varactor-tuned channels are
sclected by two switches at the right side
of the slide rule-type readout. The
switches move the tuning to either the
left or right channel. At the extreme
right is the 2-position on/off switch.
Below the left and right switches is the
thumb-adjusted volume control.
Customer-operated controls (brightness,
color, tint and picture) are located on the
right side of the cabinet.

The high voltage is not adjustable in
either model. In the 9H100, the +125V

pn
BOARD

Tro2 Cos

This rear view of a Sharp 9H102 receiver (H5 chassis) shows easy access to the two fuses.
Arrows point out other components, including converter transformer T,,, and filter capacitor
Cs.s, Which filters the +125V supply rectified from T,o, .
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supply voltage is adjustable, but there
are no +125V adjustments in the 9H102.

The 9H102 has a TV/video switch for
connecting to a VCR, and audio muting
eliminates undesirable sound during sta-
tion changes. 9H100 has neither of these
features.

Only the 9HI02 can be operated with
standard 120Vac or 12Vdc from a car
battery or similar source. There are two
+125V power supplies, one for ac
operation and another for 12V opera-
tion. Automatic diode blocking and
mechanical switching selects the proper
power supply: the 120V supply when
the 120V cable is plugged in, the 12V
supply when the 12V cable is plugged
in.

Although most of the equivalent cir-
cuit functions are nearly identical in the
two models, many details and compo-
nent numbers are different. Therefore,
all case histories and schematics will
show the model number.

Preliminaries

With small television receivers such
as these 9-inch models, the boards and
components are packed so tightly in cer-
tain areas that some amount of
disassembly is required at times.

The photograph (to the left) of a Sharp
9HI102, taken from the rear, shows how
easily accessible the two fuses are after
the cabinet has been removed. At the ex-
treme lower left of the photo, on the
main chassis, is F;0,, a 4A line-power
fuse. Fso,, the 6.3A fuse for the 12V in-
put from a battery, is at the center of the
photo. T, is a converter transformer
for the ac-operated +125V supply. C—
is the 100uF capacitor that makes the
rectified voltage peak-reading and also
filters the same +125V supply.

Partial disassembly of the receiver is
necessary for access to some com-
ponents. For example, to remove com-
ponents from under the picture tube,
remove the metal bracket supporting the



PWB-F and PWB-D circuit boards. The
large circuit board can be moved to the
rear a short distance after you remove
five screws that go through large circuit
board A and into the plastic cabinet bot-
tom. If you find questionable or defec-
tive components under the picture tube,
remove the two large screws that hold
down the picture-tube assembly, then
slide the picture tube forward and to the
side for access to these components.

9H100 regulator functions

Figure 1 is a slightly simplified
schematic of the Sharp 9HIOO low-
voltage power-supply and regulator. At
the left is the 120Vac input for a con-
ventional full-wave bridge dc power
supply that produces +156V for only
two circuits, both ending at SCR,,,. One
branch of the +156V supply goes
through a flyback winding. With this ar-
rangement, the positive dc supply
voltage and negative-going pulses from
the flyback are applied to the SCRo,
anode. These negative pulses stop all
SCR conduction at the end of each
horizontal cycle.

Conduction of SCR,,, starts each
each time its gate receives a positive
pulse from IC701 pin 7. The timing of
the pulse is determined by the circuit ac-
cording to the current needed for main-
taining exactly +125V at the SCR
cathode. Regulation is synchronized to
the receiver’s horizontal frequency by
the application of pulses from flyback
pin 5 through R;,, to IC701 pin 5. The
other +156V branch brings power to
SCR;,,’s gate during start-up.

OFF-ON operation

Have you noticed in Figure 1 that no
switch or relay is provided to turn on
and off the 120Vac power? That omis-
sion is deliberate. A manual switch is
replaced by circuitry that is compatible
with remote-controls. With the receiver
plugged into 120Vac, the +156Vac

source operates continuously. While the
TV function is OFF, the power used is
very low, just enough to keep Cjos
charged.

Electronic switching is used to pro-
vide on-off operation of TV picture and
sound. A simple 2-position single-
pole/double-throw switch grounds one
switching line or the other.

With the receiver operating normal-
ly, the OFF switch position grounds
1C701 pin 5 through diode D6, great-
ly reducing the amplitudes of the
’ horizontal-frequency sawteeth and dc

voltage at pin 5. This eliminates the
| positive-pulse output from IC701 pin 7.
| As a result, the +125V supply falters

and the voltage falls somewhat. At the
same time, transistor Q,,o, is biased to
cut off by the ON/OFF switch, causing
the SCR,,, gate to receive a very low
positive voltage f{rom this source.
SCR,'s conduction stops and the
+125V supply voltage goes down near
zero. All functions (except +156V) stop
operating during this OFF time.
Sliding the ON/OFF switch to the ON
position changes several circuits. First,
pin 5 of 1C70!1 is no longer grounded
through D, Therefore, when supplied
with B+ voltages, IC701 can perform
all functions, including the production
of pulses that drive the gate of SCR,q,.
Qii0r biases Q,,0, so its C/E

CRT BOARD

I
9H102
LOW-VOLTAGE
COMPONENTS

under the CRT socket.

In model 9H102, most low-voltage components are grouped together on the circuit board
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resistance is decreased to a near short,
which causes the SCR;,, gate dc voltage
to rise from about zero to the Q, 0, max-
imum of +85V. Somewhere during that
time, start-up begins, with some SCR,,
conduction. As the SCR;,, operation
becomes stronger, diode Dy, is reverse-
biased, disconnecting the switching cir-
cuitry, and a small current between the
SCR cathode and the gate brings up the
SCR gate voltage from +85V to slight-
ly below the SCR cathode voltage. Then
the cathode and gate dc voltages in-
crease simultancously, with the SCR,,,
cathode always 1V more positive.
Stability is reached when SCR,,,
regulates correctly and the output at the
cathode mecasures +125V. Start-up is
finished, and the Sharp 9HI00 receiver
is ON with TV picture and sound.
When the receiver is turned off by
sliding the ON/OFF switch to the OFF
position, IC701 pin 5 is grounded
through D56 This stops the SCR,,, gate
drive. Also, the SCR,,, gate rapidly ap-
proaches zero dc voltage because Q0,
is biased into a virtual open circuit. All
SCR, operation and receiver functions
quickly stop. The 9HI00 receiver is off.

Testing 9H100 low-voltage regulator
A strong indication that the power
supply is or is not operating correctly

can be obtained quickly by measuring
five source dc voltages: +156V, +125V,
+18V, +12V and the other
source. The +I156V source can be
measured at the positive terminal of C,

| (the large 470uF filter capacitor) or at

the common cathodes of D, and D0,
bridge diodes. Approximately the same

| voltage is present at the SCR,,, anode,

mixed with negative-going pulses.
Regulated +125V originates at the
SCR,, cathode and is the principal B+
source for the horizontal-driver tran-
sistor, the horizontal-output transistor
and the sound-output transistors.
Measure the +18V source at IC70! pin
6. This +18V supply has some regula-
tion only because it is rectified from
flyback horizontal pulses. There are two
+12V supplies, both taken from this
+18V. You can locate them by tracing,
perhaps by finding the dropping resistor
and filter capacitor for cach one. For ex-
ample, IC801 pin 3 has one of the +12V

supplics obtained through R.;, and |

filtered by C,. The other +I12V sup-
ply connects to IC201 sound IC pin 20
through R, and filtered by C,.
Although there are +28V and +150V
sources, most television stages, except
SCR and deflection, obtain B+ from the
+18V and its two +12V sources. For ex-
ample, the two 12V sources have a total

of 18 or more branches, involving many
additional stages and circuits.

+12V |

Finding testpoints

The low-voltage power supply usual-
ly can be checked quickly by a few
voltage and resistance measurcments.
Of course, we should try the casy things
first, so adjust the +125V control and
test with a DMM whether the voltage
varies correctly. If the +125V was low
during the test after the control was
turned higher, measure the B+ voltage
at C,6, the principal filter capacitor. A
reading of +156V or higher indicates
that the B+ circuit is operating correctly
through the diode bridge to C,ee.
Measure the dc voltage at the SCR,q,
cathode terminal, expecting +125V. A
complete loss of the +125V source
might be caused by
® an open Ty, flyback winding (ter-
minals one and two).
* a defective IC701
regulator.
® an open in ZDye, zener diode.
® a defective horizontal-output transistor
Q602 .
® a defective SCR;,, regulator.
® leaky capacitors or resistors that have
drifted out of tolerance.

Of the components on that list, the
horizontal-output transistor (HOT) is the

low-voltage

F?m 0102
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2l : REGKUL\ATOR “A" BOARD
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Figure 1. A first glance at this Sharp 9H100 partial schematic might show a conventional SCR-regulated low-voltage power supply without
much complexity. But a more detailed examination shows additional circuitry. Dc voltage of the SCR,,, gate does not vary in step 'at all
times with the +125V source, as is customary with SCR circuits. Instead, the gate intersects another circuit that controls the gate voltage at times.
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FLUKE AND PHILIPS

FLUKE

THE GLOBAL ALLIANCE

IN TEST & MEASUREMENT
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Introducing a whole new

way to look at oscilloscopes.

= Instant-action AUTOSET. Philips’ intefligent

Operation that’s instinctively, unbe-
lievably clear. Information that’s
detailed, yet free of errors. And intel-
ligence that will speed your work.
Philips’ micro-computer controlled
medium-frequency Smart Saries.
They could change forever the way
you look at oscilloscopes.

HIGH PERFORMANCE WITH A VIEW

= [CD window. Large digital indications note
all selected functions, instrument settings
and parameter values. Instantly. Precisely.
With no mistakes. And right where you
need them—next to the CRT. Not hidden
in crowded frontpanals. Not wasting critical
waveform display area. It's a revolutionary
idea that facilitates the use of an oscillo-
scope like nothing else. And it's only from
Philips. Once again.

* 16k CRT. Higher acceleration voltage
and advanced electron optics assure bril-
lianre and spot quality that outshines any-
thing else in this class.

« Pushbutton simpiicity. Quick, one-function
butions have replaced knobs for faster,
surer, more reliable operation.

beamfinder automatically selects channel,
amplitude, timebase and triggering for
error-free display of any input signal. Great
for troubleshaoting!

« “Clever” cursars and delayed sweep. Stan-

dard on the PM 3070, “clever” cursors
supply immediate amplitude and timing
measurements with direct CRT readout.
And an exclusive cursor-operated ZOOM
function offers the most efficient use of
delayed sweep available in analog scopes.

= Auto-Triggering intelligence. Provides fast,

stable triggering up to 150 MHz,

* Probefactor compensation in LCD. It auto-

matically adjusts all readouts for the probe
you're using.

« [FEE compatibility. For fast computer hook-

up and automated production test and
calibration.

= Choice of four models: Single and dual

timebase; 60 or 100 MHz bandwidths.
SUPPORTING VIEW
Philips’ medium-frequency instruments

come with a 3-year warranty, a 30-day
money-back guarantee and all the tech-
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nical and service assistance you need.
From Fluke—the people who believe that
extraordinary technology deserves extra-
ordinary support.
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Call Fluke today at 800-44-FLUKE
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change the way you look at oscilloscopes.
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most likely to fail. so test it first. With
power off, measure the resistance be-
tween the body of Qg output and
ground (with negative meter wire to
ground—remember the damper diode is
inside and will conduct with reversed
polarity). A leaky output transistor is in-
dicated by a low reading. Remove Qso,
and test at the collector wire or socket.
If the abnormal low-resistance reading
is gone, you know the problem was in
the HOT. If the collector socket
measures higher than 2kQ2, begin check-
ing other components.

If you have to determine whether the
problem is caused by the power supply
or the horizontal-deflection system, use
the following procedure:
® temporarily parallel a 47Q 10W
resistor between +156V at the positive
terminal of C,e6 and the +125V source
at test-point TP701 (this bypasses the
regulator);

* power-up the chassis and find out
whether or not the horizontal circuits
are working;

® a no-raster condition in this situation
strongly suggests that the power supply
was OK and that the horizontal circuits
are not operating—check them
carefully;

* if bypassing the regulator in this man-
ner results in operation of the horizon-
tal. indicated by appearance of the
raster, you have isolated the problem to
the power supply. Measure the dc

voltage at IC701 pin 7, expecting +7V.
No voltage or low voltage points to a
leaky IC701. A normal +7V reading in-
dicates an open SCR,,;. Then, remove
SCRy, from the circuit and take ac-
curate resistance measurements (for-
ward and leakage) between all ter-
minals. Replace all components found
to be defective.

® Remember to disconnect the resistor
used during tests, measure the +125V
source and the +18V source, and check
the television functions for correct
operations.

Lightning damage

Repairs to correct lightning or power-
outage damages might cost more than
the portable color TV is worth.
Therefore, carefully estimate the costs
of total damages before ordering any
parts. In this 9HI02 chassis, several low-
voltage components were ruined, but the
receiver was worth the repairs.

During the first tests, I found the F,q,
4A 120Vac fuse was open, the 2.7Q
surge resistor was open, and two bridge
diodes (D5, and D) were shorted. 1
replaced these small components, but
the receiver still didn’t operate. At pins

very low, which indicates IC701 might
be leaky. Also, no voltage was measured
at TP701 (+125V source). I haven’t in-
’ cluded a schematic of the 9HI02 power
| supply in this article, but if you service

14 and 15 of IC701, dc voltages were |

’ a 9HI102, the details set forth here will
help after you locate the components on
the chassis. The 4A fuse would hold
only for a few seconds and blow from
| overload. Continuity of the Ty, con-
verter transformer was normal. I tested
| all diodes of the low-voltage regulator
circuit, but all readings were normal.
Because of these findings. I strongly
suspected the IC701 power regulator. In-
stallation of a new IC70! restored the set
to normal operation. Replace the IC701
with a factory RX-1X0308CE22.

Servicing no-raster/no-sound
symptoms

When a 9HI00 with its H4 chassis has
no raster or sound, look for defects in
the low-voltage power supply. horizon-
tal circuits or high-voltage shut-down
circuits. If the sound is normal but the
screen is dark, check the video or high-
voltage circuits. Also, use the methods
previously explained to test the low-
voltage circuits.

A shorted Qso, horizontal-output tran-
sistor might blow the 4A fuse repeatedly
before the problem is identified.
Measure the resistance between the col-
lector (body) of Qgo, output transistor
and ground. Remember that the positive
test lead should be touching the collec-
tor with the negative connected to the
transistor emitter (which is connected to
ground). The damper diode is inside
(see Figure 2) with its cathode con-

1C801
24

R612

1,800Q Qo

DRIVER

+6V

Re1s
3,300

+125V 3w

SCOPE

0601

HORIZ. oUT X

OFTEN
DEFECTIVE

\ Tus
FLYBACK

W I_ W 1
R
(=] O & Od
i LY 6
—= HORIZ. YOKE
DYGOI
+125V

Figure 2. Use a scope to locate a horizontal stage with a major defect. Arrows on the schematic mark the three best points for scoping.
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nected to the transistor’s collector and
its anode connected to the transistor’s
emitter. Therefore, reversing the test-
lead polarity can give misleading or in-
correct readings through the damper
diode. Replace Qg when a low-
resistance reading is obtained with both
polarities. Replace a defective Qg, with
original part number VS2SDI396CA or
universal SK9422.

Terminal 24 of IC801 emits
horizontal-frequency square waves that

DESOLDER PIN 3
) FOR TESTS
123
1C801
+12V

Raa Caio

56< LJ-LJ 470uF

w

+18V i

Figure 3. When the +12V source voltage is
too low at IC801 pin 8, disconnect pin 3 of
the IC from the circuit board. Then notice if
the supply voltage for pin 8 is much higher
without the load of IC801. A “'yes’’ answer in-
dicates IC801 is drawing excessive current.
While pin 3 is disconnected from the circuit
board, test the resistance between pin 3 and
ground. Any reading lower than 2kQ is a
strong reason to replace a leaky 1C801.

are sent to the base of Q4o, horizontal- |
driver transistor (Figure 2). A complete
loss of these pin-24 square waves might
indicate a defective IC801. But first,
check the B+ supply at terminal 3, ex-
pecting +12V. A very low voltage there
can indicate a leaky IC801 or a defect
in the power source. Disconnect ter-
minal 3 of IC80I from the circuit board
(sce Figure 3) and measurc the
resistance of terminal 3 to ground. If the
reading is lower than 2,0009, replace
IC801. (It is shorted internally.)

If the previous test did not show
without doubt that IC801 is shorted,
unplug the 120Vac power and kecp ter-
minal 3 disconnected. From an exter-
nal power supply, inject +12V between
IC80! terminal 3 and ground. (Ex-
cessive +12V test current or an overload
of the external power supply prove that
IC801 is defective.) Then scope terminal
24, expecting to find horizontal-
frequency square waves. Normal square ‘

waves at terminal 24 indicate that IC801
is normal, and any loss of horizontal
must occur further downstream. Weak
and distorted square waves or no '
waveform would point to a defect in the |
IC801 internal horizontal oscillator.
When the base signal of Qg
horizontal-driver transistor is missing,
3,300 Ry will become very warm
during operation. Check Qg for
leakage, and scope IC801 terminal 24
for a waveform of any amplitude and |
wave-shape. Those square waves that
should be at terminal 24 are equal to the
output from the usual horizontal
oscillator and buffer. They are essential

IC801 ’
23
TP603
TEST SHUT-DOWN BY ‘
DISCONNECTING TP601 TP602 ‘
ONE END OF D, , . ZD.,,
R.OH / D 618 22V -
602 2,2009
27Q ov
HORI!Z FROM
Teoz PIN 9 R..
" 10k Coor il b
4.7uF 5,600Q S 10uF

for operation of the horizontal-deflection
system. Replace IC801 or Q if they
arc defective. Or, as a last resort,
replace them if no other defect can be
found after many tests.

When the base waveform of Qg
horizontal-output transistor appears nor-
mal but shut-down occurs quickly,
suspect the Teo, flyback transformer
(perhaps a winding has shorted turns).
Watch the scope carefully because the
Qs02 base waveform sometimes can be
scen a split second before shut-down oc-
curs. Athough this case could have been
included in the next section (about
analyzing incorrect shut-down), the next
step should be testing the flyback for
shorted turns. First, measure the induc-
tance of cach winding using an induc-

| tance meter (some new LCR portables

at reasonable prices are now available)
or use a ringer. If these steps do not
identify a defect, go through the se-
quence of tests with reduced line voltage
as described in the next section.

High-voltage shut-down

In the 9H100 model (H4 chassis), an
X-ray-protective circuit monitors the
high voltage by continuously testing the
amplitude of pulses from a low-voltage
winding. If the amplitude of these pulses
excecds the design point (no adjustment
is provided) a protective circuit (see
Figure 4) inside IC801 stops operation
of the horizontal oscillator, causing shut-
down. Turning off the power (or shut-
down itself) unlatches the protective
lock after all horizontal sweecp has
stopped. When power is next turned on,
the circuitry attempts start-up as usual,
but when the excessive-amplitude
horizontal pulses appear, the circuit
latches again, stopping the horizontal-
oscillator operation and producing
another shut-down. This sequence is
slightly more than one cycle of the x-
ray-protective circuit.

One good method of determining
whether the shut-down is forced because
of excessively high voltage or a defect
in the x-ray-protection circuit itself is to
operate the set from a variable-output-

" voltage transformer. Monitor the +125V

power source and high voltage at the
anode connection of the CRT.

Start with the output voltage of the
variable transformer at about 40V and
gradually increase it. If the +125V
source reaches 125V long before the
receiver input voltage reaches 120Vac,

Figure 4. Part of the x-ray protective circuit is composed of separate components with the
remaining circuitry inside IC801, where a positive voltage at pin 23 activates circuitry that
stops the horizontal oscillator (also inside 1C801).
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| the reason for shutdown is that the low-
voltage power supply and regulator are



defective and are allowing excessive
voltage to reach the +125V source. If
the high voltage exceeds +18.5kV before
the +125V source reaches only +80V,
suspect a defective horizontal-output cir-
cuit or a flyback and its connecting
components. However, suspect defects
in the HV-protective (shut-down) cir-
cuits if the chassis goes into shut-down
before the HV reaches 18kV at the pic-
ture tube.

Another method of checking high-
voltage shut-down is to desolder one end
of Do, diode from the circuit board
(Figure 4). Monitor the high voltage at
the CRT anode very carefully. To avoid
arcs and damage if the HV is very high,
apply 120Vac to the chassis and quick-
ly notice the HV reading before im-
mediately unplugging the power. If the
HV reading was between 18kV and
20.5kV, the HV is normal, and the
defect is in the protective circuit itself.
If the reading was 21.5kV or higher, the
abnormally high HV probably is caused
by problems in the low-voltage power
supply or the horizontal-output circuits,
and the protective circuit is functioning
correctly.

Reinstall the Dy, diode after all
repairs are made; when the receiver is
operating normally, test for correct shut-
down operation as follows:
® Check the TP601 voltage. It should be
about +18.5V (TP601 testpoint is in the
X-radiation-protection circuit).
¢ Induce shut-down by connecting a
6,800%2 1/2W resistor between testpoint
TP601 and the cathode of diode Dsqs,
the +28.5V rectifier, with short clip
leads. Shut-down will occur immediate-
ly. The TP601 dc voltage was increased
sufficiently by the extra resistor that
zener diode ZDy,, is forced to conduct,
thus passing voltage and current to
IC801 pin 23. This stops the horizontal
oscillator inside IC801, and loss of
horizontal triggers shut-down. Discon-
nect the test resistor at once and notice
whether the receiver operation does not
return when you remove the test resistor.
(If it does, more repair work is needed.)
* To restart the horizontal oscillator,
touch a short clip lead from TP602 to
ground (TP603). Remove the clip lead
when the whole receiver operates again.
NOTE: Use this same procedure for
both the 9HI00 and 9HI102.

Next month, we’ll begin Part II with
some specific trouble symptoms and
what steps you should take to solve the

problem. M b

overnight

NOW PTS
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The case

of the missing diode

You may know exactly which diode will cure your TV’s
blues, but finding it...now that can require some super

sleuthing.

By Conrad Persson

Is finding that elusive diode starting to
make you feel like Sam Spade? Consider
this description of a product directory
put out by one of the publishers of in-
tegrated circuit guides:

“... lists more than 80,000 standard
ICs—including 10,000 new devices—
grouped by basic category. It also in-
cludes a military parts list, a part
number index and an alternate-source
directory that lists more than 92,000

Persson is editor of ES&T magazine.

current and discontinued devices.”
Answer the question? And that’s only
ICs. Now add in the number of other
semiconductor devices (diodes, tran-
sistors, SCRs, diacs, triacs), resistors,
capacitors, inductors—the sheer number
of replacement parts becomes truly
mind boggling. And think about this:
Every time manufacturers devise some
wonderful new technology such as
surface-mount products, there are hun-
dreds or perhaps thousands of new part
numbers to contend with. No wonder so
many readers have told us that identi-
fying and locating parts is a problem.
Of course, only a fraction of those ICs
are used in consumer-electronics prod-
ucts. Still, the number of individual part
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numbers used in consumer-electronics
products is immense and growing at an
alarming rate.

Identifying the part

When you are identifying the replace-
ment part you need for a repair, the first
step is to diagnose a fault in a malfunc-
tioning product to the component level.
(Of course, you have to make sure that
you have, in fact, diagnosed the cause
of the problem.) Once you have found
what appears to be the cause of the
problem, you should stop and think
about what you have found—is this the
root cause, or is it only one symptom
of a problem somewhere else?

The troubleshooting tip on page 48 is
a good example of the benefits of pro-
ceeding with caution in this manner. For
example, if Mr. Silver had considered
his diagnosis complete when he deter-
mined that the tuner was faulty, he
would have wasted time and money and
still not had the problem fixed. And
think about the situation if the tuner
assembly was back-ordered from the
manufacturer. Even after he had double-
checked and found that the problem
wasn’t in the tuner, he double-checked
and found that his next suspicion, the
IC, wasn’t the problem either.

In this case, the technician was spared
the possibility of ordering (and possibly
back-ordering) a special part by using
well-honed troubleshooting techniques
to isolate the problem to a part that is
available anywhere.

Once you find the culprit

Once you have isolated the problem
component, the next step is ordering the
part. Here are some suggestions from
the parts manager for a major manufac-
turer of imported consumer-electronics
products:
® Obtain the manufacturer’s service
manual for the product you’re working



on. Besides providing schematics and
other information on servicing the unit,
the documentation provides a parts list
with manufacturer’s part numbers for
replacement parts. Without this infor-
mation, the technician has to give a
description of the part to the distributor,
who has to look up the part number.
Besides taking up valuable time for the
distributor, it introduces the possibility
of error. |
e Shop carefully for a competent stock-
ing distributor of replacement parts for |
the line you plan to service. If you don’t,
you may wind up with a “distributor”
who is nothing more than a broker who
relays your order to the manufacturer’s
parts depot.

* Order an exact replacement part by the
manufacturer’s part number wherever
possible. There are generic replace-
ments for many parts for today’s prod-
ucts, even for integrated circuits, but us-
ing exact replacements is the only way
to make sure you’re getting a part that
is of a grade that will give long life in
the particular application. In cases
where parts are identified as being safe-

replacement part. ‘
Parts suppliers in general suggest that

you include the following information:

¢ Part number.

® Model number of the unit. :

¢ Description. |

¢ Quantity. J

® Account number. |

¢ PO number if applicable.

® Date ordered.

® Your company name, address and

phone.

Most of the time you might call a
distributor, be put on hold, then, once
you identify the part, you are told that
the distributor will get back to you. In-
stead, Mr. Cloutier writes the part in-
formation on either a plain piece of
paper or a form provided by the
distributor, then faxes it to the
distributor. The fax machine
automatically identifies his business and
his phone and fax number, so he doesn’t
even have to write that down. The
distributor usually gets back to him in
a short time, either by phone or fax,
with the price quote or whatever other
information is pertinent.

An added benefit of the $650 fax
machine he uses is that it doubles as a
copier.

A supplier for some
of those hard to find parts
A few years ago, TV sets bearing the
name Bohsei were available in some
stores throughout the country. Almost
as suddenly as it showed up, the com- |
pany disappeared, leaving apparently no

| source of repair parts for Bohsei TV sets |
ty critical, NEVER substitute with a
part other than an exact manufacturer’s |

that had been sold in this country. |
Another company that had done
business in this country for many years
and then stopped, leaving a replacement
parts vacuum, was Garrard, British |
manufacturer of turntables and
changers. Wollensak, one-time source
of tape recorders here, also stopped do-
ing business in the United States.
There is a source of supply for some
replacement parts for products by all of
these manufacturers. Audio Parts Co., |
a California-based specialty parts |
distributor that carried replacement ;

| parts for these manufacturers while they |

A helpful hint
This idea comes from Leo Cloutier,
owner of a consumer-electronics servic-
ing facility in California. He now uses
fax (Facsimile) for checking on parts.

were doing business in this country, pur-
chased the companies’ remaining stocks ‘
of replacement parts. If you need parts
for any of the three companies men-
tioned above, Audio Parts might have it. |
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The company’s address is:

Audio Parts Co.
1070 South Orange Drive
Los Angeles, CA 90019

A company spokesman gave us the
following two numbers to call:
800-999-5559 and 213-933-8141. If you
call the company with a parts request,
the operator will look it up and get back
to you with a postcard letting you know
whether they have it and what the price
will be.

Containing the information explosion

As we said at the outset of this arti-
cle, the number of replacement parts
and part numbers seems to be increas-
ing geometrically. When the number of
replacement parts was relatively small
(how many different vacuum tubes were
ever made compared to the sheer
volume of semiconductor devices), the
burden of supplying the right replace-
ment for a faulty part might be con-
sidered to rest squarely on the shoulders
of the supplier. We might all wish that
that were still the case, but unfortunately
it’s not.

In many cases today, if the servicing
facility is going to get the right parts in
a timely manner, the servicing facility
is going to have to maintain its own in-
formation bank. Again, unfortunately,
such a setup is not inexpensive. On the
other hand, the alternative—having a
faulty product waiting for the proper
replacement part instead a satisfied



Abatron Electronics
971 Ball Ave.
Union, NJ 07083
201-687-4215

All Electronics Corp.
905 South Vermont Ave.
Los Angeles, CA 90006
213-380-8000

Allied Electronics
401 E. Eighth St.
Fort Worth, TX 76102
817-336-5401

Antique Electronic Supply
1725 W. University
Tempe, AZ 85281
602-894-9503

ASTI Magnetics Corp
32 Piermont Road
Cresskill, NJ 07626
201-569-4282
800-221-1828

Audio Parts Co.

1070 South Orange Drive
Los Angeles, CA 90019
213-933-2141
800-999-5559

Best Electronics

2021 The Alameda, Suite 290
San Jose, CA 95126
408-243-6950

Comdisco Parts

6400 Shafer Court
Rosemont, IL 60018-9689
312-698-3000

Computer Service Supply Corp.

PO. Box 673

12 Parmenter Road
Londonderry, NH 03053
603-437-0634
800-255-7815

Consolidated Electronics
705 Watervliet Ave.
Dayton, OH 45420-2599
513-252-5662

Dalbani Corp. of America
785 E. 14th St.

Los Angeles, CA 90021
213-727-0054

DC Electronics

PO. Box 3203
Scottsdale, AZ 85257
602-945-7736
800-423-0070

Digi-Key

PO. Box 677

Thief River Falls, MN 56701
218-681-6674

Digitron Electronics
110 Hillside Ave.
Springfield, NJ 07081
201-379-9016

Parts suppliers

ESI Electronic
3820 14 Ave.
Brooklyn, NY 11218
718-436-9700

Electronic Parts Supply
741 E. ldth St.
Oakland, CA 94606
415-839-2267

Electronics Warehouse Corp.

1910 Coney Island Ave.
Brooklyn, NY 11230
718-375-2700

EVG Division of
Russell Industries
3000 Lawson Blvd.
Oceanside, NY 11752
516-536-5000

Fox International

23600 Aurora Road
Bedford Heights, OH 44146
216-439-8500

GC Electronics

400 South Wyman St.
Rockford. IL 61101
815-968-9661

GE (See listing under Thomson)

GMB Sales

2700 Middle Country Road
Centereach, NY 11720
516-585-8l11

Hitachi Sales Company
401 West Artesia Blvd.
Compton, CA 90220
213-537-8383

Jameco Electronics
1355 Shoreway Road
Belmont, CA 94002
415-592-8097

Joseph Electronics

8830 North Milwaukee Ave.
Niles, IL 60648
312-297-4200

800-323-5925

Kasara Microsystems

24 West St.

Spring Valley, NY 10977
914-362-3131
800-642-7634

M.AT. Electronics

975 Jaymor Road
Southampton, PA 18966
800-628-1118

Matsushita Services Co.
50 Meadowland Parkway
Seacaucus, NJ 07094
201-392-6000

MCM Electronics

858 E. Congress Park Drive
Centerville, OH 45459-4072

513-434-0031

Mitsubishi Electric Sales America
5757 Plaza Drive

Cypress, CA 90630-0007
800-553-7278

Mouser Electronics
2401 Hwy 287 North
Mansfield, TX 76063
800-34-MOUSER

NTE Electronics

44 Farrand St.
Bloomfield, NJ 07003
201-748-5089
800-631-1250

Nippon America
9600 NW 12th St.
Miami, FL 33172
305-592-2616

OHM/Electronics
746 Vermont Ave.
Palatine, IL 60067
312-359-5550
800-323-2727

Omnitron Electronics
770 Amsterdam Ave.
New York, NY 10025
212-865-5580
800-223-0826

ORA Electronics
20120 Plummer Street
PO. Box 4029
Chatsworth, CA 91313
818-701-5848

PanSon Electronics
268 Norman Ave.
Greenpoint, NY 11222
718-383-1550

Parts Express International
340 E. First St.

Dayton, OH 45402
513-222-0173
800-338-0531

Penney, J.C. Company
6840 Barton Road
Morrow, GA 30260
404-961-8400

Philips ECG

100 First Ave.
Waltham, MA 02254
800-225-8326
617-890-6107

Philips Consumer Electronics
Company

Service Parts Organization
PO. Box 309

Greeneville, TN 37733-0309
615-521-1620

Prime Electronics

PO. Box 176

RR3, Hwy 59

Whitewater, WI 53190-0176
414-473-2151

800-558-9572

RCA (See listing under Thomson)

RNIJ Electronics

805 Albany Ave.
Lindehurst, NY 1757
516-226-2700

Sanyo/Fisher Service Corp.
1200 West Artesia Blvd.
Compton, CA 90220
800-421-5013

Sharp

Sharp Plaza
Mahwah, NJ 07430
800-447-4700

Sony Service Company
National Parts Center
8281 NW 107th Terrace
Kansas City, MO 64153
816-891-7550

Thomson Consumer Electronics

(RCA/GE)

2000 Clements Bridge Road
Deptford, NJ 08096
609-853-2525

Thordarson-Meissner
628 Belmont St.

Mt. Carmel, IL 62863
618-262-5121

Tice Technical Industries
310 Campus Plaza II
Edison, NJ 08818
800-248-TICE

Toshiba America

National Parts Center
19500 South Vermont Ave.
Torrance, CA 90502
800-345-9785

Tritronics

1306 Continental Drive
Abingdon, MD 21009
800-638-3328

Zenith Service, Parts &
Accessories

11000 Seymour Ave.
Franklin Park, IL 60131
312-6717550
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Test « Battery Life 300 Hrs. ¢ 05% Accuracy « Audible « AC Current s DC Current 100 PPM 05% ¢ Broad test including Transistor and including Logic Leve! Detector,
o Overload Protection: DC  continuity and diode test ® 10« Resistance. range ¢ Fast sampling time Capacitance measurements  Audible and Visual Continuity,
500V, AC 350V, ohms 250v  Amp measurement ¢ Resis- e Capacitor  discharge Capacitance and Conduct-
DC/AC 1ance DC/AC Voltage. S P ecial protection ¢ Compact, light- ance measurements

|| weight design ¢ One-hand | Model 50 Model s 50

Model s 95 DVM 632 s 9 5 Mode! s 95 operation. DVM-636 367 DVM-638 87
DVM-630 Reg. $60.00 DVM-631 Model Our Price Our Price
Ouilice SR LA DCM-602 5995 CA-92 Deluxe Padded Case for DVM meters $9.95
(Z:'gpwedsca”y'"g case élgpeored carrymg case Del_é’ée carry/ng case QOur Price TL-216 Transistor and Capacitance Test Lead§, $9.90
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NEW!

SCOPE Frequency Counters
¢ 8-digit LED » Compact « light-
weight » Automatic range and Hold
function e High stability in

reference oscillator,

Mode! FC-7011 4995

100 MHZ  Our Price
————— Special

Model FC-7051

550 MHz Our pn.e

319995

FORDHAM Frequency
Counter

* 10 Hz - 150 MHz Range * 7-digit
LED display ® VHF /HF selection
* Gate time 1 sec., 5 sec. ¢ +1
count accuracy.

wossreso 513990

NEW

FORDHAM Function
Generator

* 05 Hz - 500 KHz in 6 ranges
 Sine, square & triangle wave
forms ¢ VCA and VCF inputs
« Accuracy +5% of full scale.

s roze2 §14,990

SRR
FORDHAM Signal Tracer/
Injector

* Easy to operate ¢ VU meter
* Two LED mode indicators « 1
KHz test tone » 8 ohm speaker
o Test leads.

wmseon $11090

QOur Price

FORDHAM LCR Bridge
Meter

« Fully transistorized ¢ 1 KHz
signal generator » Measures
resistance, inductance, cap-
acitance ¢« High mechanical
and efectrical stability » Battery
operated.

wamoso $149%5
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B&K Precision 20 MHz
Dual Trace

 Dual/Single trace operation ¢ 1
mV/div sensitivity e Auto/ Norm
triggered sweep operation with AC,
TVH, TVV and Line coupling
o Calibrated 18 step time base with

I0X magnifier.

Model
2120

Our Price

§39995

FORDHAM Sweep Function
Generator

* Frequency range 0.2 Hz to 2
MHz « Sine, triangle, square, pulse
TTL, wave forms ¢ Frequency
accuracy +5% of length scale
¢ Test leads included.

Model

s §91095

Our Price

SCOPE 4"2 Digit Bench
Digita!l Muttimeter

* 412 Digit LCD » Automatic {-)
negative polarity ¢ Six 15V "D”
size batteries o Low battery indica-
tion  Overload protection ¢ Test
lead <et, batteries, spare fuse incl.

§21995

Model
DVM-6005

QOur Price

Hitachi 35 MHz Dual Trace

Oscilloscope

* Frequency bandwidth DC to 35
MHz « 6inch CRT with % calibra-
tions * Autofocus * Scale illumina-
tion and photographic bezelsLight-
weight, compact ¢ Probes incl.

$59995

Model
V-355

Our Price

SCOPE Pocket Sized Audio
Signal Generator

* Sine/square wave patterns ® 20 Hz
to 150 KHz « Battery operation * Freq,
accuracy +3% or less ¢ Qutput 12V
rms max. (no load) * Low battery
indicator » Test leads/9V battery incl.
Model

s, §5095

Qur Price

Te'ephone Orders NOW! Mon -Fri. 8a.m.-6:30p.m EST. Sat. & Sun. 9a.m -3pm.EST' .

ASK FOR FREE CATALOG. Money orders, checks accepted. C.O.D’s require 25% deposit

Fordham

260 Motor Parkway, Hauppauge, NY 11788

Servlce& Shipping Charge Schedule
Conllnenlal U.S.A
on ADD
$2550 $450
$51100
$101:200 $700
$201:300 5800
3301400 5900
To" $401 500 $1000
| $5io o
[ ] [ ] 10
Free poe e
In NY State 800-832-1446 | SR HTd

Not responsible for typographical errors.
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Information
sources

D.A.T.A. Business Publishing
9925 Carroll Canyon Road
PO. Box 26875

San Diego. CA 92126
619-578-7600

Designer Technology
4009 Pacific Coast Hwy.
Torrance, CA 90505
213-376-0805

EIA/CEG

2001 Eye Street N.W.
Washington, DC 20006
Temporary address (effective
April 25, 1988 until further
notice): 1722 Eye Street, NW.,
Suite 300

Washington, DC 20006
202-457-4919

IC Master

Hearst Business Communications
645 Stewart Ave.

Garden City, NY 11530
516-227-1300

SRR

customer smiling as he hands you a
check—is also not inexpensive. Having
your money tied up in a lot of the wrong
parts isn’t cheap either.

Today’s consumer-electronics servic-
ing facility should probably have its own
library. In addition to the obvious things
like service manuals, replacement-parts
catalogs and possibly Sams Photofact
folders, there is a handful of books that
any serious repair facility should at least
consider having. Some of them are free;
others will cost up to a hundred or so
dollars. However, if such a library will
consistently help a servicing facility find
the right part quickly, it might be just
as worthwhile to have on hand as that
new high-priced oscilloscope that helps
you find the problems fast.

One free book that does contain a ot
of good information is called the Con-
sumer Electronics Replacement Parts
Source Book, January 1988, published
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by the Electronic Industries Associa-
tion/Consumer Electronics Group
(EIA/CEG). (See the sidebar for the
association’s address.) This 104-page
book contains listings of distributors for
all of the consumer-electronic product
manufacturers who cared to return the
EIA’s questionnaire forms. It contains
listings from ADCOM Service Corp.
(replacement parts for Dual) to Zenith.
Some of the listings run several pages
long.

Some other free books that can be
very helpful are the replacement-parts
catalogs from Philips ECG, RCA SK,
GE, New Tone, etc., but you already
know about those. You can get most of
them from your distributor. (The ad-
dresses of these organizations are listed
in the sidebar accompanying this
article.)

Some other references will cost some
money. If they’re useful, they may be
worth the price. One of these is a series
of in-depth digests published by
D.AT.A. Business Publishing. There
are quite a number of digests on several
different classes of products: five on
discrete semiconductors, and one each
on diodes, transistors, optoelectronic
devices, thyristors and power semicon-
ductors. Five digests cover integrated
circuits: one each on digital ICs, linear
ICs, interface ICs, memory ICs and
microprocessors. Each of these digests
is priced at $125. If it’s important to you
to stay current, the company offers up-
dates. Semi-annual updates for each of
the discrete semiconductor digests are
available for an annual subscription
price of $75, and quarterly updates are
available for each of the IC digests at an
annual subscription price of $75.

Another reference is the IC Master.
This one will set you back $140 for a
3-volume set. This set is actually pro-
duced for the electronic design engineer
who's looking for ICs to perform some
function necessary in the end product
he’s designing. Volume 1, the master
selection guide, is indexed both by the
function of the IC—what the IC does in
the circuit—and by IC part number.
Also included is a part-number guide
that tells you what information you can
learn about the IC just by reading the
part number. An application note direc-
tory gives you a list of the application
literature on a given part that’s available
from manufacturers throughout the in-
dustry. An alternate source directory
helps you find other part numbers that
will perform the same function. GG,



EVERY SONY PRODUCT COMES
FULLY EQUIPPED WITH OUR
DEDICATION TO QUALITY SERVICE.

Your customers may never need 2. Regional Centers. Our electronics, authorized servicers and
The Sony Service Company, but it's Regional Centers are set up to assist Sony Service Center technicians need
comforting to know we’re only a you with any technical questions. Just  the latest information available. This
phore call away. call one of the following numbers. information is provided through train-

Our nationwide network of Sony Mahwah, NJ (201) 529-1616; Phila- ing sessions at our Regional Training
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Test your
electronics knowledge

By Sam Wilson

In this month’s quiz, we will supply the definitions of terms and you will pick the right term for the definition.
A list of possible answers is given first. (There are more possible answers than questions.) The definitions are from

a Sylvania publication. The answers are given upside-down at the bottom of the page.

A. access time E enable K. parallel operation P. slewing rate
B. asynchronous inputs G. half adder L. passive elements Q. Tallahassee
C. buffer H. linear circuit M. register R. toggle

D. clear I. NAND N. serial S. word

E. ring counter J. OFFSET O. skewing

1. The change in input voltage required to produce a zero output voltage in a linear amplifier
circuit. In digital circuits it is the dc voltage on which a signal is impressed.

2. This term refers to the technique for handling a binary data word that has more than
one bit. The bits are acted upon one at a time. It is like a parade going by a review point.

3. An asynchronous input, also called reser, used to restore a memory element or flip-flop
to a standard state, forcing the Q terminal to logic 0.

4. Those terminals in a flip-flop that can affect the output state of the flip-flop independent
of the clock. Called set, preset, clear, reset or dc set and reset.

5. A circuit whose output is an amplified version of its input, or whose output is a predeter-
mined variation of its input.

6. To switch between two states as in a flip-flop.

7. An interconnection of computer circuitry made up of a number of storage devices (usually
flip-flops) to store a certain number of digits, usually one computer word. For example,
a 4-bit requires four flip-flops.

8. A group of bits treated as an entity in a computer.

9. A special form of counter, sometimes called a Johnson or shift counter, which has very
simple wiring and is fast. It forms a loop or circuit of interconnected flip-flops so arranged
that only one is 0. As input signals are received, the position of the 0O state moves in se-
quence from one flip-flop to another around the loop until they are all 0. The first one
then goes to 1, followed by the other flip-flops in sequence until all are 1. It has 2xn possi-
ble counts where n is the number of flip-flops.

10. To permit an action or the acceptance or recognition of data by applying appropriate
signals (generally a logic 1 in a positive logic) to the appropriate input.

11. Refers to time delay or offset between any two signals in relation to each other.

12. A boolean logic operation that yields a logic O output when all logic input signals are
logic 1.

13. A switching circuit that combines binary bits to generate the sum and the carry. It can
only take in the two binary bits to be added and generate the sum and carry.

14. The organization of data manipulation within computer circuitry where all the digits
of a word are transmitted simultaneously on separate lines in order to speed up operation,
as opposed to serial operation.

Wilson is the electronics theory consultant for ES&T.
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Electronic parts/equipment catalog
The 48-page Surplus Traders catalog
specializes in electronic and computer
parts and equipment. The majority of
items are available in large quantities
and are often difficult to find. Trade in-
quiries for the catalog will be filled at
no charge when submitted on company
letterhead. Hams, hobbyists and exper-
imenters may obtain a copy by sending
$2 to Surplus Traders, PO. Box 276,
Alburg, VT 05440; 514-739-9328.

Service newsletter brochure
Lynco Publications is offering a
brochure describing its newsletter, Just
Between Us. The quarterly newsletter is
customized for individual service com-
panies to send to their own lists of
customers, prospects and community
leaders. Three of the four pages contain
interesting and informative articles in-
tended for a general audience. The
fourth page is reserved for the selling
message of the sponsoring company.
Circle (131) on Reply Card

Surge suppressor catalog

The Electra Guard Surge Suppressor
Program brochure from CPS Electron-
ics describes the company’s consumer-
grade product line of surge suppressors.
The brochure includes product specifi-
cations for 1- to 8-outlet units with in-
dicator lights, push button circuit break-
ers, lighted on/off switches and EMI/
RFI protection.

Circle (132) on Reply Card

Tool catalog

The 160-page catalog from Jensen
Tools features new tools, tool kits and
test equipment for TVs, VCRs, comput-
ers, printers and other electronic equip-
ment. The catalog describes the com-
pany’s line of more than 40 specialty
tool kits, plus a new line of products for
fiber optics and wire/cable systems.

Circle (133) on Reply Card

Tool/test equipment catalog

HMC has published a fully illustrated
buying guide of electronic tools, test
equipment and supplies for the manu-
facture, assembly and repair of elec-
tronics. The catalog includes test in-
struments, tool kits, soldering/desolder-
ing systems, lamps and magniﬁers anti-
static products and precision hand tools.

Circle (134) on Reply Card ESM

CHEMTRONICS ANNOUNCES

Ozone Safe
Freez-It

fact: Freez -1t the electronic
industry’s most popular circuit
refrigerant,is now available in an
E-Series™ formula with no ozone
depleting CFCs.

fact: Superior thermal properties
allow E-Series Freez-It to chill com-
ponents faster and more econom-
ically.

fact: Consistent high purity, inert-
ness and nonflammability with
rapid cooling of components as low
as —96°F/ — 71°C provides positive
diagnosis of thermal intermittents.
fact l\ew ozone safe E-Series
Freez-It is available now only from
Chemtronics.

For more information, contact
Chemtronics at 800-645-5244

(ln NY 516-582-3322).
B S T MR T T
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l@. Chemtronics

681 Old Willets Path, Hauppauge, NY 11788
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What do you know
about electronics?

Kirchhoff’s voltage law

By Sam Wilson, CET

You and I both know that voltage is
not a force. It is a unit of work. That’s
why you don’t see the term electro-
motive force in modern technology text-
books. It confuses the issue. Even so,
in the privacy of my own home, I
analyze circuits by thinking of voltage
as being a pressure that pushes current
through a circuit.

And, of course, we all know that elec-
tric current is not a flow of electrons.
It is a flow of charge carriers that may
be electrons under certain conditions.
However, if I'm tracing a circuit path,
I mentally chase electrons through the
conductors and components.

You can still find a few books that
carry these ideas. They are sent in plain
brown wrappers. It is a good idea to
keep them out of the hands of young
folks who are likely to get married to
models.

Wilson is the electronics theory consultant for ES&T.
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WATER PUMP

At the risk of being called old-
fashioned, I'm going to talk about
Kirchhoff’s laws by using the old water-
pipe analogy. I do this even though I
know it will spawn letters to the editor
demanding that I be turned out to
pasture and replaced by an up-to-date
thinker.

Figure 1 shows an engine block, a
radiator and a water pump. It is a model
for an electric circuit. The water pump
acts like the voltage. The water flow is
like the current. The opposition to the
flow of water (caused by the radiator and
engine block) is like the resistance in the
circuit.

When the water flows through the
radiator, there is a drop in the water
pressure. Also, there is a drop in the
pressure when the water flows through
the block. The total amount of pressure
drop is equal to the pressure created by
the pump.

Imagine, for a moment, that this isn’t

F.lgure 1. An engine block, a radiator and a water pump can serve as a model for an slectric
circuit. The water pump acts like the voltage. The water flow is like the current. The opposi-
tion to the flow of water (caused by the radiator and engine block) is like the resistance in

the circuit.
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true. If there is still pressure left over
when the water gets back to the pump,
that water pressure would help to turn
the pump. With that idea, you could get
some perpetual motion started.

If the pressure dropped to zero before
the water got back to the pump, the
water would stop flowing. It couldn’t get
back to the pump, so the flow would not
be continuous. In the closed system in
Figure 1, the drops in pressure are ex-
actly equal to the pressure created by the
pump.

Using the water-pipe analogy, the
same thing happens in the equivalent
circuit in Figure 2. The applied “elec-
tromotive force” is the battery. The elec-
trical pressure created by the battery
equals the voltage drops created by the
resistors.

Kirchhoff knew this when he form-
ulated his voltage law: ‘“The sum of the
voltage drops around a circuit equals the
applied voltage.”

Kirchhoff’s current law

Now, think of two rivers coming
together. Let’s use the Ohio River and
the Mississippi River. The water flow-
ing into the junction of the two rivers
Just has to equal the water flowing away
from the junction.

At this point, students want to discuss
evaporation, a large hole in the ground
and the water that is used by St. Louis.
You’re not a student, so you won’t need
to ask about those things.

Maybe it is safer to use the water
pipes shown in Figure 3. The amount
of water flowing in equals the amount
leaving. Kirchhoff said the same thing,
but he talked about electric current:
“The sum of the currents flowing into
any junction equals the sum of the cur-
rents leaving that junction.”

That is why the emitter current in
Figure 3 equals the sum of the base and
collector currents.

Kirchhoff’s laws are really common



Figure 2. The applied ‘‘electromotive force’” in Figure 1 is the bat-
tery. The electrical pressure created by the battery equals the voltage
drops created by the resistors.

Figure 3. If you use a water-pipe analogy to current flow, the amount
of water flowing in equals the amount leaving. Kirchhoff said the
same thing, but he talked about electric current: *“The sum of the
currents flowing into any junction equals the sum of the currents
leaving that junction.” That is why the emitter current equals the
sum of the base and collector currents.

Figure 4. This circuit might be a dc circuit in a car. The battery (Vo)
is being charged by a generator (V,). All of the resistances for the
head lights, tail lights and other electronic components are com-
bined and represented by resistor R,. Applying Kirchhoff's laws to
find the current through R, you assume a current for each branch
and draw arrows to represent the assumed currents (as shown by
the solid lines). In Maxweil’s loop method, you assume there is a
current flowing around each closed loop, as shown by the dotted
lines.
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sense put into words. You are liable to
get the idea that the laws are just about
useless when you are looking at com-
plicated systems. Actually, the laws
make it possible to analyze very
advanced systems. I'll give a relatively
simple example. (See Figure 4.)

This might be a dc circuit in a car.
The battery (V,) is being charged by a
generator (V,). All of the resistances
for the head lights, tail lights and other
electronic components are combined
and represented by resistor R;.

If you want to find the current through
R,, it can be done by applying Kirch-
hoff’s laws. First, assume a current for
each branch and draw arrows to repre-
sent the assumed currents (as shown by
the solid lines). Don’t worry about
direction. If you assume the wrong
direction, you will get the right value,
but your answer will be negative.

Next, write enough current law equa-
tions to include all of the unknown cur-
rents. You must also write enough
voltage law equations to include all of
the unknown currents.

You can see that at junction B, the

current entering (I;) must equal the
sum of the currents leaving (I,+1;):
I,=L+1,.
That takes care of the current law.
If you go around closed-circuit A B
E F A (or any other closed loop) the

voltage drops have to equal the voltage
applied. Voltage drops are equal to IXR.
Therefore, I, XR, +I; XR; are the sum
of the voltage drops and must equal ap-
plied voltage V.: V,=(I,XR)+
(I3XRy).

Figure 5. In a simpler method of solving the problem posed in the text, called nodal analysis,

voltages are assumed rather than currents.

January

Personal Computer Servicing--Special Report

The number of personal computers found in homes and offices is constantly increasing. ES&T addresses the
specific problems that plague personal computers, and explores ways o correct the problems when they occur.
You’ll also learn about the role depot repair, breakout boxes and logic probes play in servicing personal computers.

Technology Update--DAT

Digital audio tape is a technology that promises Lo deliver the audio quality of compact disc, but adds the ability 1o
record at home with near perfect sound quality. This ES&T article will describe for you the current status of this

technology, and explore how it differs from existing tape recorders.

February

VCR Servicing--Special Report

This ES&T special report discusses VCR technology. How they work, how they’re constructed, how to go about

diagnosing problems in them, and how to service them.

Satellite TV Servicing

ES&T looks at the components of a satellitc system. You’ll learn how they’re interconnected, and how to isolate the

problem to a specific component when malfunctions occur.

Plus ES&T’s Regular Monthly Departments
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You need to write another voltage
equation because you have not included
I,, so write an equation for closed-
circuit B C D E B. Altogether, you will
have three equations. One is for current
and two are for voltage. There are three
unknowns: I, I, and I;. If you are able
to strap on the full armor of algebra, you
can attack the problem of three equa-
tions and three unknowns. Fortunately,
the procedure can be simplified.

Maxwell’s method

This is sometimes called Maxwell’s
loop method, Maxwell’s mesh method
or the Maxwell-Helmholtz method. In
this case, you assume there is a current
flowing around each closed loop, as
shown by the dotted lines in Figure 4.
You only need to write two voltage equa-
tions here. There are two loops, so you
end up with two equations and two
unknowns.

Note that there are two currents, I,
and I,, flowing through R;. To get the
actual current through R;, you have to
subtract I, from I,. Still too much trou-
ble? Read on.

Nodal analysis

It is possible to make a further
simplification of the solution. In this
method, called nodal analysis, voltages
are assumed rather than currents.

The circuit is redrawn in Figure 5. A
point is chosen to represent the node—
that is, the OV point. In this case, point
E has been chosen and the node sym-
bol has been added. You know the
voltage at point B, so you assume V for
that voltage.

Go back and look at Figure 4. Note
that current I, flows through R,. That
current is equal to the voltage across
R, divided by the resistance of R,
(Ohm’s law).

In Figure S, the voltage across R, is
the difference in voltage between points
A and B. In other words, the voltage
across R, is V|-V, so you can represent
I, as being (V,-V)/R,. You can repre-
sent I, as being (V-V,)/R,. Finally, you
can represent the current through R; as
being V/R;.

You already know that the current
equation for point B is I, =L, +I;. If you
substitute into the current equation, you
get

(V,V)/R, = (V-R)R, + VIR,

which is the same as saying I, =I,+1;.
The only unknown is this equation is

V, so you have one equation and one
unknown. That is simple if you know
very basic algebra. After you find the
value of V, you can determine I, by
Ohm’s law.

Maxwell’s method and the nodal
method are actually simplifications of
Kirchhoff’s laws, so he should get most
of the credit.

There is more to Kirchhoff’s laws than
just the voltage and current laws. Using

| the laws or the simplified versions, it is

100"

=l

possible to determine currents and
voltages in very complicated circuits. Of
course, you need the math to get values.
However, just thinking through the
analysis as we have done will give you
some good insight into circuitry.
There is a limitation on the use of
Kirchhoff’s, Maxwell’s and nodal solu-
tions. The resistors must be linear. In
other words, if you double the voltage
across any resistor in the network, the

current through it must double. GG,

T
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PUT THE GRIP ON TIGHT SPOTS

E-Z MICRO XK. Makes positive contact even on the smallest
leeds, including surface mount devices. Two stainless steel
contact blades assure accurate contact, opening under
compression spring, closing firmly around lead. Small and
narrow, stackable side-by-side for high density ICs. Direct
contact-to-lead wire integrity. Durable Nylon housing can be
color coded in 1,000 combinations. Complete choice of
standard test lead assemblies.

=2HOOK

E-Z HOOK, A Division of Tektest, Inc., 225 North Second Ave., P.O. Box 450, Arcadia, CA 91006
(818) 446-6175. TWX 910-582-1614, FAX 818-446-0972.
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ORIGINAL
PARTS

Why order your parts from
several parts houses?
Order them from your
all-in-one parts distributor.

M ony,

S e

TRITRONICS

1306 Continental Drive
Abingdon, MD 21009-2334

PARTS ORDER DESK ONLY:

1-800-638-3328

Research and information:
1-301-676-7300

AUTHORIZED PARTS
DISTRIBUTOR FOR:

I SHARP

I SANYO

I FISHER
RCA

I PANASONIC

I QUASAR |

I GE

I TECHNICS

ALSO STOCKING
Large inventory of N.A.P. Parts
Sylvania e Philco * Magnavox

SAMS e CHEMTRONICS e RCA SK's

TRITRONICS

Feedback

I am at odds with an answer given in
the September 1988 cdition of Elec-
tronic Servicing & Technology.
Perhaps I am missing something in my
training or perhaps, as happens on oc-
casion, therc has been a misprint. [
thought, however, to go to the source.

In “Test Your Electronics Knowl-
cdge” (page 10), the answer to question
6 was given as choice A.

I think the correct response is D.
Without any idea given of the input
signal, the circuit may be:

INPUT CIRCUIT
FUNCTION
Sine wave 1. coupling circuit

2. phase shift circuit

3. high-pass filter
Square wave differentiating circuit
Thomas G. Vlazny, CET
Milwaukee, WI

Dear Mr. Vlazny,

Let’s start by defining the term dif-
ferentiating. In mathematics, it is the
process of finding the rate of change of
onc variable with respect to another.
Very often it is the process of finding
how a variable varies with respect to
time. (Time is the second variable.)

The circuit in Figure A does just that.
Its output is a voltage that depends upon
the rate of change of the input signal

The simple differentiating circuit in
Figure A must operate within a chosen
time period. In other words, the output
will be a voltage that is proportional to
the rate of change of the input voltage
for a specific period of time. Here are
a few examples:

Consider Figure X. If you deliver a
dc voltage to the input, the output will
be OVdc (after the capacitor has
changed). Why? Because when you dif-
ferentiate a constant, you get zero—no
rate of change.

As shown in Figure Y, when you ap-
ply a square wave to the input, you get
a high spike voltage at first. That cor-
responds to a fast rate of change of

| voltage. Following that, you get OV cor-
responding with no rate of change.

Figure Z shows what happens when
you apply a sine wave to the input. The
output is a sine wave that has been
shifted 90°. In other words, it is a cosine
wave. That’s because when you differen-
tiate the sine of X, you get the cosine
of X. There are many similar examples
for any input to the circuit.

So, it is called a differentiating cir-
cuit because it can be used to differen-
tiate a voltage that represents a variable.
This circuit (with some improvement)
can be used in an analog computer.
Choice A is the best choice of those
given in the question.

with respect to time. | Sam Wilson ESFAM
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Symcure Symptoms and cures compiled from field reports of recurring troubles

MY eEesasENSEE eI NOET SO EsOANSRT NSO RONDATROPOEO

RCA CTC46H
Photofact 1243-2

10V
REG.

NOTE: THIS
CIRCUIT APPEARS
BELOW SCHEMATIC
FOR LV

POWER SUPPLY.

Cure: Check Q,. Replace if shorted.

fo"csaveasssansssARERsssasssRaNAEsARRaaEENNaasasatE

RCA CTC46H
Phototfact 1243-2

TP2 PW400 TO
HH
HV
Q, HOLD
11kQ DOWN
+
4.7uF
822 (THIS CIRCUIT
NOT USED ON

ALL MODELS)

68kQ

160V

Symptom: Low brightness, no service line.

RCA CTC46H
Photofact 1243-2

Symptom: Retrace lines on screen.
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0.001.F
RZB
580Q
— y

Cure: Check Ryg; replace it if it is increased in value.
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PW400
>4
;‘ 860v
T BOOST
& SOURCE
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1

Symptom: Horizontal hold won't sync picture, HV won't adjust.

2

Cure: Check CR;. Replace it if it has high forward resistance.

3

P AP AP IS NEN UGS NN O NSNS A NI AN NN AN ANO P AP REESENEANSSNNNSDARR®

RCA CTC46H 4:
Photofact 1243-2
CR,
PW400
c HORIZ.
Te Ris & 2762, SuF Eo LIN
3“22
180Q
= 150v(B) ?57;9

Symptom: Grainy picture and multiple ghosts after warm-up.
Cure: Check CRg and replace it if it is defective. Use only RCA part
number 142569. (Note: Diodes are critical in this chassis.
SK3051/156 won't work.)

RCA CTC46H 5
Photofact 1243-2

A RS Y e R e e R RSSO NN g s Y

- .w

HV MULTIPLIER

TO CRT
HV ANODE

HV

R"l
e 275MQ

Symptom: HV arcing, no raster.
Cure: Check Ry, and replace it if it is open. (Note: HV arcs to
mounting of insulated housing when Ry, opens.)

RCA CTC46H
Photofact 1243-2
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210V(B) = 6,8002
2w .
;
Ryp '
68kQ Cy .
0.22uF E
210V(B) :
'
Symptom: Low brightness, dim service line, .
Cure: Check R4p; replace it if it is open. &
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Symptom: Dead tuner
Set ID: Curtis Mathes VCR, AV725

This VCR was receiving no TV chan-
nels at all in either air or cable mode.
When video was injected, the VCR
displayed good video. I inspected the RF
connectors, which sometimes cause loss
of tuner functions. When the RF is at
fault, snow usually appears on the
screen. This VCR had no snow, only a
black screen, as though the line or video
input had been selected with no input.
On that assumption, I decided to bypass
the RF input switch and drive the tuner
directly, but there was no change.

Next, I finished disassembling the
unit to expose the bottom of the VCR
and the PC board. I was sure that the
tuner was the problem, but before 1
ordered one and waited three weeks, I
decided to check the voltages going to
the tuner to make sure they were there
and that they were varying with band
selecting. BT was there but did not vary.
BU, BS and BV had no voltage and did
not vary when the band-select was
switched. Thank goodness I checked
first or I would have wasted a lot of time
and money.

I decided that it was about time to
check the schematic. (See Figure 1.) I
traced the voltages for these pins back
to the band-switching IC (IC7001
ANS5072, U/V tuner and power control),

——— Troubleshooting tips

and mentally checked the part number
to see if it was something we stocked.
It wasn’t, so I decided that before I
ordered one, I'd do some further check-
ing. I checked the supply voltages to this
IC. The schematic called for 32.1V
supply to pin 6. Pin 6 measured 3.2V,
so I figured it must be a misprint.
Because this IC wasn’t in stock, I decid-
ed to determine if it was actually a
misprint—32V seemed too high for
most ICs.

I traced back to the supply through a
IW series current-limiting resistor,
1,300Q R,,,,. I found 48V on one side
and 3.2V on the other. The presence of
the 48V made me think that the 32.1V
on the schematic wasn’t a misprint. I
then removed power and tested the
resistor. It tested OK, and it was not hot
to the touch.

Something must be loading down the
supply line. Was it the IC? Before 1
parked this VCR to wait for the IC, I
wanted to confirm my assumption that
the IC was the culprit and was loading
down the supply. I desoldered pin 6 on
the IC and measured the voltage at the
resistor. This voltage was still 3.2V, so
the problem was not the IC. I shut the
unit off and measured the resistance to
ground. The reading was around 1k<,
not a short as I suspected it would be.

This was really getting to be
frustrating. None of the assumptions I

1C7001 AN5072

_(U/V TUNER POWER CONTROL)

[o1scrimnaTiON | [VOITAGE |

Figure 1. A possible thermally intermittent capacitor was causing this VCR to receive no

TV channels in either air or cable mode.

48 Electronic Servicing & Technology December 1988

d
|

made based on experience were paying
off here. I studied the print and
discovered that there were only 4 con-
nections at this point: a long foil run to
a plug that went to another board,
R,y,» pin 6 of the IC, and a 0.01uF
capacitor. I desoldered the plug run on
the other board and hoped that that
didn’t restore the voltage to its proper
value, as that would have started me on
a whole other diagnostic track. It
didn’t. Next, I desoldered the capacitor,
C,o- The voltage went to 32V as
marked on the schematic.

Out of circuit, the capacitor tested OK
on the Z-meter. Perhaps it was thermal-
ly intermittent.

This one problem confirmed that it
definitely pays in time and money to
double-check all assumptions, even if
they seem absolutely correct at the time.

David Silver
Findlay, OH

Symptom: No video, muted sound
Set ID: Fisher VCR, FVH-805

With a tape inserted and the PLAY
button pressed, this machine functioned
normally mechanically, but there was no
video and the sound was muted. In the
E-to-E mode (using the VCR tuner on-
ly), the sound and picture were normal.
I ruled out clogged heads because the
TV monitor showed a fine-grained snow
rather than the coarse grain that’s seen
with dirty heads.

We didn’t have a service manual for
this model, but I decided to go as far
as I could without one. A visual inspec-
tion of the VIDEO/AUDIO circuit board
(4-2264-029900) was helpful because
connector PA206 was well-labeled,
showing labels along each pin: 9.5V,
Rec 9V, PB 9V. The voltage at the pin
that was marked PB 9V read 4.5V in-
stead of 9V.

Still entertaining doubts that I could
repair this set without the service
manual, I turned the power off, discon-
nected plug PA206 from the bottom of
the board and measured resistance to
ground from the line marked PB 9V.
The reason that the voltage measured
low at this point seemed to be that this
resistance was very low. Desoldering a
couple of jumpers on the board allowed
me to isolate this portion of the circuitry.
When I desoldered capacitor Cg (see
Figure 2), suspecting that this could be



the cause of the problem, the resistance
increased. The capacitor was shorted.

Before simply replacing the capacitor
and returning the set to service, I decid-
ed to do a few further checks to see if
there was more to the problem than just
this. I started by tacking in a replace-
ment 220uF, 10V capacitor and turning
power on. When I put the VCR in PLAY
mode, I again read 4.5V where I should
have read 9V.

I followed the wires from connector
PA206 and came to the collector of tran-
sistor Q,,. Suspecting that this tran-
sistor was contributing to the problem,
I removed it from the circuit and tested
it. It was leaky. I felt it would be a good
idea to double-check the trouble path,
and I managed to find a manual for a
similar unit, a Fisher model FVH-720.
Although the circuit symbols were dif-

SHORTED

1) 2}13]4
2 & 3 2
® m o O
o w
*4
SYS CON
Q-SIR +9.5V

2SA608

PA206
AUDIO-VIDEO

Figure 2. A shorted C, drew excessive cur-
rent through Q... causing the transistor to
fail. The result was no video and muted
sound.

ferent, component values and part
numbers were close enough to
reconstruct the failure and to order
replacement parts.

Evidently capacitor C, shorted,
drawing excessive current through Q,,
until it failed. I ordinarily use exact
replacement parts in VCR repair, but a
10V capacitor in a 9V circuit seemed
like an inadequate rating. Just to be on

BEST PRICES!

the safe side, I used one rated at 25V.

A circuit problem such as this one or-
dinarily could not be located without the
service manual, but the combination of
a well-marked board and a service
manual for a similar unit made this pro-
blem a happy exception.

Walt Schuman, CET

Grass Valley, CA

sy

T 800-USIR-123

(800-874-7123)

Used Test Equipment, Too! Over 3,000 Models
Available At Huge Discounts With Warranties!
Freight and taxes extra. Immediate availability of equipment.

Power

United States Instrument Rentals, Inc.

l B A U.S. Leasing Company

Multimeters Scopes
Beckman Hitachi Sources
300 $101 | V-222 $570 Power Designs
310 $122 | v-422 $734 | 20208 $808
320 $150 | V-425 $859 | 1570A $1515
350 $198 | V-1100A $2070 | 2K20A $1040
360 $250 | V-660 $1076 | 4050D $765
4410 $206 | V-665 $1345 | 5015D $508
HD100 $146 | V-1065 $1706 | 6150D $765
HD110 $172 | V-509 $1266 | TW347D $812
HD130 $224 TW5005D $594
Hitachi TW6050D  $1021
Beckman V-1060 $71436 | TP343A $812
HD140 $241 -
Power Designs
Fluke Iwatsu TP340A  $725
23-VEL s134 | DS6121A  $4975
25-YEL s167 | SC-340 oI
SS-5321 $3800
37 $209 | So"2-0s $508 LCR Meters
73 $66 SS-6611 $1863 Wayne Kerr
75 $100 | o5 5712 2885 | 4225 $1806
77 $134 4210 $2497
8010A $276 =
8020B $218 watsu Counters
8050A $360 | DS-6121 $3975 Flsk .
80G0A $327 1900A $459
Fluk Thermometer | 19104 $616
UKE 27-VEL | Fluke-52  $142 | 1911A $756
or 27-STD $219 Handheld 1912A $832
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—— Products

Transient suppressors
NTE has introduced a line of MOVs
and zener over-voltage transient sup-
pressors. The MOVs range in clamping

voltage from 42V to 1,240V with energy |

ratings form 0.8J to 180J. The zener uni-
directional and bidirectional over-
voltage types provide low zener impe-
dance and fast response times.

Circle (75) on Reply Card

Soldering systems
The Unger UTC Series soldering
systems from HMC have a temperature
range from 400°F to 800°F and are
equipped with either a macro iron, a
micro iron or a high-capacity iron. The
systems meet military specifications for
tip temperature (+10°F), tip-to-ground
resistance (2 max.) and tip voltage
potential (2mV). The CMOS-safe
systems are calibrated without
disassembly and are fully grounded
from tip to plug.
Circle (76) on Reply Card

Desoldering station
Leads Meral Products has introduced
the model 7200 ENDECO power vac-
uum desoldering station, which runs on
shop air and has no filters to clog. The
station features a rapid vacuum that
cools component leads and a fast ejec-
tion of molten solder and contaminants.
It includes a lightweight desoldering
iron that operates at 40W and idles at
20W. The station is equipped with eight
tip sizes. a cleaning tool and a spittoon
for contaminants.
Circle (77) on Reply Card

Pocket-size multimeters
AW, Sperry Instruments has intro-

duced the SP-10A and SP-15A hand-held |

analog multimeters. The SP-10A has dc
and ac voltage ranges of 10V/50V/250V/
500V, dc current of 250mA, resistance
ranges of 1kQ/10kQ/100kS2, and 1.5/9V
battery check. The SP-15A has dc volt-
age ranges of 5V/25V/250V, ac voltage
ranges of 5V/25V/250V/1,000V, dc cur-
rent ranges of 0.5mA/5mA/250mA, re-
sistance ranges of 1k}/10kQ/IMQ and an
instant continuity buzzer.
Circle {78) on Reply Card

Logic tester
Daitron has introduced the I1L-2200
OMIC logic tester, which permits meas-
urement of 14-22 pins simultaneously
with its 2-piece connector for TTL and

CMOS ICs. The system features hook
contacts, guides between pins, and
2-color LED indicators to measure de-
tectable voltage over 60%, below 35%
or in between.

Circle (79) on Reply Card

Protected outlet strip

Scooter Products Group has intro-
duced the model SP4M Guard-It surge-
protected outlet strip featuring modular
protection, an anti-static grounding jack
and full MOV protection. The unit han-
dles peak surge currents up to 6,000A
and a less than 1.0ns clamping time.

Circle (80) on Reply Card

Management software

ServiceMagic, introduced by MAGIC
Solutions, is a software package for
managing field service and repair opera-
tions. The software tracks on-site serv-
ice, repair and hot-line telephone sup-
port activities; maintains service con-
tracts; and manages work orders. The
program has user-definable codes and
an integrated database that can generate

work orders from hot-line telephone |

support.
Circle (81) on Reply Card

Silicone receiving tubes

International Components Corpora-
tion has introduced three plug-in, high-
performance, solid-state silicone Serv-
icemaster receiving tubes. The tubes re-
place 62 common tube types: The mod-
el SST-100 replaces 32, the model
SST-200 replaces 21 and the SST-300
replaces 10.

Circle (82) on Reply Card

Breakout boxes

Easy BOB models 775 and 785, intro-
duced by Beckman Industrial, are
battery-powered, 100-LED breakout
boxes that feature faceplate output volt-
age pins and pulse trapping. The model
775 will monitor and reconfigure all 25
incoming and outgoing RS-232C lines
for positive and negative voltages, and
it can be used with PC parallel commu-
nications. The model 785 is also a full-
function cable tester and will send and
receive test voltages simultaneously.

Circle (83) on Reply Card

Storage bin
LOCK-A-BIN, a locking storage and
transport bin for small parts, has been
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introduced by Alacra Systems. The
stackable, virtually indestructable bin
features a hopper that enables
assemblers to pick parts up to 28%
faster than from conventional bins. It
holds parts as small as 0.04-inch in
diameter and meets static decay and
conductive material requirements.
Circle (84) on Reply Card

Factory air rework system

The BTR-15 from OK Industries is a
rework/repair system that utilizes fac-
tory air for vacuum pressure and suc-
tion and is available in 115V and 230V.
The system provides closed-loop ther-
mocouple control and a vacuum rise
time of less than 0.15 seconds to reach
pressures greater than 23 inches Hg. It
features zero-voltage heater switching
and a 100W, 24V desolder handpiece
that is directly grounded for low tip-to-
ground resistance and tip-potential
levels.

Circle (85) on Reply Card

Sweep/function generator

The model 3017 sweep/function gen-
erator from B&K-Precision covers from
0.2Hz to 2MHz in seven ranges and pro-
vides sine, triangle and square wave-
forms, plus TTL pulse and CMOS pulse
signals. The generator features variable
duty cycle; internal or external sweep/
source capability with continuously ad-
Jjustable sweep width to a maximum
1,000:1 ratio; adjustable sweep time
from 0.5 to 30 seconds with selectable
linear or logarithmic operation; adjust-
able output level from 0dB to —20dB;
and variable dc offset.

Circle (86) on Reply Card

Computer system service Kit

Jensen Tools has introduced the
JTK-2000, a service kit for complete
computer system maintenance. The tool
selection offers more than 100 standard
and specialized tools, including Torx
drivers, ball-end hex drivers, a phone-
line tester, a keycap puller, IC and con-
tact insertion/removal tools, soldering
equipment, pliers, wrenches, screwdriv-
ers and nutdrivers, plus optional test
equipment.

Circle (87) on Reply Card

Cable tester
The Cable Scanner, introduced by Mi-
crolest, is designed to pinpoint cable



faults in LAN cabling systems. The test-
er features time domain reflectometry
measurements (cable RADAR) without
the need to disconnect workstations
from the net, cable resistance measure-
ments, noise level measurements and an
audible continuity checker.
Circle (88) on Reply Card

Portable oscilloscope
The Tekrronix 2247A portable oscil-
loscope features a counter/timer and au-
tomatic rise/fall-time and propagation-
delay measurements. The 100MHz,
4-channel scope offers auto setup, on-
screen cursors and up to 20 pre-
programmed measurements.
Circle (89) on Reply Card

Driving tool
The SqueezeDriver, available from
Worklools, is a mechanically driven tool
that doesn’t use batteries or electricity.
The tool will install and remove
fasteners and features interchangeable

POPULAR SEMICONDUCTORS

bits in %-inch hex format and three
modes: high torque, low torque and
ratchet. Average no-load RPM in
squeeze mode 1s 130-150. Average max-
imum torque is 35 inch-pounds; high-
torque driving capability is up to 100
inch-pounds.
Circle (90) on Reply Card

Polishing bar
CooperTools has announced the
Weller WPB-1, a polishing bar for buf-
fing and restoring soldering tips. The
bar will clean oxidation from hot and
cold tips.
Circle (91) on Reply Card

Software package

The Philips PM 2240/001 TestTeam
PC software, announced by John Fluke
Mfg., provides a simple environment for
writing test and measurement programs
and allows program testing with build-
in facilities for syntax checking, debug-
ging and error-handling. All functions

offered are available via pull-down
menus and pop-up windows.
Circle (92) on Reply Card

Repair kit

Pace has introduced CIR-KITS, repair
kits for repair of assembled PC boards.
The kits include more than 30 sizes of
eyelets, tracks plated to Mil specs in
various pad diameters and widths, an
abrastve stick and a setting tool. The kit
is available in three models, basic, ad-
vanced and master.

Circle (93) on Reply Card

Soldering equipment analyzer

The battery-operated G310 miniature
soldering equipment analyzer from
Hexacon Electric Company digitally
displays a soldering iron’s tip
temperature, ESD resistance and voltage
leakage. An interface port for chart
recording or a data logger is also pro-

vided.
Circle (94) on Reply Card Esm’./w

2SD1341P Original Sanyo 10 For $19.90
2SD869 Original Toshiba 10 For $19.90
BU208A Original Toshiba 10 For $19.90
25D1398 Criginal Sanyo 10 For $19.90
STR3115 Criginal Sanken ») $3.95 Ea.
STR3125 Original Sanken ,g)” $3.95 Ea.
STR30120 Original Sanken $3.95 Ea.
STK4273 Original Sanken (10 min.) $9.95 Ea.
STKO0080 Original Sanken $15.95 Ea

375 Replacement (10 min.) 99¢ Ea.

VCR PARTS
SANYO RF Modulator #4-1164-031600 $17.95 Ea.
FISHER RF Modulator 191002-143-9-4300  $17.95 Ea.
MITSUBISHI RF Modulator #PU57855-01 $19.95 Ea.
TOSHIBA RF Modulator #MSU-911 $19.95 Ea.
RCA Loading Belt 157061 or 157062 10/For $8.50
FISHER Loading Belt 143-2-7504-01000  10/For $8.50
GOLDSTAR Samsung Photo Interupter $1.99 Ea.
RCA Idler 164113 2 $3.25 Ea.
FISHER Idler 143-0-4204-00400 - y/ $3.99 Ea.
SHARP Idier NIDLO00S V\‘ S $2.99 Ea.
SHARP Idler NiDLO00& 2 $2.99 Ea.

POPULAR ITEMS

Sharp Flyback FO009G
Sharp Flyback
Sanyo Flyback

Sanyo Flyback

Tripler 523A/526A -+, 0# $9.95 Ea.
Sanyo Focus Divider 20064 $11.95 Ea.
Minus-62 Freeze Spray $4.95 Ea.
Freon TF Cinr./Precision Cinr. Degreaser $4.95 Ea.

Chemtronics Solder — 1 Lb. Spool .031 Dia. $7.95 Lb.

Chem-Wick Lite 1/8 Dia. 25’ Spool $5.50

$27.95 Ea.
FO003G ~s———. $27.95 Ea.

FO260 <> §$14.95 Ea.
FO192 “N—M\514'95 Ea.

POPULAR CAPACITORS

100MFD/50 Volts Radial 20 For $10.00
4.7MFD/250 Volts Radial 10 For $5.50
10MFD/350 Volts Radial 10 For 7.50
1000MFD/200 Volts Snap-In 5 For $12.50
680MFD/200 Volts Snap-In 5 For $12.50
100MFD/200 Volts Radial 10 For $12.50
47MFD/50 Volts Radial 10 For $4.50
10MFD/25 Volts Non Polarized 10 For $5.00
825MFD/250 Volts Snap-in $3.95 Ea.
80MFD/450 Volts Axial 10 For $19.90

ASK FOR OUR FREE CATALOG

CALL TOLL FREE 4-800-628-1118
N PENNA CALL. $-215-364-7667

m

975 JAYMOR RD
SOUTHAMPTON PA 18966

Circle (19) on Reply Card
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—— Computer Corner |

Interfacing computers

to the analog world—part Vii

By Joseph J. Carr, CET

The first few paris in this series have
described analog-to-digital (A/D) and
digital-to-analog (D/A) converters. Last
month we looked at methods for convert-
ing I, to an output voltage with a low
output impedance. This month we’ll
[finish this series with a closer look at
A/D converters and an introduction to
the methods for interfacing digital com-
puters 1o the non-analog outside world.

A/D converters
A large number of instruments,
transducers and other devices operate in
the analog mode. These devices use a
voltage or current to represent some
physical parameter. For example, a
blood-pressure transducer used in |

Carr, an electronics engineer, has published several books
on electronics and is a frequent contributor to ES&T. ‘

hospitals typically produces a dc voltage
output of 50uV per volt of excitation per
millimeter of mercury pressure
(50pV/V-mmHg). This potential is
amplified and displayed in the form of
blood pressure numbers or an analog

waveform on either an oscilloscope or ‘

a strip-chart recorder. More and more,
such instruments (not just medical
blood-pressure monitors) use program-
mable digital computers and micro-
processors. The job of interfacing these
instruments requires converting analog
voltages (or currents) to a proportional
binary number to be input into the
digital computer.

An analog-to-digital (A/D) converter
is a device that will produce a binary
word output that is proportional to the
applied analog voltage. Any specific
A/D converter will have a certain range.
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Figure 1. This method for A/D conversion
uses just two integrated circuits: a digital-to-
analog converter (DAC) and a voitage com-
parator (A,). The DAC produces a voltage
output that is proportional to an applied 8-bit
binary word. The DAC digital inputs are sup-
plied by a computer output port.
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| Unipolar A/D converters typically have
ranges of OV to 1V, OV to 2.5V, 0V to
5V or OV to 10V. In such a converter,
the binary word will represent voltages

DISPLAY
OVER-RANGE

Figure 2. As this flow chart for an A/D con-
verter program shows, the idea is to cause
the output of the computer to ramp from
00000000 to 11111111, which forces the DAC
voltage output to ramp from zero to full-scale.



in a manner similar to the OV to 10V
case shown below:

C, Vee R, c,
0.1, £ 10kQ 150pF

Unipolar Binary word e
voltage (8 bltS) _r' >_{ "1 CS—o: zoo—vcc
oV 00000000 - . AD—o:  wo-CLK
(zero scale) ' ) WR —0: o=
5V 10000000 ] — ANALOG 6K A, wo_gz:)
(half scale) - - 81| g INPUTS _IN
10V 1111 ARl INTR<:  wo-DB2
(full scale) % +Vjp—o ¢ 1s0—DB3
‘ 852 { -<_g_ ADC801 ~Vijp—o 7 no—DB4
For the blpolqr case, spch as ‘—5V to M A GND—o© ¢ no—DBS
+5V, the coding is a little different: e v
s s _"4 Vm,/z—-o 9 no—-DB7
Bipolar Binary word e 2 D GND —o wo—DB8
voltage (8 bits) \- ° PINOUTS |
i ADC801
-5v 00000000
- Zero o111
+zero 10000000
+5V 11mn

Figure 3. The ADC-0801 device is a single-channel A/D converter that is easily interfaced
to almost any digital computer. In the circuit variant shown here, the timing is accomplished
. . . by an RC network consisting of Ry and Cy. This device has a tri-state, 8-bit output port, so
relatively straightforward. Binary jtcan be interfaced directly to the microcomputer bus. Alternatively, the same lines can be
00000000 represents OV and the max-  connected to an 8-bit input port on a computer.

In the unipolar case the coding is
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imum binary number 11111111 is the full- | to put together an A/D converter, far The voltage comparator (A)) is a
scale voltage (+2.5V, +5V or +10V). | more than can be accommodated here. | device that will produce an output that
The number of possible states is 2" | For additional information, see my | tells us whether or not the applied
where n is the bit length of the binary | book, Microprocessor Interfacing: A/D- | voltages are equal. In this case, com-
word. For an 8-bit machine, therefore, | D/A. We will, however, examine two | parator A, compares voltage V, (the
the number of possible states is 256. | methods that are popular with | DAC output) and the unknown input

Because the OV state is represented by | microcomputer users. voltage V,. When V, is less than V_,
00000000, that leaves 255 different the output of A, is HIGH. But when
levels for voltage representation. This Methods for A/D conversion V, 1s equal to or greater than V,, the

offset coding leaves us with a maximum Figure 1 shows a simple, minimum- = output of A, is LOW.

full-scale voltage that is lowered by the | hardware method for A/D conversion The output of comparator A, is ap-
value of voltage change caused by a | that uses just two integrated circuits: a | plied to a computer input port at bit 7
change in the least-significant bit (LSB) | digital-to-analog converter (DAC) anda | (MSD). When V, and V, are not
of the binary word. Fora 10V A/D con- | voltage comparator (A,). The DAC | equal, the binary word applied to the
verter, the I-LSB voltage is 40mV, so the | produces a voltage output that is propor- | port is Ixxxxxxx (where x denotes
maximum voltage is 10V—0040V, or | tional to an applied 8-bit binary word. = “don’t carc”). When the two voltages are

+9.96V. ' The DAC digital inputs are supplied by = equal, the word applied is OXXxxxxXx.
There are a number of different ways | a computer output port. With these facts in mind, let’s take a
V+ Vs b
7405 +5Vdc (2.2kQ PULL-UP)
| 7406 +30Vdc @ 30mA NC
7407 +30Vdc @ 30mA g—__g__— c
R 7416 +15Vdc @ 40mA CR1 3
@ IN4007 A o NO
CONTROL
: INPUT
7417 +15Vdc @ 40mA
(CONNECT i
i (NON-INVERTING)
BIT OF A COMPUTER OUTPUT PORT)

Figure 5. To interface a light-weight sensitive
relay to the computer, the relay coil (K;) must
Figure 4. Figure 4A shows an open-collector TTL inverter (or non-inverting buffer), which  have a resistance that will limit the current
requires a pull-up resistor (or other load) between the output terminal and the V+ voltage  to 30mA or 40mA, depending upon the type
to act as a current source. A table of various TTL-type numbers is shown in Figure 4B. of inverter used.

_hy

Ve Be i
C

|
|

CR1
IN4007

NC
el A
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Figure 6. Solenoids tend to require higher currents than relays. There
are three approaches to this problem. Figure 6A shows a PNP tran-
sistor used as an electronic switch between the relay or solenoid coil
and ground. A circuit based on the NPN transistor is shown in Figure
6B. The operation of this circuit is similar, but this circuit uses op-
posite polarity transistors. A similar circuit is shown in Figure 6C. This
circuit uses a very high-gain transistor amplifier consisting of Q, and
Q,, called a Darlington amplifier.
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look at Figure 2 and determine how this
software-controlled A/D converter will
function.

Figure 2 shows the flow chart for an
A/D converter program. The idea is to
cause the output of the computer to
ramp from 00000000 to 11111111, which
forces the DAC voltage output to ramp
from zero to full-scale. In the example
below, we are assuming a 6502-based
microcomputer in which an output port
is memory-mapped to address hAGO7
and an input is at hAOO8. The steps re-
quired are:

1. Load the X index register with hex-
adecimal number hFF (binary 11111111).
2. Increment the X-register. On the in-
itial run through the program, this step
brings it to h0O0.

3. Test for over-range. If the X-register
incremented to hFF, the program must

take into account that, if no resultisob- | 0 = 0, 0 AND 1 =0, 1 AND 0 = 0,

tained in the steps to follow, an over-
range situation occurred. The program
must then display a message to that
effect.

4. Next, load the contents of the X-
register into memory location hA007
(which is the output port). The X-
register contents are thus output to the
DAC, which produces a voltage propor-
tional to the value of X-register.

5. The accumulator (A-register) is
loaded with the value of memory loca-
tion hAQ08, the input port. This value
is Ixxxxxxx if V, is not equal to V,. It
is Ixxxxxxx if the voltages are equal.
6. We now compare the input word from |
hA0O08 to test for the condition of the
MSD. We can do this by using the AND |
instruction and an operand of h80
(binary 10000000). According to the
rules of logical-AND operation, 0 AND ‘

(V4)1

202
tij (V+)2

Figure 7. One very common problem is interruption of the computer operation due to glitch-
es generated by the coil CEMF. An opto-isolator can overcome that problem.

MCP3030
MCP3040

Uy:

115Vac ?

Figure 8. Another reason for using an opto-isolator is interfacing the 110Vac line. The opto-
isolator can drive a relay (as in Figure 7) or an SCR, as shown in Figure 8A. The transistor
in the opto-isolator controls the gate current of the SCR. Figure 8B shows an opto-isolator
that uses a triac as the output device. Inherent in this type of device is a phototransistor
or photodiode built into the triac gate structure.
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1 AND 1 = 1. Thus, when Oxxxxxxx

’ is present, the result of the AND opera-

tion is 0, and when 1xxxxxxx is present,
the result is 1. We complete the test by
testing for zero (6502 Z-flag = 1) us-
ing the BNE instruction.

7. If the result is non-zero, we branch
back to the increment X-register point
and start over until the result is zero.
Alternatively, if the result is zero, the
contents of the X-register represent the
analog voltage applied (V, so the pro-
gram falls through).

IC A/D converters

At one time, A/D converters were
both terribly complex and terribly ex-
pensive, especially when more than
three or four bits were required. I can
remember $2,000 prices on 12-bit A/D
converters. Today, however, there are a
lot of different A/D converters available
on the market, at low cost for the most
part, in both hybrid and monolithic in-
tegrated circuit form. The market has
too many to do justice to the complete
picture in a single article, The devices
selected in this article are gencrally
available to hobbyists through outlets
such as Jameco (and its Jim-Paks sold
through distributors), Digi-Key and
others.

The ADC-08xx series of chips,
available from several sources, are
microprocessor and microcomputer
compatible and are intended specifically
for the type of system we might need.
Figure 3 shows a basic circuit for the
ADC-0801 single-channel version.
(ADC-0808 is an 8-channel model;
ADC-0816 is a 16-channel model.)

The ADC-08xx devices have a tri-
state, 8-bit output port, so they can be
interfaced directly to the microcomputer
bus. Alternatively, the same lines can be
connected to an 8-bit input port on a
computer.

The ADC-0801 device shown in
Figure 3 is a single-channel A/D con-
verter that is easily interfaced to almost
any digital computer. In the circuit
variant shown here, the timing is ac-
complished by an RC network con-
sisting of R, and C,. Not shown in this
circuit is the use of the control lines such
as CS, RS, WR and INTR. The specific
use of these are determined by the ex-
act application and would differ from
microprocessor to microprocessor. The
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National Semiconductor Linear Data
Book—1982, which is available from
Jameco and others, gives details for con-
necting several different computer chips
to this family of devices.

Other interfaces to the outside world

There are several methods available
for interfacing digital computers to the
non-analog outside world. Examples of
devices in this class are light-emitting
diodes (LEDs), relays, solenoids and the
110Vac line.

In all cases, we assume a computer
output port on which at least one bit is
available for use as a control flag. In the
cases of the input sensors at the end of
the article, of course, we are assuming
that an input port is available. All of our
circuits require the bit to be either
HIGH or LOW in order to turn on
(depending upon design). In most cases,
the computer output port does not have
the drive capacity to directly drive the
control circuit. Personal computer out-
put ports usually drive only one or two
TTL loads, or about 1.6mA to 3.2mA.
As a result, we need to connect either
a TTL inverter or a non-inverting buf-
fer to the computer output port in order
to increase the drive capability.

Figure 4A shows the open-collector
TTL inverter (or non-inverting buffer)
used for this application. A table of
various TTL-type numbers is shown in
Figure 4B. An open-collector TTL
device requires a pull-up resistor (or
other load) between the output terminal
and the V+ voltage to act as a current
source. Although the TTL package must
operate at +5Vdc (like all TTL), cer-
tain devices can operate with output ter-
minal potentials up to +30Vdc at cur-
rents of 30mA or 40mA. The load or
pull-up resistor must be selected to limit
the current to the device maximum at
the maximum permitted voltage.

When the inverter input is LOW, the
output is HIGH. With this condition, the
load is not grounded, so no current
flows. Alternatively, when the input is
HIGH, the output is LOW, so the load
is essentially grounded and has a cur-
rent flow through it.

LEDs can be interfaced to the com-
puter through the same kind of circuit
as Figure 4A. The LED is placed in
series with a pull-up resistor that limits
the current to a value consistent with the
LED requirements (usually 15mA). For
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+5Vdc situations, a 3309 series resistor
is generally used.

Figure 5 shows how to interface a
relay to the computer. The relay coil
(K,) must have a resistance that will
limit the current to 30mA or 40mA,
depending upon the type of inverter
used.

The diode connected in shunt across
the relay coil is used to de-spike the
high-voltage counter-electromotive
force (CEMF) that is normally
generated when the magnetic field sur-
rounding the energized coil collapses at
turn-off. This diode is normally reverse-
biased, but when the spike comes along
it is of opposite polarity, so it forward-
biases the diode. This diode must have
a 1,000V PIV rating (IN4007 is suffi-
cient and low-cost).

For those cases where the relay cur-
rent is small, we can use this simple
case, but where the coil current is
higher, another circuit is required. Also,
solenoids tend to require higher currents
than relays. Figure 6 shows three ap-
proaches to this problem. Figure 6A
shows a PNP transistor used as an elec-
tronic switch between the relay or
solenoid coil and ground: The collector-
emitter path or the transistor is in series
with the load, and the base is connected
to the output of the open-collector in-
verter. When the input is LOW, the out-
put of U, will be HIGH, which forces
the base and emitter potentials of Q, to
be nearly equal. When the input goes
HIGH, however, the U, output goes
LOW, so the base of the PNP transistor
is at a lower potential than the emitter.
This condition forward-biases the PNP
transistor, which turns it on. This cir-
cuit operates the relay or solenoid when
the input is HIGH.

The transistor selected for Q, must
have adequate collector current,
collector-emitter voltage and collector
power dissipation ratings. Don’t make
the mistake, however, of thinking that
the collector dissipation rating is mere-
ly the product of the voltage and cur-
rent ratings. Many transistors have a
power-handling capability that is lower
than the product of the maximum per-
mitted voltage and maximum current. In
addition, the transistor must also have
sufficient beta gain to cause it to saturate
when the base goes low. The ratio of the
relay coil current (which is also the tran-
sistor collector current) and the base
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Figure 9. It is sometimes desirable to build
either a custom keyboard or special input
sensors to get the computer’s attention.
Some of these sensors are shown here con-
nected to a common input port. Attached to
bits 1 and 3 are a pair of SPST switches. At-
tached to bit 7 is an opto-isolator. This type
of input device is used where the external cir-
cuitry is either incompatible with the com-
puter or dangerous to the computer’s con-
tinued health, The opto-isolator could also be
replaced with a similar device as shown in
the inset. The interrupter is an opto-isolator
in which a slot is cut to permit an external
blinder vane to interrupt the path between the
LED and the phototransistor. A simple
phototransistor is shown at bit 8.

current (which is limited to the ability
of the inverter to sink it) is the minimum
allowable beta rating.

A circuit based on the NPN transistor
is shown in Figure 6B. The operation
of this circuit is similar, but this circuit
uses opposite polarity transistors. When
the input is HIGH, the output of U, is
LOW, so point A is essentially ground-
ed. Under this condition, the transistor
is unbiased, so it is cut off. This relay
is de-energized. But when the input of
the inverter is LOW, the output is
HIGH, so point A is at a positive
voltage. Under this condition, the tran-

sistor is biased hard-on and is thus in
saturation. The relay or solenoid coil
(K,) is grounded and is therefore
energized.

A similar circuit is shown in Figure
6C. This circuit uses a very high-gain
transistor amplifier consisting of Q,
and Q,, called a Darlington pair or
Darlington amplifier. The beta of this
type of amplifier is the product of the
beta ratings of Q, (Hg,) and Q, (Hy,).
Consider a case where a gain of 200 is
used for Q, and a gain of 80 is used for

Qu:

Hyp = Hg X Hg,
H,, = 200x80
H,, = 16000

If two identical transistors are used for
Q, and Q,, they have the same beta.
The overall beta is the beta of either
squared. In most cases, a driver tran-
sistor is used for Q, and a power tran-
sistor is used for Q,. Several semicon-
ductor manufacturers offer Darlington
amplifiers in single transistor packages.
One replacement semiconductor line of-
fers devices with collector dissipation
ratings of anywhere from 600mW to
160W and beta ratings of 1,000 to
90,000. Some Darlington amplifiers can
be driven directly from the computer
output (by virtue of its extremely high
beta) without the need for the inverter.

Isolated interfaces

There are situations where it is ad-
visable to isolate the computer output
from the relay or solenoid circuit. One
very common problem is interruption of
the computer operation due to glitches
generated by the coil CEMF. We can
overcome that problem by using an
opto-isolator as shown in Figure 7. In
this case we show the lightweight relay
situation analogous to Figure 5, but any
of the other circuits can also be adapted
to this application by replacing the in-
verter output with the collector of the
phototransistor output of the opto-
isolator (both require pull-up loads,
after all).

Another reason for using an opto-
isolator is interfacing the 110Vac line.
We can use the opto-isolator to drive a
relay (as in Figure 7) or an SCR (Figure
8A). In the example of Figure 8A, the
transistor in the opto-isolator controls
the gate current of the SCR. At one
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time, the phototransistor form of opto- | path between the LED and the photo-

isolator was the only type available. To-
day, however, we have other forms to
select from. Figure 8B shows an opto-
isolator that uses a triac as the output
device. Inherent in this type of device
is a phototransistor or photodiode built
into the triac gate structure.

Custom input sensors

It is sometimes desirable to build
either a custom keyboard or special in-
put sensors to get the computer’s atten-
tion. Figure 9 shows some of these sen-
sors connected to a common input port
(for the sake of illustration—rarely
would so many different kinds be at-
tached to the same port). Attached to
bits 1 and 3 are a pair of SPST switches.
When its switch is open, each input bit
is pulled HIGH by a 3.3kQ pull-up
resistor. Although the bit might be
“naturally HIGH,” use of a pull-up
resistor ensures that noise doesn’t ac-
cidentally make it appear temporarily
LOW. When the switch is closed, the bit
drops LOW. A program must be writ-
ten to scan these bits and test for
HIGH/LOW condition. When the LOW
is found, the program then reacts ac-
cording to the programmed action
desired.

Attached to bit 7 is an opto-isolator.
This type of input device is used where
the external circuitry is either incom-
patible with the computer or dangerous
to the computer’s continued health. An
example of incompatibility might be cir-
cuits where V+ is enough greater than
+5Vdc to be potentially damaging to the
IC. Another example might be a noisy
signal source. I once owned a model 33
teletype machine that threw spikes from
its internal solenoids onto the power
supply line, and so could not be direct-
ly interfaced to my old Digital Group
computer without causing programs to
bomb out. An example of unhealthy ap-
plications include high-voltage circuits
or circuits using a different ground plane
(often because of high voltage being
present). Although a switch was shown
in Figure 9, the control of the LED
could be achieved with other forms of
circuit as required.

We could also replace the opto-
isolator with a similar device as shown
in the inset. The interrupter is an opto-
isolator in which a slot is cut to permit
an external blinder vane to interrupt the
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transistor. Your computer printer uses
a device similar to this one as a paper-
out sensor. The paper passes through
the slot, blinding the phototransistor.
When the paper runs out, the phototran-
sistor is no longer blinded and sounds
the alarm to the outside world.

Another application for this type of
interrupter is in home burglar alarms.
The interrupter could be placed on a
window or door jaw, while the blinding
vane is on the window or door itself. As
long as the window or door remains
closed, the phototransistor is blinded.
But if someone breaks in, the vane
blinds the phototransistor and trips the
alarm. At least one commercial com-
puterized alarm system allows the
operator to follow the progress of the
bad guy through a premises by charting
which doors are opened and closed.
This neat trick is accomplished by each
interrupter sensor being connected to a
different input port bit, with the com-
puter suitably programmed to find it.

One final sensor is the simple
phototransistor shown at bit 8. A friend
of mine is a mechanical engineer who
oversees large, industrial-style furnaces
and boilers that heat large apartment and
office buildings. He designed and built
an integrated boiler controller. All large
boiler furnaces have either a photocell
or thermocouple to let the control
operator know when the flame is turned
on. By using the infrared form of
phototransistor looking in each furnace
window, he was able to monitor the ex-
istence or non-existence of flame (the
purpose is to shut off the fuel oil if the
flame snuffs out). Not all applications
for this sensor need be so exotic,
however. You could install a computer
home controller system, one function of
which is to raise the national flag in the
morning when the sun comes up. A
phototransistor could be the sun-
detector.

Over the past months, we have ex-
amined a number of different methods
for interfacing digital computers with
the outside world. We looked at analog-
to-digital converters (A/D), digital-to-
analog converters, and other ‘“‘non-
analog” devices in the outside world.
The details of how to make the input and
output bits used to control these circuits
can be deduced from your computer in-

struction manuals. EST..
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Understanding & Repairing

CB Radios—For the Professional
Technician, by Lou Franklin;

C.B. City International; 365 pages;
$29.95, paperback (add $2.50 for
shipping).

This reference is designed to aid the
professional technician or serious radio
hobbyist in solving any type of CB radio
problem. The book discusses technical
specifications and measuring equipment
and describes basic electronic
troubleshooting techniques as they relate
to CB radios. Virtually every type of cir-
cuit found in CB radios is analyzed, and
a separate chapter discusses antenna
problems and installation.

C.B. City International, P.O. Box 31500, Phoenix,
AZ 85046.

Handbook of Radio Communications
Servicing and Maintenance,
by Harry L. Helms; Prentice Hall; |

128 pages; $28, hardbound. '
This book outlines the basic operating
theory and principles of 2-way radio

systems. The basic tests and measure- '

ment procedures required by the FCC
are described, along with the necessary |
equipment. The book also covers
diagnostic and troubleshooting
strategies and advanced technologies ‘
that are likely to be implemented in the
future.

Prentice Hall, Route 9W, Englewood Cliffs, NJ
07632, 201-767-5937.
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your business with
“current’’ news from
the NESDA Update, a bi-monthly
newsletter of events that affect your
business. For information about NESDA,

and a free sample of the Update, just mail
the following to NESDA:

Address

Zip

Phone

National Electronics Sales &k

NESDA

Service Dealers Association

2708 W. Berry St.
Ft. Worth TX 76109

(817) 921-9061

One of a series.

The method most
manufacturers recommend

Light Box System.

Presenting
an affordable

Mode! TR100 CB
Camera Light Box
with (2) transparencies

® (2) 3200° Kelvin Lamps
(meets mfr. spec.)

o 1-year conditional
guarantee

© Transparencies mounted in
acrylic with optical scratch-
resistant surface

o 11-step gray scale
transparency

¢ 7-Bar color transparency

o All orders are shipped
within 72 hours, U.P.S.

CCLVLL LY (313) 939-2740

=

P.0. Box 77103 e Sterling Hts., M 48077
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Now You Can Learn Electronics
From VHS Video Tape!!

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

ELECTRONICS AND YOU—PART ONE DC
PRICE $32.95
You will learn about Serles circults, Parallel cir-
cults, the combination of Serles-Paraltel circuits,
Ohms Law, Voitage, Current and Reslstance as
well as how to use the Digltal multimeter.

ELECTRONICS AND YOU—PART TWO AC

PRICE $32.95
You will learn about AC theory, Colls
Transformers, Capacltors, Fliter clrcuits and
how they are used in actual circuits.

VCR MAINTENANCE AND REPAIR

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

INTRODUCTION TO VCR REPAIR

PRICE $59.95
You will learn how the VCR Processes the
Luminance, Chromance and Audio signals in
the VCR, in both the playback and record modes,
you will also learn about the Servo systems us-
ed to control the Capstan motor and the Video
Drum Cylinder. This tape also covers many more
aspects of the VCR.
ORDER YOUR TAPES NOW!
VISA and MASTER CARD are accepted.
CALL: (513) 548-6113 or mail check or money
order top:

UCANDO P.O. Box 386
@ @ Greenvilie,
Ohio 45331
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CONSUMER & INDUSTRIAL ELECTROR CATALOG » 17TH EDITION

 THE ULTIMATE

ELECTRONICS GATALOG.

Order your 260 page cataiogue packed with over 10.000
money saving electronic parts and equipment. Send $3.00
check or money order, or call 1-800-543-3568 today and
use your Mastercard or Visa

Consolidated Electronics. Incorporated

705 Waterviiet Ave., Dayton, Ohio 45420-2539
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CITY

STATE zP
L

Circle {(25) on Reply Card

Audio Corner

Servicing the
compact disc player

— Part Il

By Martin Clifford

Being able to list the symptoms of a
compact disc fault does not mean there
is just a single solution, but it does nar-
row the search, usually to a number of
possibilities. Servicing, then, is really
a matter of selection and elimination.
Here are some common trouble symp-
toms and their possible causes. When
you run across a CD problem, try these
simple fixes before considering more
drastic measures.

Disc is in tray, but there is no sound

If the front-panel indicators are lit,
you know the CD player is receiving line
power. Check to make sure the disc is
inserted with the label side up, then con-
nect a pair of headphones. If you hear
sound, the fault is probably not in the
player, but it may be in the connecting
cables to the sound system or in the
system itself. Try another sound-source
input to that system, such as a phono
record. If there still is no sound, the
fault is in the system. If there is sound,
the problem lies in the connecting cables
between the player and the system. Also,
make sure the CD player’s output level
control is not set to its fully
counterclockwise position. Rotate this
control to determine if this produces
sound output.

Clifford, a freclance writer, has published more than 75
books on electronics.
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Make sure the sound-source control
on the high-fidelity system is set for CD
playback. Check the volume control on
the pre-amp or power amp of the sound
system to make sure it is not set fully
counterclockwise.

Try transferring the connecting leads
between the CD player and the AUX or
CD terminals on the high-fidelity system
to a different sound-source input such
as phono. If this produces sound output,
the fault is somewhere between the
AUX terminals and the amplifier input
circuitry.

Disk drawer problems

If a foreign object gets caught in the
disk drawer, press the OPEN/CLOSE
control to reopen the door. Never try to
force the drawer to open or close, and
never use a tool such as a screwdriver
to try to open or close the drawer.

The drawer is not a storage area and
is designed for CDs only. Don't try to
put more than one disc into the drawer.
When you have finished playing a disc,
don’t leave it in the drawer. Remove it
and put it back in its jewel box or any
other storage device designed specifical-
ly for holding CDs. You should be able
to put the disc in the drawer easily and
smoothly. If you can’t do this, examine
the drawer to make sure someone has
not inadvertently put something else in
1t.

When the CD player is not in use, the



disc drawer should be kept closed. This
will prevent dust from settling in the
drawer where it would be transferred to
the disc when the disc is inserted.

Intermittent sound

In a case such as this, the fault could
be in the CD player or the following
sound system, but the most likely cause
is a dirty or scratched disc. There is also
a possibility, although slim, that the disc
is warped. Try playing a different disc,
preferably one that is known to be good.

Intermittent sound may also be caused
by a loose connection in the cabling be-
tween the CD player and the sound
system. With the CD player operating,

move the connecting cable to see if this
affects the sound.

Intermittent sound can also be due to |
a combination of factors involving both
the disc and the CD player. A good
quality player will be more tolerant of
disc faults and will be able to compen-
sate for them much more efficiently.
The problem of intermittents is much
more prevalent with low-end CD
players.

Remote control doesn’t work
The most common cause of remote-
control failure is a battery problem.
When the remote control doesn’t work,
try operating the CD player manually.
The batteries are generally AA types.
Be sure to insert them using the correct

polarity. Always replace both batteries
at the same time.

No response from function buttons

The player normally will not operate
if you depress a function button while
the display is flashing on and off. Wait
until the display turns on and remains
on, then try again. Keep in mind that
the unit will not go into PLAY mode if
more than one function control is
pressed at the same time.

Unusually long search time

This symptom can be caused by a
fault on the disc such as dirt or a
scratch. A disc may appear clean, but
dirt that is microscopic and, therefore,
invisible to the unaided eye can produce
this problem. Try using a disc known
to be in good working order and also
try cleaning the disc when this problem
occurs. A long search time with no
results may also occur if you put the disc
into the drawer wrong side up.

Brand new CD player doesn’t work

CD players are transported with
shipping screws fastened into the unit to
protect the optical scanning mechanism
from any movement. These screws must
be removed from the CD player in order
for it to work. (See Figure 1.) The
owner should keep these screws because
they will be needed if the CD player is

ever to be shipped. Esuw
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Fluke 80 Series Analog/Digital
multimeters do what no other
handheld meter can do for you.

HOLO®

L3

Which is to say just about every-
thing. Because it's the first

multimeter that is capable of
12 different measurement func-
tions plus digital, analog and

audible readouts.

FLUKE 83 FLUKE 85 FLUKE 87
Volts, ohms, amps, diode test. audible continuity, frequency and duty cycle,
capactiance, Touch Hold". relative, protective holster with Flex-Stand
$189° $219° §259°
0.3% basic dc accuracy  0.1% basic dc accuracy  0.1% basic dc accuracy
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z00m 00m analog pointer
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For more information
and immediate delivery
call COM-KYL today
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(800) 538-1578
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—— Computer Corner |l

Common hard-disk problems

More and more inexpensive personal
computers are showing up with hard
disc drives. Technology has advanced to
the point that a manufacturer can offer
a 20MB hard-disk drive with controller
for just a few hundred dollars. In the last
few months, retailers and mail-order
companies are advertising computers
with 20MB hard disks for prices as low
as $1,000. And because they are highly
complex electromechanical devices,
they can be expected to fail. With prices
like these and significant failure rates,
those of you who service personal com-
puters can expect to be called on to
service hard-disk drives.

There are a number of technological
variations in the method of construction

Figure 1. The XT 1000 series hard-disk drive.

and operation of hard-disk drives, but
there are also a number of features that
are common to all hard-disk drives.
In all hard-disk drives for personal
computers, the disk is an aluminum
platter coated with a magnetizable
material, much like floppy disk con-
struction except that the disk itself is
rigid aluminum instead of flexible
plastic. Where more capacity is desired,
several disks are stacked on a common
shaft, each with its own read/write head.
All disks rotate together and all heads

The problem/solution segments in this instaliment of
Computer Corner are adapted from MSM magazine’s
Tech Tips department, September 1988, contributed by
N.§. Khalsa, Computer Clinic.

move at the same time, although only
one head is activated to read or write
at one time.

To achieve high reading and writing
speeds, the disk must spin at high speed.
Furthermore, to achieve the high den-
sity of information recorded on a hard
disk, the head must travel very close to
the magnetic material on the surface of
the disk without touching it. The
closeness of the head to the disk is
achieved by using the air movement
created by the rapidly spinning disk to
actually “fly” the head above the sur-
face of the disk. The term ‘‘head crash”
is a literal description of what happens
when a piece of dust manages to in-
filtrate the disk drive and gets into the
flight path of the head above the disk,
or when a power failure causes the disk
to stop turning and the aerodynamics
created by the spinning disk no longer
keeps the head flying.

Because of the high speeds and close
tolerances involved, the hard disk is a
sealed unit that i1s assembled in a clean
room. Servicing of a hard-disk system
by the technician at the site consists of
checking the disk unit and its controller
board and perhaps performing some
software servicing on the disk, such as
reformatting. If the disk drive itself is
defective, there’s nothing the servicing
technician can do other than replace it
and send it back to a facility that has a
clean room and the proper repair and
rework equipment.

Troubleshooting hard disk problems

One of the best things you can do if
you'll be responsible for troubleshooting
specific personal computers over a
period of time is to keep good records
of faults that occur, because it’s not un-
common for a disk drive that seems to
be repaired to fail again in the same

‘manner later. One IBM XT model 286,

for example, had a problem that oc-
curred, then seemed to be fixed, then
gradually got worse until it finally quit
operating altogether.

The first time the problem occurred,
the disk drive spent a lot of time search-
ing for DOS, then after a while it just
gave up and exhibited the message
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“DISK BOOT FAILURE” on the
screen. The computer was brought up
by booting DOS on the floppy disk
drive. After the hard drive was format-
| ted and the information on it restored
from the backup floppy disks,
everything seemed to be fine...for a
while.

Several weeks later, the same thing
happened and the same procedure
| restored the disk to service for a while.

Finally, the hard disk labored one day
1 for a long time, trying to boot DOS, but
| just gave it up and flashed the message

“1790 FIXED DISK FAILURE” on the
| screen. No amount of rebooting would

get anywhere. IBM diagnostics were run
| but revealed nothing wrong. In despera-

tion, the technician replaced the disk
’ drive and tried to format it. Nothing.
The disk drive remained out of service
for a week, and the computer was kept
operating using the floppy drive.

Later that week, two other hard-disk
drives were installed with no improve-
ment in the situation. Finally, with no
other alternatives left, the technician
replaced the disk controller card. After
reformatting the disk again, he placed
it into service and the problem hasn’t oc-
curred since.

Other common problems

Problem: The system fails to boot up the
first time it is turned on but works pro-
perly after it is reset.
Solution: The drive may have failed to
come up to speed fast enough. Often,
this is not the fault of the hard disk. The
system may be powered by an old, in-
expensive clone power supply which
may not have enough power available to
spin the disk up to proper speed before
a time-out fault occurs.

Problem: The drive fails when it is first
turned on in the morning but works
properly after 20 to 30 minutes.

Solution: Some drives are temperature-
sensitive and operate erratically when
the drive has been below room
temperature for long periods of time.
This is especially true in the case of
half-height drives. There is not much a
technician can do short of sending the




offending drive back for rework. Try |
another drive or a warmer room. ‘

Problem: The hard-disk controller had
to be replaced. Now intermittent read
errors occur.

Solution: Differences in PLL frequen-
cies between controller boards may be
enough to cause errors reading old data,
so whenever a controller board is
replaced, the drive should undergo
primary formatting with the new con-
troller. If a surface scan of the media
shows no problems but the software still
reports errors, run CHKDSK on the
drive. Perhaps the formatting is all right
but some record pointers have been
altered.

Problem: The drive is only a couple of
months old, but it now has a bad sec-
tor. The drive is reformatted and the bad
sector locked out. The drive now seems
all right. Is it?

Solution: It is not uncommon that a few

bad sectors will turn up in the first few
months of use of a hard drive, in spite
of the best efforts of the manufacturer
to weed out all marginal ones at the fac-
tory. If it happens more than a few
times, then perhaps the medium is soft
or the heads are damaged. Bad sectors
can turn up anywhere, even in the direc-
tory, where serious data loss can result.
For this and other reasons, backups of
all important files should be made.

Problem: The drive begins making a

| loud screeching sound, so it is shut

down. Presumably there has been a
head crash.

Solution: This assumption is probably
incorrect. Head crashes on 5-inch drives
are just not as spectacular as were
crashes on the old big drives. A loud
screech is usually caused by a bearing
| and there will probably be more than
enough time to back up the data. Backup

should at least be attempted because |
| boot.

| bearing replacement is most often a job

for a facility with a clean room, which
means sending the hard disk off—with
the data that’s recorded on it.

Problem: The drive appears to format
properly until it does the last track and
does a restore. Then it fails.
Solution: Check to see if the head is
stepping. Head stepper-motor driver ICs
fail frequently, and the drive thinks it is
formatting sequential tracks when it is
actually sitting in one place the whole
time. When it begins to verify track #0
and reads the track ID of the last track,
it fails.

Problem: The system will not boot from
the hard disk, but when a floppy disk
is used to boot the system, the hard disk
is readable.

Solution: Try to restore the boot track
by using DOS command SYS C:. If that
does not work, back up the hard disk
and do a FORMAT /S to restore the
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The answers to all those
puzzling questions on
electronic parts — are at

Here js a complete workstation that lets you work at
your laptop computer anywhere you need it! Our uni-
que molded case stores, protects, and positions your
computer and printer, and it has a built-in storage tray
underneath for paper, your cables and supplies. Simply
open the lid, plug it in, turn it on and you're all set!
Several models are available, starting at just $135.00.
Call or write us for more information.
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5 Apolio Road, Box 368

Plymouth Meeting, PA 19462

Phone 215-825-4990 Sales 215-941-2400
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MCM Electronics!

ACROSS DOWN

1. Diodes, transistors and ICs 2. ESD protection

4. Cleaners, lubricants 3. Video Cassette Recorder
and more sub-assemblies

5. Your source for quality 6. High quality test equipment

electronic parts! at competitive prices

7. EV, Pyle, Pioneer

' FOR YOUR FREE CATALOG,
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—— Video Corner

Servicing VCR
mechanical problems

Diagnosis of mechanical faults in a
VCR can be almost as elusive and
frustrating as electronic problems. The
one advantage with mechanical prob-
lems is that you have a physical entity
that you can see and touch. My ex-
perience with a squeaking mechanism
in this Fisher VCR is a good example
of how step-by-step logical analysis can
help you isolate the cause of a
mechanical problem.

The VCR squeak
A few weeks after I replaced the
clutch tire in a Fisher model FVH-839
VCR, the unit started to make squeak-

Meeldijk is the reliability/maintainability engineering
manager at Diagnostic/Retrieval Systems.

Figure 3. The curved arm of the sub-brake T in the middle of the
tape-loading operation. Extra pressure is applied by the T during
tape loading.

ing and squealing noises in play and
record medes. The first thing I
suspected was possible slippage from
the new clutch tires, caused by some
type of run-in phenomenon. I decided
to ignore it. A little reflection made me
conclude that this analysis couldn’t be
correct because the clutch tires are only
used in this model for fast-forward and
fast-rewind operations. In the play and
record modes, a gear in the idler
assembly directly drives the reel
assembly.

The next thing I suspected was slip-
ping belts, the cause of many strange
squeaks and squeals in audiocassette
recorders. In this case, I suspected the
drive belt (Fisher part number
143-2-7504-00400) because it turns the

By Victor Meeldijk

idler gear. Removal of this belt,
however, also stops the reel take-up
assembly and, although the noises stop,
you cannot isolate the exact cause of the
problem. (CAUTION—If this belt is
removed and a tape is put into play and
then stop mode, the reels will not turn
to retract the tape back into the cassette
cartridge. Tape damage will result!)

To try to isolate the problem, I turned
both reels a little by hand and heard
squeaking from the take-up reel. The
squeaking made me suspect that the reel
shaft needed lubrication. After lubrica-
tion, turning of the reel shaft still pro-
duced squeaks.

My next step was to carefully examine
reel operation in play and stop modes.
I noted that the sub-brake take-up

N Y

Figure 4.
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Figure 2. A close-up of the sub-brake T in stop mode.

Dirt on the sub-brake T pressure pad.



| manual (individual mode condition), a
Table 1 summary of which is in Table 1, the sub-
VCR brake conditions vs. operating modes Cbrake T always exerts a primary
Brake Main Main Sub- Sub-brake T | pressure on the reel of 30gm/cm with
Mode brake S brake T brake S PR SR 20 hl%her secgndary lprjs%urle }?f
m/cm sometimes applied. Only the
Stop on on on on off || mzﬁn brakes are on or off in the various
Loading off off onsoff on»off on-off || modes.

Unloading off off off-on on=off on-off || Figure 2 shows the sub-brake
R esvr;n d 8:; 82 82 82 gg assembly in the stop mode. Notice the
Play off off off Sn off | | curved arm coming off the body of tf_le
Cue off off off on off brake. Figure 3 shows the same arm in
Review off off on on off | | the middle of a tape-loading operation.
PB pause off off off on off Notice how the main plate assembly
Record off off off on off || (part number 143-0-5104-01600 or
Rec. pause off off on on on || 01601) is now pressing against the
Eject on—-off on—e-off on on off | curved arm, which in turn results in in-

PR = Primary pressure of 30gm/cm creased secondary brake pressure.
SR = Secondary pressure of 60gm/cm . Careful examination of the sub-brake

showed that the pressure pad was dirty,
assembly (part number 143-0-5204- | brake pressing on the take-up reel. causing the squeaking noises as it
00500 or 01200y always presses against | I consulted the Fisher technical | pressed against the take-up reel. (See
the reel. (See Figure 1.) Removing the | manual to determine if constant engage- | Figure 4.) Cleaning the pad helped for
sub-brake spring (part number | ment of this sub-brake was normal or | a while, but the noises reappeared after
143-2-6604-04300) stopped the noises. | if the brake should release in play/record | a few weeks, indicating that pad wear
The cause of the squeak was now ob- | modes. is also part of the problem and the sub-
vious: It had something to do with the According to Table 11 in the Fisher | brake T should be replaced. GG
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Readers’ Exchange

Editor’s Note: Readers’ Exchange items are
published in the order they are received. We are
happy to offer this service at no charge to you,
our readers, but we ask that:
e Items are typed (or legibly written).
* You include your name and address on the same
page as your ad (envelopes and contents are often
separated). Please also include your telephone
number (specify if you don’t want it published).
Using your peel-off label or a return label is a good
idea.
® You limit any ad to no more than three items.
If space demands, ads will be edited to roughly
four lines in the magazine.
® Mail to: Readers’ Exchange, Electronic Servic-
ing & Technology, PO. Box 12901, Overland Park,
KS 66212.

Please remember that ES&T is in production
six weeks to two months ahead of publication date.

WANTED

Schematic diagram and service manual for E-H
Research Labs model G710 pulse generator. John
Pemberion, Jr., Pemberton Electronics, P.O. Box
837, Caddo Mills, TX 75005.

Schematics for Motorola Maxar D33TRA, Min-
itor, Page Boy I1 AP FNC2468A ; microwave oven
leakage tester, any condition. C. Wilken, 40 N.
Builey, Freeport, IL 61032; 815-233-1994.

Schematic. probes, any information or operating
manual for RCA model WR-69A TV/FM sweep
generator. William Cheakas, 4613 W. 43rd,
Houston, TX 77092; 713-868-6611.

Flyback transformer for Philco model 22B4003:
Philco 32-8624, Stahcor A-8220 or Triad D-24
SWC-1I. All-Tronix, 1364 S. 33, Lincoln, NE 68510;
402-476-8164.

Schematic diagram/service manual for Goldstar
model CMZ 4122 (TV), chassis NF-01X; Capri
(BOHSEI) model TC-7001 (TV); Sang time tuner/
auto drummer. Major A. Meckling, 21 Ouk Grove
Ave., Springfield, MA 01109, 413-736-8641 after
4 p.m., weekends OK.

Dead Kustom radar guns; K-band equipment for
radar; dead Simpson 260 meters; HP651 or HP652
oscillator, HP432 power meter. Marv Francis,
Suite 100, 2542 Pioneer Parkway, Arlingron, TX
76013.

S module B+ voltage regulation for a JCPenney
model 2868 or 2888 TV, any condition. Greg
Harrwick, Box 357, Daysland, Alberta, Canada
TOBIAO, 403-374-3902.

Factory service manuals for tube-type audio com-
ponents by Macintosh and Marantz covering ap-
proximately 1950-1960. Wilford Wilkes, Box 103,
Brisbin, PA 16620; 814-378-8526.

Adapter plugs/sockets for the B&K model 467/470
CRT restorer/analyzer; cameras—any kind, any
condition, even old or broken. Also need
lenses/accessories. Paying good money. What have
you got? J.C. Bearer, Box 3974, Hyantsville, MD
20787,

New or used: battery (plastic holder for Panasonic

AM/FM stereo model 725); dual VC & SW for
Panasonic AM/FM model 761 (Sams 960), part
# EVGT5U40AS3. WM J. Maida, 274 Sable Palm
Place, Longwood, FL 32779; 407-869-6138.

Complete clock assembly for Zenith model E
465W clock radio; clock 10009 D-163 digital 100.
D. Noble, 2173 Kensington, Salina, KS 67401;
913-827-3917.

Two 25VEKP22 (GE) picture tubes. Ray’s TV,
4821 E. View Drive, New Orleans, LA 70126;
504-246-6205.

Information, schematics and/or manual for an
RCA SSB-1, Mark II-A SSB transmitter/receiver,
rack-mounted, circa approx. late 60s. WG.
Allnoch, 311 Gentilly Road, Statesboro, GA 30458;
912-764-5794.

Schematic diagram (will copy and return if
necessary) for AOC model KMCI2A031H-20A
B&W TV, chassis M2BI-IA (mfg. September
1979). Diagram not available from AOC in U.S.
M.B. Danish, Mike's Repair Service, PO. Box 217,
Aberdeen Proving Ground, MD 21005-0217.

Original paper manuals for Fisher VCRs. Send list
and price or call. Hoffman TV Repuir, 576 E. 187th
St., Bronx, NY 10458; 212-933-8857.

Good HV probe at a reasonable price; JVC model
PC-W300 “boom box™ for parts. Speakers must
be intact. Will also buy speakers only. State parts
condition and price. 7SGT Randy L. Bray, 6715
Eberlein Ave., Klamath Fulls, OR 97603;
503-883-6658.

Schematic and service information for Realistic
PRO-25 hand-held scanner. Photocopy will do.
Karen Bennet, 19654 Ruryon, Detroit, MI 48234.

Fluke model 80K-40 or Beckman miodel HV231-10
(HV211-10) high-voltage probe; service manual for
Hitachi model V422 scope. George John Demaris,
7387 Pershing Ave., Orlando, FL 32822-5743;
407-277-3746.

Schematic diagram/service manual for Lectrotech
model TO-50 scope; schematics/service manual
for EICO model 230 FET-VOM. Neville Young,
214 E. Robertson St., Brandon, FL 33511.

Zenith Stratosphere—a 1936 floor-model radio
with three speakers and 25 tubes on two chromed
chassis. Has large, round, black dial behind sliding
wood doors. Will pay $2.000 for one in condition
or will pay 3200 finder's fee. Doug Heimstead,
1439 Hillcrest Drive, Fridley, MN 55432;
612-571-1387.

VHS tapes on advanced VCR, computer and col-
or TV repair—will loan my tapes for yours; the
following test equipment: Sencore SC-61, VA-62,
VC-63, NT-64, EX-231, SG-165; Simpson 260

| VOM. Van Waldrop, PO. Box 1832; Drexel, NC

28619; 704-433-8773.

Instruction manual for a B&K Dynamic 375
VTVM. Please send price. B. Murphy, 260
Niagara St., Apt. 601, Buffalo, NY 14201

D.AT.A. Books IC replacement and alternate
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source guide, directory of discontinued ICs, etc.;
microfiche service manuals. Clarence D. Wilken,
CW Electronics, 11728 IL 72 W. Forreston, IL
61030, 815-938-2564.

FOR SALE

B&K 1077B TV Analyst. $150; B&K model 1248
digital IC color generator, $200; B&K picture-tube
checker/rejuvenator, $150; Diehl Mark V analyzer
(still in box), $200; B&K variable isolation trans-
former, $70; NRI VCR servicing course with VHS
instruction tape and schematics (books are un-
marked), $75; Sencore Y33 yoke and high-voltage
ringer, $30; Sams Photofax, more than 170 copies
between #1200 and #2100, $60. All test equipment
in good working order with test leads and manuals.
Roy Morgan, P.O. Box 830074, San Antonio, TX
78283; 512-654-7321 afrer 5 p.m. CST.

Large quantity Sams, $18.50/10 (#1200-#1500),
tubes, yokes, flys, test equipment, modules. Henry,
PO. Box 637, W. Haverstraw, NY [0993;
201-248-1176 or 914-942-2173.

Sencore VA62 universal video analyzer, VC63
VCT tester accessory, NT64 pattern generator, EX
231 expander jack, complete with manuals and
cables, $3,000. Craig Schwan, 20432 Hollywood,
Harper Woods, MI 48225; 313-772-8345.

Tandy Color Computer III with disk drive plus
seven game cartridges and five game disks, includ-
ing Flight Simulator II, all for $225. George
Saylor, 2319 Puarrish St., Philadelphia, PA 19130.

| Former TV repair business has for sale 78 Sams
| manuals, Sencore test equipment, TV parts in orig-

inal boxes, nearly new used TV parts, a lighted
advertising sign (can change front for your busi-
ness). Send SASE for prices. Ronald Brvant, Jr.,
Wadsworth Ave., Waverly, OH 45690, 614-289-
2565 or 614-289-2710.

Beckman Industrial SCOPEMATE 2 IC and com-
ponent tester, like new, $300. Arthur Arnold, Jr.,
1745 Kenbrook Rd., Lebanon, PA [7042;
717-272-1080, 4-9 p.m. EST.

Heath sweep generator kit, still in box, $100; Eico
scope #482, $100; B&K #1248 color bar generator,
$100; Eico signal tracer, $65; B&K E2000 RF gen-
erator, $150; B&K #415 sweep marker generator,
$100; Global Logic Monitor, $35; B&K #667 tube
tester, $95; Eico battery eliminator and charger,
$90. Orland Lynd, 2300 Harvard Way #124F, Reno,
NV 89502, 702-825-6157.

Heathkit audio VTVM, $20; Heathkit capacitance
meter, $20; Bell & Howell model 34 scope, $35
(CRT OK); Hickok model 600A tube tester, $25;
Heathkit model TS-4A TV alignment generator,
$50. Manuals with all but VTVM and cap. meter.
Home Electronics, 69 Main St., Greenwich, NY
12834, 518-692-9336.

Sencore test equipment: VC63 VCR test accessory;
NT64 NTSC pattern generator, VA62 video
analyzer. Excellent condition, includes all
manuals, probes and accessories. Asking $3,100.
Ronald E. Bryant Jr., 134 Wadsworth, Waverly,
OH 45690; 614-289-2565 or 614-289-2710.



ETD Telefax Publication: 1623 to 1770, total
publications 117, color test jig with Telematic adap-
tors: YA-12, 15, 49—CD:51, 53, 63, 67—SY-887;
‘tubes: S-14A7, 1-250, 2-807, 9-25Z5, 1-2576,
31717, 1-117N7. 3-117Z6. Make offer. WM J.
Muaida, 274 Sable Palm Place, Longwood, FL
32779; 407-869-6138.

Sams TV Photofacts from beginning to 1984 in
12 metal boxes: factory schematics-~Zenith, RCA,
GE Sylvania, Sanyo & Hitachi; approx. 2,500 new
tubes; assortment of transistors; Zenith, RCA, GE
modules; assortment of yokes, flybacks,
transformers. All tfor $4,000. Lad Kalinics, 485
N. Main St., Toledo, OR 97391; 503-336-3280.

255 Sams photofacts, #700 through #1089, $1 each
or $100 for all. plus shipping. Ray’s TV, 4821 E.
View Drive, New Orleans, LA 70126;
504-246-6205.

Sencore SC61, in original carton, $2,200; Sencore
LC53/FC221, $400, Sencore NT64 pattern
generator, $200; Diehl Mark V analyst, $350. All
in mint condition. Add shipping. Tom Condon, 321
Moreland St., Staten Island, NY 10306;
718-351-5765.

B&K 415 sweep/marker generator, like new, with
manual and all cables, used only twice, $125.
Videotronics, 343 Hickman St., Bridgeville, PA
15017; 412-221-8013.

Magnavox modules: T989, T991, T995, T809,
T815; some Zenith modules; assortment of small
tubes. Curry Electronics, 422 N. Fifth St., Mar-
shall, MN 56258; 507-532-6473.

B&K 1431 3-inch solid-state triggered sweep
oscilloscope with manual, no high voltage, CRT
OK. $20. George John Demaris, 7387 Pershing
Ave., Orlando, FL 32822-5743; 407-277-3746.

UST-5000, $120; UST-705, $80; UST-TS0, $25;
Chaparral PR-1A/S, $30, CM 6129, $25, CM6228,
$25. Shipping extra. Fremont TV & Electronics,
407 E. Main St., Fremont, Wl 54940,
414-446-2239.

Muacintosh Laboratories MC2300 solid-state audio
power amplifier, 2-channel, 300W/channel,
weighs 128 pounds; 1983 Leasametric equipment.
Best offer over $850 plus shipping. Bob Shafer,
8119 S. Sandy Hook Terrace, Clinton, WA 98236,
206-321-5178.

VA-48 TV video analyzer, perfect condition, $600,
Sencore model T.F. 40 Cricket transistor checker,
$75. Like new. Angelo Alessi, 29 Cross St., New
Windsor, NY 12550; 914-562-9152.

Simpson Eleciric model 467 DMM, measures up
to 1,000Vde, 750Vac, 2A ac-dc, 20M, includes
leads and battery, $100; HP model 130C scope,
500kHz bandpass, $195; Tektronix model RM504

scope, 450kHz bandpass, $165. COD or add $10
for insured UPS shipping. Fred Jones, 407 Morn-
ingbird Court, Niceville, FL 32578; 904-678-1803.

Sencore SG165 AM/FM stereo analyzer with all
documents, like new and still in original shipping
carton, cables, etc. are original, $700 firm. Wayne
Virkier, 29 Bouldercrest Lane, Vernon, CT 06066,
203-875-9639 evenings und weekends.

Seven |-hour videotapes for Sony AV8600, etc. (my
AV8600 is damaged beyond repair)—best offer gets
them. John Augustine, S30N. Ninth St., Reading,
PA 19604, 215-372-5438.

Sams (#2082 to #2228), never opened, $5; B&K
415 sweep/marker generator, $125; tube testers and
other equipment. R. Walthers, 5921 Velma Ave.
Las Vegas, NV 89108; 702-646-4045.

Sams P.F. #1 to #2,000, $2 each plus shipping.
Also have more than 8,000 new radio and TV
tubes, many obsolete. Send list of what you can
use, we will buy or swap for VCR service manuals.
Neil’s Electronics & Discount, Rte. 1, Seabrook
NH 03874.

Heath 10-4560 SMHz scope, $60; EICO model
232 VTVM. $30; older NTS electronic course
with digital trainer, $20. Kenneth Morvant, 5415
White’s Ferry Road #68, W. Monroe, LA 71291;

318-396-8346. ES" N

e - -
— Classified =
Advertising rates in the Classitied Section are $1.5%

per word, each insertion, and must be accompanied
by payment to insure publication

Each initial or abbreviation counts as a full word.
Minimum classitied charge $30.00.

For ads on which replies are sent to us for forwarding
(blind ads), there is an additional charge of $35.00 per
insertion to cover department number, processing of
replies, and mailing costs.

Classified columns are not open to advertising of any
products regularly produced by manufacturers unless
used and no longer owned by the manufacturer of
distributor.

FOR SALE

TV TOUGH DOGS: 300 symptoms and cures. Send
$7.95 to DAVIS TV. 11772 Old Fashion Way. Garden
Grove. CA 92640. 10-87-ttn

VHS-VCR REPAIR SOLUTIONS VOLUMES I, II, Il
Each contains 150 symptoms and cures, cross
reference chart, free assistance. Each $11.95, any two
$19.95, all $29.95. Eagle Electronics, 52053 Locks
Lane, Granger, IN 46530. 588-tfn

CB RADIO REPAIRS/MODIFI_CATIONS: Bool?s. plans, kits,
high-performance accessories since 1976. Catalog $2.
CBCI, Box 31500E, Phoenix, AZ 85046. 10-88-4t

up-to-date problems/cures listed by modet and chassis for
quick easy lookup. $29.95 per volume. Add $2.50 postage
and handling. Computer Assistance, Box 232026, Anchor-
age, AK 99523. 11-88-3t

COMPUTER TV/VCR REPAIR TIPS DATABASE PROGRAM
(IBM Compatible w/hard drive). Scan symptoms and cures
by model or chassis. Add, change, delete, print out. $49.95
for program. $69.95 includes database with over 1,000 up-
to-date repair tips. Add $2.50 postage and handting. Com-
puter Assistance, Box 232026, Anchorage, AK 99523.

11-88-3t

INTEGRATED CIRCUITS—Lowest prices on Admiral, G.E.,
NAP, Philco, RCA, Sears, Sylvania and Zenith types. Write
PEC, Box 894, Union, N.J. 07083 11-88-4t

SONY-TRINITRON Rebuiit Picture Tubes are now

availabie. All tubes shipped U.P.S. No Charge. We buy

all Sony duds. Rochester Kinescope. 716-235-0750.
11-87-tfn

SENCORE VA62, VC63, NT64, SC61, DVM56A, LC53,
PR57, CR70, all with leads and manuais. Mabile rack. B&H
MM-20 fiche, large screen. Excellent condition. Cheap. (702)
456-6920. 12-88-1t

MATTER CONVERTER? Would you fike to build ane? For
more information send $10.00 & SASE to Donald M. Scott,
Dept. 1, P.O. Dwr. 1180, Verona, MS 38879.  12-88-1t

PHOTOFACTS: Folders under #1400, $4.00. Above #1400,
$6.00. Sent same day first-class postpaid. Loeb, 414
Chestnut Lane, East Meadow, NY 11554, 12-88-3t

TV/VCR TUFF TIPS listed by mfg. & model. Over 400 tips.
$21.95. TV Tips only $11.95, VCR Tips only $13.95. VCR
CROSS-REFERENCE listing for electronically simiiar
manufacturers, RCA, GE, Sylvania, Panasonic, Quasar,
Magnavox, Philco, & J.C. Penney, $19.95. TV/VCR
FAILURE HISTORIES. Multipte cures for most problem
areas. Send $7.95 with mfg. and model number. Money will
be refunded with free sampie if model is not on database.
Add $1.50 postage and handling. TECH CURES, 4825
Frederickshurg Road, San Antonio, Texas 78229.12-88-TFN
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VCR PLUS CAMCORCER TECH TIPS—large bonus issue,

complete all brands. Send $9.95 to KEN GARRISON, P.O.

BOX 567, Bradenton, FL 34206 for prompt delivery.
12-88-1t

REDUCED 75%, Diehl Mark V scanner $249, Diehl Mark
il scanner $99. New. 2805 University Ave., Madison, Wis.
53705, 608-233-9741, 608-238-4629. 12-88-1t

REPAIR EQUIPMENT—Sencore: VA62, SC61, CR70,
LC53, PR57, NT64, VCB3, 224SCR, & everything else
needed to repair VCR's, TV's, Stereos, & Microwaves. (703)
628-4487. Reasonable Price. 12-88-1t

SONY BROADCAST & INSTRUCTION MANUALS. Series
BVW, DVR, DXC, VO, VP, BVH, etc. $25.00 each. Florida
Electronics, (305) 741-0997. 12-88-1t

TEXTRONIX 1420 NTSC Vectorscope $1,700 ONO. Florida
Electronics, (305) 741-0997. 12-88-1t

old listed. $12.00. Jones, Box 702, Niceville, Florida 32578.
12-88-3t

BUSINESS OPPORTUNITIES

SUNNY PHOENIX, AZ. Two man shop gross $100,000;
established 16 yrs. RCA Data and Sams up to date; also
RCA authorized service center. Retiring due 1o health
reasons. $25,000 (602) 971-1230. 12-88-1t

T.V., VCR & ANTENNA SHOP. Ventura, California.
Established 12 years. lliness—must retire. Total price
$10,000. (805) 984-2149. 12-88-1t

acquisition cost, inventory, asking $15,000. Call Bill,
305/232-6349 for information. 12-88-2t



3 out of 4 VCR breakdowns are due to
mechanical problems.

Do you have the tools to find these

— problems?
< TENTEL® Does!
QQe\,oO Call Toll Free

(800)538-6894

In Calif -(408) 379-1881

o

Circle (34) on Reply Card

LA GUARDIA ENT
5882 Rich Hill Way
Yorba Linda, CA 92686

e (714)579-1276
Warranty . - Call for pricing
New Battery \ 24 hr. turnaround time
Included « Return freight pre-paid

90
Day

HAND REMOTE REPAIR

Circle (32) on Reply Card
NEW LOW PRICE $39.95

TEST/CLEAN/RESTORE with a UNIVERSAL CRT
ADAPTER that fits all CRT testers and quickly hooks-
up to all CRT's on the market (now or in the future).
Guarameesgrofit & total CRT servicing. Used by TV
Repair, US Govt., Airlines, Computer gerv., Dept. of
Defense. Patented Adaptor-Sockets-CRT Reference/
Setup book—Only $39.95 plus $2.50 postage & han-
dling. Our 6th year. Over 15,000 soid. Chargecards/
Checks/COD. Money Back Guarantee.
FREE CALL 1-800-331-9658
DANDY MFG. CO.
2323 Gibson St. Muskogee, OK 74403

Circle (31) on Reply Card

“Tech's Guide To

Pricing”

updated new 5th edition...a
framework for setting rates

that apply to Hi-Tech pro-

Circle (33) on Reply Card

A ducts...a formula that
Pricing guarantees SUCCESS!
W all Toll Free for details g,¢
. 1-800-228-4338 cs1

_—

Movine?

Take us with you.

Just peel off your
subscription mail-
ing label and
attach it'to the
address change
card inside this
issue. Please allow
6-8 weeks to
process your
address change.
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KANSAS CITY, MISSOURI
Greg Garrison, Sales Manager
P.O. Box 12901

Overland Park, KS 66212
Phone: (913) 888-4664

Fax: (913) 888-7243

Telex: 42-4156 INTERTEC OLPK
OXFORD, ENGLAND

Nicholas McGeachin
Roseleigh House, New Street
Deddington, Oxford OX5 4SP
Phone: (0869) 38794

Telefax: (0869) 38040

Telex: 837469 BES G

Servicing & Ichnology

TOKYO, JAPAN

Haruki Hirayama,

EMS, Inc.

Sagami Bldg., 4-2-21, Shinjuku,
Shinjuku-ku, Tokyo 160, Japan
(03) 350-5666

Telex: 2322520 EMSINCJ
Cable: EMSINCPERIOD

FREWVILLE, SOUTH AUSTRALIA
John Williamson

Hastwell, Williamson, Rep. Pty. Ltd.
109 Conyngham Street

Frewville 5063

South Australia

Phone: 799-522

FAX: 08 79 9735

Telex: AAB7113 HANDM

_
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With Just One Probe Hookup You Can Confidently
Analyze Any Waveform To 100 MHz, 10 Times Faster,
10 Times More Accurately, Absolutely Error Free,
Guaranteed Or Your Money Back . ..
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With The SC6T Waveform Analyzer
$3,295.00 PATENTED

Promises of increased productivity from other oscilloscopes

fade fast when compared to the speed and accuracy of the SC61.

Eliminate the confusing menus, cursors and complexity of
regular oscilloscopes &t the push of a button. Here’s what the
SCé61 does for you:

Analyze Waveforms Easily

* Accurate Waveform Display - 60 MHz Bandwidth (use-
able To 100 MHz) To Test The Latest Digital Circuits.

¢ Rock-Solid Sync - ECL Logic Circuits And Differential
Amplifiers Give Fiddle Free Operation.

e Four Times The Measuring Range - Measure From
5 mV To 2000 Voits (3000 Volts Protection) For Ex-
panded Signal Handling.

AutotrackingT™ Digital Readings Analyze The Whole
Signal

* Autoranging DC Volts Through Single Probe, Even
With AC Coupled.

e Automatic Peak-To-Peak Volts - Even If Variable Con-
trol Is *‘Out Of Cal’'.

* Automatic Frequency Measurements Without Sensi-
tivity Adjustment Or Range Switching.

Circle (2) on Reply Card

Digital Delta Tests Analyze Any Part Of The Signal.

e Delta Peak-To-Peak Volts - Peak-To-Peak Voits Of Any
Part Of The Signal.

o Delta Time For Any Time Reading - Including Delay
Between Traces

* 1/Delta Time - Frequency Of Part Of The Signal -
Finds Sources Of Interference Or Ringing.

Frequency Ratio Test - Tests Multiplier And Divider
Circuits

Easy To Use - Human Engineered Controls And Virtually
No Graticule Counting Or Calculations

The SC61 is designed to give you the measurements you need -
fast. We make one claim:

*“Try the SC61 on your bench for 30 days. If it doesn't cut
your present scope time in half, send it back for a com-
plete refund, no questions asked.”

Try the SC61 for 30 days, and discover true troubleshooting
speed.

Call 1-800-843-3338
In Canada Call 1-800-851-8866




For your own reputation
and in your customers’ best interest
always insist on
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