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8 Setting Up an Electronics
Servicing Workbench: Special
Report
By Conrad Persson
Servicing of consumer electronics
products can be efficient or
inefficient. That tool or piece of test
equipment may be where you need
it when you need it, or it may be
almost impossible to find. If you
have not updated your workbench
lately, some of your equipment may
be out of date. If you have not
planned ahead, your most needed
item might not be available.

This special report consists of
several articles to help you set up a
workbench. Two pages give you a
recommended list of test equipment
to check against your inventory.
Another feature provides a
recommended procedure for
stocking your tool kit. To round out
your planning for a modern,
efficient workbench, we have
included two points that are often
overlooked. One is an article on
soldering equipment suitable for
current components and wiring. The
other emphasizes how important it
is to test repaired products for
dangerous current leakage.
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38 Anatomy of a Camcorder
By the ES&T staff
Camcorders have become incredibly
popular, almost completely replacing
the venerable 8mm movie camera
for capturing important events.
Because of their popularity and
vulnerability to damage from hostile
environments, camcorders are
appearing on more and more
servicing benches. This article
explores the circuitry of these units
and suggests servicing and
adjustment procedures.

44 AGC Circuits in Foreign-Built
TVs
By Homer Davidson
Automatic gain control (AGC)
circuitry comes in a seemingly
endless number of variations.
However, the principles behind AGC
circuits, whether they are in sets
that are made domestically or
imported, are the same. This article
looks behind the surface to show
you what to look for when you
suspect AGC problems, and how to
correct them.
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Whether you are at the bench or in a
customer’s home, efficient servicing
demands that you have the correct tools
and test equipment readily available. This
tool kit demonstrates that it is possible to
pack a lot of tools into a small space.
(Photo courtesy of HMC, Canton, MA.)
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Over the years, something that
electronics servicing people have
learned to accept has been the inevit-
ability of change. We have discussed
change many times on these pages.
TV servicing had its heyday during
the days of vacuum-tube sets. The
gradual replacement of tubes with
solid-state devices not only resulted

| in increased reliability, but it forced

technicians to change their servicing
methods as well.

Changes after changes brought us
to today, a time that the circuitry of
current consumer electronics items
barely resembles that of early prod-
ucts, and the range of products is
vastly greater than the range that was
available in earlier days.

ES&T has changed to keep pace
with technological
trends, with the coverage of VCRs
and camcorders, fax machines and
personal computers. In addition,
coverage has expanded to accommo-
date the introduction of new technol-
ogy, including transistors, ICs, mi-
crocomputers and microcontrollers.

ES&T has recently experienced
changes of a different kind. Some of
you may have noticed that ES&T is
now under new ownership. Intertec
Publishing Corporation, the com-
pany that has published the magazine
for more than 25 years, has sold it to
CQ Communications, Inc. The sale
was effective April 1, 1990. This issue

and business |

has been published partly by the In- |

tertec editorial staff and partly by
CQ Communications. The June issue
will be published entirely by CQ.

Lest any readers are concerned |

that the change of ownership may re-
sult in a change of direction for the
magazine’s editorial content, I assure
you that that will not be the case. The
magazine will continue to bring the
nuts and bolts servicing articles that
readers now expect from ES&T.
There may be some cosmetic changes
in the magazine and some minor ad-
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justments in the type of articles pub-
lished, as well as a possible expansion
of coverage, but the electronic servic-
ing technicians who make up the loy-
al readership of the magazine may
continue to expect substantially the
same publication.

By next month, the names on the
masthead will have changed again to
reflect a new editorial production
staff. I am now employed by CQ
Communications, Inc. and continue
as editor of the magazine from a mid-
west office. Please look at the mast-
head on page 4 for new correspon-
dence information.

Send editorial mail, such as Read-
ers’ Exchange, letters to the editor
(feedback) and requests for informa-
tion, to this address:

Conrad Persson, Editor
Electronic Servicing & Technology
P.O. Box 12487

Overland Park, KS 66212

Phone: 913-492-4857

CQ Communications, Inc., which
also publishes CQ The Radio Ama-
teur’s Journal, Popular Communi-
cations, Modern Electronics, CQ Ra-
dio Amateur (Spanish CQ) and the
CQ Amateur Radio Buyer’s Guides
has a history of publishing magazines
that serve the interests of people for
whom electronics is an important
part of their lives. The purchase of
ES&T by CQ is further evidence of
the company’s commitment to all
people who service electronics equip-
ment, whether as a profession or as a
hobby.

We think that this change of own-
ership is a positive step to strengthen
the magazine and make it even more
valuable to the servicing technicians
whoread it. We look forward to con-
tinuing to bring you servicing articles
about the consumer electronics prod-
ucts of yesterday and today, as well
as those of tomorrow that have yet to
be conceived.
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Business management seminar at
NPEC

At the 1990 National Professional
Electronics Convention (NPEC ’90) in
Las Vegas, Connie Sitterly, M.A., will
address *““‘Quality and Customer Rela-
tions: The Competitive Edge” at the fea-
tured business management seminar.
Sitterly, an author, trainer, consultant
and speaker, heads Management Train-
ing Specialists.

At her Saturday, Aug. 1l seminar, Sit-
terly will show attendees how to com-
mit their staffs to be error-free, on time,
accountable and without excuses. The
emphasis will be on teamwork to cre-
ate an atmosphere that is committed to
quality improvement and customer serv-
ice. Participant sessions will be estab-
lished in which groups will collective-
ly resolve theoretical problem
situations. Sitterly will also develop
carry-home resource manuals for NPEC
attendees. The cost for the seminar is
included in the full registration fee for
NPEC "90.

Other management-oriented sessions
include *“The Right Way to Hire and
Fire Employees” by Don Erwin CSM
of California; “Best Sales/Service Man-
agement Ideas” by Gerry McCann
CET/CSM of Louisiana; a panel discus-
sion on ‘““How to Profit from Customer
Complaints”; and “Electronic Filing of
Warranty Claims” by the Electronic In-
dustries Association’s Consumer Elec-
tronics Group.

A week-long convention and show,
NPEC includes daily technical semi-
nars, a trade show, NESDA and ISCET
annual elections and membership meet-
ings, manufacturer/servicer dialog ses-
sions, golf and tennis outings, and spon-
sored meal functions.

For more information, write to the
National Electronics Sales and Service
Dealers Association, 2708 West Berry
St., Fort Worth, TX 76109-2356;
817-921-9061.

PC-Systems Workshops available

To provide engineers with insight into -

new instrumentation programming con-
cepts, John Fluke Mfg. is offering a se-
ries of PC-based test and measurement
workshops nationwide throughout 1990.

Among subjects discussed will be an
introduction to PC-based instrument
control fundamentals, building an in-

strument control program, signal
processing and analysis, understanding
the role of instrument drivers, and how
to integrate all of these elements into a
complete PC-based test system.

To enroll in a PC-Systems Workshop
or to obtain schedule information, con-
tact your local Fluke sales office. For
additional information, write to John
Fluke Mfg., PO. Box 9090, Everett, WA
98026; 1-800-443-5853, ext. 701.
Eastern Region
Boston

May I-3
Paramus, NJ

May 8-10
Philadelphia

May 15-17
Northern Virginia

May 22-24
Atlanta

June 5
Huntsville, AL

June 7
Orlando, FL

June 12-14
Western Region
Portland, OR

June 26-28

Fluke reserves the right to cancel or
reschedule courses that do not reach
minimum enrollment two weeks before
the start of the class.

January sales high for video products
The first month of the new decade

ended with excellent sales in all video

product categories. Statistics released by

the Electronic Industries Association’s

Consumer Electronics Group show the

following increases in sales to dealers

over the same period last year:

* VCRs — 42.1%

* Camcorders — 17.4%

* Projection TVs — 26.2%

* Color TVs — 36%

Stereo TV sales increased in 1989

Of all color televisions sold to deal-
ers last year, 29% featured stereo sound.
This constitutes an 18.7% sales increase
over 1988.

According to the Electronic Industries
Association’s Consumer Electronics
Group, more than 6 million stereo sets
were sold in 1989. Average monthly
growth for the category was 21.4%.
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——— Business Corner

Cultivating a business instinct

By William J. Lynott

“A feel for the dollar.”” That’s how one
service dealer described it to me years
ago and that’s still my favorite descrip-
tion. Others describe it as “having good
marketing instincts” or being a “natu-
ral salesman.”

Regardless of what you choose to call
it, it’s a vitally important part of the
makeup of any person who chooscs to
go into business for himself.

Some people have it, some don't.

Almost everyone thinks he has “a feel
for the dollar”” Most people say they
would like to make more money than
they arc making now. Who wouldn’t like
to eat in the finest restaurants without
so much as a glance at the price column
on the menu?

But that’s not what I mean by a feel
for the dollar.

An instinct for profit

As any electronics service dealer
knows, running a service business re-
quires a wide range of business skills.
We must deal on a daily basis with peo-
ple — customers and employees. We
must set up and maintain orderly
records. We must organize complex ac-
tivities such as routing technicians and
managing parts inventories. We must
practice a high degree of self discipline.
If the business is to prosper and grow,
we must make a profit.

Almost everyone who starts out in
business understands that last part: We
must make a profit. But understanding
it and knowing what to do about it are
two different things.

I have worked with hundreds of serv-
ice dealers throughout the years, and I
recognize a pattern that is more com-
mon than you might suppose. I'm talk-
ing about the service executive who
knows the nuts and bolts of his business
to an extraordinary degree, is t.chnical-
ly gifted, honest, hard-werkiag and
skilled in human relations, but he just
doesn’t have “a feel for the dollar.”

It’s the nature of the business, I sup-

Lynott is president of W.J. Lynott, Associates, a man-
agement consulting firm specializing in profitable serv-
ice management and customer satisfaction research.

pose. The typical electronics service
dealer has a technical, rather than a
business, background. Most began their
careers with a concern for fixing things
rather than manipulating debits and
credits. Many launched their business-
es without even the barest knowledge of
one of the most important of business
dictums: The life blood coursing
through the veins of any successful busi-
ness is INCOME. Without a fresh sup-
ply every day, the business must even-
tually depart from this vale of tears.

Who is the person upon whom the
business must depend for this life-
sustaining transfusion? Why you, of
course — the owner/manager.

Don’t get comfortable

Some people come by this fiscal tal-
ent quite naturally. Others, if they are
to develop any talent, must work very
hard to get it. Some just never seem to
get the hang of it.

If I had to come up with a sentence
to explain the difference between the

The successful dealer
understands the necessity of
developing new sources of
income.

successful service dealer and the one
who struggles to pay the rent each
month, here is what I would say: The
successful dealer understands the neces-
sity of developing new sources of in-
come, and he works at it, personally,
every day.

Most of the day-to-day functions in-
volved in running a service business can
be delegated quite successfully. In fact,
a business owner must learn not to take
up his own valuable time with activities
that can be more profitably handled by
others. Once a service dealer learns how
to delegate properly, he is free to attend
to those responsibilities that employees
are not likely to do as well, such as
building an expanding base of income
dollars.
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For starters, consider the need for
finding new customers. No matter how
good your service, as much as 25% of
your customers will be lost each year
through normal attrition. People move,
die, or are romanced away by competi-
tors every year. According to govern-
ment statistics, moving alone accounts
for up to 20% of customer turnover an-
nually. With this in mind, it isn’t diffi-
cult to imagine the eventual fate of a
business that doesn’t have a program for
bringing a constant supply of new cus-
tomers into the fold.

Some ideas

Bear in mind that a planned program
means exactly that. An ad in the Yellow
Pages may be fine as far as it goes, but
a complete marketing program for the
development of new customers requires
far more creativity than that.

Among the ideas that work well for
successful servicers are personal solic-
itation of business from apartment
houses, institutions and businesses, dis-
count coupons good only for new cus-
tomers; direct mail concentrated in the
immediate neighborhood; and display
ads in neighborhood weeklies.

Don’t underestimate the power of a
professionally lettered, squeaky-clean
truck traveling around your city’s
streets. If you use trucks, they should
be among your best salesmen. To skimp
on painting or maintenance is a poor
business decision. I remember one serv-
ice dealer in Boston many years ago
who had his name and phone number
painted in huge letters on the roofs of
his trucks so that high-rise apartment
dwellers could see them when they
looked out their windows.

There are, of course, countless other
techniques for developing new cus-
tomers. I'll pass along the best of the
ones I hear about from time-to-time in
this column.

But don’t forget, a “feel for the dol-
lar” also calls for finding ways to in-
crease sales from your present list of
customers. We’ll be talking more about
that as well.
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Our technical manuals are just as easy to follow:

they are surprisingly inexpensive, ranging from $40to $100. (1) Pick up your telephone, (2) Dial 1-800-553-7278, and
For example, there is our step-by-step VCR troubleshooting  (3) Speak. (See? We said our directions are easy to follow:)
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Setting up an electronics
servicing workbench

By Conrad Persson

Because of the rapid changes in con-
sumer electronics technology, electron-
ics servicers must constantly remain
aware of the current technologies and
be certain that the equipment you have
on hand is adequate to diagnose and
service them. You should conduct in-
ventories as often as once a year to de-
termine whether the tools, test equip-

Persson is editor of ES&T

<

\

ment and accessories on your
workbench are outdated. Of course,
many of the old tools and test equipment
devices still perform the function they
were designed to do, but because of cur-
rent, sophisticated technology, you will
need more ancillary equipment than
before.

Lighting
With today’s tiny circuits, effective
technicians can not rely on merely de-

~ \ ' &
. \W\NNe s

cent general lighting. High-power task
lighting and magnification are require-
ments for most demanding visual tasks.

ESD protection

A common cause of failure in current
consumer electronics products is elec-
trostatic discharge (ESD). You will find
at least one IC in the schematic diagram
of most sophisticated home electronics
products, such as TVs, CD players,
VCRs and microwave ovens.
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| Table 1.
ElA-recommended test equipment
A .
o @ <] S o o ’ 0
o> ° ° L) .g a 20
Eo 0; £ 3 a @ £ 9 >
SEI”PI| S| |a |2 |8 (8°
Test Equipment Specification 6y = || £ © |> O [E
Dual-trace oscilloscope Bandwidth: 100MHz (dc) o . N " . . o
(triggered) Sensitivity: 2mV, Time delay
Frequency counter Capability: 250MHz
Sensitivity: 20mV to 5V . . . . . . .
7-digit display, 10:1 attenuation
NTSC pattern generator 1V,., color bar with 75% saturation
Color bars: 100% white . . . .
Window: RGB 1V, ,
Stereo generator FM band separation greater than 50dB
Pilot with adjustable level 19kHz (10%) .
] Mode output: L, R, L+R, L-R
MTS generator Multichannel TV sound
Base band (RFCH3/CH4) . e
Out L-R, L+R, and SAP
Audio oscillator Frequency range: 0-100kHz
Distortion: 0.003% . . 4
Var. attenuation, 0 to 3V output
Sweep generator 86MHz 108MHz . o .
Digital voltmeter 0.1Vdc to 1,000vdc o : 5 S . . " o
Sensitivity: 1mV, 0.5% accuracy
ac millivoit meter 0.10 to 100Vrms % P o . . 5 ¢
db range: —-60db to +40db
dc power supply 0 to 50V, 20A, well filtered . . . . . . .
Wow and flutter meter Mode: jig/WRMS 0.003% to 3% .
Distortion analyzer Sensitivity: 0.002% F.S. .
- 10Hz to 110kHz, 0.1V to 130V
ac leakage tester 500uA capability . . . . . . .
NTSC vectorscope *
Solder station Temp. controlled, grounded tip
low wattage (25W to 35W) i v : * ¢ ¢ ¢ s
Desolder station Grounded tip . . . . . . . .
Color monitor or monitor receiver With RGB input for computer . . ®
Color monitor with under-scan e
Test speakers 0-100W . ¢ ol
Isolation transformer .
High-voltage probe L o
—— -
Hi-fi stereo amplifier 25W s . . s
Laser power meter e %
Light meter 1,000 Lux .
Light box with slides or halogen 3,200°
quartz lighting with NTSC color
chart 11, step logarithmic grey *
scale, back-focus and autofocus
charts, resolution and registration
charts
VARIAC Isolation type O to 140Vac variable with é & e 5 Y
line monitor
Degaussing cail ¢ _J
NOTE: This is a recommended list. Some manutacturers may require ditferent specifications than those listed here.

May 1990 Electronic Servicing & Technology 9



Table 2.

Accessory

ElA-recommended tools and accessories

Specification

Camera
camcorder

VCR/
hi-fi VCR

TV/monitor

Audio

CD player

Videodisc

Computer

Microwave

oven

Anode cap remover

Eccentricity gauge

Dummy loads

4Q, 69, 8Q, 16Q, (2 each), 250W

Conventional hand tool

Hex wrench

Metric assortment

Hex nut drivers

Metric assortment

1kHz, 10dB tape
speed wow/flutter
3kHz-10dB head

Test tapes Stairsteps
Color bars
RF sweep . o
1kHz tone
hi-fi audio
Anti static mat, static control . . . . . . .
Back-tension meter . .
Torque gauge . .
Test tape Crosstalk

Cassette torque meter

0-169g/cm

Mirror cassette

Head cleaning kit

Non-abrasive type (chamois cloth)

Molytone grease

Teresso oil

Hitazol grease

Test disc

Filters

Cloudy fine
Fluorescent
Red

nd 0.1

nd 04

nd 1.0

Leakage detector
Survey detector

HEW approved

600cc beaker

Graduated scale

Volt/watt meter

Thermometer

100°C or 212°F
1 degree graduation

Thermocouple
oven temp tester

—

For convection ovens

Speclalized tools, adjustment fixtures and cables available from manufacturers.
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ital Multimeters Have
eavyweight Features,
Lig twelght Prices.

ECG® DM-26 and DM-27 Pocket DMMs ofter the
best value available. Rotary Switch with usual
ranges and “OFF", 20 Megohm Full Scale and 10
Amps DC. Tilt stand. DM-26 $34.95 Sug. Ret
DM-27 (wheeper) $39.95

Sug. Ret. At 900 Philips

ECG distributor locations mart w
or call 1-800-5269354.  Choice 'Y, 5.

Philips ECG 4

PHILIPS

Replacement Work On
CRs Is Easy With
ECG Parts, Catalog.

New from Philips ECG: VCR modulators for many
popular brands, more opto sensing devices, addi-
tional idler wheels/assemblies and belt kits. Pinch
rollers, idler components, and scores of belts com-
plete the selection. At 900

Philips ECG distributor The

locations or call Smart
1-800-5269354. Choice Y.,
Philips ECG
P PHILIPS

Circle (6) on Reply Card
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Breadboarding At
Its Easiest: ECG
Circuit Designers!

Analog model: 2 DC/2 AC power supplies, 200 Hz
10 200 kHz function generator. Digital model: 3 DC
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Many of these ICs are sensitive to
ESD. In many cases, it does not take
much to damage or destroy these com-
ponents.

Some sensitive components will be
damaged by discharges in the range of
400V. The average human is not aware
that a static discharge has taken place
unless the voltage approaches 10 times
that value. The presence or absence of
crackling discharges is not a guide as
to whether ESD protection is required.

In today’s world, every consumer
electronics product, every circuit board
and every component should be treated
as if it is susceptible to ESD damage.
Every bench position and every tool kit
for servicing electronics products should
be equipped with antistatic wrist straps
and antistatic mats. Every technician
should be instructed in the use of an-
tistatic products and in the importance
of keeping static-generating products
away from electronics that are opened
up for servicing.

Test equipment

Although it may be possible to get by
in electronics servicing with a simple
DMM, a 20MHz scope and a few oth-
er basic pieces of test equipment, today’s
sophisticated consumer electronics
products almost cry out for sophisticat-
ed tools and test equipment to service
them. The Electronic Industries Associ-
ation/Consumer Electronics Group
(EIA/CEG) has compiled a list of test
equipment considered essential or
desirable for diagnosing and repairing
current sophisticated consumer elec-
tronics products. Tables 1 and 2 list the
test equipment and tools recommended
for the electronics servicer. (For a pam-
phlet, write to the EIA/CEG, 2001 Eye
St. NW, Washington, DC, 20006.)

Cleaning supplies
and other chemicals

Many of today’s consumer electron-
ics products, such as VCRs and cam-
corders, are actually electromechanical
devices. Computer floppy disk drives
have moving parts that wear and break,
and sensing heads and other mechani-
cal components are subject to wear and
travel of the magnetic medium. Servic-
ing a consumer electronics product may
require little more than thorough clean-
ing of the heads or other parts of the tape
path.

This kind of service requires speci-
fic techniques and the correct supplies,
which should be readily available at the
bench or in the portable tool kit. If you
service VCRs, for example, you will
need the right cleaning aids and ap-

propriate cleaning liquids, such as
isopropyl alcohol or Freon TE. Never
clean a VCR with cloth, cotton swabs
or any other material that might leave
lint or residue. The two materials gener-
ally recognized as appropriate for clean-
ing VCR heads and tape paths are cham-
ois and plastic foam. Both of these
materials are available in sticks or
swabs. Spray the cleaning liquid on the
material and carefully wipe the heads
and transport parts clean.

You can also use cleaning tapes for
VCRs and cleaning disks for computer
disk drives. From the information avail-
able, it appears that most cleaning disks
for computer disk drives are safe to use.
In the past, we did not recommend VCR
cleaning tapes. However, there are now

Even the most knowledgable
technicians cannot achieve
their goals without the
proper tools.

one or two (and possibly more) that ap-
pear to be safe and effective. Choose
among these products carefully. Some
are thought to induce the problems they
are supposed to eliminate. (See “Head
Cleaning Tapes: Should You Recom-
mend them?” in the February 1990
issue.)

Soldering

If you closely examine current com-
pact, lightweight, feature-packed con-
sumer electronics products, you will
find components that are smaller than
a matchhead, printed-circuit board
traces that are almost hair-thin, and
packaging that leaves almost no room
for finger movement. The manufactur-
ing process employs fabrication technol-
ogy that is exacting, including the tem-
perature and other parameters of the
soldering. When a component is desol-
dered and a replacement component is
soldered in, the soldering irons used by
the servicing technician must be able to
provide sufficient heat at the right tem-
perature if the new connection is to be
made to the same specifications that
prevailed during the manufacturing
process.

The article “Hand Soldering: The
Achilles’ Heel in Electronics Reliabili-
ty” is a detailed look at hand soldering,
including metallurgical ramifications. It
should give you a better understanding
of what it takes to make a satisfactory
solder joint.
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Safety ac leakage testing

Some things, like the importance of
safety, never change. Every TV, VCR
and personal computer is connected to
the ac line. Many things can go wrong
within one of these products to cause the
ac line to be accidentally connected to
the exposed metal parts of the product.
If someone comes in contact with the
exposed parts and a good ground simul-
taneously, the result could be a fatal
shock.

Every consumer electronics product
that is serviced should be given a safe-
ty leakage test. The article “Safe Serv-
icing: The Leakage Test” details some
of the problems that turn consumer elec-
tronics products into potentially lethal
traps. The leakage test allows you make
sure they are safe.

The field service tool kit

The tool kit might be compared to a
servicing bench that you can take out of
the shop. Depending on the care with
which you select the tools and test
cquipment for your tool kit. one of three
things will happen: you are carrying the
right equipment with you and are able
to make field repairs in the customer’s
home; you seldom have the right tools
to make field repairs in the field; you
are able to complete most field-
repairable projects, but many of the
tools and test devices in the kit gather
dust, and you are tired of carrying so
much with you.

The tool kit is valuable, but its value
is generally in proportion to the amount
of thought that goes into assembling it
and to the amount of review that goes
into keeping its contents updated. “The
Portable Workbench,” in this issue, pro-
vides detailed suggestions on how to as-
semble a tool kit, and it offers a check-
list on which to base your selections.

Putting it all together

Technicians are much more than tools
and test equipment. The knowledge and
skills they bring to the job are the most
important part of troubleshooting and
repairing products. However, even the
most knowledgeable technicians cannot
achieve their goals without the proper
tools. Whether on the bench or out in
the field, well-equipped servicers will
be faster, more efficient and more ac-
curate than their unorganized competi-
tion — and probably more profitable.



Hand soldering -

The Achilles’ heel in electronics

reliability

By Alan L. Royston and Joe Keller

There was a time when manafacturers
thought wave soldering would replace
the humble soldering iron, but that time
has never arrived. We still rely on hand
soldering for interconnections, rework
and component replacement. Manufac-
turers spend several thousand dollars
selecting and testing soldering ma-

Alan Royston is managing director of-Royel Soldering
Systems. Joe Keller is a soldering and cleaning con-
sultant.

chines, component preparation and
pick-and-place machines, and often
overlook or fail to appreciate the neces-
sity of checking and upgrading their sol-
dering irons to handle the necessary
process control for modern circuitry.
In 1982, an IBM study concluded that
the best way to degrade a PCB connec-
tion is to touch it with a soldering iron.
(Roger N. Wild, “Thermal characteris-
tics of multilayer interconnection
boards.") Since this study, the problem

has become more critical because of the
increasing miniaturization of electron-
ic circuits. Manufacturers and electron-
ics servicers should understand that the
same laws of thermal dynamics and
metallurgy relevant to machine solder-
ing must also be applied in the use of
the “simple’’ soldering iron.

The soldering process
Soldering is a metallurgical process.
It involves the inter-alloying, or melt-
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A modern temperature-controlled soldering iron provides accurate tip temperature control and quick return to specified temperature after

making a solder joint.
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ing together, of carefully selected
materials within an experimentally de-
termined, narrow temperature range to
achieve maximum strength and durabil-
ity. It restricts intermetallics, which are
alloy contents whose percentages of me-
tals causes brittleness.

Solder is an alloy of tin and lead. The
electronic grades give good wetting and
high-reliability joints in the range of
480°F to 520°F. Werting, which is the
interaction between the liquid solder and
the solid surface of the part being sol-
dered, is possible only if the solder
comes in direct contact with the solid
surface of the part being soldered. Any-
thing that sticks to the surface acts as
a barrier to the solder and, therefore,
prevents wetting. A drop of solder on
a contaminated surface is like a drop of
water on a greasy plate. If the surfaces
are clean, wetting will take place and
solder will flow freely across the sur-
face. Basically, sufficient heat must be
supplied to raise the joint to an ideal
wetting temperature without damaging
the workpiece.

Any respectable soldering machine
contains a crucible of 400 to 800 pounds
of solder. It must be this large for the
mass to absorb board contaminants and,
even more crucially, to achieve thermal
stability, which is the temperature at
which the strongest and most durable
solder joints are made. If the tempera-
ture varies by more than +5°, the line
will shut down and be followed by in-
tense speculation, investigation and head
shaking. Temperature control during
hand soldering is just as important to
circuit reliability as it is in machine sol-
dering.

Thermal damage
Because it must be portable, light and
easily manipulated, a hand soldering
tool cannot have infinite thermal mass.
It needs a fine tip profile to address
modern, miniaturized terminations,
and, therefore, can have only a few
grams of thermal mass. In order to
transfer the required amount of heat, the
tip must be at a temperature higher than
the ideal, a temperature varied by the
thermal efficiency of the hand solder-
ing tool. The target supplies the required
quantity of heat to the joint with the

minimum of thermal shock.
Many operators happily poke a 700°F
or 800°F tip at tiny, critical, soldered
terminations. When a tool this hot is

used, flux boils off, leaving non-wetting
halide actuators on the pad. Track and
pad adhesion is destroyed, bonds with-
in the chip packages are degraded, sil-
ver is reflowed within capacitors, and
glass-to-ceramic seals are thermally
over-stressed. The operator may
unknowingly sweep across the board,
leaving a trail of degradation and inter-
metallics which eventually lead to sys-
tem failure.

Thermal control
Why can’t hand soldering be per-
formed within the same temperature
band as the very carefully calibrated and
policed soldering machine? True, the
slender soldering iron tips needed for

A drop of solder on a
contaminated surface is like
a drop of water on a greasy

plate. If the surfaces are
clean, wetting will take place
and solder will flow freely
across the surface.

the tiny soldered terminations of mod-
ern circuit boards are unable to store a
sufficient volume of energy to maintain
a constant temperature. If, however, the
tip is applied and the temperature drops,
quickly switching on a heating element
of sufficient power and ensuring an ef-
ficient thermal path from element to tip
can limit the temperature drop to ap-
proximately 40°F. By measuring the
temperature drop on a given circuit
board or series of terminations, the sol-
dering iron idling temperature can run
at the requisite premium temperature
above the ideal 480°F to 520°F, thus
providing the necessary process control
in hand soldering.

Limiting the maximum temperature is
not enough. Thermal efficiency, which
is the ability to recover the set temper-
ature at the soldering face between suc-
cessive applications, is critical. Thermal
efficiency, a result of refined design, is
instantly recognized by experienced sol-
dering operators and can be measured
by the time-lapse between switch on to
working temperature (600°F), with 30
seconds considered as ideal.

The potential for electrical deteriora-
tion or catastrophic damage is recog-
nized in current U.S. Department of De-
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fense specifications. The requirements
for soldering equipment in Defense
Standard 2000-1B include a maximum
soldering tip-to-ground resistance of 29,
a maximum tip-to-ground voltage poten-
tial of 2mV, and a maximum idling tem-
perature range of *10°F. Non-static
generating soldering handles are also re-
quired.

To maintain government-qualified sta-
tus, manufacturers must provide evi-
dence that they regularly monitor sol-
dering irons. This requirement has led
to the introduction of specialized solder-
ing iron test equipment and small, yet
powerful and thermally efficient solder-
ing stations, which are able to deliver
the necessary repeatable performance.
(See Table 1.)

Experience has shown that the most
rapid heat flow is achieved with plug-
type tips inserted in close-tolerance bar-
rels. Split tips, with the copper core re-
moved to accommodate sensors or loose
fitting tips, limit heat flow and reduce
the thermal efficiency of soldering tools.

Without adequate control, electronic
circuit reliability may be degraded to an
unacceptable level by hand soldering
operations.

Regular monitoring of high-efficiency
soldering equipment achieves accurate
process control. Refined soldering iron
designs tie the thermocouple to elec-
tronic sensing and switching, which en-
sures zero voltage switching, fast initial
heatup, fast heat recovery after each sol-
dered joint and close temperature con-
trol. Idling temperatures may be set low
to provide more efficient soldering at
temperatures within the recommended
range.

Even the most skilled and conscien-
tious soldering operator needs the assis-
tence a well-designed soldering work-
station provides. The work area should
be clean, proper equipment should be
used and the correct techniques should
be followed. A good soldering worksta-
tion includes a soldering iron, iron
holder, sponge and sponge tray, ground
lead and an operator’s manual. Expect
to pay between $200 and $400 for a
reliable unit. Units are helpful to those
who switch between irons for work on
printed circuit boards and multilayer cir-
cuits with heat-absorbing ground
planes. Other products, such as replace-
able tips and tip temperature testers, also
add to the safety and efficiency of the
soldering workstation.
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The portable workbench

By Conrad Persson

Many otherwise efficient technicians
are hit-or-miss when deciding what to
take with them on a service call. There
are two extremes, and they both lead to
inefficiency.

The lean extreme concerns techni-
cians who get a call, throw a few tools
into a tool case and head out the door.
It is usually not until they are immersed
in the middle of the repair that they dis-
cover they are missing a critical piece
of equipment.

The heavy extreme concerns techni-
cians who buy tool kits that are com-
plete with every conceivable tool. Char-
acteristics of these technicians are tool
kits that are so full they can hardly be
called portable, a difficulty in locating
the right device, and, often, a bad back.

Planning a tool kit

The most important tool for stocking
an efficient tool kit is planning. Just as
you carefully plan your workspace and
decide what products your shop will
service, you must put time and thought
into stocking a complete, but still port-
able, tool kit. Ask the technicians who
actally do the on-site servicing for their
opinion on tool selection. You do not
have to include every tool they suggest,
but their input will contribute to a more
efficient tool kit.

Evaluate the work your shop does,
what types of repairs you will make on-
site, and what repairs you will only
make in the shop. Here is a checklist to
help you build an efficient tool kit.

* Determine what type of products you
will service on-site.

® Many current components are subject
to electrostatic discharge (ESD) dam-
age. Be certain that your tool kit is
equipped with a grounding wrist strap
and anti-static mat. Also include anti-
static bags to carry printed circuit
boards you may replace.

Persson is editor of ES&T.

® If you will service personal com-
puters, a selection of diagnostic disks
will help you pinpoint problems. Make
sure that the disks are adequately pro-
tected from physical and magnetic
damage.

* Do not forget the accessories. An an-
gled mirror like the ones used by den-
tists may enable you to see into the dark
recesses of a product. A hand magnifi-

The most important tool for
stocking an efficient tool kit
is planning. You must put
time and thought into
stocking a complete, but still
portable, tool kit.

er may let you see details you cannot
otherwise see, thus letting you complete
a repair that would not have be possi-
ble. A flexible shaft or angled shaft may
allow you to remove and replace screws
that you might not be able to touch with-
out extensive disassembly.

® Inevitably, you will drop a fastener or
other important part. According to Mur-
phy’s Law, it will land in the most in-
accessible spot. To recover the missing
part, you should have the two types of
part retrievers: the magnetic and the
spring loaded grabber. Both can turn
desperate scrambling into routine serv-
icing, but be careful to keep the magne-
tized retriever away from the diagnos-
tic disks.

*® There is never enough light. Carry-
ing a flashlight and an ac- powered lamp
in your tool kit will enable you to place
enough light wherever you need it. In
further deference to Mr. Murphy, you
might want to carry spare lightbulbs and
batteries.
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® Another important ingredient in a
well-stocked tool kit is a selection of
cleaning supplies and lubricants, includ-
ing paper towels and rags. Dust and dirt
love to collect in the warm electrified
atmosphere of consumer electronics
products. Electromechanical compo-
nents, such as magnetic heads in VCRs
and disk drives, may become clogged
with oxides and require cleaning.

Other supplies to consider are a vac-
uum cleaner, a can of air under pres-
sure, soft brushes, isopropyl alcohol,
Freon, foam or chamois swabs and
screen wipes.

* You should carry basic test and meas-
urement equipment, such as a DMM,
an oscilloscope and the appropriate
gauges.

® The type of carrying case you select
is also important. You can choose be-
tween an attache case, a soft-sided
pouch or a formed aluminum case. Be-
fore purchasing a kit, you may want to
ask your distributor’s advice. Which one
is best for you depends on the type of
products you will be servicing, how
many tools and test instruments you will
carry, and how much abuse your kit will
have to withstand. If you will equip
several technicians, you may want to
purchase each type of case, then deter-
mine which one lasts the longest and
which one the technicians prefer.

The perfect tool kit

Is it possible to create the perfect tool
kit? Probably not. You cannot predict
every situation that will occur. No mat-
ter how hard you try, there will be times
when you are not carrying the right tool
to complete a repair. You may also dis-
cover that some of the tools that seemed
necessary to include sit there during
every service call, adding unnecessary
weight to your already heavy load. Still,
a well-planned, efficient tool kit will
minimize return trips to the site. A lit-
tle organization can save you (and your
customers) a lot of frustration. ]



Test and measurement catalog

John Fluke Mfg. is offering a new
1990 Fluke and Philips Test and Meas-
urement catalog. The 536-page catalog
features several new additions, includ-
ing 20 new products, a new rack mount
selection guide, a glossary of terms, and
an abbreviations and symbols section to
assist customers in selecting the equip-
ment they need for their test and meas-
urement requirements.
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Electronic test accessories catalog

ITT Pomona Electronics has intro-
duced a 138-page catalog of electronic
test accessories. Highlights of the cata-
log include five new product groups,
such as IC test clips, low-cost coax as-
semblies and a new family of digital

multimeter test-lead kits. Ten major |

product categories are presented via an
easy-to-use index. The catalog also in-
cludes the company’s most popular
selection of jumpers and cables, boxes,
plugs and jacks, connectors adapters,
single-point test clips, and static control
devices.
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Remote controls catalog

Thomson Consumer Electronics now
has the January 1990 edition of the RCA
and GE Remote Controls catalog. This
catalog contains all available direct re-
placement, remote control hand units
for RCA and GE TVs, video recorders,
videodisc players, camcorders and au-
dio components. The catalog is divided
into three sections. One part contains
more than 220 photographs of the re-
motes. The other sections contain cross-
reference material, both in model num-
ber sequence and in remote type num-
ber sequence.
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Tool and test equipment catalog

Jensen rools offers a 96-page Winter
Catalog. listing products for installation
and maintenance of integrated voice and
data communication systems. The cata-
log features the company’s latest LAN
service kits and introduces the JTK-46
Communications Maintenance Kit, de-
signed for accessing all the equipment
in a multi-system communications facil-
ity (modems, FAX, teletype equipment,
switches and distribution systems).
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Test equipment catalog
B&B Electronics is offering its cata-

log #12-1990 — a 20-page, multi-colored
publication that provides a reference and
guide to the RS-232 interface and
monitoring equipment manufactured by
the company.
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Soldering information in newsletter

The Electroconnect Division of Met-
cal has introduced the latest issue of Hot
Tips, a 4-page quarterly newsletter de-

signed to share ideas on soldering tech-
nology, publish information on end-user
applications, and update readers about
the company and its product line. Fea-
tured in the Spring 1990 issue is the
company’s newest product, the STSS-
004 STA-Temp desoldering system. An
editorial questions the importance that
the electronics industry places on tip
idle temperature.
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Safe Servicing

The leakage test

By the ES&T staff

Every service manual for every elec-
tronics product strongly recommends
that you perform a leakage test. Unfor-
tunately, almost every servicer ignores
that advice. The leakage test is compli-
cated. It requires a good ground and a
resistor/capacitor combination located
among the shop parts. Setting up the test
is time-consuming, and an abundance
of time is something most technicians
do not have.
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Figure 1. This chart shows the effect of elec-
trtic shock on the human body.

The leakage test assures that the TV
set or other consumer electronic device
that is being returned to the customer
does not have exposed metal parts that
could give the customer an electric
shock. That is why all service literature
lists a safety leakage test similar to the
one shown in the sidebar, “Performing
the Leakage Test.”

The safety check applies to all con-
sumer units that are connected to the ac
line, but it is most important when the
device does not have an isolation trans-
former. The potential of a shock hazard
increases dramatically when the set has
a hot chassis.

Even if you find leakage on only one
chassis out of a hundred, that one unit
is the only reason you need to test eve-
ry chassis that leaves your shop. It only
takes one leaky chassis to put you out
of commission, thus out of work. It only
takes one to damage your expensive test
instruments and put them out of serv-
ice for a week or longer. Furthermore,
it only takes one zapped customer to
bring a lawsuit against you and your
shop. One leaky chassis can cost you
more than it costs to perform the leak-
age test on every chassis that leaves your
shop.

Many technicians add an extra charge
to the customer’s bill for performing the
leakage test. Most customers do not
mind paying an extra $5 to ensure the
safety of themselves and their families.

What causes leakage?

Any path that places the customer in
direct or indirect contact with the ac line
is dangerous. There are many different
ways this can happen. The following is
a list of the most common leakage
causes:

Shorted antenna bypass capacitors are
commonly seen after a thunderstorm.
The capacitors are in series between the
antenna terminals and the chassis to iso-
late the hot chassis from the antenna.
When one of these capacitors is short-
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ed, the customer notices no difference
in the operation of the receiver. The RF
signal passes through the shorted capac-
itor the same way it passes through a
good capacitor. The problem, however,
is that the antenna terminals are carry-
ing raw ac,

Improperly installed tuners often cause
leakage because when replacement
tuners are not properly installed, the ac
line may be tied to exposed metal parts.
Also, do not use conductive shafts to re-
place insulated shafts on tuners. You
could create a shock hazard on the tun-
ing knob.

Conductive knobs cause leakage when
they improperly replace insulated
knobs. If the TV that is being serviced
has control shafts connected directly to
a hot chassis, the knobs on these shafts
must be insulating, not metal- or
chrome-plated knobs, which conduct
current and result in a shock hazard.

Defective isolation transformers are of-
ten found on older TVs. These built-in
transformers are supposed to isolate the
metal chassis from the ac line, but they
occasionally develop leakage between
the primary and secondary windings
and cause a hot chassis. The danger of
this situation is compounded when the
TVs have metal cases or metal pans
covering the bottom of the chassis. All
exposed metal becomes a shock hazard.

Ac bypass capacitors connect between
the ac line and the chassis in most elec-
tronic devices that use isolation trans-
formers. The capacitors bypass RF in-
terference, picked up by the metal
chassis, to the ac line for shielding pur-
poses. Older capacitors are often the
wax-coated, paper type, which develop
leakage as the paper dielectric absorbs
moisture. In some cases, a capacitor
shorts completely, causing a direct con-
nection between the ac line and the
chassis. Thesc capacitors, like antenna



bypass capacitors, are commonly dam-
aged during thunderstorms.

Bent rabbit ears arc the rabbit-eared re-
ceiver antennas designed to slide down
inside the back of the case. A plastic
tube inside the case usually isolates the
metal antenna rods from the chassis, but
the rods often bend. When the bent rods
are pushed down to the “nested” posi-
tion, they touch the hot chassis. The ex-
posed end is hot and the wire that comes
out of the back of the chassis to connect
to the antenna terminals also carries the
full ac line voltage.

Improper installation of parts can cause
leakage. When a servicer forgets to re-
place an insulating piece of “fish paper”
under a component, the ac line current
may be exposed to metal parts.

Foreign objects touching the ac line,
such as pieces of wire or solder, result
in a shock hazard.

A broken safety ground may allow a
shaft or control to float.

Long metal screws often go through the
plastic mounting tabs and touch the met-
al chassis, becoming live.

Adding an earphone to a set that lacks
an isolation transformer constitutes a
serious shock hazard because it is con-
nected directly to the listener’s head.

Foreign objects, such as coins, hairpins
and other metal objects, can fall inside
the sct and cause connections that route
ac to exposcd metal parts.

Connecting an external speaker to a TV
is dangerous when the sct does not have
an isolation transformer.

The list could go on and on. There
is a shock hazard any time a piece of
metal comes in contact with a hot
chassis.

The leakage test

Leakage current cold check

1. Unplug the ac cord and connect
a jumper between the two prongs on

the plug.

2. Turn on the receiver’s power

switch.

3. Measure the resistance value
(with an ohmmeter) between the jum-
pered ac plug and each exposed
metallic cabinet part on the receiver,
such as screwheads, connectors and
control shafts. When the exposed
metallic part has a return path to the
chassis, the reading should be be-

tween 240kQ and 5.2MQ.

Leakage current hot check

1. Plug the ac cord directly into the
ac outlet. Do not use an isolation

transformer for this check.

2. Connect a 1.5k, 10W resistor in
parallel with a 0.154F capacitor be-
tween each exposed metallic part on
the set and a good earth ground,

such as a water pipe.

3. Measure the potential accross the
resistor. Use an ac voltmeter with
1,000Q/V sensitivity or greater.

4. Check each exposed metallic part
and measure the voltage at each

point.

5. Reverse the ac plug in the ac out-
let and repeat each of the meas-

urements.

6. The potential at any point should
not exceed 0.75V,... A leakage cur-
rent tester may be used to make the
hot checks. Leakage must not ex-
ceed 0.5mA. In case a measurement
is outside of the limits specified, there
is a possibility of a shock hazard, and
the receiver should be repaired and
rechecked before it is returned to the

customer.
AC VOLTMETER
HOT-CHECK
CIRCUIT @
0.15,F
TO
INSTRUMENTS
EXPOSED %~ Anp

METAL PARTS 1.5kQ, 10W

coLD

WATER PIPE
(EARTH
GROUND)

How much leakage is bad?

Figure 1 shows the effect of electric
shock on the human body. The most
likely range of fatal current is between
30mA and 250mA. It is in this area that
the breathing and heart are most severe-
ly affected. The chart is based on a per-
son weighing 150 pounds. Smaller peo-
ple, especially children, are more
susceptible to shock at lower current
levels.

Ideally, no leakage should exist, but
this standard is not realistic. Compo-
nents such as RF decoupling capacitors
and antenna matching transformers al-
low some current to flow. Underwriter
Laboratories has established guidelines
for safe leakage currents. The maximum
UL allowable limit (since 1972) is
500mA. Consumer electronics devices
manufactured before 1972 were allowed
750mA.

Testing for cord leakage

An increasingly common cause of
electrical fires is leakage between the
conductors of line cords and extension
cords. This type of leakage may even-
tually short or cause sparks, which may
ignite a fire.

To test for leakage in line cords or ex-
tension cords, use a Z-meter. Measure
the leakage between the two conductors
on a 2-wire cord or the leakage between
the three conductors on a 3-wire cord.
In either case, the leakage should be
zero (with the cord unplugged from the
wall or device to which it supplies pow-
er). If leakage is detected, the cord is
defective and should be replaced.

Conducting the test

Ycu may conduct the safety leakage
test by following the directions outlined
in the sidebar. As an alternative, you
may use a piece of test equipment that
offers the test as one of its functions.
Ask a distributor or test equipment man-
ufacturer which instruments offer the
leakage test. =
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CSERVICE®

The software package
written specifically for
service/repair companies.

* Job Ticket Tracking
* Recurring Rental Billings
* Maintenance Contract Analysis
* Maintenance History Tracking
* Service Van Inventory Control
* Technician Productivity Analysis
* Accounting

General Ledger

Accounts Receivable

Inventory

Accounts Payable

Payroll
Save time and money by coor-
dinating your operations with our
service software. IBM compatible.
Demonstration program available
for evaluation.

America West C&E, Inc.

311 Washburn Drive
Rock Springs, WY 82901
800-542-WEST
FAX:307-382-7323
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LEARN VCR
CLEANING/MAINTENANCE/REPAIR

EARN UP TO $1000 A WEEK, WORKING
PART TIME FROM YOUR OWN HOME!

]
Secrets

Revealed!

NO Special
ools or
Equipment

Needed.

THE MONEYMAKING OPPORTUNITY OF THE 1990's

IF you are able to work with common small hand
tools, and are familiar with basic electronics (... able
fo use voltmeter, understand DC electronics)

IF you possess average mechanical ability, and have
a VCR on which to practice and learn...then we can
teach YOU VCR maintenance and repair!

FACT: up to 90% of ALL VCR malfunctions are due
to simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!

FACT: over 77 million VCRs in use today natiorwide!
Average VCR needs service or repair every 12 to 18
months!

Visjo's 400 PAGE TRAINING MANUAL (over 500
photos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE reveals the SECRETS of VCR
maintenance and repair - “'real-world"* information that
is NOT available elsewhere!

Also includes ali the Info you'll need regarding the
BUSINESS-SIDE of running a successlul service
operation!

FREE INFORMATION

CALL TOLL-FREE 1-800-537-0589
Or write to Viejo Publications, Inc.
3540 Wilshire BI., STE 310
Los Angeles, CA 90010, Dept. EST
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Books/Photofact

ES&T periodically publishes
reviews on books that are particular-
ly applicable to our readers. We do
not have any information other that
that supplied below each review.
Contact the publishing company for
further ordering or pricing details.

How To Make Printed Circuit
Boards, With 17 Projects, by
Calvin Graf; TAB Books; 224
pages; $23.95 hardbound, $15.60
paperback.

This book describes printed circuit
board technology: how to design, lay
out and etch the board and how to
mount, solder, and desolder compo-
nents, plus circuit-board testing. The
book covers general workshop princi-
ples, such as basic electron theory, elec-
tronic components and schematic dia-
grams. A number of commercially
available electronic assembly kits are
covered, with details on how these kits
can be ordered and assembled. Also in-
cluded are 17 projects.

TAB Books, Blue Ridge Summit, PA 17294-0850;
800-822-8138.

AC/DC Electricity and Electronics
Made Easy — 2nd Edition, by Vic-
tor F. Veley; TAB Books; 368
pages; $17.95, paperback.

This book covers subjects that range
from basic units of measurement to
complex applications of waveform anal-
ysis. Using standard components, it
demonstrates methods of problem-
solving and provides choices of analyt-
ical techniques.

TAB Books, Blue Ridge Summit, PA 17294-0850;
1-800-822-8I38.

Macintosh Repair and Upgrade
Secrets, by Larry Pina; Hayden
Books; 351 pages; $32.95.

This book provides repair and up-
grade information for the power supply
of all types of Macintosh machines. It
includes part lists, instructions for disk
drive, RAM and ROM upgrades and
previously undocumented upgrades for
power supplies, disk drives, and
nonitors.

Hayden Books, 11711 N. College, Suite 141, Car-
mel. IN 46032; 317-573-2676.
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Understanding Digital Electronics
— 2nd Edition, by R.H. Warring
and Michael J. Sanflippo; TAB
Books; 196 pages; $14.95,
paperback.

This book stresses the importance of
organization in thoroughly understand-
ing the theory and practice of digital
electronics. It introduces readers to dig-
ital circuit functions from three prima-
ry angels: mechanical equivalants of
switches and symbols, truth tables dis-
playing all possible digital device con-
ditions, and solution-oriented binary
arithmetic intruction.

TAB Books, Blue Ridge Summit, PA 17294-0850;
1-800-822-8138.

Computer Technician’s Handbook
— 3rd Edition, by Art Margolis;
TAB Books; 580 pages; $36.95
hardbound, $24.95 paperback.

This computer troubleshooting and
repair guide for professional electron-
ics technicians and intermediate-to-
advanced electronics and computer hob-
byists explains simple adjustments and
routine maintenance of personal com-
puters. For more advanced readers, di-
agnostic and repair procedures are in-
cluded. This book retains information
on 8086-8088 systems and adds mate-
rial on 16-bit 80286, 32-bit 80386, and
68000 processors. New developments
covered include D/A conversions, dy-
namic 256K yo IMbyte memory chips,
and surface-mount device testing and re-
placement.

TAB Books. Blue Ridge Summit, PA 17294-0850;
800-822-8138.

600 Low-Cost Electronic Circuits,
by David M. Gauthier; TAB
Books; 350 pages; $18.60 paper-
back, $27.95 hardbound.

This book offers circuit designs as-
sembled from a cross-section of
manafacturers. Diagrams and specifica-
tions are included for all circuits, which
can generally be constructed for less
than $20. Audio, display, conversion,
switching, automotive, computer, and
control circuitry are included, as
well as a collection of special-purpose
devices.

TAB Books, Blue Ridge Summit, PA 17294-0850;
800-822-8138.

Continued on page 43.



Test your

electronics knowledge

This test deals with measurements
and parameters. It has a high level
of difficulty. A grade of 50% is con-
sidered to be good.

1. What is the unit of measurement
for the reciprocal of the period of a
sine wave?

2. What do you get when you divide
the center frequency by the band-
width? (It is more commonly called

Q)

Wilson is the electronics theory consultant for ES&T.

By Sam Wilson, CET

3. In what unit is the time rate of do-
ing work or expending energy
measured?

4. Two components of the power tri-
angle are of true power and appar-
ent power. What is the third?

5. The number of amps per volt is
called the conductance. In what units
is it measured?

6. In the United States, it is called
decibels and it is based on logl0. In
other countries, it is based on log®
or log. What is it called?

7. This 3-terminal thyristor will not
conduct until its emitter is a certain
decimal part of the power supply
voltage. What is that decimal part
called?

8. In what temperature scale does all
motion of atoms stop at 0°?

9. What kind of interrupt is impos-
sible to ignore when it is delivered
to a microprocessor?

10. What is the reciprocal of reac-
tance called?

Answers are on page 37.
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ELECTRONICS CATALOG.
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use your Mastercard or Visa

Consolidated Electronics. Incorporated

705 Waterviiet Ave.. Dayton, Ohio 45420-2599
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B Sine, Square, Triangle, Ramp,
TTL and CMOS Outputs
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Modulation
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For more information and the location of your nearest authorized
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Instrumentation Products Division, 3883 Ruffin Road, San Diego, CA 92123-1898
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What do you know about electronics?

Measuring frue rms

By Sam Wilson, CET

The letters rms stand for root mean
square. That is actually a description of
how the value is obtained mathemat-
ically.

One definition of rms voltage and rms

current is that they are effective values.
For example, you can replace the rms
voltage across a resistor and the rms |
current through that resistor with an |
equal dc voltage and current. The result |

is the same amount of heat dissipated
by that resistor.

Wilson is the electronics theory consultant for ES&T.

CURRENT
BEING
MEASURED

—»

————ele

M ) o

HOT WIRE

FRICTION
DRIVE

SPRING

INSULATED FIXED
POINT

Figure 1. The hot wire ammeter measures rms current. When current flows through the resis-
tence wire, the wire heats and expands. The expansion causes the wire to sag. A spring
mechanism then moves the the pointer upscale.

2 VOLTMETER

CURRENT
BEING
MEASURED
S —— —» || _’* — L .
THERMOCOUPLE

Figure 2. In the thermocouple meter, the current heats the wire and the thermocouple
produces an output voltage that is directly related to the resulting heat. The voltage produces
an upscale reading on the meter.
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That explanation shows why rms
values are also called heating values.
The methods of measuring rms values
are usually (but not always) based on
measuring the heat produced by a cur-
rent, or by a voltage across a known re-
sistance value.

The hot-wire ammeter was an early
instrument used for measuring rms cur-
rent. Its principle of operation is shown
in Figure 1. Current, flowing through
a resistance wire, causes the wire to
heat. The resulting expansion of the
wire causes it to sag. A spring mecha-
nism then moves the pointer upscale.
Because the upscale motion.of the point-
er is directly dependent on the heat pro-
duced, the hot-wire ammeter can be
used to measure true rms current.

The heat produced in the wire is the
result of rms current. It does not depend
on a specific waveform, such as a sine
wave, for its operation. The same is true
of all direct rms equipment, but it is not
true of a typical VOM used in the every-
day measurements by technicians.

It does not matter whether the meter
is analog or digital. Many VOMs make
measurements based on average values
even though their scales are calibrated
to display rms values.

The VOM scale is calibrated to read
the rms value of a pure sine wave. Un-
less you know the trick (which will be
explained later), you cannot use an
average-responding, rms-reading instru-
ment to measure non-sinusoidal voltages
or currents.

Hot-wire ammeters are not famous
for their accuracy. The measurement is
dependent on spring tension. Springs
get old and fatigued, so the ammeter has
to be calibrated frequently. A wire can
only be stretched and restretched so
many times before it begins to show its
age. Also, the surrounding (ambient)
temperature greatly affects the accura-
cy of this instrument.



An improvement is the thermocouple
meter. The principle of operation for
this type of meter is shown in Figure 2.
The current heats the wire and the ther-
mocouple produces an output voltage
that is directly related to the resulting
heat. The voltage produces an upscale
reading on the meter. Because the meas-
urement depends on the heating effect
of the current, the thermocouple meter
responds to a true rms value.

Because the thermocouple meter uses
a suitable series (multiplier) resistor, it
can be used to display rms voltage. This
type of meter is still being used.

Although it may seem clumsy, the
calorimetric method is useful for meas-
uring average power. Despite the ridic-
ulous audio standard which declares that
rms power is the product of rms volt-
age and rms current, that is not true in
the real world. In this world, rms volt-
age multiplied by rms current is aver-
age power.

Figure 3 shows the calorimetric
method’s principle of measuring aver-
age power. Because the principle is
based on the heating effect of current
and of voltage across a known value of
resistance, it is an indirect indication of
true rms voltage and rms current.

LEARN TO
CLEAN/MAINTAIN/REPAIR

FAX MACHINES

HUGE NEW UNTAPPED MARKET!

EARN
$65/HR!

-

Over 8 milllon Fax machines In homes/
offices -predictions are for over 25 milllon
by 1992!

@ Work from your home/van

@ Home study program gets you started servicing
tax machines in 2 weeks!

@ No special tools/equipment needed

@ Earn additional profits selling fax supplies!

o Fax machines are not cheap - therefore, you can
get good $$ for the repair
o Average Fax machine requires protessional service
every 18 months
o Home study training program includes tull instruc-
tions on EVERY ASPECT of Fax maintenance/repair
FULL COVERAGE of how to set up your home -based
service business
FREE DETAILS
CALL 1-800-537-0589
Or write to: Viejo Publications, Inc
3540 Witshire BL #310
Dept EST Los Angeles, CA 90010
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Figure 3. The calorimetric method measures
average power. The principle is based on the
heating effect of current and of voltage across
a known value of resistance.

With the calorimetric method, volt-
age and current are applied to a resis-
tor immersed in distilled water. The
resulting heat dissipated by the resistor
raises the water temperature. The wa-
ter temperature is measured and con-
verted to watts of power.

In a similar method, pulsed energy of

a microwave radar system is directed
into a terminating waveguide, some-
times filled with gold. The pulsed ener-

gy heats the material in the waveguide.
The heat is sensed and converted to
average power.

As a rule, however, the calorimetric
method is most useful for measuring
high values of power.

[ once devised an experiment to
demonstrate the meaning of rms voltage
and rms current. I included this experi-
ment in a book that I co-wrote with Mil-
ton Kaufman. The method is illustrat-
ed in Figure 4.

The ac current is used to heat the fila-
ment in a light bulb. A photographer’s
light meter is positioned to measure the
amount of light. (This measurement
may be the amount of deflection of the
pointer on the light meter.) Without
moving the lamp or meter, you replace
the ac with a variable dc source. The dc
current is adjusted to obtain the same
reading on the light meter as the one ob-
tained with the ac. The resulting dc volt-
age is equal to the rms value of the ac
voltage.

The experiment works better in a dar-
kened room. It sufficiently demonstrates
that the rms value of a pure sine wave
is 1.414 times the peak value.

As mentioned, an average-responding

| meter can be used to measure rms

0.2Hz to 2MHz
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Figure 4. To demonstrate the meaning of rms voltage and rms current, replace the ac with
a variable dc source and adjust the dc current to obtain the same reading as the ac current.
Your result is a dc voltage equal to the rms value of the ac voltage.

*SINE WAVE IS ASSUMED.

RECTIFIED OUTPUT WAVEFORM

AC INPUT* §

(X v

N0/
EXAMPLE: V=8.3V

STEP 1. MEASURE THE
VOLTAGE.

STEP 2. DIVIDE V BY 1.11
TO OBTAIN AVERAGE
VALUE.

Vave=8.31.11=7.477V

STEP 3. MULTIPLY AVER-
AGE VOLTAGE B8Y THE
FORM FACTOR TO GET
RMS VOLTS. THE FORM
FACTOR FOR A HALF-
WAVE RECTIFIED VOLT-
AGE (DISREGARDING DI-
ODE DROP)=157.
THEREFORE:

RMS VOLTAGE =
(7477)(157)=11.7V

Figure 5. The rms voltage of a half-wave can be obtained with a VOM using this procedure.

values. To understand how it works, let’s
review the meaning of form factor. By
definition, the form factor is equal to
rms value/average value.

The average-responding meter has a
deflection that is related to the average
value of ac voltage current. The Simp-
son 260 and Triplett 630 analog meters
and the Beckman model HD-100 digi-
tal meter arec examples of average-
responding analog meters. Many digi-

tal meters also respond to the average
value.

The scale on the meter is calibrated
to display rms values because the aver-
age value is multiplied by the form fac-
tor. To obtain the rms value, multiply
average value by form factor.

One form factor of a pure sine wave
is easily obtained. The procedure is to
divide the rms value by the average
value:

May 1990

average value=(0.636)(pcak value)
rms value=(0.707)(peak value)
form factor=(0.707)(peak val-
ue)/(0.636)(peak value)=1.11

(Note that the peak values cancel.)

The value is usually given as 1.11,
which is obtained by rounding off the
result of the calculation. This means that
you can find the average value by divid-
ing the scale reading by 1.11. Regardless
of waveform, that will be the average
value.

The rms value displayed is only cor-
rect for a sine wave because the aver-
age value of a sinc wave is multiplied
by the form factor of the sine wave.
However, the average-responding meter
will deflect to the average value regard-
less of the waveform. Therefore, you can
measure the rms value of a non-
sinusoidal waveform by converting the
meter scale to average and then mul-
tiplying that average value by the form
factor.

rms value=(displayed value/l.11)(form
factor)

For example, the rms value of a pure
sine wave (with a form factor of 1.11)
equals:

rms value=(displayed value/1.11)(1.11)

The form factor of a full-wave recti-
fied sine wave is 1.11, so you can meas-
ure it directly on an average-responding
meter that is calibrated in rms values.

In a future issue, I will show you how
to obtain form factors for popular
waveshapes, then supply a table to sum-
marize the results. By using the table
and knowing the wave shape, you can
use the VOM to measure the table of
non-sinusoidal voltages and currents.
For example, I will show that the form
factor of a half-wave rectified voltage is
1.414+. Thercfore, the rms voltage of
a half-wave rectified sine wave can be
obtained with a VOM using the proce-
dure shown in Figure 5.

In case you have misunderstood me,
I'am not proposing that you do not need
to buy a true rms meter. On the con-
trary, I think you should buy all of the
test equipment you can use. (Build it if
you cannot buy it.)

True rms meters require no calcula-
tions and you do not have to know the
waveform or form factor. I have not
needed the true rms value of a voltage
(or current) since Hector was a pup. |
plug along with the methods described
in this series of articles. Perhaps if I had
one, I would find uses for it.
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ZENITH REAR PROJ. COLOR DIGITAL TV RECEIVER

PV-140/DIGITAL(G)
ZENITH REAR PROJ. TV

Product safety should be considered when
component replacement is made in any area
of a receiver. Components marked with a !
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Answers
to the quiz

Questions are on page 2.

1. Hertz — The period (T) is the
time required for one cycle. The peri-
od is measured in seconds. Frequen-
cy (f) is the reciprocal of the period
(f = 1/T), and it is measured in
hertz.

2. Quality factor — At one time,
the sharpest tuning was considered
to be best for tuned circuits. Today,
we know that is not always true, but
the Q — quality factor — is still used
as a measure of tuning sharpness.

3. Watts — The rate of doing work
or expending energy is called power.

4. VARS — The letters mean reac-
tive volt amperes. If the inductor or
capacitor could dissipate power, that
amount of power would be equal to
the number of VARS.

5. Siemens — Conductance is the
reciprocal of resistance (which is
volts per ampere). Older books call
the unit of measurement MHOS,
which is ohm spelled backwards. 1
have always thought it was a better
unit of measure than siemens. How-
ever, electronics is not a matter of
opinion.

6. Nepers — It is the equivalent of
our decibels, but nepers and decibels
are not numerically equal.

7. ISR, or, intrinsic standoff ratio
— It is defined by the question.

8. Kelvin — The temperature scale
based on absolute zero is called the
kelvin scale.

9. NMI, or non-maskable interrupt

— This type of interrupt would re-
sult from an impending power
failure.
10. Susceptance — The reciprocal of
resistance is conductance. The
reciprocal of impedance is admit-
tance. The reciprocal of reactance is
susceptance.

More about nepers...

Because “neper” is an unfamiliar The decibel and the neper both rep-
term to many technicians, here is some | resent ways of expressing ratios of quan-
additional information about the ratio. | tities. In electronics, decibels and nepers

The neper is defined as the natural | arc used to express the ratios of voltages,
logarithm of the ratio of two currents or | currents or powers. The equation for
two voltages. The unit, neper, is named | decibels is db = 10 log (P1/P2), or db

after Napier, the mathemetician who in- | = 20 log (12/1). The equation for
troduced the idea of natural logarithms. | nepers is np = In(12/11) = In(V2/VI).
According to several sources, his name To convert from napiers to decibels,
may have been spelled Neper, rather | divide by 8686. Thus, Inp = 8.686db
than Napier. or 1db = db/8.686.

Sony Servicers:
You Don’t Have to
Follow the Book.

Introducing the on-line information system.

Now, Sony makes it easier and faster than - il
ever to access critical information. e
The Service Information System (SIS) from =
Sony Service Company makes it possible.
Simply put, SIS offers you on-line access
to a central database that delivers this
and more:

m Repair Data that lists the most
frequent repairs and solutions

8 Parts, including price and availability
m Service bulletins on current and
discontinued products

m Field Problem Reports that provide detailed repair tips

SIS is easy to use. All you need is a personal computer and modem

and password, of course. Best of all, it gets you the exact information

you need without waiting, so you can quickly get products back where

they belong — to your customers.

If you service Sony products, this may be the most important tool in your shop.
For further information, complete the coupon or call today: 1-201-930-6883.

Service Information System (SIS).

1
I
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Company |
Address |
City |
State Zip |
Mail to: |
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Anatomy of a camcorder

By the ES&T staff
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CPR100 Camera Block Diagram

Figure 1. A block diagram of a typical camcorder shows its many features, such as auto
white balance, a 6:1 power zoom, and autofocus, all contained within a limited space. The
small size of camcorders creates a challenge for electronics servicers.

Camcorders represent a fast-growing
segment of the consumer electronics
market. These small, lightweight
wonders of the home video scene also
represent a significant opportunity for
servicing technicians. Although they are
highly reliable products, camcorders are
subjected to a number of hostile en-
vironments: high temperature, dust,
moisture, and clumsy humans. They re-
quire service.

Unfortunately, the small size of a
camcorder, which is such a benefit to
consumers, can be a nightmare for elec-
tronics servicers. Tiny components in a
tiny compartment can cause gigantic
problems. (See Figure 1.) Understand-
ing how a camcorder functions is the
first step in repairing one. We used the
RCA CPR100 as a model to provide you

:\dapled with permission of Thomson Consumer Elec-
tronics from the RCA CPRIOO Small Wonder VHS-C
Camcorder training manual.

| with information on the anatomy of a
typical camcorder.

Camera specifications

The front end, or camera section, of
the CPR100 Small Wonder camcorder
contains circuitry based on that used in
RCA’'s CLC020 Small Wonder video
cameras. The camera features a 6:1
power zoom lens with a speed of f1.4
and macro focus capability. Autofocus
1s also provided, but the camera can be
switched to the manual focus mode as
well. Although this camera contains a
constant automatic white-balance cir-
cuit, a manual iris control is provided
to compensate for unusual lighting con-
ditions.

The camera specifications include a
low-light sensitivity of 10 lux with a
46mm lens diameter. The pickup device
is the latest version of RCA’s 2/3-inch,
solid-state, metal-oxide semiconductor
(MOS) sensor. This sensor has been de-
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signed to provide optimum picture qual-
ity over a wide variety of lighting con-
ditions.

The white-balance circuit monitors
the R-Y and B-Y signals from the cam-
era luma/chroma processing circuits to
optimize the overall picture color tem-
perature. This automatic white-balance
circuit compensates for a range of col-
or temperatures. With an all red or all
blue picture, you might expect the
white-balance circuit to adjust video to
all white. To prevent this, the gain of the
circuit is controlled so that maximum
compensation occurs at a color temper-
ature of approximately 3,200°K.

Major camera circuitry

The camera section of this camcord-
er consists of three major circuit boards:
process, interface and autofocus. The
process circuit board, located on the
bottom of the camera, contains most of
the camera luminance and chrominance
processing circuitry, as well as a num-
ber of adjustments located on the right
side of the camera. You can make ad-
justments without removing the camera

| section from the camcorder, and you

can remove the right side access panel
by removing one screw. Most test points
and adjustment controls are accessible
once the access panel has been removed.

The interface circuit board is plugged
into the process circuit board. The in-
terface board contains several connec-
tors, components and ICs that connect
the camera section to the VCR deck and
supply input/output (I/0) signals to the
electronic viewfinder connector and the
audio/video output connector.

Above the camera section is a small
circuit board that contains the audio in-
put for the camcorder. This board fea-
tures the earphone and external micro-
phone jacks. The interface wiring for
supplying audio from the microphone
to the VCR deck 1s also located in this
board.

The autofocus circuit board is locat-
ed on the left side of the camera. It con-
tains two surface-mount dual in-line
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ICs, as well as several chip components.
A small circuit board containing two
switches and a manual iris control is
also located on the left side of the cam-
era section, with the sensor board posi-
tioned at the rear. Mounted directly to
the lens assembly, the sensor board con-
tains the MOS sensor, the pre-amplifier
and the sync generator.

The MOS sensor board

Because of the complexity of the sen-
sor circuitry, the MOS sensor is often
replaced as a module. Servicing the
camera section separately from the VCR
deck is not practical because the VCR
section supplies power for the camera,
and video processing of the camera
composite video and the chrominace
signal is provided in the VCR deck.

Most of the adjustments on the MOS
camera section of the CPRI0O are simi-
lar to those in previous RCA MOS
cameras. However, the CPRI0O uses
more ICs, surface-mount devices or
chip components, and better packaging
techniques. Overall, servicers who arc
familiar with RCA’s MOS cameras and
camcorders should have little difficulty
servicing the camera section of the
CPRIQO. Servicers who require more in-
formation on the CPRI00O camera sec-
tion circuitry or adjustments should re-
fer to RCA service data.

The camcorder uses a new generation
of MOS image sensor (IC1001), which
is mounted to the sensor board with the
pulse generator and low noise pre-amps.
Compared to early MOS cameras, the
sensor has improved resolution, light
sensitivity and color reproduction.

The number of light-sensing picture
elements (pixels) has increased from
182,360 (376485, HXV) to 279,360
(576485, HxV), and the clock fre-
quency has increased from 4.8MHz to
5.43MHz. Both of these result in an im-
proved resolution. A new layer of semi-
conductor structure (3-layer, NPN) in
the MOS sensor improves and balances
the spectral sensitivity while eliminat-
ing the green vertical smear characteris-

tic of older MOS sensors.

The sensor board provides four inputs
— white, cyan, yellow and green — to
the process board. These inputs are ap-
plied to the matrix amplifiers and gener-
ate four other signals. The Y (lu-
minance) signal is applied to the
luminance enhancer. The RGB signals
are used to generate the NTSC R-Y, B-
Y and luminance signals. A portion of
the luminance signal is supplied to the
automatic iris-control circuitry, and the
R-Y and B-Y signals are sampled by the
automatic white-balance circuit.

The NTSC color and luminance sig-
nals are applied to the video encoder on
the process board, from the luma/chro-
ma processing circuit. The encoder IC
also incorporates a sync generator,
which supplies drive pulses to the pulse
generator on the sensor board. The vid-
eo encoder generates video to the elec-
tronic viewfinder and the record video
and chrominance signals. Separate vid-
eo and chroma signals reduce crosstalk
or beats.

Constant automatic white balance

The camcorder uses electronic cir-
cuitry (See Figure 2) to monitor the R-
Y and B-Y signals from the luma/chro-
ma processing circuit within the cam-
era to adjust white balance. Earlier
model camcorders used photosensitive
diodes with filters to adjust white bal-
ance. The luminance and chrominance
processing circuits within the CPRI00
are the same as those used in RCA’s
CMR300, which incorporates photosen-
sitive diodes. The main difference is that
the automatic white balance in the
CPRI100 monitors the actual video, not
photosensitive diodes, to determine
lighting conditions. The output, or con-
trol voltage, from the white-balance cir-
cuit is applied to the luma/chroma
processing white-balance tracking cir-
cuit and controls the gain of the R and
B signals. The white color is reproduced
correctly, even when the scene color
temperature varies because of changes
in the light source.

YOUR EXPENSIVE
EQUIPMENT
DESERVES THESE

HI-TECH,
HEAVY DUTY

INSTRUMENT AND
DISPLAY TYPE CASES

These Indestructo® foam-filled
transport cases will protect your
costly instruments. Light-weight,
very durable, hi-tech Polvethylene
cases which protect your equip-
ment investment. Smart, profes-
sional-looking, distinctive, these
sleek high-impact cases include 1"
or more thick foam pads to provide
the maximum protection. In a var-
iety of sizes and shapes, with
wheels for mobility as a welcome
option. Write for details today, or
see your CHICAGO CASE CO.
sales representative.

Chicago Case Co.

4446 South Ashland Avenue = Chicago, IL 60609
312-927-1600 « FAX: 312-927-2820
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Figure 2. To adjust white balance, a typical camcorder uses electronic circuitry to monitor the R-Y and B-Y signals from the luma/chroma
processing circuit. The automatic white balance monitors the actual video, instead of photosensitive diodes, to determine lighting conditions.

Auto white balance IC1104 is supplied
samples of the red (R) and blue (B) sig-
nals from luma/chroma processing
IC1102. The R and B sample signals are
referred to as —(R—-YL) and —(B-YL).
Clamp circuits clamp the dc level of the
input color-difference signals, and the
clamp timing is controlled by clamp
pulse 1 (CP 1), applied at pin 19 of
IC1104.

Following processing in the clamp
circuits, the R and B sample signals are
supplied to gate circuits. The gates are
controlled by the inverted blanking pulse
(/B, B OK) applied at pin 18 of IC1104.
The signals are gated to the color-
temperature detector during the scan-
ning period, when the blanking pulse is
low. The outputs from the gate circuits
are clipped to prevent the color-temp-
erature detection circuit from attempt-
ing large adjustment.

The color-temperature detector is a
differential amplifier that subtracts the
sampled red signal from the blue sig-
nal to generate an output signal. When
the correct white balance is obtained,
the red signal equals the blue signal and
the output voltage from the temperature
detector is zero. If the color-temperature
is low, or red, the output signal from the
color-temperature detector is high.
When the color temperature is high, or

blue, the output signal is low. The color-
temperature detection output signal is
filtered by an internal resistor and C1115,
connected at pin 15 of IC1104.

The averaged value, representing the
average scene color temperature, is ap-
plied to the control-voltage generator,
another differential amplifier. The
control-voltage generator compares the
color-temperature detector signal with
a reference voltage supplied from pin 5
of white-balance control RM1101, a mul-
tiple control package. The white-
balance control is the fifth element in
the package. The control-voltage gener-
ator output, or control signal, follows
the color temperature. In other words,
the control voltage is lower when the
scene color temperature is low, and the
control voltage is higher when the scene
color temperature is high.

The control voltage, which can be
monitored at TP1107, exits IC1104 at pin
14 and is applied at pin 4 of IC1102 to
the white-balance tracking circuit. The
white-balance tracking circuit supplies
outputs to the red and blue non-linear
amplifiers within IC1102. When the con-
trol voltage goes high, the red control
signal increases the gain of the red am-
plifier and the blue control signal
decreases the gain of the blue ampli-
fier. As the color temperature decreases,
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an opposite control occurs.

To service the white-balance circuit,
you must use simple signal tracing.
Confirm the existence of the correct red
and blue sample signals at pins 1 and
2 of IC1104. If either is missing, suspect
encoder IC1107. If both signals are pres-
ent, vary the color temperature of the
scene while monitoring TP1107 for a
varying voltage that follows increases
and decreases in color temperature. If

| the signal is missing or incorrect, sus-

pect auto white balance IC1104. If the
signal is correct, suspect luma/ chroma
processing IC1102, or other camera
processing circuits.

Camera power distribution

The camera section derives power
from three sources in the VCR section.
Circuitry within the camera section uses
these three sources to generate two other
sources. The power distribution dia-
gram (See Figure 3) is provided as a
service aid, but refer to the manufactur-
er’s service data for exact information.

During playback, turn off the power
to the camera section and apply the
playback signal from the main board at
PG901, pin 2, through the wiring board
to inverter Q402. During the record
mode, the playback signal goes low and
Q1402 generates a high on its output.
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Figure 3. The camera section derives power from three sources — 12V, 8V and 5V — in
the VCR section. Circuitry within the camera section uses these three sources to generate

two other sources.

This high is applied to diode DI1401, a
dual-diode package, and reverse-biases
both devices in DI40l1.

A high causes the 8V switch to turn
on and supply 8V from the main board
in the VCR section to 5V regulator
IC1401 at pin 1. At the same time, D1401
allows pin 3 of 9V regulator IC1501 on
the regulator board to be raised by the
voltage developed across the 9V adjust-
ment control, RT1401. A 12V source
from the main circuit board is applied
through PG605, pin 1, to the interface
board and pin 1 of IC1501 on the regu-
lator board. Pin 1 is raised by the volt-
age developed across the 9V adjustment
control, RT1401. ICI501, a 3-pin adjusta-
ble regulator, generates the playback 9V
signal source. The 5V regulator, IC1401,
generates the playback 5V source, and
the voltage from the main board on the
VCR section is used as the 12V source
in the camera.

Many boards contain circuits that are
powered by the three camera voltage
sources. The 12V source supplies pow-
er to the zoom motor and the autofocus
circuitry. The 9V source supplies pow-
er to the luma/chroma process IC
(IC1102), luminance enhancer IC
(IC1103), and the luminance filter IC
(IC1108) on the process board. This

source also supplies power to pre-amps

IC1003 and IC1004 on the sensor board.
The 5V source supplies power to the
chroma filter (IC1101), auto white bal-
ance IC (IC1104), pulse generator
(IC1106), encoder/sync generator
(IC1107) and the chroma amplifier
(IC1110) on the process board. On the
sensor board, the 5V source supplies
power to MOS color image sensor
(IC1001), MOS color image sensor drive
pulse generator (IC1002) and pre-amp
IC1005.

With the power distribution diagram,
servicers can trace basic power distri-
bution within the camera section. The
manufacturer's service data for cam-
corders contains specific instructions on
parts, safety and alignment procedures.
All product safety requirements and
testing must be complied with before the
camcorder is returned to the consumer.
Servicers who fail to perform safety
checks or defeat safety features may be
liable for resulting damages and may ex-
pose themselves and others to possible
injury. a
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Microprocessor-controlled soldering
station

Heller has introduced the MC5000-3
microprocessor-controlled soldering
station, which features a compact, high-
performance soldering tool designed for
applications that require large heat out-
put from a small tool. The 42W iron has
high-mass tips, manufactured with a ta-
per fit that matches the heater sheath.
Suited for work with multilayer boards,
this tool offers maximum heat transfer
from the heater to any of the five tip
shapes. The miniature profile of the tool
assures easy access to difficult solder-
ing applications.

Circle (75) on Reply Card

Electronic trade-in guides on disk
Orion Research announced that its
seven guides will be published in mag-
netic disk form, making accurate pric-
ing information for used equipment
available to owners of MS-DOS com-
puters. The company’s Blue Books con-
tain prices for buying and selling used
cameras, computers, audio and vidco
components, musical instruments and
professional sound gear.
Circle (76) on Reply Card

Computerized claims processing
system
KeyPrestige has introduced its Key-
Club program for the electronics and
appliance industries. The program
offers a one-step data entry system for
batch processing of claims. All claims
are output onto a disk or tape from an
IBM compatible computer and sent
directly to KeyClub. Once the data is
received, it is processed and payment
cycles are completed.
Circle (77) on Reply Card

Instrument finds circuit board shorts
PAXR Test Systems has introduced
Combitest, an instrument designed to
pinpoint the exact component or track
failure on printed circuit board assem-
blies. The unit is designed to locate the
following faults: shorts and near shorts,
multilayer PCB shorts, bus problems,
fan-out problems, excessive Vcc loads
and faulty decoupling capacitors.
Circle (78) on Reply Card

Magnetic field meter
Integrity Electronics & Research has
introduced the Model IER-109 60Hz
magnetic field meter. It monitors pow-
er lines, instruments, wiring and appli-

ance magnetic fields, which are suspect-
ed of being sources of health risks. The
hand-held digital meter has multiple
range settings from 2 to 2000 milligauss,
and a narrow bandwidth of 11 Hz. Its
maximum sensitivity is 1 microgauss.
Linearity throughout its range creates
+0.1% precision and repeatability.
Circle (79) on Reply Card

Spectrum analyzer scope accessory
Smith Design has introduced the 107
Spectrum Probe, a scope accessory that
produces a spectrum analyzer display.
A 10pF 3kVdc capacitor isolates the in-
put stage allowing transparent explora-
tion of circuit operation. A single con-
nection is made to the normal scope
vertical input. The scope bandwidth re-
quirement is 500kHz. Frequency range
of the probe is | through 100 MHz, with
greater than 50dB dynamic range.
Circle (80) on Reply Card

Instrument for testing
S-VHS products

John Fluke Mfg. has introduced an
option that gives their PM 5514, PM
5515 and PM 5518 color-TV pattern
generators the capability to test Super-
VHS videocassette recorders. The PM
9553 Y/C option provides the scparate
luminance and chrominance (Y and C)
signals used in super-VHS video record-
ers and monitors. The versatility of the
unit is enhanced by its standard RGB
output signals.

Circle (81) on Reply Card

Power vacuum desoldering system

Leads Meral Products has introduced
the ENDECO power vacuum system,
which is designed to eliminate clogging
problems associated with some power
vacuum desoldering systems. This sys-
tem ejects the molten solder into a spit-
toon to save the operator from having
to empty solder collection containers or
change in-line filters. The system is
capable of pulling solder through thick
or multi-layer boards and boards with
small lead-to-hole ratios.

Circle (82) on Reply Card

New IC data base

Hearst Business Communications has
introduced the 1990 IC Master. The list-
ing has been updated with all new sec-
tions and categories in each volume. It
provides the design engineer and serv-
icing technician with a comprehensive
data base which references, cross refer-

May 1990

ences and organizes product information
on 80,000 standard ICs, including
14,000 new ICs.

Circle (83) on Reply Card
Autoranging multimeter with
memory
EXTECH had introduced the rotary-
dial Autoranging Digital Multimeter.
This unit, which features a 40-segment
bar graph display, measures dc volts to
1000V with +0.5% accuracy, and ac
volts to 750V with accuracy of +0.75 of
reading. Other functions include dc/ac
current (200mA and 10A), resistance,
diode test displaying forward voltage
drop, transistor test and continuity test.

Circle (84) on Reply Card

100-MHz 3-channel oscilloscope

Leader Instruments has introduced
| the Model 1100 oscilloscope, a
| 100MHz, 3-channel unit with dual time
| base, 6-trace capability, SO0V maximum
sensitivity and Sns maximum sweep
speed for analysis or low-level and high-
speed signals. The scope has alternate
triggering, alternate time base and var-
iable holdoff.

Circle (85) on Reply Card

Repairable oscilloscope probe

Test Probes has offered thin-cable,
300MHz repairable oscilloscope probes
that fit all makes of scopes having IM
input. A distinctive sawtooth-shaped
center conductor eliminates microphon-
ics. This design provides resistance to
breakage from pulling and bending to
assure long life. The modular probes
screw together without soldering for on-
site repairs, and offer greater integrity
than snap-together probes. This type of
construction also allows for inexpensive
replacement of failed parts.

Clrcle (86) on Reply Card

DMM features true RMS, menu
options

The Instrumentation Products Divi-
sion of Beckman Industrial has intro-
duced the RMS225 4-digit professional-
grade DMM. The unit features 10,000
counts resolution; true RMS, 4I-
segment analog bar graph, auto max and
| min, probe hold, and a relative mode.
The Auto Max Min, which is a
trademarked capability, allows the user
to record minimum and maximum read-
ings while remaining in the auto-ranging
mode.

Circle (87) on Reply Card
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AGC circuits in foreign-built TVs

By Homer Davidson

The old adage, *If you've seen one,
you’ve seen them all,” almost never ap-
plies to TV repairs. Foreign TVs differ
from domestic TVs, brands differ,
models differ. This variety can make
servicing confusing.

Fortunately, if you’ve seen one
automatic-gain-control (AGC) circuit,
you may not have seen them all, but
you've come close. AGC circuits in
foreign-built TV receivers are similar to
those used in comparable U.S. models.
There are no basic electronic differences
between AGC circuits for B&W
receivers and those in color-TV
receivers.

AGC circuitry is necessary in all TV
receivers because TV signals are often
received with varying or vastly differ-
ent signal strengths from various chan-
nels. Unless corrected, these conditions
make TV reception intolerable. There-

fore, each receiver's AGC circuit must |

Davic.lson is the TV scrvalg gr{sull;m foriES&T

sense station signal levels (perhaps from
the video detector) and automatically
adjust the biases of RF and IF transis-
tors. Adjusting the gain reduces the gain
of stronger signals until the amplitudes
of all station signals are approximately
equal at the video detector.

When the AGC works correctly, all
stations show the same visible contrast
and good stable picture without exces-
sive snow, overload or distortion.

AGC basics

Signal gains of RF and IF transistors
can be reduced if you decrease (toward
cut-off) or increase (toward saturation)
their forward biases from the dcV that
produces maximum gain. Both methods
provide the same maximum gains — at
the same dc voltage.

Cut-off-bias gain variation is not used
in foreign or domestic TV receivers. If
increases in the input signal strength

| decreases the RF/IF transistor toward

bias, an AGC circuit defect is indicated

(the reading should have increased).
Therefore, repairs are needed. This sim-
ple guide is also true for ICs, because
they have transistor equivalents inside.
Keyed AGC is similar to simple AGC,
except that it can operate only when a
| flyback pulse appears at the collector.
| Keyed AGC helps prevent instability
from noise in the video signal because
‘ the AGC is dead until a horizontal pulse
brings the circuit into operation for the
duration of the pulse. The AGC oper-
ates during each pulse.
’ An out-of-lock horizontal sweep sys-
tem can interfere with the keyed AGC
operation because sync and horizontal
pulses are not then synchronized. With
these circuits, lock the horizontal (f
possible) before testing the AGC or sync
operation.
Minimum snow is obtained when the
| AGC voltage to the tuner is not applied
until after maximum AGC action has
been attained in the controlled IF stages.
When the station signal strength in-

GOLD STAR CMZ — 4385

TP12
4
22 VIDEO
3 1IC201 +1V  ouUTPUT
—»—9
IF  Laav RF AGC, IF AGC, IF AMPLIFIER, AFT DETECTOR,
INPUT __ o l10 VIDEO AND SOUND DETECTORS, VIDEO PRE-AMP,
SOUND PRE-AMP AND VOLUME ATTENUATOR
13 12 7 24
TP13 465V +1.8V +7.4V +5 9V
TP11
AGC R151 | |c104 ¢ AGC I 0pF
24V
TO RF AGC .3 f
1ske DELAY | 0.01F L) 409 N
1F
o e = —= sov 14
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Figure 1. Large numbers on the schematic near certain IC201 pins show the sequence for testing dc voltages or ac signal readings.
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creases beyond the ability of the IF-AGC
system to control it, the AGC tuner be-
gins to operate, applying a gradually in-
creasing amount of RF-amplifier AGC
voltage as needed to level the stronger
signals. This RF-AGC control continues
until both RF and IF stages have reached
minimum gain. The RF and IF AGC
voltages are at maximum.

In most foreign TVs, AGC voltage to
the IFs can range from +3.5V to
+11.76V, with an average of +4.5V to
+8V. AGC to the tuner’s RF stage
ranges between +1.5V and +12.7V,
with typical operation between +2.4V
and +5.1V. Higher positive voltages in-
dicate the gain is being further reduced,
but beware of voltage extremes. If the
gain is reduced by high positive voltages
too much, it will cause a faint picture
or a blank white screen. No voltage, or
a voltage much lower than normal,
produces the same white raster or faint-
picture symptoms.

Symptoms of AGC failures

The first symptoms of AGC problems
often come from CRT pictures. The TV
screen might have a snowy picture or
a white raster without picture. It could
show typical signs of overload, such as
excessive contrast or picture pulling.
You may confuse these AGC symptoms
with symptoms of sync, IF or video
problems. Lines sometimes appear on
the screen, or the picture becomes in-
termittent. The same component often
causes symptoms that could indicate
both sync and AGC defects.

Test equipment

Most defects in AGC can be found by
using a good scope, for identifying
waveforms, and an excellent digital mul-
timeter (DMM), for accurate voltage
and resistance measurements.

When the tuner is suspect, a tuner-
substitute test is recommended. This test
tells you whether the tuner is at fault.
The external test tuner, however, does
not use the TV’s B+ voltages or AGC
voltages, so these operating voltages
should be tested with the original tuner
connected. A test might require the use
of an external voltage supply. If this hap-
pens, a variable-voltage source with

good regulation should be chosen.

Multifunctional ICs

In some of the most recent foreign TV
receivers, one large IC produces the
functions of the RF AGC, IF amplifier,
AFT detector, video and sound detec-
tors, video pre-amplifier, sound pre-
amplifier and volume attenuator.

As shown in Figure 1, the IF AGC
voltage in the Gold Star model CMZ-
4385 is developed inside IC201 by a
non-keyed circuit. It controls the gain
of three internal IF stages. This IF AGC
voltage is used only within IC201, but
it can be measured at pin 7 or test point
TP11. In addition to controlling the gain
of the three IF stages, the IF AGC volt-
age is used as a comparison against the
AGC-delay control’s dc voltage to de-
termine the voltage for the RF AGC.
The RF AGC voltage can be measured
at TP13 or IC201 pin 13.

Another function of IC201 pin 7 (in
addition to its obvious ones as a tie-point
for C109 and as a test point) was dis-
covered in the Gold Star service manu-
al. When the pin-7 dc voltage drops be-
low +0.3V, the video at pin 22 and the
audio at pin 2 are muted. When or how
this voltage can drop from the nominal
+7.4V to less than +0.3V is unclear, but
my guess is that it happens during sta-
tion changes. A shorted 50uF C109
should stop all picture and sound by ac-
tivating the muting circuits.

No control of AGC

When the AGC control is rotated
from end to end without change of the
overload symptoms, suspect a complete
loss of AGC. If the AGC is functioning,
you will observe some effect when you
rotate the AGC control. Take voltage
readings of the IF and IF-AGC dc vol-
tages while you rotate the AGC control.
If the readings are incorrect and do not
vary as the control is rotated, a defec-
tive AGC circuit is certain.

With the receiver acV power off, test
the resistance of the AGC control with
the control turned counterclockwise,
then watch the readings as you rotate the
control clockwise. If the readings show
an open or a short at one spot or at all
positions, replace the AGC control.
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Isolation of defective components

When the picture appears to have
AGC or sync problems, disconnect the
antenna and measure the dc AGC vol-
tages applied to the tuner RF stage and
to the IFs. Rotate the AGC control. If
the metered voltages vary around the
voltages shown on the schematic, the
AGC system is functioning. You can ob-
tain proof of the functioning by connect-
ing an antenna and rotating the AGC
control again. If the AGC control
changes the picture contrast normally,
it proves correct AGC operation. At this
point, if tests give unwanted answers or

you still have doubts, scope the flyback
pulses (if the AGC is a keyed type). No-
tice the amplitude and waveform of the
pulses. Also, scope the input and out-
put video waveforms.

Check the circuit in the sequence
shown by the large numbers on the Fig-
ure 1 schematic, and notice whether the
correct waveforms and dc voltages are
present at each testing number. Meas-
ure the tuner’s AGC dc voltage. When
the voltage is too high, the picture shows
excessive snow or a white raster with-
out TV picture. Next, connect a substi-
tute test tuner to the chassis’ input IF

cable. If performance is improved, the
receiver’s tuner is defective or the B+
for the tuner is missing or incorrect.
When the test tuner’s operation
produces the same unsatisfactory re-
sults, the TV’s tuner is almost certainly
normal. Connect a dc voltage varying
between +2.5V and +7.5V to the RF
AGC. Notice if a specific voltage results
in a better picture. As a last resort, con-
nect a dc voltage varying between
+3.5V and +8.5V to the IF AGC test-
point. One of these tests should locate
the general area of the tuner AGC
problem.

NORMAL RANGE
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Figure 2. In this Sears portable color TV, a defect was producing a white raster with only a faint picture. The IF AGC voltage can be tested
at pin 9 or TP2, but the AGC voltage is applied inside IC101 only. When IC101 was replaced with an SK3284, the AGC circuits operated normally.
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Figure 3. In this Midland model 2020, the picture showed overload, appeared snowy, then faded out. After the receiver was turned off,
allowed to cool and switched on, rotation of the VR123 AGC-delay control did not improve the picture. Increased voltage indicated a defec-

tive 1C101.
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Excessive or insufficient AGC

Most AGC problems are caused by
open or leaky transistors, ICs and capa-
citors. The defect is often heat-sensitive,
thus spraying the components one at a
time with canned coolant may restore
a good picture for a few minutes. After
a suspect has been tentatively identified,
alternately use heat (perhaps from a
small hair dryer) and cooling until the
component is located. Check the elec-
trolytic capacitors by using an in-circuit
capacitance tester. All electrolytic capa-
citors of low-capacitance rating (14F to
50uF) should be suspected of low ca-
pacitance or high ESR.

Lack of AGC action or a white raster
with a dim picture can be caused by a
defective AGC transistor or IC. Meas-
ure the RF AGC voltage at the tuner. If
the voltage is greater than +7.5V, a de-
fect in the AGC is certain. Then test for
a leaky AGC-keying or AGC-amplifier
transistor or IC. If rotation of the AGC
control fails to change the picture, check
for leakage in the capacitor between the
AGC control’s terminal and ground.
The control may be internally shorted
between terminals. Disconnect the ca-
pacitor; test both separately.

If the RF AGC voltage is extremely
high (+7.5V to +15V), disconnect the
AGC wire to the tuner. Test the voltage
at the tuner end of the wire. If the read-
ing is lower than the original RF-AGC
voltage, the tuner is not leaking B+
voltage into the AGC. However, if the
reading is as high or higher than the
original RF-AGC dc voltage, something
in the RF stage, such as the transistor,
is leaking B+ into the AGC circuit. This
leakage must be found and repaired.

An abnormally high IF-AGC voltage
can often be tested in the same way. Dis-
connect the IF-AGC source wire to see
if the AGC voltage at the IF transistor
or IC is being increased by an AGC-
source defect or by leakage in the AGC
IC or transistor.

AGC or tuner problem?

To discover whether incorrect vol-
tages at the tuner’s AGC are caused by
a defect in the tuner or by the tuner’s
AGC circuit, rotate the tuner control to
a dead spot between stations or to an un-
used channel. Connect the DMM or
VTVM to the RF-AGC voltage and no-
tice the reading without a station. Ro-
tate the AGC control while you note the
maximum changes of tuner-AGC volt-
age. Low or no AGC-voltage change
most likely indicates a defect in the AGC
circuit.

Connect a substitute tuner to the an-
tenna and the tuner end of the IF cable.
If the tuner-sub provides normal TV
reception, a defect is indicated in the
RF-AGC circuit. Measure dc voltages at
all pins of the multipurpose IC that con-
trol AGC operation. If the symptom is
no picture/no sound caused by AGC or
IF problems, suspect the IC itself. If the
IC has abnormal dc voltages at several
terminals, replace the IC. (Caution:
Sometimes an IC will have fairly nor-
mal dc voltages, but it is still defective.
Verify the faulty IC by other ways if pos-
sible. For example, you might find the
same number IC defective in several
other chassis of different brands. This
is called *‘testing by suspicion,” and
should not be uscd until all else has
failed.)

FROM
TR251
EMITTER

3.3v

R554

dcV FROM

VIDEO DET
R555
1302

229 :E).OOGB;AF

GOLD STAR VR-800

TO TR552
AGC AMP
C553
0.1,F

C551

+11.9v

Figure 4. Horizontal pulling is often caused by open or high-ESR small-value electrolytic
capacitors in the AGC circuits. C552, the major bypass for the emitter of AGC-detector TR551

transistor, was defective.
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AGC or sync problem?

Picture stability problems are often
difficult to track down. AGC defects can
appear to be sync problems, or vice-
versa. The same defective IC can pro-
duce AGC and sync symptoms. Sync
defects can usually be disproved if cor-
rect waveforms and dc voltages are
viewed and tested at all available points
of the sync circuit. For AGC trouble-
shooting, scope the video waveform at
the AGC input circuits, then measure
the RF and IF AGC dc voltages. From
these tests, you should be able to iso-
late the stage that is causing the trouble.

AGC or IF problem?

A snowy picture, or a white raster
without a picture, often results from ex-
cessively high dc AGC. Therefore, the
first step is to measure the IF-AGC dc
voltage. If the voltage is too high, try
to reduce it by adjusting the AGC con-
trol. If the control cannot reduce the
voltage sufficiently, the AGC circuit has
a defect.

For example, in a Sears model
564.40350601, abnormally high IF
AGC voltage (+10.7V) was measured at
TP2. (See Figure 2.) The normal range
is between +4.06V and +7.57V. A few
dc-voltage measurements were made at
the ICI01 pins, with most readings
showing excessively high dc voltages.
Higher voltages usually indicate a
reduction of the normal B+ load. When
there are no other symptoms, one strong
possibility is a defective IC.

IC101 was replaced with a SK3284
universal replacement IC, solving the
AGC problem. Normal adjustments and
a heat run prepared the TV for delivery
to the customer.

AGC or video problem?

An AGC or a video defect may pro-
duce a dark picture that fades to a white
raster. If this symtom occurs, measure
the IF-AGC dc voltage. If the AGC volt-
age is low (indicating a weak IF signal),
check for a leaky IF transistor. If all IF
stages are in it, suspect a defective IC.
In some models, the first-video ampli-
fier stages are also located in the same
ICI01, which strengthens suspicions
about the IC’s condition.

Similar symptoms appeared on the
screen of a Midland model 2020. The
picture showed overload, appeared
snowy, then faded out. In this model
(see Figure 3), the AGC circuits, AFT,
IF amplifiers, video detector, video am-
plifier, inverter and audio limiter were
inside ICI01. When tests began, adjust-
ment of VRI23, the AGC-delay control,
did not affect the picture or the symp-
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toms. Many IC dc voltages were high.
The RF-AGC dc voltage at pin 4 was
more than 2V higher than shown on the
schematic. The IF input at pin 10 was
more than 2V high. Even the +12V sup-
ply at pin Il was +0.5V higher than
normal.

All of these voltages and symptoms
indicated a defective IC101. When it was
replaced by a universal SK9379, the TV
operated normally.

AGC or Horizontal pulling?

Horizontal pulling and other sync-like
problems can occur when the AGC cir-
cuitry has an open filter or open
decoupling capacitors. However, when
the picture is dark with overload and
cannot be lightened by adjustment of the
AGC control, the trouble is most likely
an ordinary AGC problem.

When the symptom is horizontal pull-
ing, check for open or high-ESR elec-
trolytic capacitors in the base, emitter

or collector circuits of the keying or
AGC-delay transistors. Check these
small capacitors with a capacitance
tester, or parallel a good capacitor of the
same capacitance across the suspected
one as you peruse the CRT screen for
improvements.

In a Gold Star model VR-800 color
receiver, the waveform was nearly nor-
mal at the base of AGC detector TR551,
but it was unrecognizable at the collec-
tor. (See Figure 4.) Transistor TR551
was tested in-circuit and pronounced
non-defective, but when a 254F electro-
lytic capacitor was paralleled across
C552, the picture returned to normal.

Intermittent AGC
Like all intermittent problems, inter-
mittent AGC functions are difficult to
identify. We often overlook the most ob-
vious causes. Some receivers have in-
termittent picture, squeals or picture-
overloading. These problems can be
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Figure 5. When a Toshiba model CX2035 developed an intermittently weak, snowy picture,
the only clue was the 1C101 pin 4 voltage, which decreased from a normal +7V to a low
+1.9V. Visual and ohmmeter tests between the tuner's AGC and pin 4 of IC101 showed an

intermittent open circuit.

VIDEO PULSES

FROM
Q104
EMITTER

Q109
AGC
KEYING

D106

30V NEGATIVE
HORIZONTAL

R158
2,700Q

R162

3%0Q TO R109

-1V

R157
180Q

NEGATIVE
HORIZONTAL
PULSES

A ——9— v
PULSE
GATE jcus  pieo Cc146

.047,F 4,700Q

MIDLAND 15-022

# AND Q102
BASE

C147

I
104F ;[‘

10uF

.

PEN

Figure 6. This Midland model 15-033 small-screen TV showed a progressively darker left
side of the raster, which operated far from the correct 15.734Hz scanning rate. A common
cause of this symptom is horizontal-sweep pulses leaking into the video or AGC circuits.
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caused by intermittent transistors and
ICs or by AGC controls with erratic
contact. The IF amplifiers or almost any
component in the tuner can become
defective and erratically affect the
reception.

When the chassis is operating normal-
ly, measure the RF and IF dc AGC vol-
tages and write down the figures. After
the intermittent problem occurs, meas-
ure the same RF and IF AGC voltages
again, comparing them with the previ-
ous readings. By these and other volt-
age readings, attempt to isolate the prob-
lem to the AGC circuits or the video
circuits.

In a Toshiba model CX2035 (see Fig-
ure 5), the RF AGC dc voltage
decreased to only +1.9V when the chas-
sis intermittently developed a faint,
snowy picture. However, the limits of
normal RF AGC voltage are between
+2.8V and +7.5V. During intermittent
operation, rotation of the AGC-delay
control had no effect on the picture.

All voltages of ICI0Ol were within
tolerance except for the low voltage at
pin 4 (RF AGC). ICI0l had evidently
been replaced before and there was a
possibility that too much heat or han-
dling of the various pins might have
damaged the IC. I replaced ICI01 with
the exact TA7660P, being careful of sol-
dering temperature, static sparks and
potential pin damage. Unfortunately, the
picture operated normally for only three
hours before the weak signal reap-
peared.

When testing ICIO1, I again found that
all IC101 dc voltages were within toler-
ance except for the abnormally low volt-
age at pin 4. Several capacitors and
resistors (whose leakages and values
were important) were tested at the ICI101
pins, but no defectives were found.

Had I overlooked a broken connec-
tion, poor soldering or a break in the
circuit-board wiring? During visual and
meter tests of the circuit wiring between
ICI01 pin 4 and the RF AGC connec-
tion on the tuner, I measured an open
circuit. A detailed inspection of pin 4
and the surrounding area finally re-
vealed a crack between the board’s cir-
cuit foil and the solder around the lug
of pin 4. This separation of foil and lug
probably occurred when ICIOI was first
replaced. Repairing this open circuit
stopped the intermittent symptom of
weak RF gain.

AGC overloading
One of the most common problems
in foreign-built color TVs is AGC over-
loading, in which the picture pulls and
tears horizontally on a dark raster. Some



overloads also cause distorted sound or
a buzz. In the worst cases, the picture
loses all horizontal locking. |
The problem usually originates in the
AGC circuits. First, measure the RF and
IF AGC dc voltages. Rotate the AGC or |
AGC-delay control, noticing whether i
these voltages change normally. If they
do, the problem is in the circuits that
supply signal voltages to the AGC
stages. If the voltages do not change
properly, remove the AGC wire from |
the tuner and connect an external |
variable-dcV source to the tuner. Vary
the positive voltage smoothly from |
+2.5V to +7.5V. If picture conditions
on the screen do not improve with the
increase in voltage, restore the tuner’s |
AGC wire and connect the variable volt-
age to the IF AGC. If varying the test
voltage up to +8V eliminates the over-
load and produces a stable picture, the
main defect is in the basic AGC system.
Otherwise, look in the tuner or IF cir-
cuits for the problem. If the AGC is a
keyed type, scope the flyback’s |
horizontal-keying pulses for amplitude |
and waveshape. ‘
|

Unusual AGC problems

When problems originate in the hor-
izontal or video stages, symptoms of
horizontal firing lines include several
medium-width black vertical bars on the |
raster’s left side, large back bars or a |
gradually shaded area with the black- |
est parts near the extreme left. These
symptoms, however, can be caused by
AGC defects. usually from open elec-
trolytic capacitors in the base or emit-
ter circuits (or IC equivalents). These
defective capacitors will show a moder-
ate loss of capacitance combined with
excessive equivalent series resistance
(ESR), or the capacitors will be open.

When I repaired a Midland model 15-
022 small-screen TV, the horizontal
sweep operated out of frequency and the
raster’s left side was darkened. These
symptoms are typical when horizontal-
sweep pulses leak into the AGC or vid-
eo circuits. In the photofact 1536-1
schematic (see Figure 6), two small
electrolytic capacitors were prime sus-
pects. They were C160 (10F) and C147
(10uF) in the circuit between the Q109
AGC-keying stage and the AGC for
QI02, the second IF transistor. Parallel-
ing a 10uF capacitor across C147 elimi-
nated the dark area on the left side of
the raster and brought the horizontal
back to the correct frequency. Installa-
tion of a new capacitor finished the
repair.

Solving AGC problems requires a
method of troubleshooting. When you

are faced with possible AGC defects,
follow these steps:

* When you suspect trouble in the AGC
system, accurately measure the RF and
IF AGC dc voltages, with and without
station signals.

® Inject variable dc voltages (from an
external supply) into the RF and IF
AGC connections to prove or disprove
that those circuits can accept proper
control voltages and provide normal op-
eration. If they can, scope the input
sources and all signals of the RF and IF
AGC circuits.

¢ Connect an external tuner substitute
to prove whether the receiver’s tuner is
normal.

® When the IC pin voltages (including
the B+ source) are within tolerance but
large changes of station-signal strength

| do not vary the RF and IF AGC dc vol-

tages, consider replacing the multi-
purpose IC that contains all the AGC
junctions.

* Before replacing the IC, make certain
all other voltages and components con-
nected to the suspected IC are normal.

Through the evolution of
tubes to transistors, and now
to integrated circuits, the
basics of TV AGC have not
changed.

The AGC circuits can often be found
in one of the larger ICs, which also con-
tains the IF amplifiers, video amplifi-
ers, sound detector, audio pre-amps and
other stages. This large amount of solid-
state junctions increases the internal
complexity and multiplies the chances
of IC failures. It is not unusual to find
the same IC defective in several differ-
ent brands because the increased heat
from the crowded internal layout causes
extra failures.

All TV receivers described in this ar-
ticle are similar in many ways, although
they were manufactured in Hong Kong,
Japan, Korea and Singapore. Through
the evolution of tubes to transistors, and
now to integrated circuits, the basics of
TV AGC have not changed. Practical
AGC circuits have changed only enough
to accommodate the different character-
istics of tube, transistor or IC. You
should be able to use the same methods
to troubleshoot AGC circuits, regardless
of the originating country.
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——— Troubleshooting Tips

Symtom: Intermittent no-start; when |

the set runs for a time, no functions
work, neither remote nor local. When
the set is unplugged, it will not re-start.

Set ID: RCA CTC-130-B model
FMR-555-R

Photofact: 2574-2

Pressing the power button produced no
change in this voltage.

Because I had a spare IC601 chip, I
substituted it for the non-operating one.
(A new MTTOOI-A module is very ex-

| pensive.) This operation was unfruitful

This model, as with other RCAs of l

similar chassis with remote, effects the
on/off function by controlling the start-
up voltage to the horizontal oscillator
circuit. This is accomplished by an ef-
fective open (high) or ground (low) at
the cathode of CR-405 off of the deflec-
tion IC401. When the set is plugged in,
raw B+ is always present. In sets with
electronic tuning and remote control,
the MTTOOI-A combined tuner and con-
trol module creates the high or low
nceded for the power function. The con-
nection from the MTT module to the
main chassis is made through P/J 303,
pin 3. To turn on the chassis, unplug
P-303 at the chassis. If HV is present,
the problem is in the MTTO0I-A mod-
ule or its controlling devices. The words
“its controlling devices’ are important:
I had assumed the module was the
culprit.

The microprocessor chip, pin 20 of
U601, had a reading of +2.37V. Zero
is normal for a set that is on; just under

and caused further frustration.

I remembered an experience I had
with an electronically tuned Magnavox,
in which a stuck button on the # key pad
caused a somewhat similar condition.
Applying a similar principle to this
model, I unplugged the RCA’s front-
panel keypad with the ch/up/dn,
vol/up/dn, and power buttons. Using the
remote hand unit to address the set, I
pushed “TV (on).” Alas, nothing
happened.

I went back to the schematic of the
MTTOOI-A and its peripherals. The in-
puts come from remote pre-amp S-5-B
(the aforementioned control buttons),
and S-16-B, another row of auxiliary
buttons associated with tuner functions,
such as add, erase, clock set and auto
program.

Checking all of the auxiliary buttons
by pressing them failed to show the

stuck ones. I then decided to unplug the |
two connectors on the auxiliary button

board. (See Figure 1.) This was not an
easy task, because the board is under the
CRT on this compact table-model TV,
and it is tricky to reach.

Eureka! Once the board was discon-

ing the remote hand unit. This situation
led to a question: What can go wrong
with a board that contains only a bunch
of pushbuttons? With difficulty, I re-
moved the board, because I knew it
would have to be replaced soon.

I examined the PC foil side, which is
on the top and is exposed. Using a mag-
nifying glass, I saw what looked like
corrosion between two solder points at
the location of the automatic program-
ming button. (See Figure 2.) I set my
digital VOM to a high-ohms scale and
tried to read between the suspect pins.
| The meter indicated 42k, on a switch
that normally reads open. With a small
knife blade, I carefully scraped away the
land area between the two leaky pins.
That solved the problem — the meter
read an infinite resistance between the
two pins.

Yes, there is a lesson to be learned
here about microprocessors: In addition
| to the supply voltage, always check the
[ outputs, the clock oscillator and the
momentary, rather than steady or leaky,
| inputs.

As a postscript, this trouble appeared
because of a high-humidity condition at
the time. This was a long-standing in-
termittent problem — presumably the
set worked fine in cool, dry weather.
f The humid spell helped me pin down
| the problem.

W.J. Williams, CET

4.8V is normal for a set that is off. | nected, I was able to control the set us- Brooklyn, NY |
J_303/T0 MTTOO1-A
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Figure'1. In order for the TV to be on, there
must be a high resistance condition from the
MTT001-A.

Figure 2. This top view of the S-16-B switch assembly shows where the leakage occured.
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Computer Corner =——

Dealing with software problems

By Conrad Persson

There is no definite way to know what
percentage of personal-computer prob-
lems can be attributed to software.
However, a well-intentioned operator
can cause software problems that only
a competent servicing technician, armed
with a floppy disk complete with an
operating system, will be able to
combat.

If you encounter a computer that re-
fuses to properly boot up. despite your
efforts, turn it oft. After waiting for a
few seconds, put your system floppy
disk in the floppy disk drive and turn
on the computer again. If the system still
refuses to properly boot up, there may
be a problem in the computer’s internal
circuits. If, however, the computer boots
up with the floppy disk in place, cross
your fingers; it might only be over-
zcalousness on the part of the operator.

The autoexec.bat file

When the computer fails to boot up
from the hard disk but boots up normal-
ly from the Hloppy drive, the computer
may have a problem in the hard drive.
On the other hand, it is possible that an
operator has experimented with batch
files or other software and caused com-
puter disarray.

For example, a company retrieved an
8088-based machine from a satellite of-
fice and gave it to one of its graphic
designers. When he tried to boot up the
computer, it emitted a strange error
message.

The computer servicing technician
turned on the computer and attained the
same results. When he put his system
Hoppy disk in the computer, it booted
up correctly. After calling up the direc-
tory, he called the autoexec.bat file to

the screen. The problem became im- |

mediately evident. The Path command
read “PATH=D:DOS.” Not bad, except
that there was no D drive on the com-
puter, nor was there a partition on the
hard disk that created a D drive. The

Persson is editor of ES&T.

computer had a single hard disk and it
was designated C. He changed the D to
C and the computer booted as normal.

You may sec a computer with an au-
tocxec.bat file that has unfamiliar in-
structions. If you suspect that the file is
causing the computer to misbehave, the
safest way to proceed is to save the ex-
isting autoexec.bat file under a differ-
ent name that will not execute, such as
“autoexec.bak.” This provides you with
a backup copy of the original autoex-
cc.bat file and enables you to experi-
ment with the autoexec file. If you mess
up the autoexec file you created, erase

A well-intentioned operator
can cause software problems
that only a competent
servicing technician, armed
with a floppy disk complete
with an operating system,
will be able to combat.

it, rename ‘‘autocxec.bak™ to autoex-
ec.bat, and you are back where you
started.

Memory-resident programs

There is a helpful class of programs
for computer operators that, unfor-
tunately, may cause trouble when tech-
nicians try to diagnosc problems. espe-
cially when the technicians use
diagnostic software. These memory-
resident or terminate-and-stay-resident
(TSR) programs are loaded into the
computer and remain in memory until
they are called up. The programs are
usually called up to the screen by using
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the hot key. a key that is also used to
escape the programs.

As an example of this type of pro-
gram, my computer features an address-
card program. When I hold down the
ALT key and press the right shift key,
a representation of a 3X5 card appears
on the screen with the name, address
and phone number of a contact I have
entered into it. I can access other cards
in the file by repeatedly pressing Enter,
or I can search for a particular name,
or a series of letters or numbers. I can
add cards. I can even have the program
dial the telephone by pressing the F6
key. Other programs allow the operator
1o use a calculator, a calendar and an
appointment book on the screen, regard-
less of the program that is currently
running.

As handy as TSR programs are, they
can create problems. While the comput-
er is running, the programs sit quietly
in memory, even if you are running a
diagnostic or other servicing program.
Because of the nature of the diagnostics,
TSR programs may cause them to give
erroncous results.

Many computer users have the au-
toexec.bat file automatically call TSR
programs into memory when they turn
on the computer. This situation makes
it impossible to run a diagnostic pro-
gram without TSR programs resident if
you boot the computer from the hard
disk.

The solution to these problems is to
always have a bootable tloppy disk with
the operating system on it. Preparing
this disk is casy. When you format the
disk you will be using for a clean
bootup, type in format/s. The /s switch
will write the operating system to the
disk as it formats it. The next time you
scrvice a computer that you suspect has
an autoexec.bat file loading peculiar
things into memory, turn the computer
on with this disk in the a: drive. After
the computer boots up, you can type the
autoexec. bat file to screen and see what
It contains.



———— Audio Corner

Stereo phasing problems - Part |

By John Shepler

You are no longer considered an au-
diophile if you appreciate the wonders
of stereo. As recently as 10 years ago,
it was rare for a TV or PA service shop
to be concerned about stereo problems.
Only FM broadcasters and hi-fi shops
worried about channel phasing and bal-
ance. Today, with the advent of MTS tel-
evision, AM stereo, inexpensive mixing
boards, satellite music distribution, and
automotive systems with quad speakers
and accessories, we are all in the ster-

co business.

Stereo sound brings with it many pe-

Shepler is an electronics engineering manager and broad-
cast consultant. He has more than 20 years of experience

in all phases of electronics.

culiar problems. However, by under-
standing a few simple principles, you
will be able to isolate and solve most
stereo problems with an oscilloscope.
You will soon be converting audio sys-
tem headaches into profitable service
opportunities.

Unique characteristics
One channel of mono audio plus an-

| other channel of mono audio does not
' equal stereo. The best that monophon-

ic audio can do is reproduce the ampli-

| tude and frequencies that the recording

microphone hears. Stereophonic audio
attempts to approach the sensitivity of
the human hearing system. By using two
microphones, the additional information

of timing and phase are added to the sys-
tem. Our ears use this information to lo-
cate sounds. When phase differences be-
tween the two microphone pickups are
correctly reproduced, the stereo effect
is said to sound “natural” When this in-
formation gets scrambled, the com-
plaints range from a sound that *“just
isn't right, but hard to explain” to spcak-
ers that sound dead or damaged.

The most important new signal added
to sterco is the phase difference between
the channels. Figure 1 shows a 2-
channel scope pattern for stereo signals.
This pattern is obtained by connecting
the left and right stereo signals to scope
input channels 1 and 2. Adjust the time
basc to show one or more cycles.

STEREO

AMPLIFIER
0O 0O O O o©o

2-CHANNEL SCOPE STEREO SIGNALS

Figure 1. This 2-channel scope pattern for stereo signals is obtained by connecting the left and right stereo signals to scope input channels

1 and 2.
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the waveforms do not occur at the same
time. The time difference between the
peak of one cycle and the peak of the
other represents the phase difference be-
tween the signals. This difference is
usually expressed in degrees of a sine
wave rather than milliseconds. When
the peaks coincide, the phase difference
is zero. When the peak of one cycle
coincides with the valley of the other,
they are 180° out of phase. Incorrect
phase is the most common stereo
problem.

The second important characteristic
of stereo is the amplitude difference be-
tween the two signals. In normal stereo
program material, most signals are
stronger in one channel than the other.
Each microphone most strongly picks
up the sources closest to it, but it will
also pick up sound from sources that are
closer to the other microphone or mi-
crophones.

The combination of phase and ampli-
tude differences produces a stereo effect
called separation. Separation is that
wide, full sound in which each instru-
ment seems to be in its own unique lo-

Notice that the peaks and valleys of l
|

cation on a stage. Because separation is |

so delicate, it can be degraded easily by
circuit problems or misadjustments.

Combined mono and stereo
Some of the most important signals

in a stereo system are monophonic. Pub-

- Dlal Torque Gauge
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lic address microphones are usually
mono. The lead vocals on most records
are recorded as mono. Mono signals
have the exact amplitude and phase in
both stereo channels. A mono source
should sound as if it originates midway
between the two speakers. When the
speakers are widely separated, the
source should sound loud and distinct
in each speaker.

All broadcast signals, whether they
are radio or TV, are expected to be
mono compatible. No difference in am-
plitude, distortion, or tone quality
should be noticed when switching the
receiver from stereo to mono.

What can go wrong with mono sig-
nals? The most common problem is
phase reversal. This mistake is especial-
ly easy with speaker cords or balanced
audio pairs. If the signal lines are
swapped on one channel only, the au-
dio from the speakers will be out of
phase. This will not affect the quality
of audio in either speaker, but the ster-
eo effect will be damaged.

For example, reverse the speaker
leads to a car stereo and the sound will
change. You will hear both of the speak-
ers work, but the sound between them
will be weak. This is called the hole in
the middle effect, and it is most easily
detected in headphones. To experience
this effect, rig up a switch to flip the
polarity of one side of a pair of head-
phones and notice the difference in

sound when you change the system from
in-phase to out of phase.

The most obvious problems with
phase reversal occur when one mono
source is reversed into a stereo system.
For example, a broadcast station plays
a recording using a phase reversed car-
tridge. The station is monitoring in ster-
eo, so the sound engineers may not no-
tice the problem. Anyone who is
listening on a mono receiver, however,
will notice that the audio suddenly be-
comes weak and distorted while that
source is on. The problem can only be
corrected at the station.

A more subtle problem occurs with
reels and cassette tapes. It is easy for
tape heads to get out of alignment. The
azimuth adjustment is the most critical
to stereo sound and is touchy at high fre-
quencies. When the head is bumped or
slightly moved out of alignment, the
tape signal is packed up on one track of
the head slightly before the other. This
causes a phase difference, which can de-
grade sterco separation or cause a
muddly sound in mono audio systems.
This situation is common with broad-
cast signals or tape equipment in which
a stereo signal is combined to feed a
mono audio system. If you are losing
high frequencies on some of your ster-
eo sources, suspect phasing problems.

Next month, I will discuss how to use
an oscilloscope to detect and correct
stereo phasing problems. |

If You're In VCR Repair . . .

You can't afford to guess when your customers and your future
depends on professlonal service, done right the first time. Let |NOW AVAILABLE - Video Training Tape "VCR
TENTEL Increase your efficlency! Mechanical Problem Diagnosis” - $24.95 e
TEN TE ® 4475 Golden Foothill Parkway Call For A FREE CATALOG
: (800) 538-6894 / (916) 939-4005

El Dorado Hills, CA 95630
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—— Video Corner

The dreaded intermittent

By Stephen J. Miller

One electronic problem known to
drive technicians crazy is the intermit-
tent condition, especially when it occurs
in random fashion and in varying
degrees of severity. I recently worked
on an Akai VCR, model VS-525U, that
met these criteria.

The complaint was an intermittent
snow bar in the picture. The position of
this bar on the TV screen and its width
varied. Often, no snow bar was pres-
ent. At other times, a snow bar would
cover a large portion of the screen. The
VCR initially worked perfectly and was
placed on the aging rack to await occur-
rence of the problem. For the next
several days, the machine played a game
with me. It occasionally failed on the
aging rack, yet always played properly
when moved to the test bench.

I finally recognized a pattern to the
failures. If this VCR entered the play

Miller is a senior bench technician for a Lancaster, PA,
repair company.
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1f you're groping
for a better method of
running your business, let
NESDA light your way with
Service Control System I,

mode and produced a clear picture, it
would continue working normally for
the remainder of that tape. If the prob-
lem was observed when the VCR en-
tered the play mode, the problem re-
mained throughout the tape. These
symptoms are most often caused by for-
eign objects inside the machine.
After performing a thorough internal in-
spection, however, I found no foreign
objects.

On the test bench, I repeatedly load-
ed and unloaded the tape, trying to get
the problem to appear. Finally, success!
A large snow bar covered the bottom
third of the screen. Connecting an os-
cilloscope to the FM envelope test point,
I observed a poor envelope (see Figure
1, trace A), yet a visual inspection of
the tape path and tape wrap indicated no
gross mechanical problems.

When troubleshooting video prob-
lems, I use the headswitching signal as
a reference signal (see trace B) and ob-
serve the relationship of two other sig-

nals to this reference. These two signals
are the FM envelope and the signal at
the video output jack. Scoping the vid-
eo output line, I was surprised to find
the video waveform shown in trace C
of Figure 1.

A lesson in headswitching

To understand what is wrong with the
waveforms in Figure 1, refer to Figure
2, which displays the correct waveforms.
In Figure 2, the FM envelope signal is
continuous, with no large nulls or
dropouts. Small notches in this envelope
occur only at the headswitching points.
Headswitching occurs at the rising and
falling edges of the headswitching sig-
nal in trace B. Finally, if you compare
the headswitching signal with the vid-
€0 output signal, you see that head-
switching occurs just slightly before the
vertical sync pulse.

The correct positioning of the head-
switching points is critical to proper op-
eration. During headswitching, extrane-
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Figure 1. When a VCR intermittently causes
a large snow bar on the bottom third of the
screen, connect an oscilloscope to the FM
envelope test point. In this case, the VCR dis-
played a poor envelope (see trace A) but no
mechanical problems. The headswitching
signal (trace B) can be used as a reference
signal to show the relationship of the FM
envelope and the signal at the video output
jack. Trace C, the video waveform, shows
snow-bar areas.

ous noise pulses arc generated as the
head amp switches between the two
heads. If the headswitching points oc-
cur too carly, these noise pulses form
a visible line at the bottom of the TV
screen. If the headswitching points oc-
cur too late, the noise pulses will be in

the vertical sync interval and the play-
back picture will wither, shake or roll
vertically. To prevent both of these con-
ditions, set the headswitching points at
approximately 6.5 horizontal lines be-
fore vertical sync. This allows the
switching points to be hidden in the ver-
tical overscan of the TV picture while
keeping them out of the sensitive verti-
cal sync interval.

Returning to the scope traces in Fig-
urc 1, we see that the poor FM enve-
lope and playback snow bar are being
caused by the headswitching signal ar-
riving much too early. This headswitch-
ing signal is produced by IC501. When
I scoped pin 14, the headswitching out-
put of IC501, T found that it was occur-
ring too early as well. IC501 uses the
drum PG signal to produce the head-
switching signal. However, upon scop-
ing the drum PG input, pin 16, I found
no signal. This obviously was not the
standard headswitching signal with
which I was familiar.

A block diagram of the standard cir-
cuit is shown in Figure 3. In this cir-
cuit, the drum PG signal is routed
through two parallel paths. The positive-
going pulse travels through the top path

100MHz model.
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Figure 2. Notice the differences between a
VCR with an intermittent condition (shown in
Figure 1) and a VCR displaying correct wave-
forms, with a continuous FM envelope sig-
nal (see trace A). The video waveform (see
trace C) does not show the snow-bar areas
that would correspond with a poor envelope.

and triggers a monostable multivibrator.
The negative-going pulse travels through
the lower path and also triggers a
monostable multivibrator. The output of
these two multivibrators are summed to
form the headswitching signal. If the
drum PG input is missing in this stan-
dard circuit, no headswitching signal
would be produced.
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How did the Akai circuit produce a
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headswitching output with no PG input?
Why did the VCR sometimes work and
sometimes fail to operate? The answers
lie in the internal structure of IC50I.

Figure 4 shows a block diagram of
IC501. In this IC, both the drum PG and
FG signals are used to generate the
headswitching signal. The 180Hz FG
signal is first divided by three to pro-
duce a 60Hz signal. This 60Hz signal
is applied to a monostable multivibra-
tor, whose duty cycle is adjusted by
VR502, connected to pin 15. The out-
put of the monostable multivibrator is
then divided by two to produce the 30Hz
headswitching signal. The FG signal is
capable of producing the correct fre-
quency and wave shape of the head-
switching signal, but it will not always
be at the correct phase relationship with
respect to the video heads.

Phase correction is provided by the
drum PG signal. The 30Hz, negative-
going drum PG signal is used to reset
the divide-by-3 and divide-by-2 coun-
ters. If a phase error exists at motor star-
tup, the drum PG signal will reset the
counters so that counting can begin at
the proper time. If no phase error ex-
ists, the drum PG pulse will occur when

the counters have already cycled to their
reset positions. The drum PG signal is,
therefore, only effective at motor turn-
on. After the initial phase correction,
the stable drum FG signal will maintain
the headswitching signal at the correct
frequency and phase. Thus, if the PG
signal fails after motor startup, no ef-
fect will be seen until the motor is
stopped and restarted.

The amount of initial phase error de-
pends on the leftover data in the coun-
ters of IC501 and the motor’s position
at startup. These facts explain the Akai’s
apparently intermittent symptoms. De-
pending on the random nature of the
leftover data and the motor’s starting po-
sition, either a small, large or no initial
phase error existed. Without the drum
PG signal to reset the counters and re-
move the phase error, this same phase
error existed until the motor was
stopped.

Following the drum PG line back
from pin 16 of IC501, I found no drum
PG signal at the connector to the drum
motor drive board. Because individual
replacement parts are not available for
these drive boards, it was replaced as
an assembly. After the board was
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replaced, a 5V,_, PG signal was pres-
ent on pin 16 of IC501, and the trouble-
some intermittent symptoms disap-
peared.

Replacing the board

When you replace the motor drive
board, the rotor magnet assembly must
be removed from the bottom of the drum
motor. This rotor magnet assembly con-
tains a number of individual magnets,
which are used to drive the drum mo-
tor and to produce the drum FG and PG
signals.

To ensure proper reassembly, always
place alignment marks on the rotor as-
sembly and the motor shaft before dis-
assembly. In many VCRs, including the
Akai, the rotor assembly can be easily
reinstalled t/2-turn (180°) out of the cor-
rect position. With this misalignment,
the headswitching signal will be 180°
out of phase. A weak, snowy playback
picture will result. The playback picture
will be marginal even at the maximum
rotation of the tracking control. There-
fore, to prevent needless troubleshoot-
ing difficulties later, pay attention to the
alignment of these parts.

Of the two signals, the drum FG sig-
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tronics Technicians, 2708 West Berry St.,
| Fort Worth, TX 76109 «(817) 921-9101 |

| Name
| Address
| City
| State

l Send material about ISCET and
I becoming certified.

____Send one "“Study Guide for the
Associate Level CET Test.”
is $10 (includes postage).
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Figure 3. In this standard circuit, the drum PG signal is routed
through two parallel paths. The positive pulse detector travels
through the upper path and triggers a monostable multivibrator. The
negative pulse detector travels through the lower path and also trig-
gers a monostable multivibrator. The output of these two multivibra-
tors are summed to form the headswitching signal.
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Figure 4. Although the drum PG and FG signals are used to gener-
ate the headswitching signal, the FG signal alone can produce the
correct frequency and wave shape of the signal. In this IC, the 180Hz
FG signal is first divided by three to produce a 60Hz signal, which
is applied to a monostable multivibrator. The output of the monosta-
ble multivibrator is then divided by two to produce the 30Hz head-
switching signal.

nal is the more important because no

headswitching signal will be produced j

if this FG signal is missing. A missing
FG signal will also cause the drum mo-
tor to rotate too fast. As we have seen,
a missing drum PG signal will cause the
headswitching signal to have a phase er-
ror. IC501 is an AN3792. This same IC
has been used by several other manu-

facturers. Matsushita, for instance, used
it in its 1986 line. Panasonic, Quasar,
GE, Sylvania and Magnavox are a few
of the brand names manufactured by
Matsushita. Many other manufacturers
have also adopted similar methods of
developing the headswitching signal.
Therefore, this same type of symptom
can occur in many other brands and

models.

The same intermittent snow bar
symptoms were observed in an MGA
HS-339UR. As in the case of the Akai,
a headswitching phase error existed.
The cause, again, was a missing FG sig-
nal from the drum motor drive board.
Remember these symptoms — they are

| not unique to one make or model. W
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OVING:

TAKE US WITH YOU.

Just peel off your sub-
scription mailing label
and attach it to the
address change card
inside this issue. Please
allow 6-8 weeks to
process your address
change.

Presenting
an affordable
Light Box System.

Model TR100 CB
Camera Light Box
with (2] transparencies

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

® 1-year conditional
guarantee

o Transparencies mounted in
acrylic with optieal scratch-
resistant surface

© 11-step gray scale
tansparency

o 7-Bar color ransparency

The method most
manufacturers recommend

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

WOV (313) 726-1278

@ P.0. Box 77103 e Sterling Hts., MI 48077 TS

Circle (27) on Reply Card
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——— Readers’ Exchange

Back by popular demand —
FREE Readers’ Exchange

Readers’ Exchange has been reinstated as
a free service, effective with the February
issue.

The following restrictions apply to Read-
ers’ Exchange:
¢ Only individual readers may use Readers’
Exchange, and items must be restricted to
those that are ordinarily associated with con-
sumer electronics as a business or hobby. If
you're in business to sell the item(s) you want
to offer for sale, the appropriate place for
your message is in a paid advertisement, not
Readers’ Exchange.
* Readers’ Exchange items must be restricted
to no more than three items each for want-
ed and for sale, and may be no more than
approximately four magazine column lines
in length (about 20 words).

Send your Readers’ Exchange submissions
to:

Readers’ Exchange
Electronic Servicing & Technology
76 N. Broadway
Hicksville, NY 11801

WANTED

Vintage RCA TVs — pre-WWII models TRK-5
and TRK-9 consoles, TRK-12 mirror-in-lid con-
sole and TT-5 table-top model. Doug Heimstead,
1349 Hillcrest Drive, Fridley, MN 55432;
512-571-1387.

Sams Photofacts, #2411-2591, will pay a reasona-
ble price. Jennings Hanson, 735 Clematis Roud,
Venice, FL 34293, 813-497-0108, 813-493-4159.

1930s or older radios, parts and tubes, new or
used; books, magazines, service and advertising
literature; 1956 or older color TV; 1940s B&W.
Mark, 203 Cactus St., Tallahassee, FL 32304; 904-
575-7122 collect.

40-pin IC MP2039 or TMSI370 for J.1.L. scan-
ner model SX100; info about service address for
same unit. Sherman Stewart, 311 E 100 S #68,
Kanab, UT 84741; 801-644-2945.

Sencore VA62, SC61 and any other accessories;
Sams folders, approximately #1500-2355; back is-
sues of ES&T, years 1983, 1984, 1985. Paul Carl-
son, 112002 W. Bristol St., Elkhart, IN 46514;
219-264-2147

NRI VCR self-study course including VHS train-
ing tape and workbook. Don Jordan, 1003 Oak
Tree, Fort Worth, TX 76140; 817-483-5458.

B&K model 375 VTVM, must be in good oper-
ating condition with manual. Tri-City TV, R.R. #3,
Box 186, Birch Tree, MO 65438; 314-292-328].

Owner’s manual for Hickok model 288X univer-
sal crystal-contrulled signal generator. Advise price
of original manual or copy. Jim Brugh, 1132 Sper-
ling Drive, Pittsburgh, PA 15221; 412-371-6478.

Schematic for VISTA XXX-V power supply —
regulator board has following numbers: P/N
58005, Rev. C, TCI-AJS-94V-0. Uses four tran-
sistors (2N3771). Reg. board has following: 2-
MPS-55, 1-PN-2222A, I-LM-317, I-TIP-32, |-
SCR #C-122F. Jerry’s Radio Service, 409 S. Okla-
homa St., Shamrock, TX 79079; 806-256-3405.

Sencore PR57 Powerrite, laser power meter;
microwave tester. A&B TV Service, 1158 Jericho
Turnpike, Commack, NY 11725; 516-864-6644.

5BP1 CRT, new or excellent condition. Tec/ni-
cal Electronics, 1245 Buena Vista Ave., Stockton,
CA 95203, 209-948-5597.

Schematic for Kloss video component TV tuner,
model T-1. S.A. Elosh, 4219 Westinonit, Aust, OH
44515.

Sams Quickfacts; used books on all model TVs;
TV CRT tester, restorer. William M. Jones, 8202
Chestnur Ave., Hamprton, VA 23605.

Heathkit technical manual for model EF-1 —
“How to Understand and Use Your Vacuum Tube
Voltmeter” with experimental chassis. Sidney R.
Creacey, 1358 Turquoise Ave., Mentone, CA 92359,

Information on obtaining part number AAQ72 (IC)
for Akai model X-2000 SD tape recorder pre-amp
module. Par Wells, 449 S. Canyon Drive, Red-
mond, OR 97756.

RT-4524 remote control for a Drake ESR 424 sat-
ellite receiver or APS 424 positioner: a hand unit
for a 1980 Zenith color TV model SMI961W, or
similar. Neither unit must work. Joe! D. Koivisto,
Star Ri. 3, Box 92, Hibbing, MN 55746,
218-885-2175.

VCR gauge, Sencore VA62; a frequency counter.
Sam F. Quon, Sam's TV, 929 Elliot St., Regina,
SK, Canada, S4N3ES.

Schematic and/or manual for Sharp SU-66PC
B&W TV from the 1970's sold only in Japan.
(Sams 1140-3 for SU-66p is not the same) with
purchase or copy and return; general purpose
scope, SMHz or higher, with probe; infrared re-
mote control for Panasonic VCR PV-1530. C.L.
Wallis, 365 Kenilworth, Memphis, TN 38112;
901-725-1971.

Service manual (will copy and return with fee)
for a Quasar model TL9980WW color console;
a tuner/IF unit, P/N 4-1154-06171, for a Fisher
model FVH 840 VCR. Scort Cohen, 4640 N. Brit-
tain Pl.,Tucsan, AZ 85705.

SECO 107B tube tester; Knight KG-688 audio
generator. Charles T. Huth, 229 Melmore St.,
Tiffin, OH 44883, 419-448-0007.

13VAHP?22 (or equivalent) good, used picture tube.
C.A. Caputo, 7 Donna St., Peabody, MA 01960;
508-535-1091.

Used, reasonably priced wow & flutter meter;
MTS stereo generator, working or not. Need im-
mediately. 503-267-0628.

Parts list and schematic for Apple Ilc monitor
model GO90S. Jim Knutson, Box 373, Waterville,
Quebec, Canada, JOB 3HO, 891-837-2785.
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Rider's Perpetual Troubleshooting Manual, Vol-
ume 23; Troubleshooting with Oscilloscope, by
Middleton; operating instructions and schematic
diagram for Feiler model TS-3 stethoscope. Paul
Williams, 2364 Beaver Valley Pike, New Provi-
dence, PA 17560; 717-786-3803.

Tube tester in good condition. Please send infor-
mation. Daniel Seidter, 3721 W. 80th St., Chica-
go, IL 60652; 312-284-822].

FOR SALE

NRI audio servicing program (39 lessons) and an
NRI microprocessor technology program (32 les-
sons), like new, $200. Complete outline availa-
ble. Clarence G. McGee, 9516 Zion Roud, Rives
Jer., M1 49277; 517-569-3139.

55 Magnavox modules for T809, T81S, T991, T995,
$1,000 (15 older modules free); factory service
data: Magnavox 22 yrs, RCA 1l yrs, Zenith 10 yrs,
$1,000. George W. Crouch, 4018 Lillian Drive,
Concord, CA 94521; 415-682-8841.

Sencore VA62, SC63, SC61, HP200, TP212, CR70;
Tentel gauges; Jensen alignment tools; microfiche
reader; Sams Photofacts and VCRFacts and more.
All for $6,000. Jerry Hohman, 1352 Eden Road,
Awendaw, SC 29429; 803-884-8537 after 5 p.m.
EST.

Sencore VA62, 63, 64, EX231, $2,450. Bob Hen-
drickson, 5116 Hutchins St., Winston-Salem, NC
27106; 919-922-4571.

Fairchild model 766H-F oscilloscope, 100MHz
vert. response, like new, with manual, schemat-
ics, alignment procedure, parts list, probes and
cart, $700 plus s/h. Frank Czirok, 16 Clay Road,
Carlisle, PA 17013; 717-249-9600.

Sencore VA48 analyzer, $500; Bell & Howell
ABRII17 microfiche reader 20X13 screen, $250.
With manuals, add shipping. Max E. Bingman,
Box 9088, Moscow, ID 83843; 208-882-2273 or
883-4979.

Sencore VA62, VC63, NT64 and EX231, all manu-
als and leads, Al condition, $2,000. Mason, 317
Dorchester Drive, Linwood, NJ 08221,
609-927-7083.

B&K 415 sweep/marker generator, excellent con-
dition, all leads and manual, $110 + UPS. Har-
vey Monigomery, 1602 Antelope Road, Elberton,
GA 30635; 404-283-3055.

Tektronix 2235, 100MHz, dual time-base scope.
Less than 25 hours run time. Leon Small, Barre
Road, Hardwick, MA 01037; 413-477-6083.

B&K 1822 17SMHz univ. counter (mint condition),
$250; NRI VCR training course, $125; Heathkit
3100B analog circuit design trainer with Concepts
of Electronics course, $65. Ron Grega, 107 Ridge-
view Drive, Dunmore, PA 18512; 717-347-6842.

Winco high-performance generator, HP3000, exc.
condition, $650; Simpson Capacohmeter, model
383A, $40; 346 Sams below #1000, $3 each or
$300 for all. Robert Blanchard, Pine Hill Road,
Warren, NH 03279; 603-764-5214.



Leader LSG-231 FM stereo signal generator with
manual, like new, in box since 1981, $150 or trade
for general-purpose scope: RCA Telematic 10j106
test jig with focus voltage supply, cables, five adap-
ters. set-up index. and up date, like new, $150 or
trade for general purpose scope: Panasonic VCR
remote control, late color TV. C.L. Wallism 365
Kenilworth, Memphis, TN 38112; 901-725-1971.

Microfiche reader: Bell and Howell model SR-
11, small footprint, 8 X11.5" screen, single mag-
nificatoin, dual intensity. $50, includes shipping.
Scont Cohen, 4640 N. Brinain Pl., Tuscon, AZ
85705; 602-887-6387.

Retired, must sell VCRs, Sams test equipment and
many more items. Send for a free list. Henry Wey-
mouth, PO. Box 6292, Edison, NJ 08837; 201-69I-
4943, (after 7 p.m.)

Tubes, parts, manuals. books. Send large SASE.
Mux Seligsohn, 1455 55th St., Brooklyn, NY 11219,

B&K 747 tube tester, $150; B&K 1077B analyst.
$150: B&K 1076 analyst, $50. Send SASE for ad-
ditional equipment. Shipping extra. M. Rosignuo-
lo, 368 South Hill Blvd., Daly Citv, CA 940I4.

TV boards. tubes, manuals and instruments. Will
sell or trade. Carl Cook, 2333 Progress, Eureka,
CA 95501

Tube inventory: Rider’s radio and TV, complete
sets with indexes; Sams from 431-1468: vintage
new RCA parts. A.L. Clough, 1189 Eastland Ave.,
Akron, OH 44305, 216-633-6325.

Sencore SC6! waveform analyzer. excellent con-
dition with l-year warranty and probe kit, $2,500
or best offer. 301-255-8369

5Y6 bench test jig. model CK-3000 with 146
different harnesses, all boxed, plus B&K 1246 col-
or bar and one tuner sub (no charge). $500 plus
shipping. Gorski TV-VCR, 134 Voorhess Corner
Road, Flemington, NJ 08822; 20/-782-5468.

Sencore model FTISS FET checker, $45. RCA
model WR-52A stereo FM signal generator, $75;
tubes, old and new. Eddie Brvan:, 9809 Hilger:
Drive, Cleveland, Ol 44104; 216-721-9435.

Sylvania test jig with RCA and Zenith adapters,
$90: B&K 415 sweep marker generator with ca-
bles, $95. B&K NTSC color bar and video pat-
tern generator, no cables, $190. All with manu-
als. Bill Homen, 38 S. Olive St., Lemoore, CA
93245; 209-924-4726 evenings.

Sadelco field-strength meter, like new, VHF, FM
and UHF freq. ranges, —32 to +62 dB scale,
built-in speaker. Paid $750, will sacrifice. Paul's
TV, 617-599-6700.

B&K 467 CRT checker, assorted Sams Photofacts;
misc. parts. Send SASE. Bob IHaggstrom, 5635
St. Amatus Road, Pensacola, FL 32503; 904-476-
9596 evenings.

Model LC53 Z-Meter capacitor inductor analyz-
er, best offer in the $300-$400 range; many Sams
for tube TVs. Irma Morris, 203 Hutchins Drive,
Wilmore, KY 40390.

VA62 Universal video analyzer, VCR test acces-
sory; NTSC pattern generator. Best offer. James
Foster, 127 Sickles Ave., New Rochelle, NY
10801:914-235-7869.

(after 5 p.m.)

Sencore SC61 oscilloscope — like new, in origi-
nal box, with HV probe, $1.850: B&K Precision
model 1251 color generator $700. Barry Davis,
Davis Electronics, Graham School Road, Gallipo-
lis, OH 45631; 304-675-1667 or 614-4446-8051.

Two SOLA constant voltage transtormers. Cat
#20-25-220. Primary — 95/175/190Vac 1o
130/235/260Vac at 2 000VA. Secondary — 118V
at 17A/236V at 8.5A. $300 plus freight. Jo/n Rus-
so, 1057 Big Pine Dr., Santa Maria, CA 93454,
805-925-2173, (weekends after 6 p.m.)

Sams photofacts, #43 to 736 with filing cabinets;
Magnavox service manuals for the years 1954-66.
Add shipping. Anode TV, 32 Adams Drive, Whip-
pany, NJ 07981; 201-884-2965.

Non-linear, dual-trace portable minescope mod-
el MS-215. $300; Eico model 469 wide-band
scope, $50: Eico model 666 tube and transistor
tester without charts, $25. Add shipping on al
iteins. Stan Chalker, 1176 Smithsonian Ave.,
Youngstown, OH 44505.

Picture tube rebuilding equipment; B&K 415
sweep/marker generator (never used); Telematic
test jig. Best offers. Allegheny Electronics, 5421
Butler St., Piusturgh, PA 15201; 412-781-3748.

Classified

Classified advertising is available by-the-
word or per column inch. By-the-word:
$1.65 per word, per insertion. Initials and
abbreviations count as full words. Blind
ads (replies sent to ES&T for forwarding)
are $40 additional. Minimum charge: $35
per insertion.

Per Column Inch (Classified Display):
$235 per column inch, per insertion, with
frequency discounts available. 1" mini-
mum, billed at ¥a” increments after that.
10” maximum per ad. Blind ads are $40
additional. Reader Service Number $25
additional to cover processing and han-
dling costs. (Free to 4-inch or larger ads.)

Optional color (determined by magazine)
$150 additional per insertion. No agency
discounts are allowed for classified adver-
tising.

Contact Emily Kreutz, 516-681-2922, for
information on frequency and pre-
payment discounts, or to place your clas-
sified ad. Or send your order and materi-
als to Emily Kreutz, Electronic Servicing
& Technology, 76 North Broadway, Hicks-
ville, NY 11801.

EQUIPMENT WANTED

TUBES WANTED—We buy receiving and transmitting
tubes. Send your list for bid. New tubes in original boxes
only. Also need radio I.F. XFMRS. Antique Electronic Sup-
ply, 688 West First St., Tempe, AZ 85281. Phone 602/894-
9503, Fax 602-894-0124. 3-90-3t

WANTED—Distortion analyzer Sound Technology 1000A
or equivalent. Please send price and information to Four
Star Electronics, 546 Washington St. NE, Warren, Ohlo
44483, 05-90-1t

FOR SALE

TV TROUBLESHOOTING: Over 300 problems/solutions.
Nothing old listed. $12.00, add $1.50 shipping. Refund If not
satistied. Jones Enterprises, Box 702, Niceville, FL 32578.

12-89-TFN

VHS-VCR Repair Solutions Sets |, II, 111, IV, V. Each con-
tains 150 symptoms and cures, cross reference chart, free
assistance, $11.95 each all tive $49.95. Eagle Electronics,
52053 Locks Lane, Granger, IN 46530 12-89-TFN

TV TOUGH DOGS: 300 symptoms and cures. Send $9.95
to DAVIS TV, 11772 Old Fashion Way, Garden Grove, CA
92640. 10-87-tfn

REDUCED 75%, Diehl Mark V scanner $219, Diehl Mark
Il scanner $89. New. 2805 University Ave., Madison, Wis.
53705, 608-238-4629, 608-233-9741 3-89-tfn

BUYING & SELLING QUALITY TEST EQUIPMENT by HP,
Tektronix, Fluke, etc. Tektronix 335 portable (10.5 Ib.) 35 MHz
oscilloscopes $750. Vu-Data PS935 portable 35 MMz os-
cilloscopes $350. Tektronix 465 oscilloscopes (100 MHz)
$1.050. Fluke 8020A handheld muttimeters $75. Much more!
Calibrated & guaranteed 6 mos. Call Cal-Scope, (408) 730-
4573 or FAX (408) 730-9537. 3-90-3t

PHOTOFACTS: Folders under #1400, $4.00. Above #1400,
$6.00 Sent same day tirst-class postpaid. Loeb, 414 Chest-
nut Lane,East Meadow, NY 11554, 4-90-3t

SENCORE VA62, VC63, NT64 & EX231 A1 condition $2000.
B&K 2009 TV Stereo Gen. $200. MASON (609) 927-7083
evenings 05-90-1t

1990 CRT REFERENCE MANUAL, lists heaters, cathodes,
G1's & G2's, basings & pinouts for all color, projection, os-
cilliscope and camera pickup CRT's. 1949-1990. Dandy
Manufacturing Co., 2323 Gibson Street, Muskogee, Okia-
homa 74403 (918) 682-4286. 05-90-2t

ESTABLISHED ELECTRONIC SERVICE BUSINESS. Sales
includes parts inventory, large library of schematics, test
equipment, benches, etc. Authorized warranty for multiple
products. Contact D&M Electronics, Farmington, NM (505)
325-5517. 05-90-1t

TV/VCR REPAIR SOLUTIONS. Printout or IBM compatible
with hard drive. 3,400 solutions (26 manufacturers). Time
saver. Quick scan by make, model, chassis or stage, $90.
Post paid to Electronic Solutions, 407 W. AVE "'N”’, SAN
ANGELO, TX 76903. 05-90-1t

SAMS PHOTOFACTS $1.75 each. 1.000-1.800 50 piece mini-
mum. Peter Utkes, 1A-446 Harrison St., Sumas, WA 98295,
604/850-3119. 05-90-1t

SERVICE MANUALS—Can copy most Japanese audio &
video, 1975 to date. 24 hour processing. Audio/TV manu-
als, $5.00. Sections ot VCR & camcorder, $5.00. Lakes Elec-
tronics, 5430 N. University Drive, Ft. Lauderdale, FL 33351.
305-749-6100 FAX: 305-741-3106. 05-90-1t

BUSINESS OPPORTUNITIES

LARGE AUDIO/VIDEO SERVICE BUSINESS. In sunny SW.
city. Established 20 yrs. Well-equipped. Price & terms
negotiable. (602) 298-8827. eves. 8-89-tfn

BE YOUR OWN BOSS—Audio/Video/TVRO sales and serv-
ice. Perfect small business for 1-2 man operation. Profita-
ble Colorado business. Low overhead, owner can finance,
303-867-3554. 04-90-2t

SMALL, PROFITABLE TV, VCR, STEREO REPAIR BUSI-
NESS. located near New Orleans, LA. Phone: (504) 431-
7940 — leave message. 05-90-1t

RETIRE TO FLORIDA, SERVICE MARINE ELECTRONICS.
All specialized test equipment bargain priced, little com-
petition, coaching available. Carter, 505 Beatrice Street,
Venice 34285 05-90-1t

AUDIO VIDEO SALES AND SERVICE BUSINESS in east-
ern Coiorado, well established, well equipped, ideal for fam-
ity. (303) 246-3766 evenings. 05-90-2t

WELL ESTABLISHED VCR REPAIR SHOP and home for
sale in the beautiful Texas hill country. $95,000. Tim, (512)
896-1669. 05-90-1t



GET IN NOW ON THE $12 BILLION A YEAR

COMPUTER SERVICE INDUSTRY Earn

LEARN HOW TO CLEAN/ ! 45/8R1

= VIEJO'S AWARD-WINNING TAAINING VIDED AND

COMPARION TRAINING
MARUAL (OVER 300
ACTION-PACKEQ PAGES)

WITH YOUR AVERAGE
MECHANICAL ABILITY
WE CAN SHOW YOU
HOW TOREPAIR UP T0
pF = 95% OF ALL PRINTERS
START EARMING EXTRA
CASH IN DAYS!

© HUGE UNTAPPED MARKET!
* SERIOUS LACX OF TRAINED YECHNICIANS
OVER 37 MILLION PC'S IN USE .. . APPROXIMATELY 85% HAVE A PRINTER
ATTACHEQ .. . VAST MAJORITY OF PRINTER BREAKDOWNS ARE DUE T0 SIMPLE
MECHANICAL OR ELECTRO-MECHANICAL FAILURE

[ FREEINFO | ORWRITETO. VIEJO PUBLICATIONS
| 3540 WILSHIRE BL #310
| CALL 1-800-537-0588 DEPT. EST 2. L A CA 90010

Circle (28) on Reply Card

TUBES -TUBES ‘TUBES
World’s Largest Range
Dver 2,000 Types, Domestic & Foreign
UP T0 85% OFF %%
International Components Corporation

TollFree 800-645-9154 *N.Y. State 516-293-1500
105 Maxess Road, Melville, New York 11747

Circle (29) on Reply Card

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).
Guarantees profit & total CRT servicing, Used by TV
Repair, US govt., Airlines, Computer Serv., Dept. of
Defense. Patented Adaptor-Sockets-CRT Reference/
Setup book—Only $59.95 plus $2.50 postage & han-
dling. Our 6th year. Over 15,000 sold. Chargecards/
Checks/COD. Money Back Guarantee.
FREE CALL 1.800-331-9658
DANDY MFG. CO./RANDALL ELECTRONICS

(918) 682-4286, 2323 Gibson St., Muskogee, OK 74403

Circle (30) on Reply Card

‘“‘Sperry Tech’s
Pricing Guide”’
Updated new 6th edition...a

framework for setlting rates
that apply to HiTech pro-

ducts...a formula that
Pricing guarantees SUCCESS!
y/ “Call Toll Free for details
.’ o 1-800-228-4338

Circle (31) on Reply Card

ASSISTANT PROFESSOR OF
ELECTRONICS TECHNOLOGY

Bismarck State College in Bismarck, N.D., invites
applications for two nine-month, full-time, tenure-
track teaching positions beginning Aug. 27.

One position requires expertise in digital electron-
ics, microprocessors, audio and RF analog cir-
cuits, and experience troubleshooting in these
areas.

The second position requires expertise in direct
and alternate current theorles, algebra, trigonom-
etry, vectors and logarithms as applied to elec-
tronics.

Appropriate associate degree required. Prefer-
ences: college teaching experience and/or indus-
try experience.

Competitive salary based on experience and
credentials. Comprehensive fringe benefit pack-
age including TIAA/CREF retirement plan.

To apply, submit a BSC application, a letter of ap-
plication, resume, and official graduate and under-
graduate transcripts by May 21 to: Office of Per-
sonnel Services, Bismark State College, (701)
224-5427. Affirmative Action, Equal Opportunity
Employer.
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WE'RE THE ONE . ..

& With LOW Prices & Volume Discounts
e With the PRB LINE of Replacement
Belts & Tires
Call Toll FREE
1-800-558-9572 in Wis. 1-800-242-9553
24 HOUR ORDERING: FAX: 414-473-4727
“First in Quality And Service”

4R E

ELECTRONICS CO.
P.0O. Box 28 @ Whitewater, Wisconsin 53190

Circle (34) on Reply Card

SALES OFFICE

e With over 12,000 Electronic Products Elearnnnie

76 North Broadway
Hicksville, NY 11801
(516) 681-2922
FAX: (516)681-2926

Jonathan Kummer
Advertising Manager

Emily Kreutz
Sales Assistant

May 1990




SHOW

STOPPERNS.

Sony chairman Akio Morita, EIA/CEG industry vice president
Frank Myers, Polk Audio chairman Matthew Polk, Jr., and
Thomson chairman Pierre Garcin will supply an eye-opening
look at consumer electronics’ global future. And they’re just four
of 25 thought-provoking speakers you’ll discover at the Summer
CES® Workshops. So keep ahead of the competition. Let the
Show Stoppers clue you in on where the business is going.

Myers, June 2

G .
Morita, Jun€ B arcin, Jupe 3

Polk, June 2
A | For more details on the
C ----- i Summer CES: Be there! CrS Mo e
Show Planner, mailed to
=S Your competitors will be.  Shoy fner tei e
1990 International Summer
~ o ~ The Consumer Electronics Shows
Consumer Llectronlcs Show ‘;irr spon:,oreddand produced by the
roni¢ Industries Association
Saturday, June 2 through Tuesday. June 5, 1990 C:,,c;um:r E,ec,:omcs Gmu;l

Chicago. lllinois USA




INSIST ON 00! c most important reasons

ment parts through
your participating dis-
tributor’s Exchange
Program:

1) Your replacement

GENUINE ZENITH
FACTORY-FRESH
REPLACEMENT PARTS replacemr
NOW AVAILABLE AT 7= ot et
AUTHORIZED Zercllith engineering
updates,

EXCHANH COUNTERS ZEYOU will be ?ssured
THROUGHOUT THE U.S. ¢ cjne 2 facory-
remanufactured and serviced
for reliability by Zenith people

as knowledgeable and dedi-
cated as those who made

the original.

Don't risk exchanging sophis-
ticated Zenith modules, tuners,
channel selectors and sub-
assemblies anywhere else.

Write today and we'll help
you locate an authorized
distributor Exchange Counter
near you!

ENITH

The quality goes in before the name goes on.®

Zenith Service, Parts & Accessories/11000 Seymour Avenue/Franklin Park, IL 60131 ® A Division of Zenith Electronics Corporation



