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Test equipment update:
Wading through the new
multimeters

By Conrad Persson

Besides volts, amps and ohms,
many multimeters now are able
to measure capacitance,
frequency, logic signals and
more. Which one you should
choose is up to you, but this
article may help you make your
choice.

Servicing VCR servo
problems

By Brian Phelps

The head and capstan servo
systems in a VCR keep the tape
moving at the correct speed, and
phase. When these servos
malfunction the problem may be
difficult to diagnose and correct.

Understanding AGC

—Part 111

By Lambert C. Huneault

The first two installments in this
series described the fundamental
principles of AGC and some of
its applications. This concluding
installment will cover keyed and
delayed AGC, ACC controls,
ACC in ICs, automatic color
correction and automatic
saturation control.
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Exploring the 80286 and
80386—Part I1

By John A. Ross

The 80386 microprocessor
features 32-bit internal
architecture, fast processing
speeds, the ability to access more
system RAM, and multitasking.
Read this article to see how
they’re constructed, what kinds
of problems can occur, and most
important, how to service them.

Servicing directly-coupled
vertical circuits

By Homer L. Davidson

Read this article to determine the
approach to servicing vertical
circuit problems depending on
which type of circuit is used in
the TV set being serviced and the
exact nature of the problem.

Servicing problems in IBM
PS/2 monitors

By Don D. Doerr

When personal computer
monitors malfunction, someone
needs to fix them. This article
presents some basic monitor
servicing information that
should be of value to technicians
who want to begin servicing
computer monitors.

DEPARTMENTS —

6 Editorial

4 Electronic Servicing & Technology June 1991

News

Volume 11, No. 6 June 1991

10 Literature

11 Business Corner
Honing your business skills

27  Audio Corner
How to boost AM reception

31 Profax

45 Computer Corner
Problems with a new DOS and
an older software? Try running
the software under the older
DOS.

53 Test Your Electronics
Knowledge

56 What Do You Know About
Electronics?

58 Troubleshooting Tips
60 Products

64  Books/Photofact

65 Readers’ Exchange

66 Advertiser’s Index

ON THE COVER——

Today’s DMMs are becoming increasing-
ly sophisticated and useful. In addition
they feature higher accuracy and greater
protection from breakage and environ-
mental hazards. (Photo courtesy ITT
Pomona).



MII, S-VHS, Hi-8 and NTSC video equipment. The TSG 120
supports S-VHS, Hi-8 and NTSC formats. And the TSG 100 1s
a popular choice for NTSC-only applications.

Tek TSG 100 Series Test Signal Generators are proof you don’t
have to pay a lot to get a valuable tool for video service. Each
one offers the performance you’d expect from much higher
priced generators. Plus the signals and
features you need to meet equipment main-
tenance requirements. All in a compact,
lightweight package.

The TSG 130 is a low-cost, multiformat
solution for testing and servicing Betacam’,

Tektronix

‘COMMIT TED TO EXCELLENCE
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Get the full story and a product demon-
stration from your Tek representative. We
think you’ll agree: low-cost, hard-working
TSG 100 Series Test Signal Generators are
some of the most productive maintenance

tools you’ll ever get your hands on!

Betacam is a registered trademark of Sony Corporation



——— Editorial

Suffering
information
overload?
Here's why.

i

Do you ever feel overwhelmed by
the sheer volume of what you have to
know about electronics in order to be
involved in servicing. If you take a
look at some of the reference books,

| the reason becomes clear.

I was just leafing through a recent-
ly published dictionary of electron-
ics. It’s 7% inches by 9 inches, over
1% inches thick, runs to over 700
pages and contains more than 27,000
entries. Of this huge number of en-
tries, there are hundreds of new en-
tries, according to the blurbs on the
back cover.

I did a little quick calculation. If
you were starting from scratch and
set out to learn those definitions one
per day until you knew them all, it
would take you over 70 years. Of
course during the time you were lear-
ning all those definitions, the en-
gineers, scientists and technicians
would be discovering, designing and
manufacturing lots of new technol-
ogy, components and products, for
which there were new terms, no
doubt at the rate of at least one a day,
so you’d still be way behind even at
the end of 70 years of study. Whew!

Of course | exaggerate the problem
somewhat. Everyone specializes, so
many of the terms would be irrele-
vant. Many of the terms are either va-
riants of other terms, or otherwise re-
lated to other terms in the dictionary,
so that would cut down on the sheer
number of terms you would need to
learn.

And of course some of the terms are
not necessary for most technicians to
know. For example, it’s interesting
to know that Halowax is ‘‘a chlori-
nated naphthalene wax used as an
impregnant for paper capacitors. Di-
electric constant 3.4 to 5.5. Resistivity
1013Q-cm to 1014Q-cm.”’ I don’t feel
that not knowing that fact before
now has been an impediment to my
career in electronics.

There are also some definitions

that are pretty obvious and most of |

us would know them without ever
opening this dictionary. For example,
I knew before I opened the book that
a hammer was among other things
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‘1. The striking member in a wheel
printer. 2. A large clapper in a bell or
gong.”

Still, even allowing for the large
number of definitions that are of lit-
tle or no use to me, and the ones I al-
ready knew, there are hundreds, at
least, that I should know that either I
do not, or am a little fuzzy on.

Making the problem of knowing
all this stuff still more difficult is the
fact that many of the definitions de-
scribe in a few words concepts that
take a great deal of thought to grasp.
For example, the definition of Col-
pitts oscillator runs about five lines,
but to truly understand what’s going
on in that thing requires a drawing
(provided in the dictionary) and the
equivalent of several pages of
description.

And still it comes. Every day new
concepts, many of which require an
entire vocabulary, are being intro-
duced. To name just a few of the
technology concepts that have been
introduced, or of which we have be-
come increasingly aware, in recent
years are: LCDs, switching power
supplies, electrostatic discharge,
power line disturbance problems, the
compact digital audio disk.

So if you sometimes feel over-
whelmed by the technology and the
vocabulary of electronics there’s
good reason that you feel that way:
you are overwhelmed. And there’s
little that can be done about it. Re-
cognizing, at least, that there’s good
reason for that feeling that you're al-
ways a little behind can make you feel
better about it.

And perhapsif youtry tolearntwo
words a day, in 70 years you’ll know
all the current words, and maybe
even those that have been introduced
in that period of time, from A: “‘l.
Symbol for GAIN. 2. Symbol for
area. 3. Symbol for current.”’ to
Zymurgy: ‘“The branch of chemistry
concerned with fermentation.”
What the heck isthat doing in an elec-
tronics dictionary? =

Wk Conend (i



What You Need. ..
When You Need If!

Ever been stuckin the middle of a repair, trying
o remember that one lost detail or concept
that would solve the problem for you?

A Technical Training Video from Mitsubishi
could be just what you need!

Our "VCR Troubleshooting Guide | & II"
contains:

e Tape Path Description and
Adjustments

e Servos: both Digital & Analog

o Cassette & Tape Loading/
Unloading

e Mode Switch & Gear Replacements

- Two Tapes, Two Manuals - Two times the
troubleshooting techniques . . .

ALL IN ONE PACKAGE!

Video training from Mitsubishi . . .
What you need . . . When you need it!
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Eure Gold.

All of
Pomona’s Single
Point Test Clips are
gold plated for the best
electrical contact. And, the
contact point stays where you
put it because the material it's made
of is the best: stainless steel for the smallest
clips, beryllium copper for all the others.

Wide Selection. “Hooked” Grabber®
tips are available in 3 sizes, pincer tips for even
tighter spaces (like ICs & SMDs) in 2 sizes.
Connect them to your wire, or we'll wire
them up for you, ready to use. They’re all
in the catalog, along with a lot of other
“solid gold” ideas.

See your nearest Authorized
Pomona Distributor or contact
POMONA ELECTRONICS,
1500 E. Ninth St.,
PO. Box 2767,
Pomona, CA 91769
FAX (714) 629-3317
(714) 623-3463

FREE

1991 POMONA
CATALOG!
140-pages of newest
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AN ITT EMC WORLDWIDE COMPANY
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————News

America’s first CEBus home
set to open

The Bright Home, the first public
working display of CEBus technol-
ogy in the world, is currently being
constructed in Indianapolis by India-
napolis Power and Light Company
and PSI Energy of Plainfield, In-
diana.

The Bright Home will link a varie-
ty of electronic equipment and appli-
ances into a common intelligent-con-
trol system. The home will show cus-
tomers that the many varied benefits
CEBus technology offers can be ob-
tained for a reasonable cost.

In fact, says Gary J. Shapiro, vice
president of the Electronic Industries
Association’s Consumer Electronics
Group (EIA/CEG), ‘‘unlike other
home automation standards being
proposed, consumers can take a
‘building block’ approach to CEBus
technology, and integrate as many
CEBus products into their home as
their budget will allow.

CEBus, or the Consumer Elec-
tronic Bus, is the home automation
standard being developed by EIA/
CEG. CEBus allows communication
throughout the home between a vari-
ety of electronic products over exist-
ing power lines, twisted (telephone)
pairs, coaxial cable and infrared
means.

‘““We view the Bright Home as a
natural outgrowth of the goals we set
for our CEBus booth at the 1989
Summer and Winter Consumer Elec-
tronics Shows,”’ says George Han-
over, executive director of engineer-
ing for EIA/CEG. ‘The Bright
Home is the most effective way to
show consumers that CEBus technol-
ogy will make their lives easier by fa-
cilitating the use of products they use
in their homes everyday.

The Bright Home will show con-
sumers how CEBus technology can
benefit their lives with the installa-
tion of everyday off-the-shelf wire
during new construction or remodel-
ing. This technology will specifically
benefit older Americans and Ameri-
cans with disabilities.

CEBus technology and products
for the Bright Home are being pro-
vided by Indianapolis-based Home-
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tronics, an integrated electronics con-
sultant. Among the EIA-member
companies contributing CEBus prod-
ucts to the Bright Home are Panason-
ic, Sony and Thomson/RCA. In ad-
dition to touring the Bright Home,
visitors will be able to view an interac-
tive video that will detail the many
ways in which CEBus products can be
integrated into a home.

NPEC 91’ customer service seminar

Managers will view dilemmas from
the customer’s point of view at semi-
nars held during the 1991 National
Professional Electronics Convention
(NPEC 91’) and Trade Show near
Reno, NV. The week-long electron-
ics ‘‘industry happening’’ will be
held in Sparks, NV., August 5-10 at
the Nugget Hotel.

The session ‘‘Turnabout: Put
Yourselfin Your Customer’s Shoes”’
will show service managers how to
deal with customers who have com-
plaints, who are wrong, angry, inde-
cisive or even abusive.

A seminar on getting the most out
of a family business will be followed
by workshops on retirement plan-
ning, business continuity and trans-
fer, and business financing within a
family business. Early arrivers will be
treated to an early-bird session on
‘‘Basic Management.’”’ The conven-
tion will also feature the popular Best
Business Idea Contest.

The technical seminars begin with
a lecture on video laserdisc machines
followed later in the week by two
2-day laboratory sessions. Other
technical seminars are: ‘‘Trouble-
shooting Tough VCR Mechanical
and Electronic Problems,”’ ‘‘Ad-
vanced Digital Circuitry: Digital
TV,” ““Car Audio CD,”’ ““Hot Air
Soldering Techniques,’”’ and much
more.

Instructors will be offered a panel
discussion, ‘‘Making Consumer
Electronics the Career Choice,’’ led
by a cross-section of industry repre-
sentatives, and the seminar ‘‘New
Tools for Teaching Technology: Us-
ing the Video Laserdisc.”’

The trade show will house a com-
prehensive collection of new prod-
ucts and service aids. Manufacturers



of products and test equipment, ser-
vice contract administrators, parts
distributors, software suppliers and
trade publishers will spend two days
showcasing their wares.

For more information and regis-
tration forms, contact NPEC 91°,
2708 West Berry St., Fort Worth, TX
76109 (817) 921-9061.

EIA helps tomorrow’s electronic ser-
vice techmicians with unique model
school program

A new generation of high school
students interested in consumer elec-
tronics is being fashioned with the
help of the Electronic Industries As-
sociation’s Consumer Electronics
Group (EIA). The Model School
Program, now in its second year, will
once again awards two all-expenses
paid trips to the 1991 International
Winter Consumer Electronics Show
(CES) to two students enrolled in
consumer electronics technician
training programs developed by EIA
and operating at Bladensburg, Suit-
land and Crossland high schools in
Prince Geroges County, outside
Washington, D.C. Sixty juniors and
seniors in the three high schools com-
pete against each other for the trips
to CES within an established criteria
developed by EIA’s product services
department.

EIA supports evaluation and testing
of ghost canceling standard

The Electronic Industries Associa-
tion’s Consumer Electronics Group
(EIA/CEG) has announced its sup-
port of the evaluation and testing of
ghost canceling hardware here in the
United States.

“The EIA/CEG is firmly behind
the testing, evaluation and eventual
adoption of a North American ghost
canceling standard,”’ says Gary J.
Shapiro, vice president of EIA/CEG.

The process of ghost canceling em-
ploys special circuitry contained
within television sets to adjust re-
ceived television signals and elimi-
nate or greatly reduce ghosts. This
special circuitry uses a training pulse
that is transmitted from the broad-
casting source as a reference to elimi-

nate these unwanted images, which
are reflected from buildings and oth-
er objects.

Currently, efforts are underway by
the EIA, National Association of
Broadcasters (NAB), and Advanced

TV Systems Committee (ATSC) to
arrive at a standard. According to
George Hanover, EIA/CEG’s exec-
utive director of engineering, ““actual
testing of a standard should begin to
take place this year.”
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Broad test equipment line in
new catalog

Over 100 hand-held and benchtop
test and measurement products, pan-
el meters and accessories are featured
in the new, free catalog from Ameri-
can Reliance Inc., El Monte, CA.
Complete specifications are provid-
ed for a number of new products re-
cently added to the firm’s line, in-
cluding: benchtop, programmable
power supplies, two function genera-
tors, with built-in intelligent 100
MHz frequency counters; a cable
tester with infinite cable storage to
test up to 128 points, simple ‘‘one
shot’> E/EPROM programmer to
program EPROMS up to 27513 and
EEPROMS to 28256. Also included
is a hand-held, drop-proof LCR me-
ter, with dissipation factor of D =
1/Q, a drop-proof DMM/wattmeter
with true ac power measurement to
5.5KW; two heavy-duty hand-held
DMM’s, telephone transmission line
testers, and a heavy-duty power sup-
ply, offering 1-15V variable dc power
and capable of supplying up to 30A.

Circle (60) on Reply Card

New 1991 catalog

Sixty five ways to save time and
money designing and testing today’s
electronics is a new 36-page catalog
from Global Specialities, featuring
high performance affordably priced
electronic testing and prototyping
equipment.

The catalog is packed with prod-
ucts: digital multimeters, test instru-
ments, power supplies, frequency
counters, logic test, breadboards,
and PC prototyping cards.

New products featured include a
ten instrument in one handheld mul-
timeter, three logic analysis test kits,
and a digitally synthesized function
generator.

Circle (61) on Reply Card

Catalog updates new and used
test equipment

RAG Electronics is offering free
monthly updates of available new
and used electronic test equipment.
Used equipment section highlights
recent arrivals, best values, and one-
of-a-kind clearance items. Updates
feature a wide variety of oscillo-
scopes, spectrum analyzers, DMM’s
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power supplies and much more. New
equipment section includes Tektron-
ix, Fluke and more.

Circle (62) on Reply Card

New catalog introduces SMT and
microprocessor test accessories
Pomona Electronics has intro-

duced a new, 140-page 1991 catalog
of electronic test accessories. High-
lights include a new 32-pin PLCC
(0.05 pin spacing) clip for popular
new EEPROM devices and 100 and
132 pin QFP SMT test clips for Mo-
torola 68020/68030 and Intel
80386SX microprocessors. Addi-
tional accessories to make testing
SMT devices easier and more reliable
provide a complete solution for this
growing area.

The catalog also features new IC
clip kits, coax/BNC universal adapt-
er kits, digital multimeter test lead
kits, cable and patch accessories and
jumper Kkits.

Ten major product categories are
presented with an easy-to-use index
and includes the company’s most
popular selection of jumpers and ca-
bles, boxes, plugs and jacks, connec-
tors, adapters, single-point test clips
and static control devices.
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Home automation catalog

Heath Company announces the
premier issue of ‘‘Home Automa-
tion’’, a catalog that encompasses a
broad scope of consumer products
designed for safety, security, conve-
nience, entertainment and energy
management. These products are de-
signed to create a home environment
that is a safer and easier place to live,
convenient, easy tomanage and ener-
gy-efficient.

This issue is a 36-page, full color
catalog that is highly consumer-ori-
ented, aimed at the do-it-yourself
home enthusiast, as well as the elec-
tronics innovator. Products include
whole house automation and security
systems, motion-sensing indoor and
outdoor lighting controls, wall
switches, security cameras, portable
security alarms, wireless video
broadcasters, wireless phone exten-
sions, flood sensor alarms, energy-
saving thermostats, automatic lawn
sprinkling systems and more.
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Business Corner

Honing your business skills

By William J. Lynott

The profile of the typical electron-
ics service dealer is easy to describe. 1
see it frequently in my travels.

In a surprisingly high percentage
of cases, today’s electronics service
dealer got his start (female owners of
service companies are still relatively
rare) as a service technician. Very of-
ten, his technical skills are consider-
ably above the average of electronics
technicians in general.

Almost uniformly, though, he
founded or bought his service busi-
ness with little or no formal business
training. Despite his skill in maneu-
vering around technical problems, he
lacks knowledge in all but the most
elementary business considerations.
As a result, his business lacks the vi-
tality that could easily be injected in-
toit.

And, I’'m sorry to say, the older he
is, the less receptive he is likely to be
totheidea that his own business skills
are in need of honing. (Please don’t
write or call to accuse me of being bi-
ased against ‘‘older’’ folks. After
nearly 40 years in the business world,
I hardly qualify as a smart alec
youngster.)

Despite this pattern, though, I’ve
also seen plenty of examples of ser-
vice dealers who decided they were
tired of the burden imposed on them
by their lack of business training.
Once they decided to do something
about it, it’s gratifying to see how
quickly new life can be infused into
their businesses.

Realistically, reading a monthly
column like this isn’t going to pro-
vide the kind of business training I’'m
talking about. It can be a start,
though; especially if it sparks enough
interest to generate further efforts.
So, if you happen to fall into that cat-
egory of technician-turned-business-

Lynott is president of William J. Lynott Associates, a
management consulting firm specializing in profit-
able service management and customer satisfaction
research.

man, I offer these suggestions as the
beginning of your program for devel-
oping strong business skills to com-
plement your technical abilities.

First, and perhaps most important
of all, recognize and openly admit
your need for more training. Once
you’ve gotten that out of the way, the
rest becomes much easier.

Then you should begin to look for
opportunities to attend management
courses. They’re all around you, but
you have to make at least a little ef-
fortto find them. Your local commu-
nity college probably offers night
classes that would fit into your sched-
ule. If you belong to a trade associa-
tion, make sure that you attend any
management sessions or seminars
that they sponsor.

In particular, look for courses that
will help you to use and understand
financial statements for your busi-
ness. They are invaluable tools that
can help you only if you understand
the information they contain.

Next, learn to spend more time on
business reading than you probably
do now. And I don’t mean just elec-
tronics trade journals like ES&T. As
important as they are to the success
of your business, trade journals
alone cannot provide the full depth
of management insights that you
need to grow your business to its full
potential. A visit to your local library

will offer you a broad selection of |

general business management mater-
ial. Don’t hesitate to ask your librar-
ian for help. That’s what they are
trained for. Describe your situation
and ask for some recommendations.
People like to be complimented, and
asking a professional librarian for
help is a genuine compliment.

Once you begin to broaden your
perspectives on business manage-
ment, chances are you’ll become
aware of another important charac-
teristic of successful business execu-
tives - strong people skills.

If there is one universal truth in
business, it is that you cannot suc-
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ceed entirely on your own efforts.
Without exception, the world’s most
successful business people affirm the
need for the guidance and help of
others. And one absolute require-
ment in recruiting the help of others -
friends, family, business acquain-
tances, employees - is the ability to
relate comfortably to other people.

It’s sad but true that many fine
people, fully deserving the help and
guidance of others, don’t get it be-
cause they haven’t learned how to
communicate skillfully.

If you stop and think about it, you
will realize that the only effective
way we have to communicate out
thoughts, ideas and objectives is
through the spoken or written word.
How can we ask someone to support
us in a given project if we are unable
to communicate our thoughts with
precision? And yet, that is the handi-
cap that faces every business person
who has failed to develop good com-
munication skills.

And so, as the last step in your pro-
gram for broadening your business
skills, I suggest that you set about to
improve your understanding and us-
age of the English language. Despite
long years of experience, I am still
surprised at the numbers of other-
wise sophisticated business persons
who cannot sit down and compose a
lucid and precise letter. Nothing fan-
cy, mind you, just plain, easy-to-un-
derstand English.

Years ago, I began a little collec-
tion of what I call ‘“‘clunkers” -
amusing business letters that are vir-
tually impossible to decipher. The
collection is large and still growing.
Many were written by otherwise well-
educated people who try to commu-
nicate by trying to be impressive.

I know that to some dealers this
whole business will seem too much
bother and much too theoretical. 1
hope you don’t feel that way. A prac-
tical, carefully thought out market-
ing plan is one of the surest roads I
know to success for service dealers. B
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Test equipment update

Wading through the new multimeters

By Conrad Persson

Let’s face it: even though the
benches of most technicians in well
equipped service facilities bristle with
the latest test equipment, all of it
needed at one time or another, the
test device of choice for most techni-
cians is the trusty DMM. It’s small,
lightweight, compact, familiar, easy
to use, and in a lot of cases it’s the
only piece of test equipment needed.

Of course no simple piece of test
equipment will allow even the best of
technicians to troubleshoot every
problem; that’s why there are so
many specialized pieces of test equip-
ment to make troubleshooting more
efficient. But the ever increasing cap-
abilities of today’s multimeters make
it possible to troubleshoot more and
more kinds of problems with nothing
but the DMM.

Increasing capabilities

A glance at the New Product sec-
tions of any of the magazines aimed
at electronics technicians and engi-
neers will reveal that the DMM of to-
dayis a far cry from the DMM of just
a few years ago. For starters, the size
of these devices seems to have stan-
dardized at something just a little
larger than shirt pocket sized.

No doubt the design and capabili-
ties of DMMs have responded to the
same forces that have contributed to
the recent changes in the consumer
electronic products that they are used
to measure. For one thing, the users
have demanded that they do more
and do it better, and the increasing
miniaturization and decreasing cost
of electronic components and ICs are
making it possible to put more and

Persson is editor of ES&T. »

more functions in a smaller and
smaller space with steady or decreas-
ing cost.

A closer look at a modern DMM
will reveal some other amazing
changes that have taken place in the
last few years. Most of today’s
DMMs feature nice large LCD dis-
plays. But besides featuring large nu-
merals for digital readout of the
value being measured, most also fea-
ture some kind of ‘‘bar-graph’’ dis-
play; a row of small vertical bars at
the bottom that react to the measured
parameter, much as the pointers of
the old standby analog meters.

The bar graphs were added be-
cause DMM users complained that
while the digital readout was great
for precise measurement of steady-
state values, the swinging of the old
standby pointer gave a nice indica-
tion of trends that was missing from
the changing digits of the numeric
display.

But that’s not the only thing that’s
changed in the last few years. Here
are some of the other features that
some of today’s DMMs offer.

Diode check and transistor beta

Because most of today’s electronic
equipment is based on solid-state
components; diodes, transistors,
ICs, a handy feature for electronics
specialists would be a small, hand-
held tester that would test semicon-
ductor junctions and also test to see if
transistors were providing the ampli-
fication they were designed for.
DMM manufacturers responded to
this need by adding tests for diode
junction and transistor beta (Hfe).

Capacitance and frequency check
Until recently, you could check
volts, amps and ohms on your
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DMM, but if you wanted to deter-
mine the value of a capacitor or mea-
sure the frequency of a waveform
you had to pull out the capacitance
meter or the frequency counter. Now
that the manufacturers have added
not only capacitance measurement
but also frequency measurement to
the high-end DMMs, you can, within
limits, measure those parameters
with the trusty, familiar DMM as
well.

Still more

But today’s DMMs don’t stop
there. Many also offer true RMS
measurement, differential measure-
ment, continuity indicators, reading
hold, LED test, high voltage warning
indicator, oversize display. Depend-
ing on your particular needs, you
may want a DMM with all of these,
or none, or something in between.

Keep a log

Prices of today’s DMMs range
from somewhat less than $100 to sev-
eral hundred dollars. Which one
should you buy? That’s a question
that only you can answer. All of the
major brands of meters are reliable,
rugged, accurate, and the manufac-
turers stand behind the product. The
biggest differences in DMMs are the
differences in number of functions
and ranges, accuracy and ruggedness.

For example, you’ll find that the
low end meters typically have cases
that are manufactured from a plastic
material that may crack or break if
the unit is dropped from any signifi-
cant height. Another feature you’ll
find in the higher priced meters that
you won’t find in the less expensive
meters is a gasket where the two
halves of the meter come together in
order to keep out contaminants.



Furthermore, the lower end meters
will usually offer only the standard
functions like ac and dc volts, ac and
dc milliampere measurements and
ohms. They’re usually lacking mea-
surements such as capacitance, diode
test, true RMS and other advanced
features. The best way for you to de-
cide which of the features and func-
tions you’ll need in a meter is to make
a list of those that you regularly use
or depend on and compare that list to

YOUR NEEDS

the list of features offered by the me-
ters you have in mind. When you find
the meters that come closest to your
set of requirements, consider which
brand name or names you feel best
about, then look at the prices.

Your best bet in a meter is the least
expensive one that meets your re-
quirements and has a name you can
trust. One way to make the correct
decision when decision time comes is

to make notes, either separately, or |

DMM COMPARISON CHART
MFR 1

on your service logs each time you
make some kind of measurement.
Then when you’rein the process of
selecting a DMM you can review
those notes to see how often you
make measurements with the DMM,
what kinds of measurements you
make, and what kinds of measure-
ments would have been easier if your
DMM had those functions. Such a
procedure will help you through the
maze of modern DMM s, [ |

MFR 2 MFR3

MODEL

LIST PRICE

FUNCTIONS

DC Volts
Ranges
Accuracy

AC Volts
Ranges
Accuracy

Ohms Ranges

AC & DC Current Ranges

Maximum Current

Frequency Accuracy

Sensitivity (2KHz-2MHz)
Low Level Sine Waves
TTL & CMOS

Capacitance
Ranges
Accuracy

Transistor Beta

Max Reading

OVERLOAD PROTECTION

Volts
200 mV Ranges
All Other Ranges

Frequency Ranges

Ohms Ranges

INDICATORS

Continuity

Logic Probe

Diode Test

LED Test

Battery Life

Size

Warranty

Heavy Duty

High-Voltage
Warning Indicator

Peakhold

Oversize Display

Figure 1. Usingacomparison chart such as this, you can pindown your DMM needs and compare the offerings of several

manufacturers to those requirements.
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Servicing VCR servo problems

By Brian Phelps

Regardless of size and volume of
business, service centers that service
VCRs all have one thing in common:
the defects that they encounter most
frequently are mechanical. This in-
cludes belts, idlers, pinch rollers, and
dirty VCRs in need of cleaning. But
why are some technicians having dif-
ficulty servicing VCRs, especially if
70% of the problems are truly
mechanical?

Mechanical or electrical servo

Often a technician can be misled
down dark alleys when a VCR comes
in for repair and the defect isn’t me-
chanical. It’s the electrical defects in
30% of the VCRs that need repair
that tend to throw many techs for a
loop.

Many technicians have found that

VCR servo problems are tougher to
troubleshoot than problems in other
VCR circuits. However, with a good
understanding of how VCR servos
work, adequate test equipment, and
organized troubleshooting methods,
servicing servos can be made man-
ageable. Let’s first look at why servo
circuits can present a challenge for
servicers:
1). Servos have both electrical and
mechanical components. Either the
electrical or the mechanical defects
can cause nearly the same symptoms.
2). Servos are self-correcting feed-
back loops. A problem in any part of
the loop causes all the signals to be
wrong. This makes it tough to find
problems with only a meter or scope.
3). Most servos use a feedback loop
inside another feedback loop (more
detail on this later). A defect in either
loop causes the signals in both loops
to be wrong, making signal measure-
ments confusing.

Phelps is Marketing Specialist with Sencore for Elec-
tronics Service Centers,

1) Varying
Friction
<— 4) Tension

2) Speed
Variations

Figure 1. The electrical circuits must constantly correct for any mechanical variations.
Unfortunately fortechnicians, many defects can be tough to determine if it is mechanical

orelectrical.

4). There are two separate sets of ser-
vos; the capstan servo controls tape
movement, and the drum (or cylin-
der) servo controls the spinning video
heads. Problems in one may cause
symptoms similar to symptoms caused
by problems in the other.

5). The servos interact with the sys-
tem control circuits. Servo problems
often look like system control prob-
lems and vice versa.

6). Servo problems may look like a
luminance circuit defect, or vice versa.

The functions of the servos ina VCR

The main purpose of the servos in
a VCR is to electrically correct and
synchronize the mechanical compo-
nents in order to record or reproduce
video and audio. In order for the
VCR to produce a normal picture
during playback, the spinning video
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heads must travel over the exact same
tape path traveled by the heads dur-
ing recording. The servos must cor-
rect for many varying mechanical
factors during the playback mode in
order to maintain this precise head/
tape relationship. Some of these me-
chanical factors are (see Figure 1):
1). Varying friction between the
heads and the tape, which causes the
speed of the heads to change.
2). Variations in the exact tape speed
from one VCR to the next.
3). Stretching of the tape, which
changes the tiny physical spacing
between the stripes of video infor-
mation.
4). Miscellaneous variations, such as
power supply regulation, tape ten-
sion, wear on the motor bearings,
and changes in mechanical parts.

To correct for all of these vari-
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Figure 2. All basic servos are made up of these five stages: reference, error detector, motor, motor driver, and a signal transducer.

ables, the servos must track the tape
through the VCR and continually
make corrections. Before we can ac-
tually look at troubleshooting the
servo circuits, lets take a couple of
minutes and remind ourselves what
makes up a typical servo.

Servo components

The basic servo has five main sec-
tions (see Figure 2):
1). Motor: The motor’s speed must
be controllable. Various schemes are
used, but all have a way to adjust
speed by varying a dc voltage.
2). Transducer: A transducer con-
verts the mechanical motion into an
electrical signal that the circuits can
process in order to provide informa-
tion to the correction circuits.

3). The Reference Oscillator: The |

only way to tell if the transducer out-

put represents an error is to compare

it to a known goodsignal. VCRs use a
stable 29.97Hz reference signal for
comparison.

4). Error Detector: The error detector
compares the phase or frequency of a
transducer output with the reference
signal and produces a varying dc sig-

nal. The varying dc then corrects the |

motor speed through the motor
driver.

5). The Motor Driver: The motor
driver converts the dc voltage from
the error detector to the form needed
to control the motor’s speed.

The dual-loop servo

Most VCR servos now use both a
speed loop and a phase loop (see Fig-
ure 3). The function of the speed loop
is to quickly get the motor to a speed
near the normal operating speed.
This loop can be very fast, but does
not have to be extremely accurate,

because it provides coarse control of
the motor speed.

The phase loop, then ‘“‘fine tunes’’
the actions of the first loop. The
phase loop compares the phase of the
control track or a pulse generator to
the 29.97Hz reference signal, just as
the single-loop servos did. However,
since it only has to make minor ad-
justments to the correction supplied
by the speed loop, it can do so quick-
ly. By combining the two loops, we
get both correct speed and precise
positioning.

Organized troubleshooting methods
can simply servo analysis

The main difficulty in isolating
servo problems is the way several
feedback loops overlap each other.
It’s common to spend time trouble-
shooting one loop, and tc learn later
that the trouble was really in a differ-
ent loop. To avoid this, follow these
steps (each is covered in detail later):
¢ Confirm that the symptom is really
a servo problem by analyzing the
symptoms with a test tape. This is a
tape that you can make for yourself
on a properly adjusted VCR by re-
cording a selection of signals from a
video test pattern generator, and
from an audio tone generator. Re-
cord the same information in all
three VCR speeds; SP, LP and SLP
so that you can check both the VCR’s
ability to play at all three speeds and
the VCR’s ability to switch properly
among all three speeds.
¢ Confirm that the 3.579545MH:z
reference signal is correct using a
digital frequency counter.

Check the feedback loop
e Confirm if the cylinder and cap-
stan loops are locked to each other by
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comparing the head-PG and the con-
trol-track signals to see if they are
locked together.

e Separate problems in the capstan
servo from thosein the cylinder servo
by testing the 29.97Hz feedback sig-
nals of both to see which one is wrong
(see Figure 4).

¢ Once you’ve isolated the problem
to one of the servos, separate speed
from phase loop problems with a
combination of signal tracing and
signal injection.

e Narrow the problem to a particular
component with signal tracing or
component tests.

Step 1: Confirming that it’s a
servo problem

Most servo defects cause picture
tearing, and may also affect the li-
near audio. Some servo troubles may
also blank the picture, hiding the true
symptom.

Picture tearing may take several
forms. Sometimes the picture is clear
for a while, gradually turns to noise,
and then gradually returns to nor-
mal. In other cases, a noise bar inter-
mittently moves through the picture,
either from top to bottom or from
bottomto top. Instill other cases, the
picture jumps up and down, or noise
appears at the top or bottom of the
picture.

Servo symptoms can be even more
confusing when they combine with
problems in other circuits. The fol-
lowing checklist can help you deter-
mine which problems are servo relat-
ed and which are not.

Probably are servo related:
¢ Linear (not Hi-Fi) audio is at
wrong speed.

e Linear audio is changing in pitch
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(warbling). Picture alternates between
clear and snowy at a regular rate.
e A horizontal noise bar passes
through the picture from time to
time, either moving top to bottom or
bottom to top. Picture noisy, and ad-
justing the tracking control has no
effect.

May or may not be servo related:
e Jitter, or noise near picture top or
bottom. Screen is blank, or audio is
muted. Tape loads, but does not
play.
e Machine begins to move tape, but
then shuts down.
e VCR plays tapes it recorded okay,
but will not play tapes recorded on
another machine.

Probably not servo related: (Prob-
able cause shown for each)
¢ Picture is always snowy or con-
stantly noisy, but tracking control
changes results. (Bad head signal)
¢ Picture has a noise bar which re-
mains in the same position on the
screen. (Tape path)
¢ Picture has a line running horizon-
tally across the screen from left to
right. (Scratched tape)
e Color is intermittent (or missing)
but black and white (luminance) sig-
nal is okay. (Bad color circuit or
weak head signal)
¢ Picture changes in brightness as
tape plays; especially on copies of
tapes. (Copy protection on copied
tape)

Step 2: Testing the reference signals

If symptoms point to the likeli-
hood of a servo problem, follow a
plan to isolate the specific problem.
If the VCR lets you get to the 29.97Hz
reference signal, test it first. Errorsin
this signal can produce a wide range
of symptoms, including loss of color,
poor horizontal sync, and incompati-
bility between tapes recorded in one
VCR versus another.

The two essential parameters of
the reference signal are its frequency
and its amplitude. A quick check of
waveshape with a scope is not ade-
quate to confirm either.

The peak-to-peak amplitude must
be large enough to trigger the later
stages. If the amplitude is low, the
circuits may intermittently trigger on
the signal, which leads to unreliable
operation. Simply use a ‘““VPP’’ me-
ter or count graticules on your scope
to verify the correct signal amplitude.

The signal must operate at the cor-
rect frequency, since the color and
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Figure 3. Modern VCR servo circuits use both a speed and a phase loop for the cylinder
and capstan motors. This requires technicians to troubleshoot and understand the opera-

tion of four servo loops.

sync frequencies of the played back
video are affected by the servos.
Even a 100Hz error in the reference
can change the color and the horizon-
tal sync frequencies enough to cause
problems.

To test the reference frequency,
you must use either an oscilloscope
with a digital frequency display, or a
frequency counter. Counting the
scope graticules simply will not give
you the accuracy needed.

Step 3: Compare cylinder and
capstan feedback

Sometimes a servo symptom di-
rectly indicates if a problem is in the
capstan or cylinder (sometimes called
head or drum) servo. For example,
audio at the wrong speed shows that
the capstan servo is turning at the
wrong rate. Or, you can occasionally
confirm that a cylinder motor is turn-
ing much too fast or slow by its sound.

But many problems are more sub-
tle. They could be caused by prob-
lems in either servo. For example, a
defective capstan phase loop can
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cause intermittent picture tearing.
The capstan’s speed loop may oper-
ate the motor so close to normal that
the tape’s audio plays normally,
which could lead you to troubleshoot
the cylinder servo.

The easiest way to confirm if the
servos are locked is to compare the
phase feedback signal in each servo
to the phase signal in the other servo.
If the servos are working, these two
signals are locked to each other, indi-
rectly through comparison to the in-
ternal 29.97Hz reference signal. If
they are locked, the problem is not
really in the servos, so you should
turn your attention elsewhere.

The capstan feedback signal comes
from the control-track head. The sig-
nal at the head itself is usually very
small, so you may wish to pick up the
signal after an amplifier.

A special signal, called the ‘‘con-
trol track,”’ lets the VCR detect vari-
ation in tape movement. The control
track is recorded along the bottom
edge of the tape by a stationary head
to mark the spot where the spinning
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Figure 4.The exact frequency of the
29.97Hz reference signal is critical. Al-
though most technicians and service lit-
erature refers to this signal as 30Hz, it
must be 29.97Hz or the servo circuits will
not operate correctly.

video head begins recording a verti-
cal frame of video information.

The control track signal is a
29.97Hz signal synchronized to the
video head rotation. One of the sig-
nal transitions marks the beginning
of a video frame of information.

Because the video heads use an azi-
muth shift to reduce interference, the
same video head must play back the
signal track it recorded. The servos
compare the timing of the control
track transition to keep the correct
head in contact with the correct sig-
nal path at all times.

The cylinder feedback comes from
the PG generator on the head-motor
assembly. Some VCR motors com-
bine the PG and the FG signal into
one output.

Remember, some servo problems
cause the VCR to work correctly on
one or more tape speeds, but not on
others. If you suspect speed compati-
bility problems, use a test tape re-
corded with samples of each tape
speed. Confirm that the servos prop-
erly switch from one tape speed to the
next.

Separate cylinder from
capstan problems
If the signals are not locked to each
other, use a frequency counter to de-
termine which one is wrong. Each

PG feedback signal should measure
29.97Hz, within 0.1Hz.

If the control track signal has the
correct frequency, measure the PG
signal from the head assembly. If the
deck uses a circuit which combines
the PG and FG signal into one pulse
train, you’ll need a sync separator,
either as part of your oscilloscope or
asaseparate device in order to trigger
directly to either the PG or FG signal.

Separate phase from speed loops

The comparison of the 29.97Hz
feedback signals identifies whether
problems are in the capstan or the
cylinder circuits. If the defective sig-
nal is very close to the correct signal,
the speed loop is most probably
working, so troubleshoot the phase
loop.

If the frequency is considerably
out of tolerance, you can’t be certain
which loop is defective, so the fol-
lowing steps are needed to confirm
the problem.

The combination of signal injec-
tion and signal tracing works the
best. Inject a dc voltage into the test
point that controls the motor speed.
This is the test point after the circuit
that mixes the correction voltages
from the error detectors from the two
loops.

By manually adjusting the voltage,
you should be able to control the mo-
tor’s speed until it runs near the nor-
mal speed. (Sometimes, the motor
will ““fight”’ adjustment to the exact
speed, since one of the servo loops
may cause the voltage to change as
you adjust the dc supply control to a
voltage near the ideal level. The mo-
tor might jump between speeds
above and below normal rates).

If you cannot get the motor to a
speed near normal, suspect a prob-
lem in the motor or the motor driver.
Adjust the external dc until the mo-
tor runs as close as possible to its nor-
mal speed. Then, follow the FG sig-
nal path.

Measure the FG output directly, to
confirm that it produces an output of
the correct amplitude and frequency.
Remember that the frequency will
probably not be exact, since the ex-
ternal dc voltage only gets the motor
close to the correct speed.

If the FG signal appears normal,
continue tracing the signal through
the various stages back to the FG er-
ror detector. If the entire FG loop has
normal signals, finish your test of the
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speed loop by connecting your scope
probe to the error detector output.
Carefully monitor the dc level as you
change the speed of the motor by
varying the dc substitution voltage.

If the error detector does not re-
spond, suspect that the error detector
or the storage capacitor at its output
may be the problem.

If the speed loop checks okay, the
problem is most likely in the phase
loop. Trace the signals from the
phase-loop’s PG source through the
error detector, just as you did in the
speed loop. One important differ-
ence happens when you vary the
speed of the motor manually. The
phase loop will normally alternate
between highest and lowest values,
even if the motor is turning at nearly
the correct speed, since the phase be-
tween the PG and the reference sig-
nals are random. If you see very
small changes at the error detector
output, check the components relat-
ed to the error detector.

Step 4: Special notes on pulse width
modulator correction signals

When testing pulse-width-modu-
lator (PWM) error detectors, watch
for correction at the PWM output,
ahead of the low-pass filter (LPF).
Confirm normal correction by in-
creasing the physical drag on the mo-
tor or a pulley to see if the PWM duty

cycle changes in a normal fashion.
Lightly touch a rotating part with
your finger to cause a change.

When connected ahead of the
VCR’s LPF, a digital dc voltmeter
shows the average dc level represent-
ed by the square wave, which is the
same correction voltage at the LPF
output. A scope should be used to
view the actual response of the
waveform.

With aservo defect, the PWM out-
put will often be abnormally steady
or varying rapidly from maximum to
minimum width. The steady condi-
tion may be a square wave with con-
stant duty cycle, one at maximum or
minimum width, or a steady dc near
the peak PWM value or ground.

Finally, test the motor and motor
driver. Servo problems are often
caused by mechanical or electrical
problems in the motor or its driver,
which are after the error detectors. If
so, both loops will test normally as
you move through the various test
points, but servo errors remain.

The way the motor responds to
your substitute dc controlling signal
tells a lot about the operation of the
motor and motor driver. Changing
the substitute dc value should cause
the motor to change speeds, but the
motor should turn smoothly at any
speed.

You might not be able to get the
motor to its exact operating speed,

because the motor driver has ex-
tremely high gain. It is normal for va-
riations of only a few tenths of a volt
from the normal ‘zero correction’’
level to drastically change the motor
speed.

The important thing is that atten-
tive control of the dc voltage should
let you get the rotational speed near
normal. If the motor fails to turn, or
if it always goes too fast or too slowly
with a normal range of dc inputs, the
servo problem is in the driver or the
motor.

If you think the motor driver cir-
cuits are at fault, continue to feed the
substitute dc voltage into the driver,
while you trace the two or three phase
ac motor drive signals with your
scope. Confirm that each driving sig-
nal has the same waveshape, fre-
quency, peak-to-peak level, and dc
bias as the others by observing the
CRT. If one signal differs from the
others, the driver circuits are at fault,
or the motor has a bad winding.

If you still have any questions on
VCR servo servicing whether it be
mechanical or electrical, there are
many sources of information avail-
able to help, from books, video tapes,
test instrument companies, to Tech
Schools. But don’t get discouraged
when caught in the servo loop, just
remember each stage has a basic
function and simply break the loop
and take control of the circuit. B
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Understanding AGC-Part Il

By Lambert C. Huneault, CET

This is the final installment of a
three part series. In the first install-
ment, which appeared in the
February 1991 issue, the author
described the fundamental principles
of AGC and some of its applications.
The second installment covered for-
ward AGC, reverse AGC, AGC in
FM radios and AGC in television.

This concluding segment contains
information on keyed AGC, delayed
AGC, AGC controls, AGC in inte-
grated circuits, automatic color con-
trol (ACC) and automatic saturation
control (ASC).

Please note that we have continued
the figure numbers from the previous
articles, so there are no Figures 1
through 8 in this instaliment. Figure
9, which appeared in Part II of this
series is repeated here because the
conclusion of that part is needed as
introduction to this part.

Television AGC
The end result of television AGC,

articles on AGC is that the video sig-

nal reaching the CRT remains virtu-

| ally constant in overall amplitude
. (steady contrast) even when signals

as discussed in Part I1 of this series of |

lﬁ\eault now retired, was an electronigs instructor
and head of the REE Department at St. Clair College
of Applied Arts and Technology in Ontario, Canada.

of different strength are tuned in.

Or so it would seem!
Unfortunately, there’s a fly in the
ointment . . . three of them, as a mat-
ter of fact! The first problem is that
in addition to varying in response to
changes in the RF signal strength (as

it should), the average voltage of the |

detected video signal also varies in re-
sponse to changes in
brightness.

In Figure 9, the dc voltage at the
output of the detector becomes more
negative during a dark scene, while

picture |

bright pictures produce less- negative |

voltage. This affects AGC operation
adversely.

Secondly, if high-amplitude noise
is received with the signal, excessive
AGC voltage is produced.

And thirdly, simple AGC is too
slow-acting to effectively combat air-
craft flutter; the reason being the
long time constant of the R1-Cl low-
pass filter necessary to filter out the

lowest frequency components of the |

video signal, such as 60Hz vertical
blanking and sync.

Keyed AGC to the rescue!

Switching the AGC detector at the
horizontal sync rate provides an ef-
fective and very popular solution to
the triple-pronged problem. Figure
10 is an example of this switching
concept, usually called keyed AGC
or gated AGC.

Positive-going video is applied to
the base of the AGC gate (Q1). Note
that the collector of this transistor is
not supplied with any Vcc voltage.
Instead, positive-going keying pulses
from the flyback transformer pro-
vide it with ““temporary B+’ during
each horizontal retrace.

QI is normally cut off because its
base-emitter junction is reverse bias-
ed by the negative dc voltage supplied
via the AGC control. However, the
peaks of the video signal (sync
pulses) are sufficiently positive to
overcome this reverse bias and drive
the transistor out of cutoff at the
same time as the keying pulses are ap-
plied to the collector via C1 and X1.
Although very brief in duration—the
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transistor switches off as soon as the
sync and flyback pulses end — there-
sulting collector current charges the
AGC reservoir (capacitor Cl) with
the polarity shown.

Naturally, the stronger the RF sig-
nal tuned in, the higher the amplitude
of the sync tips in the composite vid-
eo signal, and the heavier the transis-
tor conduction; hence, the greater
the charge on C1. During the rela-
tively long interval between keying
pulses, C1 discharges to ground via
RS, R6 and R7.

Q2is an emitter follower. Forward
bias for its base is supplied from a
— 10V source via the R9-R7 voltage
divider and resistor R6. The C1 dis-
charging current simply increases
this forward bias by an amount pro-
portional to signal strength.

The AGC output is taken off the
emitter of Q2 and filtered by C2. The
negative voltage on the AGC line is
applied to the controlled RF and IF
stages.

X1 is a protective diode used to
prevent the negative dc voltage pro-
duced by C1 (and the negative alter-
nation of flyback transformer signal)
from being applied to the collector of
Ql, because it would forward bias
the collector-base junction.

Advantages of keyed AGC

What’s so great about keyed
AGC? Well, for one thing, the AGC
filter capacitor (C2 in Figure 10) can
be made much smaller than in the
simple AGC circuit of Figure 9, be-
cause the lowest frequency present in
the AGC output is the 15kHz hori-
zontal scanning frequency. There-
fore the filter can feature a much
shorter time constant, enabling the
AGC voltage to change fast enough
to combat aircraft flutter.

However, the main advantage re-
sults from the fact that the AGC gate
remains in the off state during the rel-
atively long period between sync
pulses. It doesn’t matter whether
high-amplitude noise pulses occur
during this interval, or whether the
televised scene is bright or dark, the
AGC voltage remains unaffected be-
cause the gate is turned off.

For this reason, gated AGC is gen-
erally featured in modern TV receiv-
ers, monochrome as well as color.
The AGC circuitry may vary sub-
stantially from one model to an-
other, but the circuit of Figure 10 il-
lustrates the basic principle of keyed
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AGC. Also, Q2 illustrates the idea of
amplified AGC. Although the emit-
ter follower doesn’t provide any volt-
age gain, its current gain is what’s im-
portant because the AGC line has to
supply base current to the controlled
RF and IF transistors. Some circuits
do, however, feature an AGC volt-
age amplifier.

Delayed AGC

Applying AGC to the RF amplifier
is fine and dandy when strong signals
are received. But when the receiver is
tuned to a weak signal, any AGC
voltage—even though small—ap-
plied to the tuner is bound to reduce
the signal-to-noise ratio and possibly
result in snowy pictures. For this rea-

son, it is desirable to delay the appli-
cation of AGC voltage to the RF
amplifier until the signal becomes
stronger.

A wide variety of delayed AGC cir-
cuits have been used over the years,
ranging in complexity from a simple
resistor connected between B+ and
the RF AGC line (with or without an
AGC clamp diode), to more elabor-
ate circuitry featuring one or more
transistors.

Figure 11 is a simplified schematic
of a typical delayed AGC circuit; Q2
is the AGC delay transistor. The neg-
ative dc voltage produced by the
AGC gate is amplified and inverted
by Ql, thus providing positive con-
trol voltage for the IF amplifiers. An
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increase in signal strength causes the
Q1 base voltage to become less posi-
tive. The resulting increased conduc-
tion in the PNP transistor causes its
collector voltage to become more
positive; this increasing voltage is ap-
plied to the controlled video IF amp-
lifiers (NPN transistors), decreasing
their gain (forward AGC mode).

Under no-signal or weak-signal
conditions, and with the AGC delay
potentiometer properly set, the base-
emitter junction of the AGC delay
transistor is reverse biased because
the base of Q2 is more positive than
the collector of Q1. R1and R2 form a
voltage divider, and since Q2 is not
conducting, only bleeder current
flows through R1; as a result, the RF
AGC line is just positive enough to
forward bias the RF amplifier into
the maximum gain region of its tran-
sistor characteristic curve.

However, under strong signal con-
ditions, the voltage produced by the
AGC gate is sufficiently negative to
allow the Q1 collector voltage to be-
come more positive than the base of
Q2, thus forcing the AGC delay tran-
sistor into conduction. With Q2 turn-
ed on, the voltage drop across R1 in-
creases, making the RF AGC line
more positive and reducing the gain

of the RF amplifier (NPN transistor)
also operating in the forward AGC
mode.

So we’ve seen that by delaying the
tuner AGC, maximum RF amplifier
gain is available for weak signals
when it’s needed, thus providing a
maximum signal-to-noise ratio; but
when a strong signal is tuned in,
AGC voltage gets applied to the tun-

er, preventing the RF amplifier from |

overloading, thus avoiding cross-
modulation.

AGC controls

TV receivers often feature AGC
level controls, such as the main AGC
control in Figure 10 and the RF AGC
control (AGC delay) in Figure 11.
Because AGC circuitry varies a lot
from model to model, there is no
standard procedure for adjusting
these controls; it’s best to consult the
manufacturer’s instructions con-

tained in service manuals. In general, |

however, the master AGC control is
adjusted first, by tuning the receiver
to a strong signal and adjusting the
control until the picture overloads;
then the control is backed off until a
normal, stable picture is obtained.
Next, the RF AGC control is adjust-
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ed for minimum snow with the re-
ceiver tuned to a weak station.

AGC in integrated circuits

Instead of being fabricated of dis-
crete components, the AGC circuitry
is often integrated within the IF chip
in modern receivers. And in some
ICs, the AGC voltage is no longer
keyed by horizontal retrace pulses.
Figure 12 shows some of the function
blocks contained in a typical picture
IF chip. The block labeled IF AGC
contains the AGC detector; note that
it is not keyed by horizontal flyback
pulses. The noise canceling circuit
provides the AGC system with noise
immunity.

Automatic color control (ACC)

The function of automatic color
control (ACC) is to keep the overall
amplitude of the chroma signal con-
stant at the output of the bandpass
amplifier, under varying input signal
conditions. Without ACC, the view-
er would often have to adjust the col-
or control when changing channels.
The concept is similar to AVC in an
AM radio; recall that the listener
would frequently have to adjust the
volume control, were it not for AVC.




In a color receiver, chroma is an IF
signal (3.58MHz AM sidebands) very
similar to the amplitude modulated
455kHz IF signal in a radio or 4SMHz
IF signal in the picture IF section of a
TV. It’s not surprising, then, that the
bandpass amplifier (sometimes called
color IF amplifier) features automat-
ic gain control. The feature is gener-
ally called ACC, to differentiate it
from the RF/IF AGC.

Just as AGC circuitry produces a
dc output which is proportional to
the amplitude of the sync pulses in
the video signal, ACC produces a dc
output proportional to the amplitude
of the color sync (color burst) signal.
This dc output is used to control the
bias—and therefore the gain—of the
bandpass amplifier.

The block diagram of Figure 13 il-
lustrates the ACC concept. Notice
that the gain of the chroma (band-
pass) amplifier is controlled by the
ACC bias in addition to the manual
color control. This dc control voltage
comes from the output of the ACC
detector whose input is the color
burst signal. Although a separate
ACC detector is featured in some re-
ceivers, the ACC bias is obtained
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from the AFPC circuit in others.
Either way, the bias is still derived
from the burst signal.

When changing channels, there are
variations in RF signal strength at the
antenna input, as well as differences
in tuner alignment and gain. These
differences would affect the ampli-
tude of the chroma signal and pro-
duce variations in color saturation,
were it not for ACC.

Here’s how automatic color con-

|

trol works. Assume that the chroma
signal amplitude increases at the out-
put of the bandpass amplifier. The
amplitude of the color burst is likely
to increase also, because burst and
chroma signals have the same fre-
quency (3.58MHz) and pass through
the same stages (video amplifier,
bandpass amplifier and burst gate).
So, the increasing burst amplitude
atthe ACC detector’s input produces
more dc voltage (ACC bias) at its
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output. This increased bias reduces
the gain of the bandpass amplifier,
automatically offsetting the initial
increase in chroma signal amplitude.
The reverse is true when the chroma
signal tends to decrease in amplitude.
Therefore the chroma sidebands
reaching the color demodulator tend
to maintain a steady signal strength,
ensuring constant color saturation.

Automatic saturation control (ASC)

The premise that whenever the
chroma signal is increasing in strength
the color burst signal does likewise, is
not always true. At the broadcasting
end, it’s quite possible for the aver-
age color saturation to change with-
out a corresponding change in burst
amplitude; for example when the pic-
ture source switches from live pro-

gramming to a taped commercial. Of |

course, receiver ACC cannot com-
pensate for this situation, and exces-
sive saturation (bleeding reds, for ex-
ample) might appear on the screen at
times.
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To rectify this problem, some
manufacturers have featured auto-
matic saturation control (ASC) cir-
cuitry rather than ACC in their re-
ceivers. ASC serves the same purpose
as ACC, i.e. it automatically controls
the gain of the bandpass amplifier;
but it differs from ACC in that the

| ASC bias is derived from the chroma
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signal itself, rather than from the
burst.

Figure 14 illustrates the concept.
Note that a sample of the chroma sig-
nal is fed to the ASC detector. Should
its average amplitude increase or de-
crease, the resulting ASC bias would
change, causing the gain of the band-
pass amplifier to decrease or increase,
respectively, thus maintaining fairly
constant color saturation.

Unfortunately, ASCisn’t a perfect
solution to the color saturation prob-
lem, because it can actually prevent
the reproduced colors from becom-
ing more vivid when the saturation is
supposed to increase, for example.
Therefore ASC has never been as
popular as ACC.

Some manufacturers—such as
Electrohome, some years back—
wanting the best of both worlds, ac-
tually featured both ASC and ACC
in some of their receivers. The ACC
bias controlled the gain of the first
chroma amplifier stage, while ASC
controlled the gain of the second
chroma transistor.

ACC is what you’re most likely to
find in today’s color receivers, but
sometimes you have to look hard for
it because it’s buried somewhere in a
chroma processing IC and the fine
print of some schematics necessitates
the use of a magnifying glass if you
wish to find it. But rest assured, it’sin
there somewhere!

So there you have it, folks . . . a
survey of AGC and its clones. If you
managed to stick with us throughout
the article, you should know by now
that ACC, ASC, AGC, ALC and
AVC are all applications of the same
basic principle: automatic gain
control. [ |




——— Audio Corner

How to boost AM

reception

By John Shepler

The AM radio band is still alive
and well. Programming has switched
to more news, talk and weather than
music. In times of major news events
such as those we have experienced re-
cently, people suddenly remember
that their receivers have another
band that can keep them better in-
formed on fast breaking events. It is
then in many cases that they also dis-
cover how poor the reception is.

AM reception does not have to be
second rate. True, many FM receiv-
ers have a relatively Lo-Fi AM sec-
tion with frequency response only to
SkHzor so. The narrow bandwidth is
to filter out noise and interference. A
side effect is that music sounds dull
compared with FM. However, talk
formats sound just great. Great, that
is, only when the signal is strong.

A strong signal is needed to over-
come noises such as thunderstorms
and arcing motors. It is also needed
to overpower the multitude of signals
on the same and adjacent channels.
Unlike FM, AM detectors tend to
mix signals together rather than cap-
ture only one. At night ionospheric
propagation, also known as skip, al-
lows signals from thousands of miles
away to fade in and out.

The easiest and cheapest solution
to AM reception problems is to im-
prove the antenna to strengthen the
desired signal. First, try this trick.

Shepler is an electronics engineering manager and
broadcast consultant. He has more than 20 years ex-
perience in all phases of electronics.

Simply reorient the radio. Turn the
whole cabinet 90 degrees and see if
reception doesn’t improve dramatic-
ally.

The reason this works is that AM
radios include a directional antenna
in the form of a ferrite bar wrapped
with a coil of wire. This is also called
a loopstick. You’ll find the loopstick
inside the plastic case of portables
and hanging off the back of AM/FM
component receivers.

The loopstick picks up the most
signal when either erd of the bar is
pointing directly at the radio station.
When the flat side is pointing at the
station, the minimum signal is re-
ceived. The difference between maxi-
mum and minimum pickup can be
dramatic.

The next step is to add more anten-
na. Many receiver loopsticks have
terminals labeled ANT and GND.
These are for connecting a wire an-
tenna and a ground. The wire anten-
na can be any piece of insulated long
wire. Wavelengths on the AM band
are about 100 times longer than on
FM. That means a 3 foot FM antenna
is equivalent to a 300 foot AM an-
tenna.

Fortunately, length is not critical.
Neither is placement, although you
want to avoid getting too near metal
that can capacitively bypass all your
signals. The ground is not absolutely
essential, but connecting the radio’s
GND jack to a water pipe or copper
ground rod can make the antenna
more effective.

Perhaps the radio in question does

June 1991

not have external antenna connec-
tions or you can’t easily get at the
loopstick. Then simply wrap a few

. turns of antenna wire around the

radio case or the loopstick, and
stretch out the wire as far as possible.

The best wire antenna for medium
wave reception is strung high in the
air between glass insulators out-
doors. The feed line is also insulated,
run through a lightning arrester, and
brought to the radio. Usually only
ham radio operators, short wave lis-
teners, or other electronics hobbyists
will go to this much trouble. For
everyone else, a piece of hookup wire
strung around the baseboards or in
the attic will have to do. Apartment
dwellers can drop 10 feet or more of
thin wire out a window for good re-
sults.

Another aid is a passive booster,

| which is nothing more than a tuned

circuit that inductively couples to the
receiver loopstick. The tuned circuit
boosts the signal because it has gain
due to selectively or ““Q”’. It also
helps tune out interfering stronger
signals in other parts of the band.

The radio is placed next to the
booster and both are tuned for maxi-
mum signal. You can buy these boos-
ters from various mail order houses.
Or, you might try building one from
a spare tuning cap and a loopstick or
coil of wire. Figure 1 shows these
ideas.

Fortunately, most areas have
strong stations within 100 miles, so
AM antennas will easily satisfy a
frustrated customer. L2
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Exploring the 80286 and
80386-based microcomputers:

Combining theory and practical
service techniques

Part |l: Troubleshooting the 80386 microprocessor

By John A. Ross

Part I of this two-part series of arti-
cles, which appeared in the May is-
sue, looked at 80286-based micro-
computers. The 80286 microproces-
sor more or less served as an interim
answer to the needs of computer us-
ers for speed and processing
capabilities.

In this second part, we’ll concen-
trate on what has become a work-
horse in the microcomputer indus-
try—the 80386 microprocessor.

Generally, the 80386 microproces-
sor gave the world of IBM and com-
patible microcomputers several
things: featuring a 32-bit internal
architecture this processor operates
at processing speeds that once seemed
unattainable, it has the ability to ac-
cess more system random-access
memory (RAM) than its predecessors,
and ultimately, with this combina-
tion of processing power, speed and
the ability to access more system
RAM, the 80386 provides multitask-
ing power.

Multitasking simply means that
several software applications may
run at the same time. As an example,
a stock analyst would have the capa-
bility to simultaneously receive, anal-
yze and graphically depict financial
data.

The 80386 vs the 80286
Before studying the actual proces-
sor, we’ll look at each one of those

factors that make the 80386 different
and better than its predecessors. One
basic difference rests within the 32 bit
architecture. With 32-bit processing,
the central processing unit can accept
8, 16 and 32 bit word formats. Thir-
ty-two data lines connect the micro-
processor to associated circuitry.
From a software standpoint, the
32-bit platform allows the micro-
computer to run more types of oper-
ating system software such as MS-

DOS, Windows, OS-2 and Unix.

When compared to the 16-bit stan-
dard, software also runs faster with
the 32-bit architecture. Its ability to
access four gigabytes of real memory
and sixty-four terabytes of virtual
memory adds to the speed advantage
of the 80386 microprocessor.

The DX vs the SX
Essentially, the 80386 micropro-
(Continued on page 41)
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