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Electricity and water don't mix. At
least not in our Heavy Duty Digital
Multimeters. Because these Qops
Proof™ instruments are protected
by a system of seals to ensure
contamination-free dependability
in even the cruddiest conditions.
Other abuse-proof features
include the best mechanical pro-
tection ever built into a precision
Digital Multimeter. In fact, every
one of our Oops Proof multi-
meters will survive a drop from
ten feet onto a concrete surface!

All the Heavy Duty series
meters measure up to 1000 volts
AC and 1500 volts DC, with full
overload orotection to those
maximum voltages even on the
lowest rar.ge settings. Overload
circuitry also provides transient
protection to 6KV on all voltage
ranges and up to 600 volts on all
resistance ranges.

We also invented a unique,
long-life rctary switch for our
Digital Mu timeters. You can actu-
ally feel the difference just by

Ourlipsaresealed. *

© 1985 Beckman Industrial Corporation, A Subsidiary of Emerson Eleciric Company,
630 Puente Street, Brea, CA 92621 (714) 671-4800.
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rotating the function selector knob.
You'll find these f=atures in

a full line of Heavy Duty DMMs

that offer a 4'2 digit readout,

0.05% VDC accuracy, a 10-amp

current range, a 2000-hour battery

life, diode test, true RMS and tem-

perature measurement. All this and

a no-questions, one-year warranty.
You'll want to try one out,

of course, so drop into .

your nearest elec-

tronics distributor

and drop one.
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Weller and Xcelite.

Programmed for

Weller/Xcelite
250K

Mini Electronic
Tool Kit

The best of

the basics in
aconvenient
storage case.

Weller GEC120

Electronically Controlled Soldering Gun
Sophisticated high quality tool combines E
the features of a temperature N
electronically controlied
station with a light-
weight easy to
handle
soldering
gun.

Weller DS600 |
Portable \
Desoldering Station |
Contains its own
v vacuum source and

. only requires a
Xcelite TC100 Attache Tool Case 1 zoyvgﬁ supply for
complete desoidering
capability. Grounded tip l
prevents damage

The ultimate. Contains 53 individual tools plus 31
interchangeable screwdriver/nutdriver blades and handles.
Every one atop quality tool. Don't leave base without it.

Whatever type of computer or electronic equipment
you are dealing with, you can be sure to rely on the specialized
tools from Weller and Xcelite. A constant program
of research and development ensures the most advanced tools
capable of servicing the most sophisticated equipment.
Here is a brief specification but
check with your Electronics Distributor for the full data@

— E——

The dlfference between work and workmanshlp

BOKER CRESCENT" LUFKIN NICHOLSON PLUMB WELLER® WISS XCELITE
The Cooper Group PO Eox 728 Apex NC, 27502 USA Tel (919) 362-7510 Telex 579497
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The ups and downs

of servicing

vertical sweep

By Homer L. Davidson
Certain vertical problems
reappear almost predictably
because of design elements
in certain TV sets. Ten such
sets, ten such problems are
diagnosed, discussed and
the “treatment” described in
this article by a well-known
electronics writer.
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Test your electronic
knowledge

By Sam Wilson

We’'re betting our
subscribers know how
flyback amplitudes relate to
sophisticated shutdown
circuits employed in modern
color receivers. Or, what is
dissolved in a positive liquid
crystal matrix of a GHM
LCD? Enjoy this quiz,
anyway; there may be

some surprises.
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Field-strength meter

or signal-level meter?

By James F. Kluge
“Field-strength” meter is a
misnomer often used when
“signal-level” meter
(commonly intended for
measuring relative signal
levels throughout an
MATVICATV system) is the
correct term.

page 26

Device malfunctions are more speedily
spotted when an add-on test module is
used in conjunction with any dual-trace
oscilloscope.

page 8

In an electronic circuit, a change in
temperature fortells trouble; now, hot
spots can be profiled—in color—on a
new LCD film.
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Test components

and ICs

with your scope

By Al Kovalsky

An inexpensive add-on test
module permits comparison
testing with your
oscilloscope, extending its
usefulness, and eliminating
tedious “one-potato, two-
potato” procedures.

45

Impedance testing
methods

By Gregory D. Carey, CET
Capacitors and inductors
are passive components
that, ideally, test with
insignificant variations. So,
where is the difficulty? Non-
ideal conditions and an
idiosyncrasy of these
components may create
unexpected difficulties.

o4

What do you know about
electronics? — Visual
modulation

By Sam Wilson

Today, complex waveforms
are being converted into
digital equivalents for the
new all-digital audio and TV
systems. This article was
written to encourage those
technicians who are not
already doing so to visualize
waveforms in 3-D, adding a
third dimension to the usual
2-dimensional display.



When you need fast and accurate
answers to your most complex
troubleshooting questions, turn
to these best-selling reference
manuals from Prentice-Hall.
They’ll help you zoom through the
toughest troubleshooting tasks —
even when manufacturers’service
data isn’t available.

Now you can bench-test any of
these time- and work-saving ref-
erence manuals for 15 days ab-
solutely FREE. There’s no
obligation to buy...no future
commitments of any kind. Just a
chance for you to see for yourself —
at our expense — how easy trouble-
shooting can actually be.

Complete Guide
to Reading
Schematic
Diagrams,

Second Edition

By John Douglas-Young

Over 175,000 technicians use this man-
ual to take the guesswork out of reading
schematic diagrams. Packed with step-
by-step explanations of the 200 most
commonly-used electronic circuits, vou get
updated information on solid state and
integrated circuits...complete coverage of
demodulators...and the “Circuit Ana-
lyzer” which helps you instantly identify
and diagnose circuit troubles in power
amplifiers, oscillators, mixers, converters,

and other electronic devices. $24.95
" wemess  Encyclopedia
of

lntegreted of Integrated
| Cuevitz:  Circuits:
| oemaesa A Practical
| bimerertlls Handbook
| g of Essential

Reference Data

By Walter A. Buchsbaum, Sc. D.

Now you can design, test, repair, and
troubleshoot integraged circuits without
wading through endless specification ta-
bles and other non-essential manufac-
turers'data. Covering the entire range of
ICs trom analog to interface — from the
user’s viewpoint — this handbook provides
over 1,000 cross-referenced tips, sug-
gestions, and shortcuts to help you save
hours of valuable time and effort on your
next project. $34.95

Buchsbaum’s
Complete
Handbook of
Practical
Electronics
Reference Data,
Second Edition

By Walter A. Buchsbaum, Sc. D.

Completely revised and updated, this
handbook provides you with 402 tables,
drawings, schematics, charts, and graphs
so you can quickly and easily answer any
question in every major area of electronics.
From the factual foundations of all elec-
tronics to the latest technical advances in
opto-electronics, large-scale integrated cir-
cuits, computers, and programming lan-
guages, you have all you need to save hours
of calculations and analysis. $34.95

Practical Guide
to Digital
Integrated
Circuits,

Second Edition

By Alfred W. Barber

This time-saving workbench guide
shows you step-by-step how to build your
own testers for troubleshooting IC devices
quickly and easily ... develop complex sys-
tems using simple basic elements... inter-
pret a manufacturer’s spec sheet without
being misled by incomplete data. You also
get scores of invaluable work-saving aids,
shortcuts and professional tricks of the
trade for testing and troubleshooting to-
day’s wide range of digital integrated
circuits. $24.95

lllustrated
Encyclopedic
Dictionary of
Electronics

By John Douglas-Young

Quickly and easily find concise defini-
tions and detailed illustrations for thou-
sands of electronic terms and concepts—
everything from Charge-Coupled Devices
and Interdigital Transducers to Bubble
Memories and Magnetic Amplifiers. This
handy workbench tool is arranged in easy-
to-use dictionary form. You get mathe-
matical tables, reference charts, conver-
sion factors, preferred values, electrical
equations and formulas to help you solve
the toughest technical problems. $39.95

Servicing Data
& Procedures:

A Complete Manual
and Guide

By Robert C. Genn, Jr.

This one-of-a-kind service manual con-
tains nearly 200 tests that cover the spec-
trum of electronic servicing problems,
including audio equipment...linear and
analog circuitry...radio frequency equip-
ment.. high frequency transistor circuits
...and more. This massive collection of
service-related reference data contains ev-
erything you need to speed up your servic-
ing and solve problems that stump experts.

$29.95

PRENTICE-HALL, INC. Business and Professional Division

Englewood Cliffs, NJ 07632

| Fill in and mail to Prentice-Hall, Inc. Book [ Complete Guide to Reading |

| Distribution Center, Route 59 at Brookhill Drive, Schematic Diagrams, 2nd Edi- |
West Nyack, NY 10095 ~_tion (160416) $24.95

| [J Encyclopedia of Integrated Cir- |

| *LJ SAVE — | prefer to send payment plus local cuits: A Practical Handbook of |

I sales tax now and save 10% off the list price for Essential Reference Data I
each book | order. What's more, Prentice-Hall (275875) $34.95

| will pay all postage and handling charges. [] Buchsbaum's Complete Hand- |

| Same return privilege, full money-back book of Practical Electronics |

I guaragtee. (Reference Data, 2nd Edition I
[] YES, send me the book(s), I've checked for 084624) $34.95 o

| a free 15-day trial examination. After 15 days, | [] Practical Guide to Digital Inte- |

y ; !

I will either honor your invoice for the list price, grated Circuits, 2nd Edition |

I plus postage and handling, or return the (690750) $24.95 o |

|  book(s) and pay nothing, owe nothing. [J lllustrated Encyclopedic Dic- I

I tionary of Electronics (450791) I

/ $39.95

| Name Mr/Ms. [ Electronic Servicing Data and |

| Firm = Procedures: A Complete Man- I

I Address ual and Guide (251850) $29.95 I
City/State/Zi ~

I tyrstaterzip Note: Please send 25% partial payment with I

| Dept4 S6019-Z1(9)  orders over $100. |

L--—_—_——_—_—_—_—_-—_—_—_——_-—_J
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Editorial

Using
theright
tool

for the

job

4 Electronic Servicing & Technology

If you watch carefully as an artist
paints a picture, you will probably
notice that he makes most of his
strokes with one type of brush.

For special flourishes he’ll bring
out a special brush, perhaps a
fan brush, or some other tool,
maybe a pallette knife.

It's the same with most professions
or skills: One tool or type of tool
suffices to do most of the work, but
when something special has to be
done, it calls for a less often used,
perhaps less understood tool. A
skilled woodworker, for example,
might ordinarily use a dado blade to
cut rabbets into furniture, but on
occasion the dado might cut too fast,
or for some other reason not be
appropriate. In such a case, he might
bring out the router, or even the
backsaw and a chisel.

The same is true with electronics
servicing. Most experienced
technicians perform their diagnostic
routines in the same way, usually
with the same tools. A typical
approach is to set up the DMM and
perhaps take a few resistance
readings to see if the problem was
caused by a short circuit somewhere,
or possibly an open circuit. If those
checks don't reveal anything, the next
step might be to turn on the unit
under test and take some quick
voltage readings.

If the resistance and voltage checks
don’t turn up anything, the next step
is frequently to fire up the
oscilloscope and have a look at a
few waveforms.

All of this is as it should be. Artists
use brushes they’re most familiar
with and the results of which they
can predict. Woodworkers use the
tools that are most productive and
with which they’re most familiar
because they know how the piece will
turn out when they use them.
Technicians begin a diagnosis with
the tools that are simplest to use and
interpret, and with which they are
comfortable. Having a few such tools
makes sense because familiarity with
the tools leads to efficiency,
effectiveness and accurate results
for any artist, craftsman or
skilled worker.

If there is efficiency and accuracy
in consistently following a set routine
using a small set of familiar tools,
there is a danger as well. The habit
becomes ingrained, and alternative
procedures and equipment that might
yield more effective results in unusual
cases are not considered.

Because this is a possibility, we
have put this issue together.
Presented here are articles that detail
some diagnostic procedures using less
frequently used test equipment: field-
strength meters, signal-level meters,
impedance meters, curve tracers.
Testing devices such as these are
ordinarily not among those that
technicians reach for automatically
when they are presented with a
problem. This is as it should be,
because these tools are specialized
devices for specialized uses. But when
the problem at hand would most
effectively be solved with one of these
units, it would be unfortunate if
unfamiliarity with the equipment
caused it to be overlooked.

Information,
please...

Things are changing rapidly in
electronic servicing, just as they are
in the rest of the world. That means
that Electronic Servicing &
Technology has to change in order to
keep up. Please help us make sure
that we're changing in the right
direction by letting us know who you
are and what you're doing.

Inside the front cover of this issue
of ES&T is a survey-type card that
asks four questions: the type of
business you're in; your position; the
number of service technicians
employed at your facility; and your
role in purchasing electronics
servicing equipment.

If you will take just one minute to
fill in the requested information and
check the appropriate boxes, it will
help us immensely in planning future
articles and other information to be
published in ES&T that will be of the
most benefit to you.

Thanks.

May 1986



Put a test lab in your tool pouch.

The Fluke 8060A 4Y2-digit
handheld multimeter.

It's the best tool you could add to your tool
pouch, because it lets you troubleshoot more
... with less.

This portable, powerful instrument has a
unique combination of features not available
in any other handheld DMM. It lets you reach
beyond traditional DMM applications, tack-
ling jobs that often require more equipment
than you can carry.

A simple push of a button on the Fluke
8060A lets you measure frequencies to 200
kHz, make relative offset measurements, con-
vert voltages to direct reading decibels, or
conduct audible continuity tests. Plus the
8060A offers wideband True RMS ac meas-
urement capability to 100 kHz.

So say goodbye to your part-time counters,
osciltoscopes, continuity testers, calculators
and power supplies. And welcome a full-time
professional that'll be there when you need it.

You'll find that for troubleshooting every-
thing from motor controls to data communica-
tions equipment, the Fluke 8060A is the best
multimeter value going.

Find out more by calling our toll-free hot-
line 1-800-227-3800, ext. 229, day or night.
Qutside the U.S. call 1-402-496-1350,
ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

o PV
05
80268 8062A 8060A
3199+ $279° 349"

0.1% basic dc accuracy  .05% basic dc accuracy  0.4% basic dc accuracy
1999 count display 19999 count display 19999 count display
True-rms ac vollageto True-rms ac voltageand  True-rms ac voltage

10 kHz current and current
True-rms ac current Continuity and Continuity and
Continuity and diode test diode test

diode test Relative reference Frequency
One-year calibration cycle One-year calibration measurements
and two-year warranty  cycle and warranty dBm, Relative dB

Relative reference
One-year calibration
cycle and warranty
* Suggested U.S. list price, effective January 1, 1986

FLUKE

IN THE U S. AND NON-EUROPEAN COUNTRIES: Jonn Fiuke Mig. Co., Inc. P.O. Box C9030, M/S 250C, Everett, WA 98206, Sales (206) 356-5400, Other (206) 347-6100 ®
EUROPEAN HEADQUARTERS: Fluke {Holland} BV, P0. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846
© Copyright 1985 John Fluke Mfg Co . Inc. Al rights reserved. Ad No. 4703-8060
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Confusion over CET
examinations

Instructors and technicians need
to be aware that organizations
other than the International Socie-
ty of Certified Electronics Techni-
cians are offering certificates
labeled CET.

At the Consumer Electronics
Show in Las Vegas, NV, represen-
tatives in the ISCET booth were
questioned by two instructors who
claimed to have sent money to
ISCET to become authorized test
administrators. Apparently their
money was sent to another
organization that encourages cer-
tification without testing for a $25
fee and offers an option to earn
money as a test administrator.

In the 20 years of certifying
technicians, ISCET has never re-
quired a fee for examiners. ISCET
has no knowledge of what quality
exam is being offered or who may
be recognizing the exam. The
alleged organization has no listing
in the Encyclopedia of Association
or in the National Directory of
Trade and Professional Associa-
tions of The United States. It is
not on the list of organizations

listed by the FCC as offering cer-
tificates to replace FCC licensing.

Another area of confusion for
technicians deals with the “CET
Exam Book” by Dick Glass and
Ron Crow, published by TAB.
There have been several instances
where students have contacted the
national ISCET office concerning
this book. Referring to the ex-
aminers list offered in the back of
the book, students have taken the
exam offered by ETA-I, mistaking
it for the ISCET exam.

The United States Copyright of-
fice has stated that the CET exam
can be offered by any organiza-
tion, just as any university pro-
gram can offer a B.A. degree. Per-
sons are urged when using the let-
ters CET to be sure that techni-
cians clearly understand whether
the CET is recognized by ISCET.

For more information about
CET examinations, contact
ISCET offices at 2708 West Berry
St., Fort Worth, TX 76109;
817-921-9101.

NESDA House
passes parts resolution

A resolution targeted at
manufacturers’ billing procedures
for warranty parts was passed at
the January midyear meeting of
the National Electronics Sales and
Service Dealers Association House
of Representatives.

As parts for electronic products

have increased in both complexity
and price, independent servicers
have been required to maintain
more expensive inventories to
service the newer products.

Because manufacturers normal-
ly bill servicers for all parts, and
then issue credit for warranty
parts, many dealers have
developed a severe cash flow prob-
lem in carrying warranty work
while waiting for credit and labor
reimbursement.

The NESDA house passed
unanimously this resolution:
Whereas increased costs of major
components used tn advanced prod-
ucts and delays wn processing
credits to offset the cost of these
parts used in warranty repairs
have caused severe imbalances in
current parts accounts, resulting
wm situations where service centers
are subsidizing warrantors, be it
therefore resolved that warrantors
whose internal procedures require
longer than 30 days to 1ssue credit
Jor parts used in warranty repairs
should provide such parts on memo
billing or delay billing to match
their cycle of processing parts
credits.

NESDA urges service dealers
and manufacturers to respond to
this resolution.

For more information about
NESDA, contact Clyde Nabors
817-921-9101.
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In less time than it took you to read just the
first ten words of this sentence - - -

You could have diagnosed any problem, in
any brand, solid state TV set down to circuit
level, with 100% accuracy.

By simply plugging the set’s AC cord into a
self programming Mark VIl computer,
pushing one test button, and noticing
which one of sixty lights are lit.

The light that is lit tells you which circuit or
stage is not functional.

In nine out of ten instances, you can do so
without even removing the back of the TV
set! (Talk about fast estimates)

— INTERMITTENTS —
NO PROBLEM WHATEVER'!

Leave the TV set’s AC cord plugged into
your Mark VII, leave the computer turned
on, and go home for the weekend!

As soon as the set shuts down, or otherwise
fails, the Mark VIl will “Zero In” on why it
failed, lite and latch the proper indicator
light, automatically turn itself and the TV
set off, then, sit there idle (with one light lit)
awaiting your return.

All this by just plugging in the AC cord.

No other connections are required.

(In certain cases of low end, LV regulator shut down, you may
have to bridge the LV regulator with an LV rect. other than this
occasional inconvenience, no other connections are required. An
adapter plug is provided for such instances.)

With a Mark VII you could accurately
diagnose 400 TV sets down to circuit level
in one 8 hour day. Unfortunately, you won’t
be able to replace the defective parts that
quickly!

DIEHL
Call (806) 359-0329 for more info
6661 Canyon Dr. e Amarillo, TX 79110
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LCD film
pinpoints
short
circuits

One of the symptoms of a fauit in
an electronic circuit is a change in
temperature. If a component or
length of conductor becomes open
circuited, current stops and that
portion of the circuit operates
cooler than normal. If, on the
other hand, there’s a short circuit,
more current than normal will be
drawn and the temperature of the
portion of the circuit through
which the excessive current flows
will be higher than normal.

Many astute technicians take ad-
vantage of this in their diagnosis
by feeling components or circuit
board areas (first making sure
there are no dangerous voltages
present) to determine if an area is
cooler or hotter than it should be.

Modern LCD technology has
resulted in test equipment that
gives a visual indication of hot
spots caused by short circuits.

Short scan

Short Scan is a product advance-
ment in liquid crystal technology.
Liquid cyrstals have been dis-
persed into a polymer system to
provide a tough, yet elastic film.
The development of this film pro-
vides low-cost thermal profiling
capabilities previously available
only in expensive infrared camera
systems.

The liquid crystals display a col-
or-to-temperature relationship. As
the temperature changes, so does
the color, as long as the

The thin biuish line shown here looking like a comet’s tail is an indication on the
Short Scan of current through a short circuit on a printed circuit board.

Thermal imaging film is furnished with an air pump to inflate if necessary in order to
make it conform better to the unit being checked.

temperature is within the color
range of the liquid erystals. As the
temperature increases within the
color range, the color will always
shift toward the violet. Short Scan
liquid crystals are reversible and
as the temperature decreases
within the color range, the color
will shift toward the red.

Thermal profiling

The pattern of heat dissipation
from an object (its thermal profile)
nearly always provides important
information about the operating
condition or status of the object.
The object may be a populated
printed circuit board (PCB) or it
may be a special heat exchanger.

VIOLET —

BLUE —

GREEN —

RED —}

) | I

INCREASING TEMPERATURE >

Figure 1. As the temperature increases, the color of the film will shift toward violet.
As temperature decreases, it will shift toward red.

8 Electronic Servicing & Technology May 1986



ADVERTISEMENT

— NOTICE —

If your company is confronted with trouble-
shooting or otherwise repairing a certain type, or
piece of equipment on a frequent basis

i.e. TV sets, VCR’s, Electronic Cameras, Copy
Machines, Amplifiers, Industrial Controls,
Answering Machines, Radios, Robotics, Bio
Medical, Military, Avionics, etc., etc., etc., - - -

The odds are staggering that we could custom
program one of our Mark VII computers to
accurately isolate any failure in any such device
(down to circuit level) in less than two seconds!

INTERMITTENTS POSE NO PROBLEM

(See our display ad on page 21)

DIEHL
6661 Canyon Drive e Amarillo, TX 79110

ADVERTISEMENT
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Each has a thermal profile specific
to itself when functioning correct-
ly. One of these films will image
the thermal profile, and a Polaroid
camera can be used to capture the
thermal profile as a permanent
record.

Operating ranges

It is important to understand
that the operating color tempera-
ture range is not the same as the
temperature range over which it is
useful. Pressing an LCD film
momentarily against a hot surface
will provide a thermal map of the

warmest-to-coolest areas on the
basis of time. That is, the warmest
areas will change the color first
through the red-to-blue sequence.
Cooler areas will follow on the
relative basis of their temperature
to the temperature of the area that
first gave a color change. Then,
the next warmest areas will
change color second, and other
less warm areas will follow with in-
creasing time.

Electronics
With shorts on bare boards, a
variable current supply is con-

nected to the shorted points from
the underside of the board. As the
current is raised, heat is generated
in the shorted area causing a cor-
responding color change in the
film. Because the film is trans-
parent, the exact location of the
short may be viewed.

In testing loaded boards, the
board can be functionally
operating. With the board looping
on the failed-test sequence, you
would plate the film on the circuit
board. The shorted area is in-
dicated by a color change.

(VISRAM
joins the DRAM

A prototype of the world’s first
1M SRAM (static random access
memory) semiconductor chip has
been developed by Toshiba, on the
heels of Toshiba’s DRAM chip, also
one megabit, that was acclaimed
as “Faster than a speeding
bullet...?” just last year. (See
ELECTRONIC SERVICING &
TECHNOLOGY, July 1985.)

The major difference between
the two ultra-speedy accessing
chips involves the way that the
refresh operation is handled. With
Toshiba’s new chip, the refresh
operation is inserted into intervals
between normal operations, leav-

ing users completely unaware that
such an operation is being carried
out. In the DRAM operation, if the
line is “busy,” normal operation is
delayed until the refresh operation
ends. Using DRAM, a computer
manufacturer must employ
devices like a refresh controller
and an address multiplexer outside
the chip in order to keep stored
data from vanishing. The new
(V)SRAM already has function cir-
cuits integrated directly onto the
chip to perform the refresh opera-
tion automatically. No added cir-
cuit is necessary.

This latest chip was designated

VSRAM (virtual SRAM) because
of its unique characteristics. Con-
ventional SRAMs require between
four and six transistors to form a
memory cell, while DRAMs use a
transistor and a capacitor. (One
bit, the basic unit of information, is
stored in each memory cell.) Like a
DRAM, the VSRAM employs a
transistor and a capacitor. By
combining 1.0um lithographic
technology and advanced CMOS
(complementary metal oxide
semiconductor) technology,
Toshiba incorporated the approx-
imately 2.2 million memory
elements with the necessary
refreshing circuits. All this on a
silicon chip measuring 5.99mm x
13.8mm. Access time: 62ns, or
billionths of a second.

Toshiba is developing a suitable,
practical method for mass produc-

ing the VSRAM.
aser..

Comparison between DRAM and SRAM refreshing system

NORMAL SIGNALS | CPU

PROGRAM

NORMAL SIGNALS AUTOMATIC i
o DRAM REFRESHING | | s REFRESH SIGNALS
CIRCUIT —{» VSRAM
V A REFRESH SIGNALS
ADDRESS REFRESH REFRESH CONTROL
MULTIPLEXER CONTROLLER IS NOT REQUIRED
1 ) REFRESH BUSY
REQUESTS ¥ NORMAL SIGNALS
REFRESH
T CONTROL CPU

Figure 4. DRAM: If the line is busy, normal operation is delayed until the refresh operation ends.
VSRAM: Because the refresh operation is inserted into intervals between normal operations, users are completely unaware that
the refresh operation is being carried out. A VSRAM can be connected directly to a CPU without peripheral chips.
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ADVERTISEMENT

WARRANTY
WORK

When you compare time spent to pay received, you might find
it difficult to survive on some of the warranty allowances in
today’s market.

If so, this ad will serve as a reminder - - -

In less time than it takes you to print the customer’s name on a
warranty tag, a Mark VIl computer will diagnose the failure
down to circuit level. In most cases it will do so - - - without
even removing the back!

If your local factory field service representative says it can’t be
done, remind him that Diehl will pay any engineer / technician
a year's wages who can troubleshoot just three of his most
familiar TV sets, before a Mark VIl can troubleshoot thirty!!
Hopefully, this challenge will either cause him to take his foot
out of his mouth, - - - or finish putting it in!
—INTERMITTENTS POSE NO PROBLEMS —

(See our display ad on page 21)

DIEHL
Call (806) 359-0329 for more info.

6661 Canyon Drive ¢ Amarillo, TX 79110

ADVERTISEMENT
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Sweep

Ips and Downs
icing Vertical

Vertical-deflection systems are second only to the horizontal-sweep systems in the
number of failures and service problems. These 10 examples show the wide
variety of malfunctions that can (and do) occur in the vertical-deflection sections

of several color-TV-receiver brands.

Vertical-deflection circuits can
appear to violate some laws of
electronics. For example, the out-
put waveform of a transistor stage
might be completely different
from the input waveform during
correct operation. One possible ex-
planation is that deflection yokes
(both horizontal and vertical)
operate principally from current,
while a resistance-coupled stage
operates with a voltage signal.
Therefore, the dividing line be-
tween voltage and current
amplification produces large scope
waveform changes. Also, tran-
sistors operated in class C account
for other differences.

All oscillators need positive feed-
back to maintain steady operation.
Technicians need to know how to
recognize the feedback source; if it
is missing, the oscillator is dead.
Older solid-state receivers often
used two or more transistors in the
vertical-oscillator circuit, with
positive feedback taken from one
to the other. With integrated cir-
cuits, the source of the feedback
probably is within the IC and is not
accessible for tests. A few vertical
circuits take a sample through
resistors of the vertical yoke’s
voltage signal and apply it to the
oscillator. Whatever the circuit,
loss of positive feedback eliminates
the vertical-oscillator operation
and with it the vertical deflection.
Of course, count-down models ob-
tain a vertical signal by counting
down from the horizontal, so they
do not have an oscillator in the
usual sense. A vertical-drive signal
can be emitted even when the
following vertical circuit is com-
pletely dead.

By Homer L. Davidson

i

a4

After they are removed, plug-in panels or modules can be checked for continuity and
resistance values. As shown, diode and transistor junctions can be checked for for-
ward voltage drop and reverse leakage by using any digital multimeter that has such
atest. These readings can be fast and very helpful, but the accuracy decreases when
the circuits parallel low-value resistances across the junctions. Out-of-circuit tests
after component removal are recommended in these cases.

Next is the question of picture
height. A total lack of height (zero
vertical deflection) produces a
single, bright and narrow horizon-
tal line across the center of the
raster. Insufficient deflection
reduces the picture height until it
is not tall enough to fill the screen.
But the screen can be covered with
non-linear deflection. The vertical
yoke current should be almost a
perfect sawtooth waveshape.
However, when youre trouble-
shooting, it is faster and more ac-

12 Electronic Servicing & Technology May 1986

curate to use a cross-hatch gener-
ator and adjust the linearity con-
trol (if there is one) or make
repairs until the cross-hatch
horizontal bars are equally spaced,
rather than judge by the yoke
sawtooth.

Allied with the vertical-
deflection system are the various
horizontal dark or light bars across
the screen that either are sta-
tionary or move upward slowly.
These bars can have rounded
edges (sine waves, perhaps from
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60Hz or 120Hz power supplies) or
sharp edges (pulses or square
waves from vertical-sweep circuit)
when a defect allows some of the
waveform to enter the video cir-
cuit and thus reach the picture
tube. No examples of these bars
are given in the 10 problems
because they have no effect on
height or linearity.

Test equipment requirements
are moderate. The following are
recommended:

e an accurate digital multimeter
(DMM), preferably with a
voltage-drop diode test;

® a transistor tester for in-circuit
and out-of-circuit indications;

e 3 dual-trace scope (does not re-
quire wide bandwidth);

e a digital-readout capacitance
meter.

Some digital multimeters have a
transistor-junction and diode test
that applies a constant current to
the junction and measures the
resulting voltage drop across that
junction. Overrange of the meter
indicates the junction is open or
the probes have been connected
backwards, applying the incorrect
polarity to the junction. Many
tests of transistor junctions can be
made in-circuit with acceptable ac-
curacy, provided the circuit resis-
tances are not lower than 1,000Q
or so. The conventional ohmmeter
ranges are used for leakage tests.
This diode/transistor-junction test
does not measure transistor gain,
so it is not a complete substitute
for a true transistor tester. It is a
test that can be done rapidly and
yet find an amazing number of bad
junctions.

With adequate test equipment
and all necessary Photofact sche-
matics, we are ready to trouble-
shoot 10 examples of vertical-
deflection problems.

JCPenney with no height

Only a single white horizontal
line was on the screen of a JC Pen-
ney model 605-1723 (Photofact
1650-1). I used a scope to trace the
vertical signal to the base of Q208
(Figure 1), but no waveform was
found at the Q208 collector or any
other point downstream toward
the yoke. Obviously, the problem
was with the Q208 or the Q210
stage. DMM dc-voltage measure-
ments of the two transistors
showed the same +20.1V reading

Q208
VERT AMP

VERTICAL

INPUT [+10.8V]

+39.9V

[+14V]

R220
1200

PENNEY VERTICAL DRIVER

Q210 T0
VERT DR!VER VERT
[+20.1V] OUTPUT

LEAKY

[20.1V]

+22.3V

Figure 1. A good vertical-oscillator signal was scoped at Q208’s base but not at its
collector, or at any pin of Q210 in this JC Penney 605-1723. Leakage in Q210 had load-
ed down the Q208 collector and also biased Q208 for reverse bias. Replacement of
Q210 solved the lack of vertical sweep (Photofact 1650-1).

.
i

”‘/ > ‘\’o
- - . .

/.l i
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Most power transistors that are mounted on large heat sinks (such as the two
U-shaped ones shown here) have each collector connected electrically to its heat
sink. Therefore, it is easy to check the collector voltages by touching the meter probe

to one heat sink and then the other.

at base, emitter and collector of
Q210. Either Q210 was shorted or
leaking excessively.

Before the transistors were re-
moved for a more accurate test out
of circuit, several in-circuit junc-
tion tests were made using the
DMM voltage-drop method of the
diode test. Both junctions of Q208
tested normal both for voltage
drop and for reverse-voltage leak-
age, but Q210’s readings indicated
virtual shorts, collector to emitter
and collector to base. Evidently,
the leaky Q210 was loading down
the Q208 collector circuit, thus
eliminating the signal there, also.

Replacing Q210 with an SK-
3114 universal transistor brought
back the original voltages and

14 Electronic Servicing & Technology May 1986

signals, and (even more important)
produced a picture having full
height.

Loss of vertical deflection

A K-Mart model KMC-1921 also
showed only a single line at the
vertical center of the screen.
Technicians soon learn a shortcut
for those receivers that have two
vertical-output transistors
mounted on large heat sinks: The
heat sinks usually are connected to
the collector’s de voltages, allow-
ing easier voltage measurements.
As a rule, one output transistor
has a comparatively high dc
voltage, and the other has about
zero volts.

In this case, the Q306 collector
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HORI1ZONTAL PULSES
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voltage (as shown in the Figure 2
schematic) should have been about
+62V. It measured more than 40V
lower than that. Even more
serious, the vertical-drive tran-
sistor Q303 had almost zero collec-
tor voltage. After some extensive
testing, it was found that the
+43.7V source voltage was miss-
ing because R318 (10%2) was open
in the power supply.

The purpose of C313, C314,
D305 and D306 has been a mystery
to many technicians. However,
they are an old friend in a new
look; together they form a voltage-
doubler circuit. Instead of 60Hz,
C313 is supplied with horizontal,

and D305 returns to +43.7V
rather than to ground as in the
older circuits. Placing the doubler
on top of the +43.7V supply rather
than grounding the D305 anode (as
done with most doubler circuits)
adds that +43.7V to any positive
voltage produced by the doubler.
Because +61.7V is needed for
vertical-output Q306, the doubler
therefore is required to supply on-
ly +18V.

SIGNAL FOR LINEARITY

8 +}
D307
$ 307
12005 MISSING CRST VERTICAL
| OUTPUT YOKE
[0V +43.7V LIS
R325
3.3

K-MART VERTICAL

Figure 2. A much lower than normal dc voltage was measured at the heat sink of
Q306 vertical-output transistor in a KMC-1921 K-Mart color receiver (Photofact
2146-1). There was no vertical deflection, just one horizontal line on the screen. After
voltage and resistance tests, it was found that R318 (102) was open in the power sup-
ply, which eliminated the "343.7V supply. Obviously, Q303 vertical driver transistor
will not operate without collector voltage.

SEMI- FLAMEPROOF

RESISTORS

ANTI-STATIC

FOAM
=

CONDUCTORS
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Figure 2 also shows another cir-
cuit connection that is common
with many solid-state vertical
systems: A low-value resistor
(R325 in this chassis) is placed be-
tween the cold end of the vertical
yoke and ground. The signal
developed across such a resistor is
nearly a pure sawtooth that is
filtered slightly and brought back
to the oscillator where it is com-
pared with the oscillator sawtooth.
In other words, it is negative cur-
rent feedback that linearizes the
current (not the voltage)
waveform in the vertical yoke.
Therefore, no variable linearity
control is needed or provided on
the chassis. R325 and the com-
ponents connected to it have a
large effect on the linearity, so
they should be the first ones tested
when bad linearity is the problem.

Repeating, the vertical deflec-
tion in this K-Mart KMC-1921
model was eliminated by an open
resistor in the +43.7V source
voltage. There was no defect in
the vertical system, and the color
receiver performed correctly after

R318 was replaced. However, the
receiver was operated on the burn-
in bench for a week (to be certain
the problem would not recur)
before it was returned to the
customer.

No oscillator output

Terminal 7 of 1C501 in a Sharp
C1935 has no waveform, produc-
ing the third receiver with only a
horizontal line across the screen.
Perhaps a few remarks about test
equipment would be helpful here.
We have found a scope to be ex-
cellent for proving the presence or
absence of horizontal or vertical
oscillator signals. Both the
waveform and the amplitude can
be measured. Questions arise,
however, when we try to interpret
waveforms of defective output
stages. There seems to be no rela-
tionship between component
failure and corresponding
waveform change.

Therefore, our scope was the
best choice to check for the
1.5VPP vertical signal that should
have been at IC501 pin 7 in this

Sharp TV (Figure 3). Unfortunate-
ly, no signal was there. That sug-
gested three possibilities: Either
the I1C501 was defective, one or
more of the power supplies was
missing or Q501 was loading the
signal excessively.

In-circuit tests of Q501 showed
the transistor was not open or
shorted. Dc voltages at 1C501 pins
10 and 13 measured very low,
although the proper +12.13V sup-
ply was connected to R502, the
vertical-hold control, and other
resistors that supply these two
pins. This indicated a serious prob-
lem inside IC501.

A new IC501 was ordered from a
Sharp parts distributor, because a
universal replacement was not
available. Installation of the new
IC501 produced the correct
waveform at pin 7 and gave nor-
mal vertical sweep on the TV
screen.

Erratic height
Intermittent vertical deflection
can occur from defective tran-
sistors, diodes, bad soldered joints

ONCE AGAIN,
WE'RE EXTENDING
OUR PRODUCT L.INE.

STATIC ELECTROLYTIC
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FIELD SERVICE
KIT &
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computers and disk drives. NTE’s quality electrolytic
capacitors operate over a broad temperature range

and are available in blister pack or

bulk at your local NTE
distributor.
@

NTE ELECTRONICS, INC.
44 Farrand Street, Bloomfield, New Jersey 07003
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LEAKY
Q501
PART OF VERT DRIVER
1C501
T0
+2.85 +— Q503
10 BASE
+2.74V R510
13 22§i
.02V L
[+0.02V] A 1
1200 l
R504) -BBPF
39K§ L +18V
R502
22K
—AN———————  +12.,13V

SHARP VERTICAL OSCILLATOR

R503
VERT HOLD 100K

Figure 3. The voltages in brackets were measured in a model C1935 Sharp television
that had no vertical deflection (Photofact 1959-2). No vertical drive signal came from

1C501 pin 7 to the Q501
much too low, although
the junction of R503 and
at the other end of R504.

base. Also, the dc voltages at IC501 pins 10 and 13 were
the correct source voltage was at R502 and the voltage at
R504 appeared to be correct, considering the lower voltages
Also, the same + 17.55V reading appeared at both base and

emitter of Q501, which (in the absence of any ac drive signal) is zero forward bias.
Q501 cannot conduct. Although other pins had appropriate dc voltages, the very low
voltages at pins 10 and 13 of IC501 indicated a serious problem inside. Installation of
a new Sharp 1C501 produced normal sweep.

VERTICAL 0SC.

Q610 Q605

VERTICAL 0SC.

R602
5600

(ovl

+12.28V

PENNEY BAD CONNECTION

[ovl (E >

RB06 A
470 =
RE08
VERT HOLD
S0K
+12.28V
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Figure 4. Certain up-and-down movements of the circuit board of one JC Penney
model 685-2014 (Photofact 1766-2) would eliminate or restore vertical deflection. D¢
voltage measurements revealed that the +12.28V supply was intermittent at R602
and R608, the vertical-hold control. No damage or cracks that should be reinforced or

repaired were found on t

he circuit board, so a permanent repair was made by adding

an insutated wire from Y316 in the + 12.28V supply to the voltage-supply end of R608.

the vertical-hold control
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. This stopped the intermittent condition.
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or a cracked circuit board. Pushing
up and down on the circuit board
with an insulated tool sometimes
caused the height to collapse on
the screen of this JC Penney model
685-2014 (Figure 4).

The dual-trace scope seemed
ideal for locating the stage where
the intermittent began. One probe
was connected to the collector of
Q610 vertical oscillator transistor
with the second probe attached to
the yoke signal. When the raster
collapsed into one horizontal line,
the waveform disappeared from
both scope traces. Therefore, the
problem was in the oscillator, or in
the B+ supply to the oscillator.

When the scope waveforms and
the vertical sweep were missing,
all three pins of the Q610 oscillator
transistor had zero dc voltage; no
B+ supply was reaching the tran-
sistor. However, the +12.28V
source voltage at the main power
supply was not affected. The inter-
mittently open circuit must be be-
tween the power supply and Q610.
No cracks could be found in the cir-
cuit board that would require ex-
tensive repairs, so [ solved the
problem by adding an insulated
wire between Y316 in the voltage
source to the voltage end of the
vertical-hold control. Flexing the
circuit board now did not cause
loss of vertical deflection.

Missing top of raster

An unusual type of insufficient
height was the external symptom
of this RCA CTC93E (Photofact
1810-2): The top half of the raster
was missing. As shown in the
photograph, two vertical-output
transistors were mounted on large
heat sinks.

D¢ voltage measurements at
408, the top-output transistor,
were far from the schematic
values. I removed Q408 and tested
it, finding it was leaky. The leaky
Q408 was replaced with the exact
part number 142691, but the per-
formance changed very little. Top-
driver transistor Q407 was tested
and the result showed it was nor-
mal (Figure 5). Other components
were tested also without results
until diode CR416 was reached. It
had a dead short. (Replace CR416
with an exact part or a 1A/1kV
standard diode.) When CR416 was
replaced, the height and linearity
returned to normal.
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Figure 5. On the screen of an RCA CTC93E (Photofact 1810-2), there was no vertical
deflection over the top half. Q408 tested leaky and was replaced. Other transistors
checked normal in-circuit. But the screen was not completely scanned until a
shorted CR416 diode was replaced.
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SHARP C-1551 FOLDOVER

Figure 6. Foldover at the top and insufficient height at the bottom were the symp-
toms on the Sharp C-1551 raster. Replacement of Q504 and Q505 vertical-output tran-
sistors helped the height somewhat, but did not eliminate the top foldover. Ali
resistors were tested. R522 had increased to almost 16kQ. Replacement with the cor-
rect 6,800Q produced normal height with good linearity.

Another RCA CTC93E had a
white line down through the mid-
dle with white retrace lines at the
top of the raster. The dc voltage
tests appeared to be within accept-
able range. In-circuit tests of all
vertical transistors were made
with the diode voltage-drop
feature of the DMM, and no prob-
lems were found.

Because retrace-switch Q403 has
been known to produce retrace
lines at the raster’s top, I replaced
it. There was no improvement.

Switch-driver transistor Q402
was the next suspect. After it was
replaced with an original part
number 143797, the raster and pic-
ture were normal.

Junction tests of the defective
Q402 showed a normal base-to-
collector reading (0.623); however
the base-to-emitter reading was
only 0.243 (volts of voltage drop).
This indicates B/E leakage, which
was causing the white line through
the center of the secreen with
retrace lines at the top. Some of
these transistor functions are so
critical that approved factory
transistors should be used for
replacement.

Foldover at the top

A foldover line at the top and in-
sufficient height at the bottom
were the symptoms on the Sharp
C-1551 screen (Photofact 1609-2).
Adjustment of the vertical height
control did not improve the prob-
lem. Measurements showed that
the dc voltage at both vertical-
output-transistor collectors was
higher than usual (Figure 6). Emit-
ter resistor R523 for Q504 and
emitter resistor R524 for Q505,
the two output transistors, tested
exactly 2.2Q, as they should.
Because vertical-output trans-
istors can produce foldover, we
replaced both. Q504 was replaced
with an SK-3054 and Q505 was
replaced by an SK-3083 (universal
replacements). Although new tran-
sistors gave increased height, they
didn’t change top foldover.

Next, all vertical circuit resistors
shown in.Figure 6 were checked.
R522 had increased from the
original 6,800Q to almost 16kQ.
Replacing R522 with another of
the correct specifications removed
the top foldover, allowing more
than enough vertical height at top
and bottom with good linearity.
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i Intermittent top half
After operating for perhaps 10
R290 RZbg HR e +10.61V minutes, the top half of the raster
: 1 would collapse on the General
i e Electric 10-inch 10JA color port-
% able. Sometimes the missing
raster half might come back, but
ovDC without any predictable pattern.
R283 6 At other times, the receiver might
Q268 TO YOKE operate all day without losing the
VERT OUTPUT picture’s top.
Y262 In the Photofact 1339-3 sche-
> matic (part shown in Figure 7),

Y266 Q268 provides the top half of the
PEAK vertical deflection, while Q267
LIMITER gives the bottom half of the sweep.
For those transistors that respond
to it, the alternate application of
heat and cold is worth many hours
of testing with sophisticated in-
A struments. When the top half
disappeared, 1 sprayed canned

C278 -10.94V coolant on Q267 with no results,
470,F 'f‘ but when I sprayed Q268, the miss-
=S ing section was returned instantly.

This was repeated several times,
alternating between heating from

G-E ERRATIC HEIGHT a blower and canned coolant from

a pressure can. Each time the

Fi 7. Collapse of the raster's top half often occurred after operation of 10 result was the same: Q268 was in-
igure 7. Collapse of the ra op u serati . . )
minutes or so on the General Electric 10JA color portable’s screen. After several termlttent when trlggered by cer
alternate applications of heat and sprayed coolant, Q268 was proved to be taln temperatures. .

temperature sensitive (Photofact 1339-3). At a certain critical temperature, Q268 ap- Q268 was replaced with an

parently would develop an open circuit and eliminate the top part of the picture. SK3083 and Q267 was replaced by
SK3054 universal transistors. (It is
advisable to replace both, even if
only one is proved bad; a mismatch
can cause a delayed failure of the
original one not replaced.) A long
heat run plus hot/cold testing
proved the intermittent vertical
deflection had been repaired

properly..

Q268
INTERMITTENT

R2393

TRANSISTOR

A 2-inch picture

The picture on a Philco C2914KW
(Photofact 1826-1) would collapse
to a height of about two inches
after about one minute of opera-
tion after power-on. According to
the schematic, the vertical
oscillator and driver are in 1C302,
and they supply drive direct to
Q300 bottom-output and Q302 top-
output transistors (Figure 8).

Coolant sprayed on these power
transistors and on IC302 did not
change the insufficient height. But
this type of flat vertical output
transistor has a history of erratic
failures, so both were replaced,
Q300 with an ECG752 and Q302
with an ECG153 universal type.

Mounting of a vertical-output power transistor near the top of a heat sink allows easy Followmg repla(_:ement_ of the two
access to it during hot/cold tests for intermittent transistors. transistors, the intermittent 2-inch
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+29.3V

Q300
BOTTOM R348
VERTICAL OUTPUT )
+29.3V
p?ggogF +28. 4V
R3s J—
150 +12.17V
€337 , =-T0 YOKE

22T q302
ToP
VERTICAL OUTPUT

SC358

R354
150

= REPLACE

PHILCO VERTICAL COLLAPSE

L. 47V

Figure 8. After about a minute of operation, the picture on a Philco C2914KW
(Photofact 1826-1) would collapse to about two inches. Coolant was sprayed on
IC302, Q300 and Q302, but without results. Finally, Q300 and Q302 were replaced
with the proper universal types and the intermittent collapse was eliminated.

L340
5 | PART 0OF
R328 cazaJ
VERT HEIGHT B +27V
Tl c3ep  C333 5C335
0 R340
e R33E e T FROM YOKE
3 oM = VERT LIN
g 15K
[4.7M] R342
.82 \
INCREASED < INCREASED
+162V

SYLVANIA HEIGHT/LINEARITY PROBLEM

Figure 9. In one E20-chassis Sylvania (Photofact 1595-1), there were no vertical driver

signals from IC302 pins 6 and 10 so it was

replaced with aECG794. This gave height,

but with poor linearity at the top. After tests, resistors R342 (0.82Q) and R326 (3.9MQ)

were replaced with correct values, giving

height was eliminated, and

performance was satisfactory.

Heavy horizontal lines

At the beginning, the Sylvania
E20-2 chassis (Photofact 1595-1)
had no vertical deflection, showing
only one familiar horizontal line.
After vertical driver 1C302 was
replaced, several firing lines ap-
peared in the center of an other-
wise normal raster. The vertical-
output transistors were replaced,
but the raster was unchanged.

good linearity.

In some vertical circuits, only
original part-number transistors
operate correctly, so Sylvania out-
put transistors were ordered and
installed. The lines remained in the
raster. In combined inspiration
and desperation, we replaced
I1C302 again with another univer-
sal ECG794. The flashing lines
were gone. The first universal IC
replacement had been defective.

With another EZ20 Sylvania,
IC302 was replaced because there
were no drive signals for the

vertical-output transistors at pins
6 and 10. Installation of ECG794
produced vertical sweep, but the
picture was pulled down from the
top, giving poor linearity. Dc
voltages of 1C302 measured within
the usual tolerances (Figure 9).
Resistor R342 (0.82Q in the yoke
return to ground) had increased to
1.5, and 3.9MQ R326 had in-
creased to almost 6MQ. (Note: in
some versions, R326 originally
was 4.7TMQ.)

After R342 and R326 were
replaced with new resistors of the
correct values, the insufficient
height and poor linearity were cor-
rected.

An unusual problem

A typical horizontal white line
was the symptom on the screen of
this Magnavox T985-9 chassis, in-
dicating a total loss of vertical
deflection. First, the vertical
module was removed for tests of
the individual components,
because the module is not readily
available when plugged in and
powered. According to resistance
and diode/junction tests, all com-
ponents appeared to be normal.

The module was reinstalled, and
some voltage measurements were
made, although these can be dif-
ficult because the module is wedg-
ed between other components. At
the collector (case) of Q102 the col-
lector measured +0.6V when it
should have been -14V, and the
Q101 collector measured almost
+30V instead of the usual
+14.5V.

Because the output transistors
cause most of the vertical-
deflection problems, we replaced
both of them and plugged in the
module. The height was not im-
proved. To avoid excess labor
time, the television was set aside
until a replacement vertical mod-
ule could be obtained two days
later. Unfortunately, the new
module did not restore the deflec-
tion either. Ohmmeter measure-
ments of the vertical yoke circuit
showed proper continuity. With a
new module, new transistors and
no yoke problems, nothing remained
to be suspected. Or did it?

Q101 and Q102 continued to
have the same incorrect collector
voltages. Notice in Figure 10 that
D4 and C17 (on the module) are
supposed to supply about — 14V to
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+14.5V
[+29.39V]

p

~14.03V L2
Q102 [.58V] D4
VERT OUTPUT A AMT
i:: 014, 817
R37 § 100;.1F:£_
127
=5y 1
SV | > VERT YOKE T201
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R36
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C16.
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MAGNAVOX SUPPLY PROBLEM

Figure 10. A Magnavox T985-9 had no vertical deflection. It had no height after the
vertical-sweep module and both vertical-output transistors (Q101 and Q102) had
been replaced. Each output transistor has its own power supply, one positive and
the other negative (Photofact 1696-1). This article tells why one had twice the rated
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voltage and the other had almost none. Also, the easy solution is given.

the Q102 collector, while D3 and
C16 should supply about +14V to
the Q101 collector. Perhaps the
measured lack of negative voltage
at the Q102 collector was caused
by a loss of horizontal power that
should be supplying D4. But the
resistance from T201 flyback pin
10 to pin 9 was normal, and
neither pin had any continuity to
ground, although the schematic
called for the pin-4 centertap to be
grounded. Pin 4 was not grounded,
so the cure was easy: A ground
wire was added between flyback
pin 4 and a board ground, allowing

the wertical circuit to operate
perfectly, with both positive and
negative supplies having correct
voltages.

Even after the defect is known
and corrected, one large question
remains unanswered. With both
rectifier circuits floating without a
ground (Figure 10), why did one
have double voltage apparently
rectified from both windings,
while the other rectifier put out vir-
tually zero? Perhaps the answer is
that whichever rectifier/filter/load
has the greatest load pulls down
the horizontal signal on that side

May 1986

so it becomes the rough equivalent
of a ground. With one supply
grounded, the other supply oper-
ates from the sum of the two wind-
ings in series. In this case, the
D4/C17 circuit and its load was
lower than the other. Without a
centertap, very little difference
between the two supply loads can
shift the apparent ground a large
amount, partially because the cur-
rent is almost zero at this time.

We could have saved much time
if we had known at the beginning
where to add that little ground
wire!

Comments and summary

An excellent first test for com-
plete loss of vertical deflection is
to scope the output of the vertical
oscillator (or its equivalent) and
the output of the vertical sweep
(which is the signal sent to the
yoke). If the oscillator has no out-
put, it is useless to test the re-
mainder of the vertical circuit. But
if the oscillator has proper output,
and the yoke signal is missing, the
problem is between those two
points, or it might be in the de-
voltage supplies for those stages.

Intermittent transistors and ICs
often can be triggered on or off
(and thus identified as the prob-
lem) by alternate applications of
heat and canned coolant. Flat or
TO-220 type transistors have a
tendency to break down under
load, causing intermittent opera-
tion. When there are two together
and one becomes defective,
replace both. Doublecheck all tran-
sistor or IC replacements; some
new components might be defec-
tive or intermittent. Although
most universal transistors operate
satisfactorily in vertical-output
stages, obtain original parts for
vertical switching and retrace
stages.

Always apply silicon grease be-
tween power transistors and their
heat sinks. This helps move the
transistor heat to the heat sink and
thus prevent excessive transistor
failures. After a module has been
replaced, and the problem re-
mains, begin testing all external
circuits that connect to the module
in any way. Many vertical prob-
lems originate in a faulty power-
supply voltage. Therefore, the sup-
ply voltages should be among the

first items to be tested. Esm



Test

your electronic
knowledge

1. Modern color receivers use
sophisticated shutdown circuits
that monitor either the flyback-
pulse amplitude or

A)) the line current.

B.) the ratio of the line current to
the Tine voltage.

C.) the amplitude of the flyback
pulses vs. the picture tube current.
D.) the rise time of the flyback
pulses.

E.) Choices A and B are both cor-
rect.

2. To remove a surface-mount
resistor, unsolder the leads and
A} pry it off the board.

B.) lift straight up.

C.) push down on the component,
then lift straight up.

D.) twist it off the board.

E.) turn the board upside down
and let the resistor fall off by its
own weight.

3. A surface-mount resistor is
marked with the number 223. This
means that

Al it is shown as R223 on the
schematic.

B.) it is a precision 223Q resistor.
C.) it is rated at 22Q, 3W.

D.) it is a 22k resistor.

E.) None of these choices is cor-
rect.

4. In understanding how a single-
tube camera can reproduce the
three primary colors of red, green
and blue from the stripe filter, it is
necessary to divide the color video
camera into the three major sec-
tions that are responsible for its
operation. They are: the deflection
system, the video processing cir-
cuits and

A.) matrixing.

B.) mixing.

C.) gating.

D.) amplifying.

E.) synchronizing.

By Sam Wilson

5. In the GHM liquid crystal
display, there is dissolved
in a positive liquid crystal matrix.
A)) an ion dispersant

B.) a dye

C.) an alkali solution

D.) India ink

E.) a blue penetrant

6. If you replaced the horizontal-
output transistor, and it is instant-
ly destroyed when power is ap-
plied,

A.) determine at which point the
sweep signal has been lost.

B.) replace the flyback trans-
former.

C.) troubleshoot the low voltage
supply.

D.) use an ohmmeter to check the
picture tube.

E.) None of these choices is cor-
rect.

7. The same square wave is being
used to test two different ampli-
fiers. Assume the same scope
setup for both tests. The leading
edges of the output waveforms are
shown in Figure 1. Which of the
following is correct?

A.) The amplifier for (a) has the
greater bandwidth.

B.) The amplifier for (b) has the
greater bandwidth.

C.) You cannot determine the
bandwidth from this test.

8. Which of the following state-
ments is correct regarding clean-
ing the video heads in a VCR?

A) Use a lint-free material or
Q-tip dampened with a freon com-
pound.

B.) Do not use a lint-free cloth or
Q-tips for this job.

9. In a certain receiver the oscilla-
tor signal that is delivered to the
mixer 1s exactly equal in frequency
to the carrier. The filtered output
of the mixer, then, is the audio
signal. This type of receiver is
A)) reflex.

B.) regenerative.

C.) super-regenerative.

D.) homodyne.

E.) superheterodyne.

10. A study based on a nationally

representative sample of 17,000

households shows that

A.) one-half of all color television

receivers purchased 25 years ago

are still in use.

B.) four out of five sets are still in

use ten years after purchase.

C.) one-fourth of the color TV sets

over five years old are still in use.

D.) there are virtually no TV sets

still using tubes.

E.) portable models represent on-

ly 5% of the total color TV sets

sold in the United States.
Answers are on page 60

(a)
Figure 1.

(b)
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Field-strength
meteror

signal-level :

meter?

By James E. Kluge

Ask MATYV or CATYV technicians
if they have used a field-strength
meter and they might look at you
in amazement and say, “Sure,
haven’t you? How could you install,
balance-up or troubleshoot a
system without one? That’s one
tool I couldn’t get along without.”

By this time you realize they
may not know what a field-
strength meter is. Unless any are
radio hams or have worked for a
broadcaster, their idea of a field-
strength meter is an instrument to
which you connect a coaxial cable
in order to measure signal voltage
levels on the coaxial lines compris-
ing an MATV or CATV system.

In the early days of MATV/
CATYV, the instrument that was
used to measure signal levels was
referred to as a field-strength
meter. This term undoubtedly was
popular because it was 1.) tuneable
over the frequency range of in-
terest and 2.) indicated a relative
field intensity as seen by a remote
antenna located at the headend of
the system. The antenna, in the
case of an MATV system, was on
the roof; in the case of the CATV
system, probably it was on a high
tower or on a hilltop close to the
headend. The indication of relative
field intensity was strictly relative:
between the antenna and the
meter were many devices both
passive and active. Most likely the
antenna gain was known only as
an approximation. In addition,
there was considerable loss at-
tributed to coaxial cable, splitters,
band separators, baluns and such
as well as gain from pre-amps,
distribution amps, line-extender
amps and bridger amps, to

James Kluge is technical editor, Research and
Development Division, Winegard Company,
Evergreen, CO.

name afew.

in many

cases the signal
source may not
be an antenna—it
may be a VCR or CCTV system.

Field-intensity meter
A true field-strength meter has a
calibrated, tuned dipole antenna
connected to it. The instrument
reads out the voltage developed
across the antenna terminals con-
nected across a 50Q input im-
pedance. Knowing various
parameters of the field being
measured, the electric field inten-
sity can be determined and ex-
pressed in units of microvolts per
meter as seen by the dipoles placed

in the electromagnetic field.

Signal-level meter (SLM)

Conversely, the levels most
MATV/CATV technicians are
reading are simply volts measured
across a 75Q impedance. The
meter scale usually is calibrated
both in volts and dB relative to 1
millivolt (dBmV) and has a range

This field-intensity meter includes a

calibrated half-wave dipole antenna to
measure electric-field intensity of a
radiated electromagnetic field. Frequen-
cy range covered is 45MHz to 225MHz. A
continuously tunable dial on front panel
and telescoping dipole elements (each
adjustable to Y4 wavelength) permit tun-
ing to the frequency being measured.
Charts and data accompanying the in-
strument allow conversion of a dB-meter

reading to field intensity in units of

volts/meter. The FIM-71 also

may be used as a SLM

has

by connecting signal
cable to BNC-type

50Q input connect-

or. Voltage meas-
urements can be made
over a range from
10uV to 10V rms.
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of 10uV to 2V. That’s why it’s call-
ed a signal-level voltmeter. 1t is
designed to measure signal
voltage, not electric fields. It sim-
ply is a specialized, tunable RF
voltmeter designed both for
MATV/CATYV work and to cover a
frequency range from 54MHz to
216MHz (VHF channels 2 to 13)
and 470MHz to 806MHz (UHF
channels 14 to 69).

Other signal-level meters de-
signed for CATV work cover the
CATYV bands that include the VHF
midband (120MHz to 174MHz) and
VHF superband (216MHz to
300MHz) frequencies. Where re-
quired, a converter is available to
cover the sub-channel frequencies
from 18MHz to 48MHz.

A typical signal-level meter
comes in a portable carrying case
and is powered by a 9V transistor-
radio battery. Its input is a com-
mon F-jack connector on the front
panel. Readout is via a meter
switchable over several scales to
cover a range from 10xV to 2V
via several front-panel slide
switches that attenuate the incom-
ing signals by either 20dB or 6dB.

A front-panel switch allows you
to go from VHF to UHF (or super-
band). A built-in loudspeaker or
earphone jack permits you to listen
for carriers as you are tuning the
VHF or UHF bands.

e




Applications

A signal-level meter has many
uses in MATV/CATV work. Most
common of these are measuring
relative signal levels at various
locations in an MATV/CATV sys-
tem and orienting an antenna for
maximizing received signals. (The
meter indicates signal-voltage
level on the line and responds to a
change in the orientation of the
antenna position rather than a
change in field intensity.)

Antenna measurements

When orienting an antenna, con-
nect the signal-level meter to the
downlead through a suitable match-
ing transformer if necessary. The
SLM has a 75Q input impedance; if
the downlead is 300Q balanced,
you'll need a balun transformer.
Then tune the SLM to the weakest
picture carrier and orient the an-
tenna for maximum signal.

While still connected to the an-
tenna, tune the SLM to each pic-
ture carrier and record the levels.
Having a record of carrier levels
will help you design or trouble-
shoot the MATYV system later.

Channel balancing
If the carrier levels vary by more
than a few decibels, it would be ad-
visable to balance them, using a
channel separator and single-
channel amplifiers with variable

&

gain controls. By monitoring the
outputs with a SLM, the gains can
be adjusted to balance all channels
relative to each other.

AGC adjustments

If in the process of monitoring
the levels, it is observed that in-
stead of the levels being constant,
they fluctuate or vary with time, it
may be advisable to employ
amplifiers having automatic-gain
control (AGC). In order to make
them work properly, they have to
be set up so that the point at which
they operate is centered between
the upper and lower levels of AGC
effectiveness. The SLM can be used
to measure these levels and center
the operating level between them.
One way this is done is to
monitor the signal at the amplifier
output while varying the input
signal with a calibrated at-
tenuator. Add attenuation until
the output drops Y2dB. Then
remove attenuation until the out-
put increases %2dB. The total at-
tenuation spread will tell you the
AGC range. From this you can ad-
just the average input level to fall
halfway between the two limits.
Procedures for making AGC ad-
justments vary with manufac-
turers but the SLM can be used to
monitor the input and/or output
levels while making the ad-
justments.

This signal-level meter covers
both VHF and UHF TV/FM
frequency bands. Contin-
uously tunable over
two bands, the
FS-3DUV accepts
input signals rang-
ing from 10uV to
2V via coaxial cable
connected to 75Q type-F
connector. Input-atten-
uator consists of three
20dB and one 10dB switches.
Built-in speaker and ear-
phone jack permit audio monitoring
of demodulated carriers. Oscilloscope
or chart recorder may also be connected
by earphone jack.
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Tap isolation adjustments

A SLM also can be used to set
tap isolation on selectable or
variable isolation taps by monitor-
ing the input and tap levels as ad-
justments are made. Increasing
the isolation of selectable taps re-
quires the technician to snip out
one or two of three parallel
resistors.

Insertion loss

In the same manner, the SLM
can be used to measure insertion
loss, by noting the difference be-
tween input and output levels.
Likewise, the gain of an amplifier
can be determined by subtracting
the output level in dBmV from the
input level in dBmV.

Amplifier overload

SLMs also help determine the
overload level at the input of a
broadband amplifier. By reading
the individual channel levels in
volts, they can be added together
to determine the total voltage level
applied to the input of a distribu-
tion amplifier and thus avoid
overload and consequent cross-
modulation effects.

EMI
By tuning the SLM over the
band of interest, interfering

signals can be located, and their
frequency and voltage level deter-
mined, by noting signals where a
signal should not be. By diagnos-
ing the picture or listening to the
built-in speaker or plug-in ear-
phone, the nature of the signal
may be determined in order to
target its source. You then can
select a trap, an antenna array or
antenna orientation to minimize or
effectively eliminate the in-
terference. If using a tuneable trap
to knock down the interfering
signal, the interference can be
monitored with the SLM while
tuning the trap for maximum at-
tenuation. '

Monitoring modulation
Most SLMs have a jack to which
either an oscilloscope or an ear-
phone can be connected to permit
listening to or watching the
modulation of the video carrier to
which the SLM is tuned. You also
may tune the SLM to the slope of
the sound carrier and listen to

slope-detected FM sound. g



Test

components
and ICs

with your scope

By Al Kovalsky

Testing the signature of a component or circuit suspected to
be bad against that of a known-good one provides quick
isolation of problem areas, such as shorts, leaks, opens and
bonding problems. Any significant difference in the two
signatures indicates failure in the device being tested. A
switcher allows you to selectively switch the pins of an IC
into the circuit to test individual circuit segments.
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Figure 1. Some scopes have a component-test feature that provides a low-current
RMS output to be applied to unpowered devices.
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The usefulness of any dual-trace
oscilloscope can be extended with
an inexpensive add-on test module
that helps you analyze and com-
pare the trace characteristics of
suspected-bad and known-good
components. Differences in trace
patterns indicate failures.

This type of comparison testing
is relatively easy to do and can be
performed almost equally well in
the field or in the lab. Comparisons
of trace characteristics, viewed on
the scope, can be used for general-
purpose troubleshooting. This
setup will test all types of analog,
digital, and hybrid compon-
ents—including resistors, capaci-
tors, diodes, transistors, and ICs
(up to 40 pins). The technique
works equally well with fully
assembled boards, permitting in-
circuit, power-off, non-destructive
testing.

Comparison testing with a scope

Your scope already may have a
component test feature, as in-
dicated by output jacks on the
front panel (Figure 1). The jacks
correspond to power and ground
for a small test voltage, typically
less than 9Vac. This voltage may
be applied with test clips across
component input leads. The output
of the component is displayed by
the scope as the voltage/current
relationship, or the component’s
stgnature.

Kovalsky is with Beckman industrial, Brea, CA.
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SCOPEMATY

Figure 2. The component-test feature on a scope is being used here to test a
capacitor. Without an add-on component test module for the scope, testing of ICs
must proceed pin by pin.
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Without an add-on test module,
component testing on a dual-trace
scope requires a component test
feature not included in all scopes
like the one shown in Figure 2.
Testing must proceed one compo-
nent at a time. On an IC, outputs
must be tested pin by pin.

The process of comparison
testing is to test a known-good
component, or reference device,
against a suspected-bad compo-
nent, or device under test. Any dif-
ference in component signatures
indicates a malfunction in the
device being tested. With the
component-test feature described
above, comparing devices would
involve connecting, testing and
disconnecting first one, then the
other.

A drawback of this approach is
that ICs and boards must be tested




Switchers permit you to switch the
pins of an IC socket into the test
circuit selectively to test individual
segments within the IC.

Figure 3. The add-on test module is really two test rigs in one. Two sets of sockets
permit comparison testing components and {Cs up to 40 pins. A known-good, or
reference, component is inserted on the left; the device under test is inserted on the
right. Switches permit selective activation of pin positions on each device, and test
voltage is applied internally. Module outputs go to X-Y inputs on the scope.

pin by pin and contact by contact.
The main purpose of a test module,
such as Beckman’s Scopemate 2, is
to eliminate such tedious, step-by-
step procedures by permitting si-
multaneous comparison testing of
entire components or subassem-
blies. For example, testing can
proceed IC by IC, either in-
dividually or onboard. The test
module also provides the test
voltage, which is a mandatory
feature if your scope doesn’t have
a component-test output.

These test modules are often
called switchers because they per-
mit you to switch the pins of an IC
socket into the test circuit selec-
tively. As shown in Figure 3, the
module itself is actually two test
rings in one: It has two sets of
component sockets, including the
most common 20-pin and 40-pin
configurations. The reference
device is inserted into one side;
you put the device to be tested into
the other side. Switches on the
module correspond to IC pin
numbers. Pressing a switch con-
nects the same contact on each
component into the test circuit.
For example, depressing the
switch labeled 39 will activate pin
number 39 on each IC. Jumper
wires also may be used to set up a
desired configuration.

Continued on page 37
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This schematic is for the use of qualified technicians only. This instrument contains no user-

servicabie parts.

The other portions of this schematic may be found on other Profax pages.

Schematic B (BO1 version)

Video, chroma, deflector, VIR secondary contacts
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Use of substitute replacement partg that do not have the same safety characteristics as recom-

mended in factory service information may create shock, fire,

hazards.

excesTive x-radiation or other

Product safety should be considered when component replacement is made in any area of a
receiver. The shaded areas of the schematic diagram designate the components in which safety is
of special significance. It is recommended that only exact cataloged parts be used for replacement

of these components.
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The other portions of this schematic may be found on other Profax pages.
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Tuner, IF, audio-video switching, Sound Plus, audio output

MODIFICATIONS MARKED IN RED WERE MADE TO ELIMINATE AUDIOQ HUM

Product safety should be considered when
component replacement is made in any area
of a receiver. The shaded areas of the
schematic diagram designate the compo-
nents in which safety is of special
significance. It is recommended that only ex-
act cataloged parts be used for replacement
of these components.

Use of substitute replacement parts that do
not have the same safety characteristics as
recommended in factory service information
may create shock, fire, excessive x-radiation
or other hazards.

This schematic is for the use of qualified
technicians only. This instrument contains no
user-serviceable parts.

The other portions of this schematic may be
found on other Profax pages.
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Product safety should be considered when component replacement is made in any area of a
receiver. The shaded areas of the schematic diagram designate the components in which safety is
of special significance. It is recommended that only exact cataloged parts be used for replacement
of these components.

Use of substitute replacement parts that do not have the same safety characteristics as recom-
mended in factory service information may create shock, fire, excessive x-radiation or other

hazards.
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Continued from page 28

Instead of inserting ICs in the
sockets on the unit, you can use ex-
tender leads to connect boards to
the test module, as shown in
Figure 4. Types of extenders in-
clude DIP clips with ribbon cables
for connection to on-board ICs and
single leads with mini-clips.

With this setup, the test voltage
is applied to unpowered com-
ponents. Again, component parts
may be inserted into sockets on the
test module, or extender leads may
be used for on-board connections.
With the module’s switches, you
can select and display individual
signatures of either component
and any combination of pins. Ob-
viously, for valid comparison, the
components have to be identical
and the test configuration has to
be the same on both sides.

Applications

Comparison testing can be used
to screen the majority of repair
and quality-control problems, in-
cluding short, leak, open and bond-
ing problems. Any significant dif-
ference in the two signatures in-
dicates failure in the device being
tested. It's a straightforward,
strictly go or mo-go determination.
There shouldn’t be any guesswork
involved.

Note that this is not funectional
or performance testing. You're in-
jecting a low-power sine wave, not
signals encountered in normal
operation. You’re not evaluating
rise-times or looking for marginal
performance. Also, intermittent
problems may not show up. In-
stead, you're simply applying a
known test voltage (with
Scopemate 2, up to 14V RMS at
300uA to comparable, unpowered
devices. It really doesn’t make a
difference that this is not nominal
operating power, as long as the
same current-limited sine wave is
applied to identical points on each
device. This is essentially the same
type of test that is applied by more
expensive semiconductor curve
tracers that apply the same func-
tion to a device at varying
voltages. Varying the voltage isn’t
necessary for comparison testing,
because all you need is a reference
having known parameters.

If there’s a trick to comparison

With the module’s switches,
you can select and display
individual signatures of
either component or any
combination of pins.

Figure 4. Cables may be used to connect IC sockets on the test module to DIP clips
for in-circuit testing of unpowered boards. In this way, ICs may be tested safely and
reliably without desoldering.

Figure 5. The test unit shown here may be used with any dual-channel scope that has
X-Y inputs. Because the low-current test voltage has a frequency of 50Hz to 60Hz, the
bandwidth of the scope is not critical. In accept/reject testing, all necessary evalua-
tions can be made with a low-cost scope.
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Exclusive, triple patented dynamic
cap and coil analyzing . . . guaranteed
to pinpoint your problem every time
or your money back

( = Dﬂ.ﬂ- o

MODELLCTS CAPACITOR-1ND

UCTOR ANALYZER

SEMNCOFE

2z METER 2

‘ : 55 ‘ /5 -
B

with the all new LC75 “Z METER 2”
Capacitor Inductor Analyzer
Patented  $995

The “Z METER” is the only LC tester that enables you to
test all capacitors and coils dynamically — plus, it’s now
faster, more accurate, and checks Equivalent Series
Resistance (ESR) plus small wire high resistance coils.

¢ Eliminate expensive part substitution and time-consuming
shotgunning with patented tests that give you results you can trust
every time. Test capacitor value, leakage, dielectric absorption, and
ESR dynamically; with up to 600 volts applied for guaranteed 100%
reliable results — It’s exclusive — it’s triple patented.

* Save time and money with the only 100% reliable, in- or out-of-circuit
inductor tester available. Dynamically test inductors for value,
shorts, and opens, automatically under “dynamic” circuit conditions.

* Reduce costly parts inventory with patented tests you can trust. No
more need to stock a large inventory of caps, coils, flybacks, and
IHVTs. The “Z METER” eliminates time-consuming and expensive
parts substituting with 100% reliable LC analyzing.

* Turn chaos into cash by quickly locating transmission line distance
to opens and shorts to within feet, in any transmission line.

* Test troublesome SCRs & TRIACs easily and automatically without
investing in an expensive second tester. The patented “Z METER. 2"’
even tests SCRs, TRIACs, and High-Voltage Diodes dynamically
with up to 600 volts applied by adding the new SCR250 SCR and
TRIAC Test Accessory for only $148 or FREE OF CHARGE on
Kick Off promotion.

To try the world’s only Dynamic L.C Tester for yourself, CALL
TODAY, WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo.

SENCORE &

L ALL TODAY
3200 S D
Sioux Fally, SD 57107 WATS FREE
605-339-0100 In SD Only 1-800-843-3338

innovatively designed with your time in mind
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testing with a scope, it's
establishing how much variation
from the reference signature can
be tolerated. Subtler differences
merely may indicate variations
within spec or may indicate
degradations in performance that
eventually will show up as failures.
Knowing how to interpret the
displays requires some skill in
waveform analysis, as discussed
later in this article. However, once
these parameters are set, even
less-skilled operators will be able
to spot the failures.

This type of comparison testing
can become a general-purpose ap-
proach for screening problem
devices, both in the field and in the
lab. It’s particularly attractive for
smaller service operations, since
the equipment investment is
modest (abut $395 for the unit
discussed here), and no special test
rigs or custom fixturing is re-
quired. In fact, simple comparison
tests can be just as effective at this
level as some more complex ATE
tests that require custom pro-
gramming.

You can apply comparison
testing in board-swapping pro-
cedures, both in diagnosing failed
boards and in verifying that the
replacement is good. Or, once a
bad component has been found and
replaced on a board, you can apply
comparison testing to check the
repaired board against an opera-
tional one. You can also use this
setup for incoming tests in the
shop to evaluate parts received
against known-good ones.

The general-purpose aspect of
comparison testing is perhaps its
strongest recommendation. If
your shop handles either a low
volume of boards or a large variety
of boards, the same basic setup can
be used on all of them. You don’t
need a custom test fixture for each
type of board and bus standard.

Another advantage is to give
yourself more time to take care of
difficult technical problems. Hav-
ing established specs for signa-
tures that indicate failures, you



can assign some basic trouble-
shooting and quality-control steps
to an assistant who is trained to
run the comparison tests.

For advanced troubleshooting,
though, comparison testing also
works on a more sophisticated
level. By analyzing differences in
component signatures, you can
monitor performance and note
degradations. Applied in this way,
comparison testing can be a
valuable diagnostic tool in per-
forming preventive maintenance.

Setup and test procedure

A basic setup for running the
comparison tests is shown in
Figure 5. Note that with the test
module shown, there are no special
requirements beyond a dual-trace
scope with X-Y capability. One
reason for this is that there is no
custom interface needed between
this unit and the scope. A low-cost
scope should serve quite well,
because neither the bandwidth nor
the accuracy of the scope is
critical; the comparisons show
relative, not absolute, component
behavior.

With this setup, you've got a tru-
ly low-cost, general-purpose test
configuration. With a scope like
the one shown, you can have a
complete test rig for less than
$900. For accept/reject testing,
there isn’t much to be gained by us-
ing a more expensive scope. At
this level of cost, and particularly
if you already have the scopes, you
could equip each workstation in
your shop for comparison testing
of all types of components and un-
powered boards.

Power connections are internal
within the test unit if you're using
the IC sockets. The unit’s outputs
are connected to the X-Y inputs on
the scope. If you're testing com-
ponents on boards, connections to
the scope are the same, but your
test probe leads plug into the unit
and may terminate in mini-clips or
DIP clips for attachment to the
boards. Switches on the unit are
used to activate corresponding IC
pin numbers.

A switch on the test module con-
trols which signature is being
displayed. Once the setup is com-
plete, you test the known-good, or
reference, device first. Adjust the

Analyze defective waveforms
faster, more accurately, and
more confidently — every time. ..
or your money back
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WAVEFORM ANALYZER

with the SC61 Waveform Analyzer
Patented $2,995

If you value your precious time, you will really want to
check out what the exclusively patented SC61 Waveform
Analyzer can do for you. 10 times faster, 10 times more
accurate, with zero chance of error.

¢ End frustrating fiddling with confusing controls. Exclusive ultra
solid ECL balanced noise cancelling sync amplifiers, simplified
controls, and bright blue dual trace CRT helps you measure signals
to 100 MHz easier than ever.

¢ Accurately and confidently measure waveforms from a tiny 5 mV all
the way to a whopping 3,000 V without hesitation with patented
3,000 VPP input protection — eliminates expensive ‘‘front end”
repairs and costly equipment downtime.

¢ Make only one circuit connection and push one button for each
circuit parameter test: You can instantly read out DC volts, peak-to-
peak volts and frequency 100% automatically with digital speed and
accuracy. It’s a real troubleshooting confidence builder.

¢ Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion.
Analyze glitches, interference signals, rise or fall times or voltage
equivalents between levels; direct in frequency or microseconds.

¢ Speed your digital logic circuit testing. Analyzing troublesome
divide and multiply stages is quicker and error free — no time-
consuming graticule counting or calculations. Simply connect one
test lead to any test point, push a button, for test of your choice, for
ERROR FREE results.

To see what the SC61 can do for your troubleshooting personal

productivity and analyzing confidence, CALL TODAY, WATS FREE,

1-800-843-3338, for a FREE 15 day Self Demo.

vl S CALL TODAY
3200 S Dri

Sioux Falls, SD 57107 WATS FREE
605-339-0100 In SD Only 1-800-843-3338

innovatively designed with your time in mind
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Now test and restore every CRT on the
market . . . without ever buying another
adaptor socket or coming up
embarrassingly short in front of your
customer ... OF your money back

Emmcmanmcmens

—— T LLLES

with the new improved CR70 “BEAM EUILDER”
Universal CRT Tester and Restorer
Patented $995

Have you ever?

¢ Thrown away a good TV CRT, data display CRT, or scope CRT that
could have been used for another two or three years because you had
no way to test or restore it?

* Lost valuable customers because you advised them: that they needed
anew CRT when another technician came along and restored the
CRT for them?

¢ Lost the profitable extra $35 or more that you could have gotten for
restoring a CRT while on the job and locked in the profitable CRT
sale later?

* Avoided handling profitable trade-ins or rentals because you were
afraid you’d have to replace the picture tube when you could have
restored it?

* Had areal need to test a CRT on the job, but didn’t have the right
adaptor socket or setup information in your setup book?

If any of these things have happened to you, CALL TODAY, WATS
FREE, 1-800-843-3338, for a FREE 15 day Self Demo.

SENCORE

. CALLTODAY
3200 S Dri
Sioux E‘l:fl(:,esn 5"?;07 WATS FREE
605-339-0100 In SD Only 1-800-843-3338

innovatively designed with your time in mind
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scope for best display. If your
scope has a beam-finder feature,
you can bring the trace into view
with a touch of a button.
Remember that the scope settings
are not critical, as long as you can
see the trace characteristics clear-
ly. Once you have a good display
from the reference source, don’t
change it when you've switched to
the test source. Compare traces by
switching from one source to the
other. A selector on the switcher
unit will permit you to alternate
between traces, at adjustable
rates, to display the signature of
either device.

Diagnosis

Interpretation of the traces
should be simple and obvious. Dif-
ferences indicate a malfunction in
the device under test. For accept/
reject testing, the nature of the
difference won’t be critical.

Note that the test operator
doesn’t even have to know how the
circuit being tested operates. The
only requirement is that the power
and test probes must be applied to
identical points on each compo-
nent. Of course, as a qualified
technician, you should specify the
points to be tested and any allow-
able differences in waveforms.
However, once test procedures are
established, the operator has no
need of a schematic or of any other
reference but the display on the
scope.

Waveform analysis

As stated previously, you can
proceed to a more sophisticated
level of testing by analyzing the
nature and magnitude of any dif-
ference in the signatures. Shapes
and directions of deviation can in-
dicate the type of failure, as shown
in Figure 6. Each pair of display
photographs represents a com-
parison test of a different type of
component. Signatures of
reference devices are shown on the
left, and those of devices being
tested appear on the right. Note
that, in each case, the differences




are significant, indicating failures.
The voltage/current relation-
ships displayed indicate device
behavior in detail and can help pin-
point the nature of any
breakdowns. Some examples are:

Digital IC. In a good device, the
current and voltage legs of the
trace should be perfectly linear. In
a failed device, a spike appearing
at a junction change would in-
dicate a broken junction, perhaps
causing oscillation. Absence of a
voltage leg would result in an in-
distinct change from voltage to
current and a gently sloping trace,
indicating leakage. If the junctions
are sharp but the legs are angular,
there is resistance at the input,
and the device is not turning on
fast enough.

Flip-flop. The signature of each
pin of a flip-flop will exhibit the

same characteristics as that of a

diode. Normal and abnormal diode
signatures are shown in Figure 6.

Power transistor. A typical prob-
lem in power transistors is ex-
cessive collector-emitter leakage.
This shows up in the signature as a
vertical line (if shorted) or as a loss
of the sharp knee seen in the nor-
mal signature.

Op-amp. Failures in hybrid com-
ponents are obvious immediately.
The irregular shape of the output
leg indicates a malfunction.

Capacitor. A good capacitor
should have an elliptical signature
that is clean and regular. Ir-
regularities in what should be a
smooth curve indicate that dielec-
tric properties are breaking down,
probably causing noise in the cir-
cuit. The signature of a defective
capacitor also may be unstable.

Resistor. The signature of a
resistor should be a gently sloping,
linear trace. Any irregularities in-
dicate failure.

Training and education
The relative ease of comparison
testing, combined with its graphic
display, make it an excellent tool
for training and education. Each
type of component or circuit pro-

Walk ‘“tough dog’’ troubles out of

any TV & VCR in half the
time. .. or your money back

with the exclusive, patented,
VAG62 Universal Video Analyzer . .. $3,295

Would you like to?

* Reduce analyzing time: Isolate any problem to one stage in any TV
or VCR in minutes, without breaking a circuit connection, using the
tried and proven signal substitution method of troubleshooting?

¢ Cut costly callbacks and increase customer referrals by completely
performance testing TVs & VCRs before they leave your shop? Own
the only analyzer that equips you to check all standard and cable
channels with digital accuracy? Check complete, RF, IF, video and
chroma response of any chassis in minutes without taking the back
off the receiver or removing chassis plus set traps dynamically right
on CRT too? Simplify alignment with exclusive multiburst pattern.

* Reduce costly inventory from stocking yokes, flybacks, and other
coils and transformers, for substitution only, with the patented
Ringing Test. Run dynamic proof positive test on any yoke, flyback,
and integrated high voltage transformer . . . in-, or out-of-circuit?

e Protect your future by servicing VCRs for your customers before
they go to your competition? Walk out ‘‘tough dog” troubles in any
VCR chrominance or luminance circuit — stage by stage — to isolate
problems in minutes? Have a proof positive test of the video
record/play heads before you replace the entire mechanism?

e Increase your business by meeting all TV and VCR manufacturers’
requirements for profitable warranty service work with this one
universally recommended analyzer.

To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338,

for a FREE Self Demo . . . or learn how the VA62 works first by calling

for your free simplified operation and application instruction guide,
worth $10.00.

SENCORE g rie
. L
3200 S D
| Sioux fv';?ﬂ;r,esnns%m WATS FREE
) 605-339-0100 In SD Only 1-800-843-3338

innovatively designed with your time in mind
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REFERENCE DEVICE TESTED DEVICE
GOOD BAD

CAPACITOR

CIRCUIT OPEN/SHORT

DIODE
IC
OP AMP
RESISTOR
TRANSISTOR

Figure 6. Signatures of good (right) and
bad (lefty devices are shown in this
series of comparison tests. Any signifi-
cant difference from the known-good
reference indicates a failed device.
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duces a signature of distinctive
shape. Transitions in voltage/cur-
rent relationships illustrate elec-
tronic functions graphically. You
can actually see what the devices
are doing.

Analyzing the signatures of
failed and marginal components
points up the causes of
breakdowns, as you can see from
the examples in Figure 6. So, look-
ing at differences in waveforms is
an exceptionally good way to
demonstrate the basics of elec-
tronic theory in the classroom.
Trainees and students can observe
both the normal operational
characteristics of different com-
ponents and circuits, as well as
what happens to these
characteristics as devices degrade
and eventually fail.

The relatively low cost of the en-
tire setup makes this approach
practical within tight training and
education budgets. Minimal train-
ing time for accept/reject testing,
typically less than an hour even for

an apprentice, keeps training costs
down and reduces the time that
skilled technicians must spend
with trainees.

Major points to remember

An add-on test module for your
scope can greatly extend its
usefulness to include comparison
testing of all types of com-
ponents—analog, digital or hybrid.
Components may be tested
separately or in-circuit on un-
powered boards. No special test
rigs are needed. Injection and
sampling of a current-limited sine
wave test voltage produces
signatures on the scope display
that are distinctive for each type of
component and circuit. Visual
comparison of these signatures
can detect degradations and
breakdowns as graphic differences
between the traces of good and
bad components.

Some technicians claim that they
can screen 80% of problems with
this setup, either in the field or in

the lab. Quick isolation of failed
components, perhaps performed
by assistants, can allow skilled
technicians to concentrate on
more detailed analytical tasks. At
a more sophisticated technical
level, comparison testing also can
be used to spot marginal perform-
ance before failure occurs.

In view of the low cost of add-on
testers that can be used with any
dual-channel scope, this type of
comparison testing should become
a popular, general-purpose diag-
nostic technique. It could prove to
be a real time- and money-saver
for you by decreasing service time
and errors, reducing customer
down time, saving training costs,
reducing spare parts inventory,
and cutting board turnaround
time.

PRint Products International
announces its 160-page catalog
containing tools and supplies for
electronic maintenance and serv-
ice. Featured in this fully il-
lustrated edition are PACE de-
soldering and printed circuit board
repair products, Huntron test in-
struments, 3M static control prod-
ucts and PRINT tool cases, as
well as many other brand name
tools and instruments for repairs
in the field or on the bench.

Circle (125) on Reply Card

This 40-page catalog describes
and illustrates in color products
for high-tech equipment and mi-
crocomputer protection. Uninter-
ruptible power supplies, line condi-
tioners, modem protectors, equip-
ment isolators, spike suppressor/
filter combination, and ac power
interrupters are listed by ESP
Electronic Specialities in the

complete application specifica-
tions.

Included are tutorial sections
describing various problem situa-
tions and corrective action to be
taken. The catalog describes
numerous standard, off-the-shelf
produets, custom designs and Hot
Line problem solving.

Circte (126) on Reply Card

Innumerable items from Atar to
wire and cable are listed in the
124-page catalog released by Elec-
tronics Warehouse Corporation.
Computer parts are featured, but
expect even more pages devoted to
audio, video, test and telephone
equipment.

Circle (127) on Reply Card

Falcon Safety Products pro-
vides a 16-page illustrated guide
on preventive maintenance tech-
niques for computers and other
electronic office equipment. The
booklet guides the reader through
proper preventive maintenance us-
ing this company’s products.

The new computer owner as well
as longtime users of electronic of-
fice equipment will find the com-
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bination helpful in maintaining
computer performance while pro-
tecting the life of the equipment.
Topics covered include dust
removal, static control, print ele-
ment cleaning, platen restoration,
screen and housing cleaning, and
safety measures.
Circle (128) on Reply Card

AEG has issued a working docu-
ment titled “Turn-off Thyristors
Correctly Controlled.” It includes
detailed descriptions of the
physical processes involved in
turn-on and turn-off operations of
turn-off thyristors (sometimes
called GTOs) as well as the resul-
tant requirements for correct
operation. The description of some
technically sophisticated control
equipment also gives the circuit
designer more detailed practical
assistance. A simpler and thus less
expensive concept also is present-
ed. A dc actuator and a pulsed in-
verter for 3-phase rectifiers are
described as examples of the use of
turn-off thyristors. Heretofore,
this kind of information has been
available, in detail, only in Ger-

man.
Clircle (129) on Reply Card um



In today’s competitive test-equip-
ment marketplace, there’s a wide
variety of oscilloscopes to choose
from. Although newer models offer
increased portability and many en-
hanced features, basic scope func-
tions are pretty much the same from
one model to the next. The accom-
panying article describes a type of
comparison-test module that can be
used with dual-channel oscillo-
scopes, or scopes that handle in-
puts from two sources. As the arti-
cle points out, comparisons that
test one component against another
don’t necessarily require scopes
with elaborate features. So, to cover
the basics, here’s a primer on scope
features and terminology.

What does a scope do?

The basic function of any oscillo-
scope is to measure variations in
voltage over a time base. The result
is displayed as a curve on a graphic
coordinate grid on the face of a
CRT. The vertical dimension, or y
axis, is the voltage component and
the horizontal dimension, or x axis,
is the time base, which proceeds
from left to right.

The actual display of the voitage
curve on the face of the scope’s CRT
is called a trace, and the study of
trace characteristics in diagnosing
electronic circuitry is called wave-
form analysis.

By itself, an oscilloscope is a
passive tester. It measures voltages
within powered circuits. To conduct
certain types of waveform analysis,
a separate signal generator may be
used to inject sine- or square-wave
test patterns into a circuit under
test.

A component test feature is found
on some scopes. Jacks on the
scope provide output of a low-
current sine-wave voltage that can
be applied across component con-
tacts. In this type of test, the scope
becomes an active part of the circuit
being tested.

How are scope functions arranged?

The most common types of
scopes include single-channel and
dual-channel models. A single-
channel scope can accept the input
and display the trace from one
source. A dual-channel scope can
handle two sources and can display
either trace, alternate between
traces, or display both at the same
time. On dual-channel scopes, the
same time-base is applied to each
channel.

For the type of comparison test-
ing described in the article, a dual-
channel scope is required. In this
type of testing, the trace from a
known-good component, or refer-

ence device, is compared visually
with that of a suspected-bad compo-
nent. Separate channels are needed
to handle inputs from each source.
Causing the display to alternate be-
tween the two traces is an especial-
ly effective way of detecting any dif-
ferences. Differences in the traces
indicate device failures.

For waveform analysis, the de-
layed sweep feature is useful. De-
layed sweep, in effect, is a snapshot
of one portion of the voltage curve,
or a captured time segment from
which the trace is refreshed contin-
uvally by the CRT beam. Using
delayed sweep, the voltage compo-
nent can be amplified so that the
techniciancan home in on a particu-
lar portion of the trace to study
waveform characteristics in detail.

This type of analysis may be neces-

sary to diagnose marginal perform-

Typical ranges are 0.1V to 5V and
5mV to 50mV. Switches on some
test probes also affect these
ranges, permitting the technician to
select multipliers of X1 or X10.

Time/div—This control deter-
mines the value of each increment
on the x axis of the display. On a
dual-channel scope, one time/div
setting controls both channels,
because the same time-base is ap-
plied to each. Typical ranges are
0.1s to 2s, 0.1us to 50us and 0.5us to
50us.

Vert mode—On dual-channel
scopes, this set of controls is used
to select and display one or both
channels, to alternate between
channels, to chop the display, or to
invert the polarity of the trace.

Chop—This term refers to the
process of manipulating fow-fre-
quency waveforms to produce a

A

VOLTAGE

TIME

ance, rather than outright failure.

A basic characteristic of scopes
that affects price is bandwidth, or
the range of frequencies to which
the scope can respond. Wideband
scopes with bandwidths greater
than 100MHz are relatively expen-
sive, but may be needed for some
RF applications and for analysis of
binary data signals, as in digital
telecommunications. For the com-
parison tests described in the arti-
cle, a low-current, fixed-frequency
test voitage of 50Hz to 60Hz is ap-
plied to components or boards. This
frequency is well within the band-
widths of scopes in relatively mod-
est price ranges. The scope shown
in the setup in Figure 5 has a band-
width of 20MHz.

Basic controls, terminology
and selected features
Volt/div—This control determines
the value of each increment on the y
axis of the display. On a dual-
channel scope, two controls will be
found, one for each source/channel.

more readable display. The resulting
trace shows segments of wave-
forms, as if chopped.

Delay—On scopes that feature
delayed sweep, the delay function
controls the time interval between
trace samples. Typical ranges are
0.1us to 10us and 0.1us to 10us.
(Some scopes also can vary multi-
pliers of this parameter within a
range of X1 to X10.)

Trigger mode— Selection of trig-
ger mode determines what condi-
tion will initiate the voltage sample
displayed. In the NORMal setting,
display begins the moment voltage
is picked up by the probe. In AUTO-
matic mode, the display does not
begin until peak voltage is sensed.

Variable holdoff— Function used
to contain a stable display when
measuring an aperiodic signal, or a
waveform of variable frequency.

Beam finder—This convenience
feature is used to center the trace
within the display at the touch of a
button, regardless of any other set-

tings on the scope. i
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Impedance

testing

methods

By Gregory D. Carey, CET

Many people are surprised to
learn that there is no standard
method to test capacitors and in-
ductors. The simple construction
of these passive components dis-
guises the difficulty in testing their
value. It is their reactive nature
that causes the problem.

All tests of capacitance or induc-
tance must use an ac test signal
because reactance cannot be de-
tected with pure dc. This ac link
causes variations among test
methods. The variations become

insignificant when testing com-
ponents with nearly pure induc-
tance or capacitance. But most
components have non-ideal condi-
tions that cause them to be fre-
quency dependent. Before looking
at the tests available, it’s impor-
tant to understand the non-ideal
nature of reactive components.

Lossy components
Reactive components are never
ideal. The components with the
largest variations from an ideal
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Figure 1. The value vs. frequency char-
acteristics of a lossy coil show why such
a coil gives different values for different
test methods.

model are often called lossy. All
components have a self-resonance
frequency. The lossy components
simply have a much lower self-
resonance than low-loss com-
ponents. Any method of testing
value becomes meaningless if it oc-
curs at a frequency at or above the
self-resonance frequency.

An ideal capacitor has no resis-
tance or inductance, but all real
capacitors have some resistance
and some inductance. The two
main resistance paths are through

the insulating dielectric (leakage)
and in series with the capacitor
plates (equivalent series resistance
or ESR). Inductance comes from
the leads and the metal plates. The
resistance and inductance combine
with the capacitance value to
determine the self-resonant fre-
quency.

The construction of aluminum
electrolytic capacitors causes them
to have the highest losses and, in
turn, the largest variation with
frequency. Tantalum capacitors

@
UNKNOWN g
L «

STANDARD (P (?
% RANGE

Figure 2.

Figure 2. The R mode of an impedance bridge balances the voltage division of the
unknown resistor and selected range resistor against the standard resistor and
value potentiometer.
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have much lower losses than
aluminum electrolytics but are still
very lossy compared to ceramic
disk or plastic film capacitors. The
new monolythic ceramic capaci-
tors, which pack extremely large
values into very tiny volumes, are
also more lossy than conventional
disk ceramics.

Similarly, every coil has series
and parallel resistance, which
dissipate energy. Plus, all coils
have some capacitance between
windings, causing self-resonance.

Inductors with the highest losses
are those using laminated-iron
cores, such as chokes or power
transformers. The new micro
coils, which compact extremely
high inductance levels into a
volume about the size of a W
resistor, also cause larger losses
than we've seen formerly. These
coils have a high dc resistance,
because of the hair-fine wire used,
and use a high permeability core
material that changes in perme-
ability with frequency. The lowest
loss coils use an air core, but these
coils need a much larger volume
for a given inductance value.

The lossy component shows a
much greater change in measured
value vs. frequency than a similar
low-loss component. This also
means different value readings

with different test methods. Low-
loss components, on the other
hand, read nearly the same on all
L/C testers. Knowing this can help
choose the right type of tester to
match the requirements of each
testing situation.

The balanced impedance bridge

Many people think of the bal-
anced impedance bridge as the
standard way to test reactive com-
ponents. The only thing that
makes this method any more stan-
dard than the others is that it has
been around a lot longer. But it
suffers from several limitations, as
you will see later.

The impedance bridge is a varia-
tion of the Wheatstone bridge.
When testing resistance, as shown
in Figure 2, the bridge balances
the ratio of a potentiometer and a
standard resistor with the un-
known resistor and one of several
range resistors. When the two
voltage-division ratios are iden-
tical, both ends of the null-
detecting meter have the same
voltage potential, causing it to
read zero.

When testing capacitance, a
standard capacitor is added to one
of the legs of the bridge. This
capacitor has a potentiometer in
series, so we can add resistance to

‘L VALUE

STANDARD

D SERIES RESISTANCE
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UNKNOWN CAPAClTOR
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Figure 3.
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Figure 3. The C mode of the bridge replaces the standard resistor with the combina-
tion of the D control and standard capacitor. The reference signal becomes ac and

the null meter becomes ac detecting.

Check
Digital IC's
in-circuit
Fast!

In the field or
on the bench.

B&K-PRECISION

gives you the
answers for
TTL or CMOS

Model 550 (for TTL) $395
Model 552 (for CMOS) $395
New B&K-PRECISION IC Comparator
Testers/Logic Monitors put you on the fast
track to digital troubleshooting. IC’s are
tested by comparison to a known good
device, allowing you to test hundreds
of types with one simple operation.
As logic monitors, they simultaneously
indicate the logic states of up to 20 IC
pins. No need to check pins singly
with a logic probe.
Tests most 14 to 20 pin, 54 and 74
Series TTL (Model 550) or 4000 and 74C
Series CMOS (Mode! 552) devices.
* Convenient one button testing
* Reverse polarity and overvoltage
protection
* Uses power from equipment
under test
* Memory stores short duration pulses
and intermittent events
* Zero insertion force reference
IC socket
e LED at each IC pin identifies
where fault exists
* Includes 16 and 20 pin DIP clips
* Compact hand-held size
Availabie from stock at your local
B&K-PRECISION distributor. For more
information contact your distributor or:

o PRECISION

DYNASCAN
CORPORATION

6460 West Cortland Street
Chicago, lllinois 60635 » 312/889-9087

International Sales, 6460 W. Cortland St.. Chicago, IL 60635
Canadian Sales; Atlas Electronics. Ontario

South and Central American Sales,
\ Empire Exporters. Plalnview, NY 11803 ’
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Figure 4. The L mode moves the stan-
dard capacitor to the leg opposite the
unknown coil so the reactive capacitor
signal cancels the phase of the reactive
coil signal.

simulate the resistive part of im-
perfections in the capacitor under
test. This control (called the D con-
trol) de-tunes the standard
capacitor, so we can balance the
phase angles of the bridge signals.

You may suspect that you would
replace the standard -capacitor
with a standard coil as a reference
when testing inductors. That’s not
the case because it's too hard to
build a standard coil that will not
be affected by such variables as
temperature, aging or magnetic
fields. The same standard
capacitor is used as in testing
capacitance. To do so, however,
the positions of the value poten-
tiometer and the capacitor/poten-
tiometer combination are ex-
changed, so that the lagging phase
of the capacitor voltage cancels the
leading phase of the coil under
test. The markings on the D dial
are then interpreted as Q values,
because Q and D are reciprocal of
each other.

Limitations

of the impedance bridge
The biggest problem with the
conventional, manually operated
impedance bridge is that it is slow.
Between four and eight switches
and controls must be jockeyed in
different combinations until the
null meter reads as close to zero as
possible. And, most of these con-
trols interfere with others, mean-
ing moving from knob to knob, and

back, to test each component.
Setup is complicated on lossy
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components because of a condition
known as the sliding balance. This
causes the null-point of the value
control to move when the D knob is
turned and vice versa. The only
way to find the correct null is to
try several different settings of
the value knob and re-null the D
knob, while observing the relative
level on the meter. Since the null
moves, this may call for several
repeated measurements to get
somewhere close to the true value.

An impedance bridge measures
inductive and capacitive reac-
tance, instead of true capacitance
or inductance. This causes a bridge
using one test frequency to give
different results than another us-
ing a different frequency when
testing lossy components. The on-
ly way around this is to use the
same frequency on both bridges.
The calibration of the value and D
controls, however, only applies to
the single frequency (or group of
frequencies) for which the bridge
was designed. Formulas are need-
ed to compensate for any other
frequency fed into the external
generator input jacks.

Finally, impedance bridges pro-
duce additional errors when
testing polarized electrolytic
capacitors. Electrolytic capacitors
act like a rectifier and clip part of
the ac test signal, causing the
value to read low. The cure for this
is to use an external dc bias to
move the test signal above ground,
so the test signal no longer
reverse-biases the capacitor.

Quadrature phase testers

The impedance bridge -circuit
does not lend itself to automatic
digital testing because of the many
variables that have to be changed
for each component test. Many
digital L/C meters use a
quadrature-phase detector to
determine L and C values. These
testers use an ac test signal,
similar to the bridge, to test the
capacitive or inductive reactance
of the components. Although the
tester uses the same frequency as
an impedance bridge, this does not
insure identical value readings on
lossy components.

The tester applies the test signal
to a series combination of the com-
ponents under test and a reference
resistor. Part of the signal across
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Figure 5. The quadrature-phase tester detects the amount of signal across the
range resistor that is 90° shifted from the reference test signal to determine the reac-

tance of the unknown component at 1kHz.

the resistor will be in phase with
the generator signal and part will
be in quadrature phase (90°
shifted) from the generator. The
in-phase part of the signal cor-
responds to the resistive part of
the impedance of the unknown
component at the chosen test fre-
quency. The quadrature-phase
signal corresponds to the reactive
part of the impedance.

The block diagram in Figure 5
shows how model 252 digital im-
pedance meter from Electro Scien-
tific Industries (ESI) tests
capacitance. The model 252 uses
an automatically leveling signal
generator to hold the voltage drop
across the unknown capacitor at a
fixed level. It then uses the quad-
rature phase detector to measure
the current passing through the
reference resistor. When testing
coils, the voltage across the range
resistor is held constant (resulting
in a constant current passing
through the unknown inductor)
while the quadrature-phase detec-
tor determines the voltage drop

across the unknown component.

The model 4192A impedance an-
alyzer from Hewlett Packard uses
a variation of the quadrature-
phase testing method with the ad-
ditional feature of being able to
make tests at any frequency be-
tween bHz and 13MHz. Its $11,590
price tag, however, limits it to
laboratory applications.

The quadrature phase measure-
ments agree closely with an im-
pedance bridge when testing low-
loss components, or components
with flat frequency response. The
readings on single- or double-
frequency testers, however, may
vary compared to other methods
when testing lossy components.
The variation will be the greatest
when the component happens to
have a self-resonance near the test
frequency of the tester, such as
with eletrolytic capacitors.

R-C time constant tests
Many digital testers determine
capacitance with a resistor-capaci-
tor (R-C} time constant. The R-C
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Figure 6. The R-C system measures the
time required to charge the unknown
capacitor through a precision resistor to
determine capacitance.

system uses simpler circuits than
other testers for lower costs. In
addition, the circuits need very lit-
tle power, allowing battery opera-
tion of some testers. The R-C time
system effectively tests the
capacitance at de, so there is no
chance of getting erroneous
results because of self-resonance.

As Figure 6 shows, the tester
feeds a regulated voltage to the
capacitor under test through a
precision resistor. A digital timing
circuit measures how long it takes
for the voltage across the
capacitor to vary between two
voltage levels. For example, the
Sencore Z Meter measures the
time needed to change from 0.5V
to 3.5V. The charging time and the
value of the series charging
resistor determine the value.

The R-C measurements agree
closely to either of the other
methods of testing capacitance
when measuring low-loss
capacitors. Aluminum electrolytic
capacitors generally show a higher
value on the R-C testers than on an
impedance bridge because of two
physical properties.

The first reason for the higher
readings is that the water
molecules in the electrolyte solu-
tion inside the capacitor become
resonant near 1,000Hz. This
causes the dielectric constant to
decrease, resulting in a lower ap-
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parent value. This is the reason
that many bridges use a 120Hz-
test frequency when testing elec-
trolytic capacitors.

The second reason for the higher
readings is that the capacitor’s
equivalent series resistance (ESR)
increases as the test frequency
becomes closer and closer to zero.
This ESR is in series with the
tester’s charging resistor, causing
the time constant to increase and
the apparent value to increase.

The higher readings do not cause
testing problems, however,
because of the wide tolerance
placed on electrolytics. A typical
electrolytic specification is —20%,
+100%, meaning a capacitor
marked 50uF could have a value
anywhere between 25uF and
100uF and still be within the
manufacturer’s tolerance. The
variations between readings never
vary between test methods by
more than the marked tolerances
for a good capacitor.

The biggest problem with an R-C
tester, however, is that many
capacitor failures do not cause the
value of the capacitor to change.
Therefore, a value-only tester
often will indicate a good capacitor
when it actually causes problems
in the circuit. Better testers have
more tests (such as leakage at
rated voltage, ESR and dielectric
absorption) to find capacitor prob-
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Figure 7. The Q meter measures the
voltage across the L/C tank circuit to in-
dicate when it reaches resonance with
the test oscillator frequency.

lems missed by the R-C value test
alone.

Q meter

The Q meter is mainly used for
testing coils used in high frequen-
cy circuits. The main advantage,
compared to an impedance bridge,
is that it uses much higher test fre-
quencies, so that the value and the
Q indications will be closer to the
way the inductor responds in the
circuit than when tested at 120Hz
or 1,000Hz. The Q meter does not,
however, work at frequencies
much below 50kHz, meaning it has
limited uses on coils with low self-

resonant frequencies, such as
chokes.

The Q meter consists of an ad-
justable oscillator, an ac

voltmeter, and a low-loss tuning
capacitor. The operator adjusts
the oscillator frequency and the
tuning capacitance for the highest
meter reading. This indicates that
the unknown coil and the internal
capacitor are in resonance with the
selected frequency.

Unlike with a bridge, however, it
is unnecessary to alternate be-
tween the two adjustments to find
a single null point. In fact, there is
no single combination of ad-
justments that applies to a par-
ticular coil. One of the two ad-
Justments is preset, and the second
one then tuned for the highest
reading.

Generally, the frequency is set to

one of six frequencies, depending
on the value of the coil. The tuning
capacitor is then adjusted for peak
reading and the inductance value
is read from the capacitor’s dial.

Although the Q meter tests the
coil under conditions that are
much closer to the way the colil
responds in the circuit, it usually
does not duplicate the circuit com-
pletely, unless the circuit happens
to operate at one of the six prede-
termined test frequencies. The
oscillator can be set to test the coil
at a particular frequency, but the
inductance values marked on the
tuning capacitor will no longer ap-
ply. Formulas can be used to ap-
proximate the actual value at
other frequencies.

DI/DT inductance testing
This inductor testing method is
similar to the R-C capacitor
testing method. It depends on the
basic definition of inductance,
E(t) = L di (tydt,
which does not involve phase
angles nor frequency components.
This formula is based on a coil’s
property to produce a reverse
voltage (EMF), which depends on
the inductance (L) and the rate of
change of the current passing
through the coil, di (t)/dt in the for-
mula. When the current reaches a
steady-state condition (no longer
changes), the only voltage across
the coil will be caused by the de coil
resistance.
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Figure 8. The di/dt inductance test
measures the reverse EMF generated
during the climbing current ramp and
then subtracts the voltage drop from the
resistive value during the steady current
level.

As Figure 8 shows, the DI/DT
test applies a current ramp
through the coil, while a peak-
detector stores the highest in-

duced voltage on a cupacitor.
After reaching its peak, the cur-
rent generator then holds the cur-
rent at a constant level for several
milliseconds to determine the dc
resistance of the inductor. The
resulting steady-state voltage is
then subtracted from the peak
value stored on the capacitor to
determine the true inductance.
The DI/DT method effectively
tests the coil at a frequency as
close to zero as possible. (Induc-
tance cannot be tested with pure
de because it only has dc resistance
without a changing signal.) Similar
to the R-C capacitance tests, the
DI/DT inductance test provides a
way to determine inductance value
much easier than with an im-
pedance bridge and with lower
cost than the quadrature phase
detection method. It reads the
same value as all the other induc-
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tance test methods on low-loss
(high Q) coils.

Sencore Z Meters use this
patented method to determine in-
ductance, the patent on this test
method explaining why it is not
found on other testers. These units
also include a special ringing test
that detects shorted turns in most
inductors without needing to know
the value of L or Q. The ringing
test measures the effective @, but
the readings are scaled, so good in-
ductors display a value larger than
10 and bad ones show a value less
than 10. In this way, the actual Q
value does not need to be known.

As we have seen, there are many
methods to test reactive com-
ponents. Each has some advan-
tages and some disadvantages,
depending on your particular
testing needs. The best way to
choose a tester is to decide what
types of tests you will need and
then locate the tester that gives
you these tests at a reasonable
cost.
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What do you know about

electronics?

By Sam Wilson

Visual modulation

Unless you are a specialist in
communications, you may not
have spent much time trying to
visualize the various types of
modulated signals. However, this
is an important part of under-
standing modulation and other
complex waveforms. It is especial-
ly important today when these
complex waveforms are being con-
verted into digital equivalents for
the new all-digital audio and TV
systems.

In this article I want to lay some
of the groundwork that will give a
better understanding of some
modulated waveforms.

Figure 1. This representation gives a
picture of how the amplitude, time and
frequency are related in a waveform.

Oscilloscope displays

The oscilloscope is the best in-
strument to use for visualizing
waveforms. Unfortunately, it pro-
vides a 2-dimensional display of a
3-dimensional waveform, so, we
have to imagine our position for
the third dimension.

There are three facets of a
waveform: amplitude, frequency
and time.

Figure 1 is a 3-dimensional draw-
ing that shows how the three
facets are related. Figure 2 shows
how the waves look on a time do-
main display (viewed from A of Fig-
ure 1) and a frequency domain dis-
play (viewed from B of Figure 1.)

Time domain displays are used
when it is necessary to view the
shape of a waveform. That is the

usual oscilloscope display and it
will not be discussed further in this
article.

The frequency domain display is
useful for showing the relation-
ships between frequencies.

Another type called the logic do-
maan displays the zeros and ones
for various points in a logic circuit.
It will not be discussed here.

There hasn’t been much success
with 3-dimensional displays, but I
remember one very clever version.

Figure 2. Looked at in the direction of
arrow A in Figure 1 (the time domain),
the amplitude-time-frequency plot would
look like the one shown in A. Looked at
in the direction of arrow B in Figure 1
(the frequency domain), the amplitude-
time-frequency plot would look like the
one in B.
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It was used to track the path of
missiles that were fired down the
Atlantic range.

The scope was made in an
aquarium filled with a plain
gelatin. The bottom of the
aquarium was a relief map of the
eastern seacoast of North and
South America.

When the missile fired, its route
was traced with the end of a fine
(long) hollow needle. India ink was
emitted from the end of the nee-
dle, and the ink was trapped by the
gelatin,

As the missile moved, the ink
from the pen left a permanent path
that showed the down-range tra-
jectory.

You can accomplish the same
thing today with a personal com-
puter graphic display. We have
come a long way in the 30-plus
years since the gel scope.

Figure 3 shows the frequency
domain display of a signal that is
amplitude modulated. A time do-
main display of the AM signal also
is shown in this illustration.

In the frequency domain display,
the carrier is a single frequency
seen from the end view. There is
an infinite number of frequencies
set edge to edge in each sideband
display. This display shows that
over a period of time all of the
audio modulating frequencies
would eventually be present.

The two displays of Figure 3
demonstrate the problem of
oscilloscope 2-dimensional dis-
plays. You can't see the sidebands
in the time domain display, and
you can’t see the wave shape in the
frequency domain display. In other
words, it takes two displays to
show the signal accurately.

In order to perform a sweep
alignment, it is necessary to use
the oscilloscope in the frequency
domain display. Figure 4 illus-
trates this concept.

The familiar test setup is shown
in Figure 4(a). The sweep
generator moves the scope trace
horizontally along the line that is
marked “frequency” in Figure 1.
The amplitude at every point is
based on the frequency response of
the turned circuit under test.

The overall result, shown in
Figure 4(b), is an infinite number
of frequencies seen on edge. A
marker on the response curve is
used to indicate some particular
frequency on the response curve.

(a

Figure 3.

CARRIER
FREQUENCY
DOMAIN DISPLAY
SIDEBANDS
L\n

TIME DOMAIN
DISPLAY

Vi

Figure 3. An amplitude-modulated signal would appear as the drawing of A in the
frequency domain and as the drawing B in the time domain.

I have never been able to under-
stand the reluctance of technicians
to use the Z-axis of an oscilloscope
for adding the markers to the
display. The Z-axis controls the
display brightness.

When the marker signal, which
is a fixed frequency, is delivered to
the Z-axis, there is a bright spot on
the display that represents the
marked point.

The advantage of using this
method for marking is that there is
little likelihood of the marker in-
terfering with the sweep display.

The marker also can be added
between the tuned circuit and
scope. This point is marked with
an “x” in Figure 4(a). That is
sometimes called the post marker
method.

Markers should never be in-
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Figure 4.

(b)

Figure 4. Sweep alignment is carried out using a setup such as this.
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Figure 5. Another way to visualize waveforms is to use rotating phasors.

serted at the point marked *y”
because that is almost sure to pro-
duce distortion of the display. This
is true although the amplitude of
the marker is set per manufac-
turer’s recommendations.

Before there was sweeping
there was wobbulating

When someone finally gets
around to making a trivia game for
technicians, the term wobbulator is
sure to be included. That is the
name of early (1930s and 1940s)
sweep generators used for align-
ing the IF stages of superhetero-
dyne radios. It was a signal
generator with an L-C tuned cir-
cuit. One plate of the capacitor
was mechanically jiggled to cause
the frequency to sweep.

Phasor representation

Another way to visualize
waveforms is to use rotating
phasors. As with the oscilloscope
displays, all waveforms can be
represented this way. However, it
does require a considerable
amount of imagination. Take the
case of a rotating phasor used to
produce a 100% modulated AM
signal. (This waveform is shown in
Figure 3.)

Figure 5 shows how the rotating

phasors produce the AM signal.

The AM signal is produced by
three individually rotating
phasors. The long one represents
the carrier. The audio modulating
signal produces sidebands that are
represented by smaller phasors
rotating in opposite directions.

To get any point on the
amplitude-modulated signal you
simply take the resultant of the
three phasors. If you are trying to
visualize the rotating phasors, you
must make the carrier phasor
rotate at the AM frequency—say
IMHz. The sideband carriers
rotating in opposite directions
must turn at a rate that is one-
thousandth the speed of the car-
rier phasor.

In other words, for a 1,000Hz
modulating signal on a IMHz car-
rier, the carrier phasor rotates a
thousand times each time the side-
band phasors rotate one complete
circle.

You can see from this visualiza-
tion that the illustration in Figure
3 is not accurate. To make it ac-
curate, you would have to draw
1,000 carrier waveforms in the
space of one audio cycle on the
signal envelope.

When you are visualizing the
rotating phasors, it is convenient

56 Electronic Servicing & Technology May 1986

to start by picking the place where
the modulated signal has zero
amplitude and also where the
modulated signal is twice the
average amplitude. When the side-
band phasors are pointing against
the ecarrier phasor, they add
together to equal the carrier and
the amplitude is zero. This is
shown in Figure 5.

When the sideband carriers are
both pointing in the same direction
as the carrier, they add together to
produce a resultant that is twice
the carrier length.

At all other points, the sideband
phasors combine to produce the
resultant wave shape.

It takes a very healthy mind to
be able to visualize a simple
amplitude-modulated wave in this
manner. In a single sideband
signal, you eliminate the carrier
phasor and one sideband phasor
and then visualize the remaining
phasor as it moves around in its or-
bit. The projection of that phasor
on a time axis represents a single
sideband signal. That takes an
even healthier mind.

Nevertheless, many technicians
visualize complex modulated
waveforms in this manner. If you
aren't already doing so, you should
at least give it a try.



Photofact
AN

These Phototact tolders for TV receivers have been released by Howard W. Sams since the last report in ES&T.

AOC

C3621RA, C3622RA(RUN10A) .. ............. 23971

EMERSON

ECRE2NE R T % 41 s s oz, R Lor ol @ S w2 AL 4. & 2398-1

EMERSON

ECS138/A% famnr e e Aot e & ol o FYall el vl 2399-1

GENERAL ELECTRIC

Chassis19PC-F,19PC-H ... ................. 2399-2

KTV

T S 0 O O e e 1 s B o aror et Ko - e 2400-1
- PHILCO

R3939WWAO1, R3939TWAODT ................ 24021

QUASAR

ChassisGC110,MC110 . ... ................. 2398-2

QUASAR

Chassis ABDC119, ALDC119, BDC119,

G119 . et 2403-1

RCA
Chassis CTC117C

SEARS
562.41520450/451

WARDS
GNB12884A/B/C

ZENITH
A1908W6/20W1/20W3/22PT1/26W4/36P4/92W1,
SA1923W1/23X1/27W4/37P4/97W4,

SV3921WA1

ZENITH
A1908W5/20W5/20W60/26W/36P/92W5/92W60/96W,
$1906C5/C60, SA1923W5/W6E0/X5,

SANI27WIITP & a s oris siems 615 ol 56 Ao e o 0 2401-2
COLOR MONITOR

SANYO

AVM255 ... . 2401-1

NESDA
Computer Group

COMPUTER SALES AND SERVICE DEALERS
WORKING TOGETHER

O Service training.

Assistance in
selecting in-house
equipment and
software.

2 =) iy _‘“".

Specialized soft-
ware for service
management.

=

[J Factory contacts for service literature and parts.

[J Involvement in a stable and productive national
trade association.

r—--——————————— —————— S o e ——

FOR MORE INFORMATION SEND BUSINESS CARD TO:
NESDA COMPUTER GROUP, 2708 WEST BERRY STREET
L FORT WORTH, TEXAS 76109; PHONE (817) 921-9061

OPTIMA ELECTRONICS

2022 Tigertail Blvd.
Dania, Florida 33004
In Florida Call: (305) 920-3550 Nationwide Call: 1-800-327-.0224

TO ORDER CALL TOLL FREE 1-800-327-0224
Call and ask for our current fltyer

O 28C1172BToshiba ...................... $1.69 ea. min. 50
0 28C2315—-REP.ECG152................. $ .29 ea. min. 50
0 2N3055—REP.ECG130.................. $ .45ea.min. 20
0 TDA2002V—-REP.ECG1232 .............. $ 50ea.min. 10
[0 PN2222A—REP.ECG123AP............. $ .06 ea. min. 500
O AN239 ... e $6.99 ea. min. 5
00 523/526 —tripler ... ... $10.95 ea. min. 10
O 4.7 mfd @ 50V radiai $ .10 ea. min. 100
0O .01 mfd @ 100V ceramicdisc ............ $ .06 ea. min. 100
0 6GH8—G.E.brand ...................... $2.04 ea. min. 10
0 8950~G.E.brand ....................... $12.95ea. min. 3
0 6MJ6/6JE6/6LQ6 — Sylvaniabrand . ......... $8.95 ea. min.5
O 2-way splitters(UHF/VHF) . ... ... ... .. $ 59ea . min. 25
0 F59/F59A —cable connectors .. ....... ... $ .09 ea. min. 200
0 TVIVCR push-on quick connect balun .. .. .. $ 60ea. min. 10
O Rembrandt Power King 900

(topofthesety ... ... ... ... ... .. ... .. $8.95 ea. min. 6
O Backofthesetantenna ................... $2.40 ea. min. 5

Terms of Payment & Shipping:
. $75.00 minimum on all orders!
. Orders will be sent by COD, Visa or Master Card!
. COD on new accounts must be certified check or cash!
. All merchandise has a {6) six month warranty unless stated
otherwise!
. All orders shipped via UPS or U.S. Post Office within 24 hours!
. Prices subject to change without prior notice!
. Offer good while supplies last!
Ask for our free flyer!

SEND CHECK OR MONEY ORDER TO:

OPTIMA ELECTRONICS
2022 Tigertail Bivd., Dania, FL 33004
Phone {305) 920-3550 TOLL FREE: 1-800-327-0224
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Circuit repair kit

APE Corporation announces the
addition of the Combat Circuit
Repair Kit to its line of PCB
repair/rework systems. Included
in the kit are systems for replacing
circuits, plated-through holes and
laminates. Also included is a varie-
ty of circuit saws and fixtures as

well as all necessary tools, fixtures
and materials to repair virtually
any kind of PCB damage.

Circle (75) on Reply Card

Multifunction capabilities
The Electra, AEMC’s multifunc-
tion meter, measures current,
voltage, insulation resistance and
ground conduction continuity.
When used with an optional light

display, as well as built-in safety
features such as a warning beeper
that indicates unwanted ac on con-
tinuity and insulation tests, and a
permanent overload protection up
to 600V on all ranges without
damage. It also can be used with
all of AEMC’s Add-a-Function
modules (each of which ecan
transform the Electra into a
dedicated instrument capable of
measuring many different param-
eters).
Circle (76) on Reply Card

Variable sensitivity control

Riser-Bond Instruments has in-
troduced an improved digital time
domain reflectometer, cable fault
locator, with a new, adjustable
sensitivity control.

The model 2901B with variable
sensitivity is adjustable from at
least 20dBRL to 40dBRL. This
feature of the model 2901B will af-
ford greater flexibility, enabling
the user to find smaller problems,
measure longer cables, and look
through some multiple faults.

Circle (77) on Repiy Card

Continuity tester
Vaco Products offers the No.
70305 continuity tester that
detects shorts or broken circuits in
all types of electrical devices.

module (model CL2010), the Elec-
tra measures light intensity. When
used with an optional ground
resistance tester module (model
CRT2010), it becomes a ground
resistance tester. The Electra
features a large, 2,000-count LCD

Used for testing circuits with
power off, the 70305 checks lamp
cords and fuses, motors, electrical
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appliances, switches and recep
tacles, and many other devices. It
features a 36-inch lead wire with a
fully insulated alligator clip, and a
3Y-inch pointed probe. The ex-
clusive Comfordome handle has a
nylon cap that can be removed for
battery and bulb replacement.
Circle (78) on Reply Card

Cable fault locator
Model 6500 cable fault locator,
by Triplett (a Penril Company)
provides direct readout of cable

length, detects and identifies loca-
tion within one foot of shorts or
opens on a variety of cable types
from 15 to 6,000 feet in length. It
is capable of making measure-
ments on coax cables, twisted
pairs and on power cable used for
indoor wiring, cabtyre cable and
multiconductor shielded cable. An
NVP reference chart is included
with each unit.
Circle (79) on Reply Card

Up to four extra hands

Few jobs in the electronic and
electrical world are more
frustrating than the ones that re-
quire “three or more hands”-two
to hold the work and a third or
more to apply solder or some other
operation. The smaller the com-
ponents, the more difficult it usual-
ly proves to position it accurately
and firmly.

The Gripmate, from Gripmate
Enterprises, is a clamp that pro-
vides up to four extra hands, able
to grip small components, wiring
and other items in an infinite
number of positions.

A Dbase block that clamps to a
bench, cabinet or apparatus in any
plane, carries four semi-rigid in-
sulated wires (stayput arms), each
fitted with an alligator clip to hold
the job. Alternatively, any of the
arms can be replaced with one at-



cling tests of boards and compo-
nents.

Model 138 circuit tester uses
standard 