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g0 back for a scope!

60-MH: full-function
field-service Attache Case

Oscill osizwﬂelsso light and

small it
everywhere, every tnme.

LBO-325 packs all the power and
performance of a cumbersome,
backbreaking, 60-MHz workbench
oscilloscope into an easy-to-carry, uitra-
compact, featherweight unit. Although its
3Ye-inch CRT is as big and clear as
screens on large field-service scopes—
LBO-325 weighs only 9 Ibs. Sc it won't
weigh field-technicians down, no matter
how far afield they gc! LBO-325 is so
small it fits inside a 3-inch deep attache
case with room to spare for a multimeter,

service manuals and some tools. The ideat

full-function scope for a cramped
work area or crowded bench. y

Reduces the cost of
service

Time is money. A scope
lett in the vehicle takes
time to retrieve. One kept
in the shop causes repeat
sesvice calls. The LBO-325

Attache Case Oscilloscope i |s SO
easy to carry and use, techs will
take it everywhere, every time.
And the time saved translates into
extra profits for years to come.

Outperforms all other

portables:

* 60 MHz < Dual channel « ALT TIME
BASE simultaneously displays main

waveform and any expanded portion

» ALT TRIG for stable display of.

2 asynchronous signals * Bright,

sharp 12-kV trace * Large 3'2-inch

PDA CRT - {iluminated graticule

« Comprehensive triggering * TV-V and

TV-H sync separators « Variable trigger

hold-off « Delay line shows sharp leading
edges » CH-1 output drives
low-sensitivity instruments

*Measures only 3 x 9 x 113s

inches * Weighs 9 Ibs.

Sometimes it’s ha;d toe b A AR AN
3= M WY

Two-year warranty.
Built tough to provide long
use, LBO-325 is backed by
Leader's 30-year reputation
for reliability and by
factory service depots
on both coasts.

,__J:'\ AAA

Vi

LBO-325 CRT is shown actua’ size.

Call toll-free >t
(800) 645-5104
In NY State
(516) 231-69XC
Request an evaluation samp’e. cur
latest Test Instrument Catalc3 ‘with over
100 outstanding products, the name and

address of your nearest “Select’ Leader
Distributor, or additional informasion.

For professionals

whno
e LEADER
the Instruments Corposalior

difference.

380 Oser Avenue
Hauppauge, New York 11788
Regional Offices: Chicago, Dallas
Los Angeles, Boston, Atlanta
In Canada call Omnitronix Ltd.
(514) 337-9500
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Double trouble

By Homer L. Davidson
Tracking multiple problems
in a TV receiver can mean a
merry chase for the
servicing technician; each
obvious symptom may have
been modified by those
concealed malfunctions.

30

Test your electronic
knowledge

By Sam Wilson

Once again, the author has
based 10 questions on
material that has appeared
in recent issues of this
magazine.

40

Replacement parts

By Conrad Persson

Having identified the
malfunctioning component,
where is a suitable
replacement? Not to
worry!—this article includes
a list of replacement parts
firms for ready reference.

e oy PR ey

page 10

Digitizing oscilloscopes now are com-

petitive to analog scopes. (Photo courtesy of
Hewlett-Packard.)
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if you found this at a bargain price,
would you buy it?
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Buying and fixing “as is”
electronic products

By Victor Meeldijk

Lives there a soul. . .who
hasn’t been lured to the
bargain table in hopes of
finding expensive equipment
for cheap?? Read how to
determine what to buy
that’s repairable.

o4

What do you know about
electronics?—Temper-
ature coefficients

By Sam Wilson

Roll your own, writes the
author, who then proceeds
to provide the equations you
will need in designing to
compensate for temperature
changes.

64

Audio corner

By Kirk Vistain

This new, monthly
department begins this
month with the author’s
assessment of audio
equipment specifications.



DM-7010 4Y2 DIGIT

ROTARY SWITCH DMM

High accuracy readings in the laboratory
or in the field. Features include 4% digit
19999 max. display; built-in frequency
counter to 200KHz and conductance
function; 0.05% basic dc volts accuracy;
overload protection on all ranges; special
electronic protection to 250Vac/dc on
resistance ranges; UL1244 type test
leads; diode and continuity tests.
Ranges: 0-200m/2/20/200/1000Vvdc;
0-200m/2/20/200/750Vac; 0-200u/
2m/20m/200m/2/10Aac/dc; 0-200/
2K/20K/200K/2M/20M (2 ; 0-200nS
conductance; 0-20K/200KHz fre-
quency. $170.00.

DM-8010 3% DIGIT

ROTARY SWITCH DMM

This easy to use DMM features a dc Volt
accuracy of 0.25% of reading; overload
protection on all ranges; special elec-
tronic protection to 500Vac/dc on re-
sistance ranges; instant audible continuity
buzzer, UL1244 type test leads; auto zero
and auto polarity; diode test function;
built-in tilt stand. Ranges: 0-200m/2/
20/200/1000vdc; 0-200m/2/20/200/
750Vac; 0-20y/200p/2m/20m/200m/
10Aac/dc; 0-20/200/2K/20K/200K/
2M/20MQ) . $84.95.

DM-3000 3Y2 DIGIT

ROTARY SWITCH DMM

Just one of three DMM's in our Economy
Series that combines quality with econ-
omy. Features include built-in HFE,
battery and diode testing; conductar ce
function; 300 hour battery life; 10Acc
range; electronic overload protection on
all resistance ranges; pocket-sized. (Aso
available models DM-1000 & 2000).
Ranges: 0-200m/2/20/200/1000Vdc;
0-200m/2/20/200/750Vac; 0-200p/
2m/20m/200m/10Aac/dc; 0-200/2K/
20K/200K/2M/20M € ; 1.5V batte-y
test, 0-1000 Hfe test; 2K 2 diode test.
DM-1000: $39.95 / DM-2000: $54 95 /
DM-3000: $69.95.

EZ-6111 3Y; DIGIT

AUTORANGING DMM

Unique and sophisticated in design,
you'll find measurement taking a breeze.
Loaded with features like autoranging in
volts and ohms; manual range selection
in all functions; diode test function. aud-
ible continuity indication; normal and low
power ohm ranges; 10Aac/dc range;
overload protection on all ranges, 300
hour battery life. Ranges: 0-200m.’2/
20/200/1000vdc; 0-2/20/200/
600Vac; 0-20m/200m/10Aac/dc;
0-200/2K/20K/200K/2MQ ; 0-2k/

. 20K/200K/2MQ Lo . $99.95.
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DM-3010 3% DIGIT
PUSH BUTTON DMM

The standard in tough, job-proven digital |
multimeters. Housed in shock resistant

ABS plastic, you'll find safety was a prime
design consideration. Also equippad with =
overload protection on all ranges; special
electronic protection to 500vVac/dc on
resistance ranges; UL1244 type test

leads; norma! and low power ohm ranges;
10Aac/dc range; auto zero and auto 5,
polarity; built-in tilt stand. Ranges: 0- =
200m/2/20/200/1000Vdc; 0-200m/ 1
2/20/200/750Vac; 0-200u/2m;20m/ =
200m/2/10Aac/dc; 0-200/2K/20K/
200K/2M/20M Q2 . $80.00.

DM-6592 ELECTRO-PROBE™ DMM

One of the smallest, most convenient

hand-held DMM's you'll ever own. It's |

both autoranging and manual and is the =
pérfect instrument for taking readings s
easily and accurately in hard to reach
areas. Other features include instant aud-
ible continuity buzzer; one-hand opera- £,
tion; electronic overload protection on all
ranges; data-hold button. Ranges: 0-
200m/2/20/200/500vdc; 0-2/20/
200/500Vac; 0-200/2K/20K/200K/
2000K/20MQ2 . $55.00.

DM-1 POCKET-PRO™ DMM

Big features are packed in this pocket-
calculator sized DMM. You'll find auto-
ranging; electronic overload protection
on all ranges; auto-polarity; audible and
visual continuity indication; built-in test
leads; "booklet-type” carrying case is de-
signed to fit easily in shirt pocket.
Ranges: 0-2000m/20/200/400Vac/dc;
0-200/2000/20K/200K/2000K Q2 ;
0-200 Q continuity. $29.95.

DM-6500 32 DIGIT
AUTORANGING DMM

This sensitive yet rugged instrument is
loaded with features you'd expect to pay
much more for. The 6500 offers auto-
ranging; low battery consumption; fuse
protection; safety test leads; audible con-
tinuity buzzer; auto zeroing; shock re-
sistant housing. Ranges: 0-200m/2/20/ =T

200/1000vdc; 0-2/20/200/600Vac; @CILT-FIS | J
0-200m/10Aac/dc; 0-200/2K/20K/

200K/2MQ. $80.00.

Permonst

|
(=
|
I

A.W. SPERRY INSTRUMENTS ING.

For more information seé your local distributor or contact AW. Sperry Instruments Inc.
245 Marcus Blvd., Hauppauge, N.Y. 11788 e 800-645-5398 Tol!-Free (N.Y. and Alaska call collect 516-231-7050).
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Editorial

Parts

selection
and

handling

The process of servicing a faulty
electronic product can be neatly
broken down into a series of steps:

* Recognition that a problem exists
¢ Diagnosis of the reason for

the problem
¢ Isolation of the problem to the
component level
e Identification of the faulty part

or parts
¢ Finding a source for replacements
¢ Procurement of the parts
¢ Proper handling and installation of
the replacement part
e Testing the repaired unit
¢ Returning the unit to service

Ordinarily in ES&T we deal with
diagnosing the problem —starting
with circuit theory and going right
through diagnosis of the problem,
including isolation of the problem to
the component level.

The difficulty of servicing
frequently doesn’t end with isolation
of the bad component(s). Many times,
once the faulty component is located,
a new set of problems arises: how to
identify the component, where to find
a supplier.

This issue of ES&T is dedicated to
helping you solve those problems.
Articles in this issue deal with which
semiconductor specifications are
important, how to identify unmarked
or poorly marked components, where
to find replacements and how to
handle them before and during
installation.

One of the greatest difficulties in
obtaining replacements is finding the
right replacement. It's far easier in
mechanical systems: With a good eye
and some measuring instruments, you
often can substitute a suitable
alternative when an exact
replacement can’t be found. In fact,
sometimes when you're trying to fix
an inexpensive product, you can
repair it so it’s better than it was
when it was new.

Take, for example, a product made
of sheet metal. In many cases they
are tack welded, and when stressed,
the welds separate. I had a snow
shovel like that once. In such a case,
it’s simplicity itself to drill a couple of
holes, repair the break with nuts and
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bolts and the repair is stronger than
the joint was when the product came
off the assembly line.

It’s a lot less obvious when the
product is a television or stereo and
the problem is a failed transistor
rather than a ruptured seam. But if
you become familiar enough with
component specifications in general
and a specific electronic product in
particular, you may find that
sometimes when an exact
replacement is not available, you can
specify one with better specs and end
up with a repaired product that’s
better than when it was new.

Accent on audio

Beginning with this issue, ES&T
will be featuring a new monthly
department on audio, authored by
Kirk Vistain. Kirk has written several
articles for ES&T in the past,
including two on servicing of video
games and one on audio servicing. He
has many years of experience on the
audio servicing bench and as an audio
servicing manager, and is now a
service manager with a major
electronics manufacturer.

The first two installments in this
series, starting with the one in this
issue, will be about audio specs, and
will be followed in future issues by
articles on microcomputers in audio
products and signal tracing methods.

ES&T traditionally has emphasized
TV servicing, and will continue with
that emphasis. However, more and
more people are buying an ever
growing variety of electronic
products: VCRs, compact audiodisc
players, computers and more. And
each generation of these products
offers more features and is more
complex and more difficult to
understand and service than the
preceding generation. For this reason
we feel that it’s imperative that we
place greater emphasis on these
products without sacrificing coverage
of television. This monthly emphasis
on audio is the first step in that
direction.



If you can't fix your board
with the enhanced 9000 Series,
its beyond repair.

IN THE U.S. AND NON-EUROPEAN COUNTRIES: Joha Fiuke Mig. Ca.. in:: . P.O. Box C9990, M!S 250C, Ev:rett. WA 98206, Sales: (206) 356-5400, Dther. {206} 347-6100
EURDPEAN HEADQUARTERS: Fluie (Holland) B V. P Box 2269, 5600 CG:Eindhoven The Netherlands. (040) 458045, TLX: 51846
Copyrignt 1985 John Fluke Mfg. Co., Inc.  All rights reservia  Ad No. 1003-9000

Introducing a new dimension of test
capabilities for the Fluke 9000 Series
Micro-System Troubleshooter line.

Finally there's a way to conguer some
of the most difficult board testing prob-
lems imaginable. Take control of the sit-
uation with Fiuke’s 9000 Series and new
Asynchronous Signature Probe option.
You'll be able to pinpoint virtually every
digital hardware fault on the entire board.
Even those frustrating faults in circuits
that operate independently of the micro-
processor bus cycle.

Begin testing boards with the 9000
Series’ built-in, preprogrammed test rou-
tines. In a single keystroke, you can auto-
matically check the entire microprocessor
kernel—Bus, ROM, RAM and 1/0.

For testing beyond the bus, Fluke's
new probe option eliminates the need for
a logic analyzer or scope to test
asynchronous circuits. One complete
package, easily installed into either new
or existing 9000 Series units, offers sig-
nature analysis, waveform capture and
event counting. These three vital trouble-
shooting functions give any 9000 Series
the power to diagnose:

m DMA Controllers

w Disk Controllers

m Video Controllers

m Video-Generation Circuits

m Communication Circuits

m Peripheral Controllers

m Dynamic RAM timing relationships

Not only does the 9000 Series test
more of the board, it also supports more
8-bit and 16-bit processors than any other
tester on the market.

Cali Fluke toli-free 1-800-426-0361or
contact your local representative, and put
your most challenging board to the 9000
Series test. If it can’t be fixed with the
enhanced 9000, it's probably beyond repair.

RESENEST RS S L

FLUKE
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Used computer listing service
goes national

Because of wide demand, Comp-
Used, which has helped buyers and
sellers of used computer equip-
ment in the Northeast for two
years, is expanding its services.

Comp-Used is a listing service
that facilitates the sale and pur-
chase of used computer equip-
ment. Anyone with equipment
worth over $100 can contact the
Comp-Used computer to register
the product for sale. Similarly,
anyone in the market to purchase
equipment can call the Comp-Used
computer for information. Comp-
Used connects the buyer and seller
and they finalize the sale. When a
transaction takes place, the seller
pays Comp-Used a small commis-
sion; there is no charge to buy.

This service employs technology
that allows most callers to be
served by an automated telephone
answering computer.

To talk it over with the Comp-
Used telephone computer, call
203-762-8677.

Total factory sales of consumer video and audio products
in millions of dollars (1981 through 1986 estimates)

These figures are based on sales
through 1984 as documented by
the Electronics Industries
Association '‘Marketing Services
Department in its published
statistics. The projected sales for
1985 also are based on EIA
Marketing Services statistics to
date, adjusted for seasonal varia-
tions, and upon a consensus of
various industry sources.

HOME VIDEO
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The estimated sales for 1986 are
based on a consensus of industry
sources collected by this same
services department of the EIA.

HOME AUDIO
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In forthcoming issues of Elec-
tronic Services & Technology, we
will provide additional information
concerning the dollar value of
sales, and household penetration,
of other consumer electronics

products. (1% o8
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Advanced
Chemistry
for

Advanced
Technology

Advances in engineering and design create con-
stant challenges for the assembly, maintenance
and repair of electronic equipment. To meet those
. challenges, Chemtronics is dedicated to providing
7 you with only the finest, state of the art products.
Each year, our R & D staff spends hundreds of
" hours testing and improving each product to

ensure that your electronic components, systems
and equipment perform at their designed rate
of efficiency.

In production and rework ... engineers depend on
Chemtronics UL approved conformal coatings,
QPL approved solders and masking agents, high
purity degreasers, flux removers, anti-static sprays
and non-contaminating desoldering braids. In field
service...engineers and technicians depend on
Chemtronics magnetic head/disc cleaners, non-re-
sidual wipes, foam swabs, dust removers, circuit

Chemtroni(s refrigerants and contact cleaners.
Keeping pace with advanced technology.

a

To help determine the Chemtronics products that
are right for you, write us or call 800-645-5244,

in New York 516-582-3322.

Chemtronics Inc.

631 Old Willets Path
Hauppauge, New York 11788
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Technology

By Murray Haynes

In most applications, modern
digitizing oscilloscopes perform as
well as their analog counterparts,
but offer some advantages, such as
nfinite-persistence displays and
negative time measurements.

Single-shot writing rate is one of
their weaker points, however.
Here, analog scopes retain a clear
edge and continue to do so until
digitizing sample rates hit several
gigasamples per second.

The analog approach is the only
way to go when rise time must be
measured in subnanoseconds.
Above that, in the low nanosecond
range, digital scopes provide
strong competition because of re-
cent advances in analog-to-digital
(A/D) conversion.

The most important asset of a
digital scope is the infinite-
persistence feature, which allows a
user to store a trace and display it
for as long as is desired. The trace
can be stored in memory for later
retrieval.

Just as important, the infinite
persistence of the display makes
worst-case analysis possible. The
average or single measurement is
often not of interest—only the
worst-case timing or noise-level
condition may cause an error that

Murray Haynes is Hewlett-Packard oscilloscope prod-
uct manager.

Digital scopes make
troubleshooting

easier

Features such as infinite persistence, negative time measurement
permit analysis not possible with analog scopes.

an engineer or technician may
anguish over for hours or even
days. With a digital-storage scope
in the infinite-persistence mode,
it’s easy to see and measure worst-
case noise, glitches, or timing er-
rors (Fig. 1).

Some digitizing scopes also
display extensive automatic pulse
parameters on screen (Fig. 2). This
feature can save time and greatly
reduce an operator’s measurement
errors.

Ao STATUS: Stopped !

-10.90008 ns
Chl= 408. mVrsdiv
V(1>=-1.38 V
Start= 80.00000 ps

ot q b RS
Ll
2.088 nsecrdiv
va)=-1.38 Vv
Stop=-648.0000 ps
Chan 1 iChan 2 !TimebselTrigger{Display!Delta ViDelta t!

With an analog scope, it is not
impossible on occasion to see
worst-case conditions. Measuring
them with any confidence, though,
is hard because the phosphor laten-
cy of the CRT cannot keep the
trace visible for long. Using a con-
ventional mesh-type CRT storage
scope doesn’t help, because a nor-
mal signal’s trace blooms (fades
positive), again making the
fleeting events almost impossible
to see.

Tmarkers
STRRT
MARKER

~ST0P
MARKER

START ON

::DGE

0P ON
EDGE

Ch 21
S RS o< TV
Precise
Edge
e 0 4 e Find
kié.ﬂﬁbﬁﬁ ns K
Ch2= 408. mV/div
AV= 0.00 V
At+-720.0008 ps
More

Figure 1. With a digital-storage scope in the infinite persistence mode it's easy to
measure worst-case noise, glitches or timing errors.
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Catching up on single-shot

Recent improvements in A/D
technology have helped close the
rap between analog and digitizing
scope  single-shot measurement
times. State-of-the-art A/D con-
verters now can convert signals at
a 200 megasample/second rate. In
other words, the signal is sampled
every bns and without further
processing, provides a time resolu-
tion of + 5ns. That resolution still
is not good enough for some criti-
cal oscilloscope uses. However, it
can be greatly improved by some
clever sampling methods.

Nyquist stated that when the
signal sampled is band-limited to
half the sampling rate (the Nyquist
frequency), the original sampled
signal can be reconstructed com-
pletely and accurately. That’s the
theory.

In reality, perfect band limita-
tion is not achieved and frequency
components above the Nyquist fre-
quency leak through. These compo-
nents are aliased, or transformed

4o STATUS: Running

e

HP-1B: Taik Only

into a lower frequency, much as
in heterodyning, and this leakage
limits the accuracy and repeatabili-
ty of the measurements taken by a
sampled data system. In addition,
system non-linearities take their
toll of accuracy.

Thus, though a 200MHz digitizer
has a Nyquist frequency of
100MHz, it is better to limit the
bandwidth of the input amplifier to
about 60MHz. If that is done,
signal components above 100MHz
will be attenuated sufficiently for
good reconstruction of the input
signal.

Also, good design techniques are
necessary to ensure both amplitude
linearity and phase-response
linearity. Good pulse-response
characteristics require phase
response to be linear. But that re-
quirement is especially hard to
satisfy beyond 50MHz, where the
amplitude response has to roll off
fast enough to suppress the fre-
quency components above
100MHz. Even so, phase response

Measure

ALl
Freq

Period

More

Channel 1 Parameters Frequency= ké.gseﬁ il Per1od= 29,5200 nS

Rise Time= 859.998 pS « Width= 10.0280 nS
Fall Time= 1.17088 nS Preshoot= 6.25 mV

iProbes | HP-IB {Cal&Tst!

Vp-p* 375. mV
Wfmsave! Param | Print | Plot

Figure 2. Some digitizing scopes also display extensive automatic pulse parameters

on the screen.

- Width* 10,0008 nS
Overshoot= 6.25 mV

More

will remain linear above 50MHz if
the filter in the passband of the
oscilloscope is designed to have
low ripple.

To help improve accuracy close
to the Nyquist limit, the scope in-
terpolates timing points between
samples. This is done with digital
filtering techniques having a
repeatability of about 2ns. Two
nanoseconds is about four times
the time interval of the highest fre-
quency of interest (60MHz) allowed
to enter the scope’s A/D con-
verter. The repeatability is limited
by the imperfect rejection of fre-
quencies above 100MHz, by the
resolution of the trigger inter-
polator and by the stability of the
reference clocks.

Thus, a digitizing oscilloscope
may sample only every 5ns and
have a rise time of only, say, 7ns.
But when it incorporates the
techniques just described, it can
make time-interval measurements
on single-shot or low repetition
rate signals with better than 2ns
repeatability. The scope’s rise
time, although strongly affecting
the accuracy with which the rise
(or fall) time of the signal can
be measured, tends to cancel out
on edge-to-edge time-interval
measurements.

Random repetitive sampling

Another sampling technique,
called random repetitive sampling,
does much more than increase a
digital scope’s resolution. It also
makes possible a number of digital
storage scope features, the two
most important of which are so-
called negative-time measure-
ments and very high time-base
stability. The pseudorandom
nature of this sampling technique
also eliminates aliasing problems.

It is the sampling rate of a
digital oscilloscope that deter-
mines its real-time bandwidth. An
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A/D converter having many output
bits can increase the resolution of
the display’s vertical axis (value be-
ing measured). But for high-
frequency measurements, such a
converter loses information along
the horizontal axis (the time base)
because it is generally slower than
an A/D device delivering fewer
output bits.

One way of overcoming this
problem is to use the random
repetitive sampling technique. As
employed in the HP 54100A/D
digital scope, it provides a 1GHz
bandwidth at just a 40 megasam-
ple/second digitizing rate.

With random repetitive sam-
pling, the sampling occurs in-
dependently of the phase of the in-
put signal. Nevertheless, the sam-
pling timing is precisely controlled
by a crystal-referenced clock, and
samples are taken repeatedly,
every 25ns or so, over many input-
signal cycles.

This method of sampling is
called random because there is no

correlation between the time when
a sample is taken and the time
when the input signal or the trig-
ger pulse is generated from it dur-
ing each signal cycle. It is called
repetitive because the process
repeats continuously to build up a
picture of a waveform from the
many randomly spaced samples
that are superimposed on a single
display sweep.

Obviously, if the display sweep
speed is slow compared to the
sampling rate, a very complete
record of the waveform is obtained
(Fig. 3). But obviously, too, the
time needed to accumulate the
samples is being traded for the in-
creased resolution—in effect
meeting Nyquist’s criterion for ac-
curate signal sampling.

When a trigger pulse is
generated, a precise time meas-
urement is made between the next
sample and that trigger pulse.
Once the time of one sample has
been referenced, the time of all
other samples in memory for that

Flgure 3. If the display sweep speed is slow compared to the sampling rate, a com-

plete record of the waveform is obtained.
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signal cycle is known, because the
sampling frequency is known to
great precision. This time
measurement then is used to
assign each voltage sample (for
that signal cycle only) to a time
coordinate relative to the trigger.

If the time coordinate of the
sample falls within the displayed
window, as determined by the set-
tings for sweep speed, delay and
reference location, a dot lights up
on the screen at that point. But if
the window is missed, the sample
is ignored.

Negative time

Random repetitive sampling
allows the user to look at events
that occur before the trigger (in
“negative” time). In many cases,
that capability is vital to the ability
to find the cause of a problem or to
obtain important data (Fig. 4).
Other digitizing techniques are
limited to one screen diameter of
negative time, whereas random
repetitive sampling can look
thousands of screen diameters
back in time.

Random repetitive sampling also
can enhance digital scope perform-
ance by providing exceptional
time-base stability. If the time-
base jitter was many times the
resolution and differential ac-
curacy, it would be meaningless to
make measurements with a 10-ps
resolution at a point far distant
from the trigger point. But in fact,
the crystal-controlled sampling
clock of the digital scope can pro-
vide stable timing having short-
term phase noise, or jitter, of less
than half a part per million. That is
several orders of magnitude better
than the stability of the usual
analog oscilloscope time base.

To understand the implications
of this degree of stability, consider
a high-resolution graphics display
of 1,000 x 1,000 lines, where one
pixel occupies 1/1,000,000 of the
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total frame time. After the scope
had triggered on the start of a
frame, the time-base jitter in an
analog oscilloscope would be so
great that the timing information
on any pixel would be completely
lost. With random repetitive
sampling, a digitizing oscilloscope
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could make a meaningful measure-
ment of the jitter on a single pixel.

Eliminating the alias
Random repetitive sampling also
is almost totally insensitive to
aliasing. If a scope samples a
signal at a frequency lower than
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Figure 4. Random repetitive sampling allows the user to look at events that occurred

before the trigger.
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the signal frequency, the relative
phase difference between the
sampling and the signal frequen-
cies could, of course, be close to an
integral number of periods of the
signal. The coincidence is an
unlikely one. Nonetheless, if it oc-
curred, the resulting small phase
shift from sample to sample could
yield an incorrect reconstruction
of the signal.

In general, however, the sam-
pling rate of an oscilloscope using
random repetitive sampling is not
correlated to the input signal fre-
quency, and there is a random
phase relationship between the
sampling and the input signal. Ac-
cordingly, the probability is high
that aliased data will be displayed
on only one acquisition (one
sweep). On succeeding acquisition
cycles, the phase will be different
enough not to be displayed (dots
will not be lit).

Also, to further reduce the risk
of aliasing on signals that might be
an exact multiple or submultiple of
the sampling frequency, the phase
of the sampling clock can be ran-
domly shifted, deliberately, be-

tween acquisition cycles. u
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Sometimes a technician will find and correct the television
malfunction, only to find a second or third unrelated defect.
Here are some examples and suggestions.

Two or more malfunctions in dif-
ferent areas of the same color-TV
receiver can provide a technician
with more challenge than he wants
or needs. These multiple-trouble
units might have any of many
possible combinations. For exam-
ple, troubleshooting and repair of
a non-working vertical-sweep cir-
cuit might produce a full picture,
but one with excessive snow. Or a
power-supply resistor is open, and
although a new resistor appears to
be the only component needed
(because sound, picture and color
now are normal), an intermittent
short in a video stage might ruin
the new resistor at any time.

Large numbers of components in
many different circuits may be
destroyed in any solid-state
receiver when it has suffered
lightning damage. Secondary arcs
might have jumped across un-
predictably between many points
on the chassis (or inside ICs),
resulting in damage in other than
the obviously burned areas.

And the most unwelcome of all
repair jobs is a television brought
to you because a “technician” could
not fix it, despite the replacement
of many components (seemingly at
random). Good advice: Before you
can look or test for the original
malfunction, check every replace-
ment made by your predecessor to
make sure that some of his work
hasn’t introduced problems. Check
first the component value and
specifications and then the solder-
ing, along with any unwanted
short circuits (or open circuits)
from poor soldering. Only after
you have verified those things plus

By Homer L. Davidson

whether or not the components
are connected to the correct spot
should you begin normal
troubleshooting. These receivers
might require five or six separate
repairs.

The following examples are
typical of the many multiple-
problem repairs [ have en-
countered during recent years.

Receiver dead;
then no vertical sweep
When first powered-up, this
RCA CTC120-chassis color receiv-
er had no raster, no sound and no
response to the remote control.

Because these symptoms often in-
dicate low-voltage or line-rectified
power failures, we checked the
four bridge diodes in-circuit and
replaced the open 5A F101 line
fuse. Finally, the power loss was
traced to failure of the power relay
on the control module. Actually,
the relay was normal, but the con-
trol circuitry was not activating
the coil, so the contacts could not
close. Therefore, no ac power was
sent to the receiver power-rectifier
and its supplies. Because we did
not have the proper MCRO16RA
control module in stock, we added
a temporary jumper across the

A TV technician is checking components that might have been damaged by light-
ning. Notice the large blackened area on this RCA circuit board. Individual defective
components can be replaced, of course, but a circuit board that is badly carbonized
over a large area calls for a new circuit board or discarding the entire receiver
because of the huge costs involved.
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Often the tuners and the control module are fastened together and mounted upright
beside the horizontal TV chassis. A cable connects them to the chassis. The control
module turns on the TV power via a relay and controls many TV functions.

relay contacts. Then sound and a
raster consisting of one horizontal
line in the center of the screen
were obtained. There was zero
vertical deflection. We decided to
repair the vertical problem and
then replace the defective control
module when it was received later.

Using a digital multimeter, dec-
voltage measurements were made
at all leads of both vertical tran-
sistors. Only + 3.3V was measured
at Q501’s collector where approx-
imately +26V should have been.
Q501 and Q502 tested normal in-
circuit. Q501 was removed for

more accurate tests out-of-circuit,
but the junction voltage drops and
reverse leakages all were within
tolerance (Figure 1).

Pin 18 of U401 deflection IC was
scoped and the correct amplitude
and approximate waveform was
verified there. This ruled out incor-
rect base drive to vertical output
Q502.

A hurried examination of the
Photofact 2125-1 schematic ap-
peared to show all Q501 collector
voltage coming through 15kQ
R506 from the +118V source.
However, another path from the
Q501 collector passes through
CR502 and 15kQ R512 (with C506
as bypass or filter in parallel) to
the +24.3V source. It is important
to note that the diode polarity has
its anode toward the +24.3V sup-
ply, so most of the +26.5V at the
Q501 collector comes from +23.3V
(24.3V minus 1V drop in CR502)
with the remaining +3.2V being
furnished by the 15kQ R506 from
the +118V source.

Next, we tested all vertical-
sweep diodes in-circuit, finding
none obviously defective. After

The name that stands for more quality Rep

The odd component that some electronics distributors
don't know anything about, your RCA distributor can find
easily and supply quickly.

With RCA's central warehouse, which is as large as
seven football fields, and has a standing, well-organized
inventory of over 80,000 different products, you'll rarely
be disappointed.

Not now, or later. Because the name RCA assures you
and your customers of quality right down the line.

So try your RCA distributor next time you need an exact
replacement part for the latest electronic wonder. Or any
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Or VCR part, SK solid state replacement (RCA stocks 2,500
kinds), video tape or accessory.
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Figure 1. A loss of the + 24.3V source voltage eliminated the vertical sweep and reduced the dc voltages at Q502 and Q501. An
open 12Q R509 in the power supply was responsibie. The original defect was a malfunctioning tuner-control module that refused
to activate the power on/off relay in this RCA CTC120 receiver.
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Q502
BOTTOM
IVERT OUTIS

Q501
TOP

Arrows point to Q502, the bottom vertical output transistor, on its heat-sink in the up-
per left corner of the photograph, and to Q501, the top vertical output transistor, on
another heat-sink just below Q502 (in the photograph). This is an RCA CTC120

chassis.

that, one end of CR504, CR505 and
CR502 was disconnected from
each of its respective connections
while the junction forward voltage
drops and reverse leakages were
accurately measured. All tested
normal. But while working around
CR502 and comparing its wiring
against the schematic, we
measured the B+ that should be
there (+24.3V source) at the
CR502 anode, discovering it was
just a few volts instead.

Tracing the +24.3V source back
to the rectified-flyback-power cir-
cuits, we measured a correct
+26.1V at the +26V source from
which the +24.3V source is taken
through series resistance 120
R509, as shown in Figure 1.

Replacement of the old R509
restored the vertical sweep.
However, because Q501 was
strongly suspected of arcing or
otherwise erratically shorting and
burning out R509, we replaced
Q501 with the proper 153679 tran-
sistor to prevent a possible repeat
of the problem.

After the tuner-control module
arrived and had been installed, all
functions of this RCA CTC120
receiver were operating correctly.

Excessive brightness
without control

The Wards model GGY16229A
(Photofact 2170-2) showed two ob-
vious symptoms: The brightness
could not be turned down and the
raster showed retrace lines. The
visible video was weak with the ap-
pearance of AGC or other video-
overload problems.

Because all three colors were
present in the raster, defects in
the color-output transistors were
not likely. All CRT grid, cathodes,
screen (G2) and focus voltages
were within tolerance when
measured at the picture-tube
socket.

Next, the video stages were
tested for de voltages. During
tests at and around Q904, the
video driver, we noticed R920 was

burned and measured out-of-

tolerance. At Q904, the collector
measured only +4.8V, the emitter
+4.5V and the base about +4V.
These readings left little room for
doubt; Q904 must be leaky or near-
ly a dead short. After we removed
Q904 from the circuit, the
readings showed heavy leakage
among all three elements.
Although Q903 tested normal, we
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decided it too should be replaced
because it might have been sub-
jected to considerable overload
when Q904 shorted.

Replacing Q903 and Q904 with
universal types and a new 47 resis-
tor for R920 improved, but did not
solve, the brightness problem.

No color could be seen in the pic-
ture, and no chroma waveforms
were scoped at 1C900, the auto
video/chroma processor IC. Dec
voltage measurements at the
1C900 pins were either low or near
zero. For example, 1C900 pin 4
should measure +23.8V (from the
+23.8V source) but it measured
only +4.8V. This same +23.8V
source also supplies B+ to the
video transistors.

Voltage tests at the power sup-
plies showed that the +23.8V
source is taken from the +25V
supply (through a resistor). Addi-
tional measurements proved the
+25V supply also was very low, in-
dicating defects in SC530 diode,
C546 filter or the source of
horizontal power. When one end of
diode SC530 was disconnected
from the circuit, allowing out-of-
circuit tests, the diode was deter-
mined to be very leaky. (Remem-
ber, these diodes rectify 15,734Hz
pulses. Therefore, all replace-
ments should be fast-recovery types
designed for operation at high fre-
quencies.)

After an appropriate replace-
ment was made for diode SC530,
the +25V and +23.8V sources
were restored but there still was
no color. Several dc voltages at
IC900 pins were low, especially
those at pins 7, 8 and 9. An
ECG822 universal replacement
was installed for 1C900, with nor-
mal color finally appearing.

In summary, repairs were
necessary in three circuits to
restore proper brightness and col-
or in this receiver.

No sound or raster

When first examined, the Sanyo
91C64 model (Photofact 1929-3)
had an open F002 (.4A fuse, a
leaky D001 line rectifier and an
open 1.8Q RO017 [the emitter
resistor for the Q901 power
regulator (Figure 3)]. After we
replaced all these low-voltage
power-supply components, the
chassis would begin operation and
then immediately go into shut-
down.
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Figure 2. Small defects can cause wild changes of dc voltages in direct-coupled
video stages such as this Wards GGY16229A model, and the voltage changes pro-
duced excessive brightness. After the defective components shown in the schematic
were replaced, the receiver produced B&W pictures, and it was necessary to replace

IC300 to bring in the color.

To determine whether or not the
problem was excessive high
voltage at the picture tube, we
plugged the chassis into a variable-
voltage transformer and moni-
tored the high voltage. When we
increased the receiver ac only to
82Vac, the HV reached 28kV and
the safety circuit produced shut-
down. This proved the safety shut-
down circuit was operating cor-
rectly, but did not show whether
the low voltage or the high voltage
was excessive. Certainly the de
HV was excessive for a line volt-
age of only 82Vac.

Next the line voltage was ad-
Justed up to only about 78Vac or
until the HV reached 26kV (which
would not trigger the shutdown
circuit). However, adjustments of
VRO01, the +120V regulated-
voltage variable control, did not
change the high voltage.

All the symptoms and measure-
ments now indicated a loss of
regulation in the +120Vde supply,
because the output of the regula-
tor was too high even with reduced
line voltage, and could not be
changed by the VR001 variable

control. All resistors connected to
IC101 were within tolerance, but
many of the IC101 pins had ex-
cessive dc voltages. All these
symptoms pointed to IC101 itself.

Replacement of IC101 and ad-
justment of VR001 + 120V control
solved the shutdown problem and
gave normal operation.

But what caused R017 to open?
Perhaps the sequence went
something like this: IC101 became
defective, increasing the Q901
base voltage and thus increasing
the current drawn by the Q402
horizontal-output transistor so it
blew fuse F'002; then next time the
receiver was turned on, Q901 was
forced to carry all the overload
current (normally R901 and Q901
are in parallel) which burned out
R017 (1.8Q), opening this last of
the original two parallel paths and
stopping all receiver operation.

No operation—
then unstable operation
When the TR551 horizontal-
output transistor and the F2 1.5A
de fuse were replaced in a JC Pen-
ney model 685-2041 (Photofact
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1614-1), the picture and sound
were restored. It seemed an easy
repair, until I took a more critical
look at the picture. Vertical lines
were waving in the familiar pie-
crust undulations.

In the past with other models,
the pie-crust effect was caused by
problems with B + filter capacitors
and electrolytics of the horizontal-
deflection stages. Unfortunately,
paralleling test capacitors across
each large filter and the small elec-
trolytics did not remove pie-crust-
ing from the JC Penney’s picture.

With older tube-equipped televi-
sion receivers, insufficient filter-
ing of the control voltage from the
dual phase-detector diodes to the
oscillator tube was the major cause
of pie-crusting (usually a capacitor
opened). Perhaps this also might
apply to transistorized -circuits.
Rotating the horizontal-hold con-
trol slightly would shift the wig-
gles of the pie-crust, but not
remove them. Scoping the sync
showed nothing wrong, but the
base of TR502 horizontal oscillator
(Figure 4) had some fuzz mixed
with the normal signal. All
resistors of the phase detector and
oscillator tested within tolerance.
When another capacitor was
paralleled across 3.3uF C507, all
the pie-crusting disappeared.
Replacement of C507 finished the
repair, with the color receiver
showing good pictures and produc-
ing normal sound.

It is likely the pie-crusting was
present before the horizontal-
output transistor shorted, but was
not very noticeable because the
wiggling became progressively
worse as the electrolytic capacitor
dried out gradually.

No operation followed by arcing

The 3A line fuse in a Sylvania
E51-13 chassis was open. Its
replacement blew instantly when
ac power was applied next time.
Tests showed the Q406 horizontal-
output transistor was shorted, and
it was replaced with a universal
ECG238. Now the sound came on
accompanied by the noise of high-
voltage arcing somewhere. This
arcing could not be seen. Although
we suspected the flyback was are-
ing internally, there were no visi-
ble burned marks nor any hot
areas around the windings.

Then we noticed the picture-tube
heaters were not lighted (these are
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powered by a flyback winding).
With the CRT socket removed, the
heaters measured the normal
resistance; they were not open.
Also, no arcing occurred while the
socket was removed although the
normal 30kV was applied to the
CRT anode button. These symp-
toms pointed to a picture tube, and
a more careful visual inspection of
the picture tube (after the power
was switched off) revealed the
CRT glass was cracked inside the
yoke assembly. The CRT had air
wn 4f, which usually produces arcs
inside the neck of the CRT. Of
course, the picture tube required
replacement.

Main fuse blows repeatedly

Current-surge resistor R504
(2.72) and 4A F1 line fuse were
both open in a Wards GEN12965C
(Photofact 2250-2). After they
were replaced and the power
switched on, the 4A fuse blew
again. At first we suspected bad
diodes in the bridge circuit, but all
tested normal with the DMM ex-
cept one that we replaced with a
regular 3.5A diode. However, the
4A fuse blew after that.

Next, the horizontal-output tran-
sistor and the damper that is in the
same case (as shown in Figure 5)
were checked for shorts, but there
were none. Yet even with the Q702

1C101

F002 R301
0. 4A 160 20W
A~
+151V FROM OPEN +120V
e it L AR SR REGULATED
003 \“10_187 SOURCE
MN———
- +120. 6V
C440,
10pF T
#121.2v L
[PARTIAL SCHEMATICI +120V
3
~‘~““““---\N ;

REGULATOR CONTROL

LEAKY

Sanyo regulator

0
+120V ADJ.

Figure 3. One component faiied and that started a chain reaction requiring four new
components in the Sanyo power-regulator circuit.
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horizontal-output transistor out of
the circuit, the fuse continued to
blow.

When we checked the schematic
we found a new kind of low-
voltage regulator that is complete-
ly separate from the horizontal
sweep and flyback. (I urge you to
obtain Photofact 2250-2 and study
these circuits in detail, checking
against the following explanation.)
Briefly, Q702 horizontal-output
transistor drives the T702 flyback
and the horizontal-yoke coils. In
turn, the flyback supplies the high
voltage, focus voltage, screen
voltage and + 200V for the color-
output transistors, but none of the
other low voltages. Q702 is
operated from +105V that is
regulated by the Q503 power-
source output transistor (a de-
voltage chopper) and its associated
circuits. Q503 drives T504 with
almost square waves of de. T504
has five secondary windings pro-
ducing four major de voltage sup-
plies after rectification and filter-
ing (one is the regulated +105V
for the horizontal-output tran-
sistor) plus seven other voltage
sources taken from one of the
other three. IC502 synchronizes
the power-source regulator to the
horizontal-sweep frequency, and it
contains all the regulator solid-
state devices (except driver Q502
and output Q503).

To recap: Conventional models
have two main functions such as
(1) LV rectification and regulation;
and (2) horizontal sweep with HV
and several LV power supplies
that rectify horizontal power. The
Wards TV also has two systems:
(1) LV rectification and chopper
regulation plus many LV sources
powered by the regulator; and (2)
horizontal deflection with HV plus
two intermediate 1.V supplies.

A further search of the complete
schematic showed that the T504
primary winding and Q503 were
referenced to hot ground (notice
the triangular symbol in Figure 5)
while horizontal-output transistor
Q702, rectifier D514 and all secon-
dary windings of T504 return to
cold ground, the same ground used
for all TV signal circuits. In other
words, T504 is the dividing wall
between “hot” and “cold.” Then we
realized we were checking in the
cold area for a hot short. Starting
with the bridge rectifiers and its
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Figure 4. A dried-out C507 zlectrolytic in the JC Penny horizontal phase detector circuit caused pie-crusting. C507, in series with
1,0002 R510 formed a long time constant to keep the control voltage constant over one vertical fisld (approximately).

Figure 5. Five components wers replaced before the power supply and power-source requlator operated correctly. Complicating
the analysis was the “hot” ground that is used for all circuits shown here, ds vs. the “cold” greund used for the remainder of the

circuits, including the horizontal-output stage. See the text for details.
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almost dead short, we moved the
probe to other points, finally
locating the lowest hot reading at
the Q503 collector. Yes, Q503, the
power-source transistor, had a
C/E short and a new 25C3156 was
installed to replace it.

Now the Q503 collector should
have tested + 160V, but the collec-
tor measured about + 167V, as did
also the Q503 emitter because the
burned 4.7% R525 had opened from
the mechanical movements of in-
stalling the new Q503. Installation

of a new R525 brought normal
operation after VR501 (+ 105V ad-
justment control) was rotated to
provide exactly +105V at the
D514 cathode and TP501.
Altogether, the parts replaced
were 2.7Q R504; 0.47Q R525 (that
connects to hot ground; one 4A
fuse; one 2.5A diode; and one Q503
power-source output transistor.

Tracking an elusive short
Symptoms of no sound and
raster were not unusual for the

RCA sweep and PC

10
HOR1Z
YOKE
C447
0.82 7402
Q404 :
HOR1Z QUTPUT +130V 15 FLYBACK
€4300.0125 g
T CR408 g
Leaky”
+130V
= LEAKY T
L404
C431 ]
- CR409
0. 082T y § Q405
P INCUSH
l DINCUSH | SHoRTED

Figure 6. A collector-to-emitter short in Q405 in this RCA pincushion circuit caused
failures of Q404 output transistor and CR408, one of the damper diodes.

1/2 6LUB
VERT OUTPUT l

|
I
I
l

[ RriO1T

= 300

ngfb

500

R1008
C1007
5600 SOpF':?
LP IN 7 OPEN
CONVERGENCE
BOARD

Admiral convergence

Figure 7. An open 50uF capacitor on the

convergence board can cause poor con-

vergence and usually reduce the vertical height excessively. C1007 in this Admiral

performs two tasks. One is to bypass the

6LU8 cathode (through several low-value

resistors on the convergence board), and the other is to supply a waveform from the
6LU8 cathode that is needed for proper dynamic convergence. An open capacitor

stops both functions.
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RCA CTC111H chassis (Photofact
2038-1). F100, the BA line fuse,
blew after replacement just as
quickly as power was applied to
the TV receiver. Q404 horizontal-
output transistor checked shorted
and was replaced. At the next
power-up, the fuse did not blow,
but there were no picture and
raster. Higher-than-normal dec
voltage was measured at the
SCR100 anode, with near-zero
voltages at gate and cathode.
When removed from the chassis
and tested out-of-circuit, SCR100
was open.

After SCR100 was replaced, the
chassis came alive and then went
dead. The 4A line fuse was blown
and the horizontal-output tran-
sistor (Q404) showed excessive
collector-to-emitter leakage.
Again, the fuse and Q404 were
replaced, but the chassis was not
powered-up.

A defect in the flyback trans-
former was suspected. However,
replacing the flyback is a difficult
job and expensive, so other com-
ponents of the horizontal-output
circuit were tested first. Damper
diode CR408 checked leaky and
CR409 measured 2Q resistance
across it. Roth diodes were re-
moved and tested again. CR408
checked leaky, but CR409
measured the correct forward
voltage drop and excellent low
leakage. Just to be completely cer-
tain, we replaced both CR408 and
CR409 and other measurements
made. A 2Q leakage still was
across CR409.

One lead of CR409 was un-
soldered for tests. CR409 was not
shorted, but a 2Q leakage re-
mained across the circuit where
CR409 had been connected. Tracing
this near-short to the pincushion-
correction cireuit brought us to
pincushion-driver Q405, which was
shorted between emitter and col-
lector (Figure 6).

The components used to this
point were 5A fuse, Q404,
SCR100, CR408 and CR409. When
a new 151329 Q405 was installed,
the raster appeared, but with an
all-blue picture. The picture tube
emissions tested fine, and all de
voltages at the CRT socket were
normal except for cathode pin 11,
which was very low because spark
gap SG1-6 was leaky. Installation
of a new spark gap reduced the ex-
cessive blue, allowing easy adjust-



ment of gray-scale tracking and
showing a good color picture. In
all, six components plus the spark
gap were replaced.

Loud hum

followed by poor convergence

Hum in the speaker and 120Hz
hum bars on the raster were the
symptoms of an Admiral M2001-2
chassis (Photofact 1328-1). A
100pxF test capacitor was paral-
leled in turn across each of the
three C101 sections, and with a
noticeable improvement at each.
Therefore, we replaced the filter
can with a 200uF/160uF/10uF
multiple electrolytic capacitor.

Now the hum was gone from
sound and picture, but the picture
was badly out of convergence. A
color-bar/crosshatch generator
was connected to the antenna and
a complete convergence procedure
was performed. However, miscon-
vergence of the green was notice-
able near the bottom of the picture.
The green lines were curled wrong
and could not be straightened.
And when the bottom R&G ver-
tical control (R1010) was rotated,
nothing happened (Figure 7).
After the various controls and the
fixed resistors were tested and
none found out of tolerance, we
noticed an electrolytic capacitor
(50uF C1007) that supplies signal
from the unbypassed vertical-out-
put-tube cathode to several of
these controls. Electrolytics are
prone to drying out and becoming
open. Therefore, we paralleled
another 50uF across C1007 as a
test and could see large changes in
the convergence. After a new
C1007 was installed, it was neces-
sary to reconverge the set again.
This time the final convergence
was good. As a bonus, the vertical
height also was increased, requir-
ing minor adjustments of size and
linearity controls.

Comments

Technicians become accustomed
to, but never fond of, several
separate defects in the same TV
receiver. Multiple defects means
all problems are wmultiplied,
because some symptoms lead on
false trails and others obscure the
real culprits. We hope these ex-
amples give you ideas about effi-
cient methods of dealing with the
double and triple

trouble situation. ESE/I'W

ower Supply

pual pCP

WP-712A Single output 20V, 2A
with excellent line and load
regulation.

WP-T05A 0-50V, 2A regulated
output, OC voltmeter, continu-
ously variable between ranges.

The Now Twer i 76t SGuioment

Circle (14) on Repy Card
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Test

your electronic

Sam Wilson

The questions in this month’s
quiz are based upon information in
articles that appeared recently in
ES&T.

1. Is this statement correct: An
SCR can be tested with fair ac-
curacy using a high-power ohm-
meter,

A.) The statement is correct.
B.) The statement is not correct.

2. Is this statement correct: For
soldering in modern circuits you
should use a solder made up of
lead, tin and about 3% zinc.

A.) The statement is correct.

B.) The statement is not correct.

Servicing & chnolocy

Fabeuary 1988782.25

Proteciing against |
static electricity

o A
.
T YO
‘Elgﬁe I n n nuujluusnus

3. Is this statement correct:
Although it was once frowned
upon, the shotgun method of
locating a faulty component is now
recommended for troubleshooting
modern electronic systems.

A)) The statement is correct.

B.) The statement is not correct.

4. Is this statement correct: If
you remove a chip from a circuit
board, it can be used again if it is
first cleaned thoroughly with
alcohol.

A.) The statement is correct.

B.) The statement is not correct.

5. Is this statement corcect: In-
lividual heads in the upper head
cylinder should be replaced
periodically as a routine mainte-
nance procedure.

A.) The statement is correct.

B.) The statement is not correct.

ELEGTRONIG
Seyvicing & Technology '

SEPTEMBER 1985782 25

VCRS - part 2 » The video connection— part 4

Blowing nmconcoplains about fuses

dagmag

-

30 Electronic Servicing & Technology June 1986

6. Is this statement correct: The
Homodyne receiver is an example
of a stngle conversion receiver.
A)) The statement is correct.
B.) The statement is not correct.

7. Is this statement correct: A
two-way bus can be made with
NAND logic gates.

A.) The statement is correct.

B.) The statement is not correct.

8. Is this statement correct: An
undesirable feature of the matrix
scheme for addressing pixels in a
graphic display is that a partial
turn-on of the pixels reduces con-
trast.

A.) The statement is correct.

B.) The statement is not correct.

3. Is this statement correct: The
static charge accompanying a
freeze spray may be enough to
destroy a MOS IC.

A.) The statement is correct.

B.) The statement is not correct.

10. Is this statement correct; The
number 330 on a chip resistor
means that it is a 330Q resistor.
A. The statement is correct.

B.) The statement is not correct.
It is a 339 resistor.

Answers are on page 39
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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 recom-
mended that only exact cataloged parts be us-
ed for replacement of these components.
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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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This schematic is for the use of qualified technicians on-
ly. This instrument contains no user-serviceable parts.

The other portions of this schematic may be found on
other Profax pages.
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CTC 125 chassis

[ 2 [ 3 This schematic is for the use of qualified technicians only. This instrument contains no user- Color TV
servicable parts.
CLOCK MODULE/TIMER CIRCUIT . . .
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 componens in which safety is of special significance. It is recommended
that only exact cataloged parts be used for replacement of these components.

This schematic is for the use of qualified technicians only. This instrument

Use of substitute replacement parts that do not have the same safety contains no user-serviceable parts.
characteristics as recommended in factory service information may create
shock, fire, excessive x-radiation or other hazards. The other portions of this schematic may be found on 6ther Profax pages.
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Answenrs

(1

Sam Wilson

Questions are on page 30

1. A Servicing Ward’s HV and
LV Circuits by Homer L.
Davidson. (See Figure 4 for
details), 2/86. '

2. B Solder: The Tin Tie That
Binds by Conrad Persson,
2/86.

3. B Solder: The Tin Tie That
Binds by Conrad Persson,
2/86.

4. B Solder: The Tin Tie That
Binds by Conrad Persson,
2/86.

5. B An Important Notice— Page
15 of the January '86 issue.

6. A What Do You Know About
Electronics? by Sam Wilson,
1/86.

7. A What Do You Know About
Electronics? by Sam Wilson,
1/86.

8. ALCD Rivals CRT, page 5,
1/86.

9. A Troubleshooting the Basic
Personal Computer System
by Bud lzen, 12/85.

10. B What Do You Know About
Electronics? by Sam Wilson,
12/85.

Exclusive, triple patented dynamic
cap and coil analyzing ... guaranteed
to pinpoint your problem every time

or your money back

! | 0o e
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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.

e 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.

e 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
IHVTSs. The “Z METER” eliminates time-consuming and expensive
parts substituting with 100% reliable L.C analyzing.

e 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

. CALLTODAY
3200 S D
Sioux %ﬁlosresﬁ 1‘5v7e107 WATS FREE
605-339-0100 In SD Only 1-800-843-3338

innovatively designed with your time in mind
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parts

Replacement

Sometimes when you’ve diagonsed an equipment failure down to the
component level, your problems have just begun. Here are hints and
tips on identifying and procuring the correct replacement component.

By Conrad Persson

In most how-to servicing arti-
cles, including most of the servic-
ing articles in ES&T, trouble-
shooting, diagnosis and circuit
theory are emphasized and identi-
fication, procurement and handl-
ing of replacement parts are
treated as trivial pursuits.

Unfortunately, these processes
are frequently not as trivial as they
seem, and, in faect, on occasion,
identifying the malfunctioning
component and finding a source of
supply for the replacement be-
comes the hardest part of the en-
tire repair process. This article
gives you some hints on identify-
ing components that are not readi-
ly identifiable, gives you a list of
names and addresses of suppliers
and suggests ways of handling the
replacement devices so that you
don’t damage them before the
repair is completed.

General replacement notes
Here are a few general sugges-
tions from the repair parts sup-
pliers on selecting replacement
parts when the exact replacement
is not available and a substitute
part may be used.
Use replacement parts with;

This articte was based on information tips and hints
tound in parts catalogs of Philips ECG, General Elec-
tric, MCM, Motorola, New Tone Electronics, RCA-SK,
Workman Electronics and Zenith.

* equal or greater
breakdown voltage.
e equal or greater

operating current.

* equal or greater power
dissipation.

® equal or greater gain
bandwidth product.

* equal or lower switching
time.

® equal or lower trigger
current.

* equal or lower reverse
current.

Lead arrangement

Before replacing a failed compo-
nent, compare its lead arrange-
ment with that of the replacement
device. If it is not the same, bend
the leads of the replacement
device so that the leads will con-
nect to the correct terminals. If
this bending results in the
possibility of shorting leads
together, use some kind of in-
sulating material to eliminate this
possibility.

Push-pull power amplifiers
When one transistor in a push-

40 Electrenic Servicing & Technology June 1986

pull power amplifier stage fails,
the circuit becomes unbalanced.
This unbalance is very likely to
produce changes in the operating
conditions of that stage, possibly
large changes. Depending on the
cause of failure of the transistor,
other components in the stage may
have been damaged.

Parts suppliers recommend that
you replace both or all transistors
in a push-pull stage. It is generally
considered advisable to replace
transistors in a push-pull stage
with matched components even if
the service literature doesn’t
specifically call for a matched pair.

Rectifiers

When you replace a rectifier, it
is possible to replace a selenium or
other metallic-oxide device with a
silicon rectifier. However, the sili-
con rectifier will be more efficient,
delivering 25V to 50V higher dc
output voltage than the original
component in the B supply of a
typical line-operated radio or
television.

To prevent damage caused by
this higher-than-design value of
voltage, it is a good idea to place a
power resistor in series with the
silicon rectifier either between the
ac supply and the rectifiers, or be-
tween the rectifier and the first
capacitor.



Triplers and horizontal-output
transistors

When replacing an original
equipment high-voltage tripler,
compare the arrangement of the
leads of the two devices, carefully
noting the lead positions with
respect to other circuit com-
ponents. Make every effort to be
sure that the replacement unit
comes as close to this configura-
tion as possible.

When a horizontal output tran-
sistor fails, other components may
have initiated the failure, or may
have been damaged by the failure.
Before replacing one of these
units, carefully check all associa-
ted circuit components such as the
horizontal oscillator, the flyback
transformer, high-voltage multi-
pliers, and any resistors and capa-
citors. If any of these is faulty and
is not replaced at the same time as
the horizontal-output transistor, it
could cause destruction of the
replacement.

Repeated failures

If you find that one semiconduc-
tor fails repeatedly, it could be that
it was of marginal design for the
application it’'s in. It may be
operating too close to, or even
above, its designed voltage, cur-
rent or ambient operating
temperature. A simple fix in a
situation such as this is to replace
the problem device with one that
has a higher voltage or current
specification. Or, in the case of ex-
cessive heat, you might increase
the size of the heat sink or install a
heat sink where there is none.

Handling replacement parts

Placing a replacement device in
a circuit frequently requires bend-
ing of the leads. If this is not done
carefully, the point where the lead
enters the device may be stressed,
which can lead to cracking the
material (glass, plastic, etc.) of
which the device is constructed.

To avoid problems such as this,
use a tool such as long-nosed
pliers. Grasp the lead in the pliers
and bend the lead against the
pliers instead of the body of the
component. This will avoid stress-
related problems.

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

DELTA MEASUREMENTS TRIGGER

P b s
“0. 0 0 6
TIMEBASE FREQ

c wmm O

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 5mV 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.

e 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.

SENCORE RNy
: L

3200 S Dr

Sioux fvl;?fsr,esn 57107 WATS FREE

605-339-0100 In SD Only 1-800-843-3338

innovatively designed with your time in mind
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Parts suppliers

Some of these suppliers sell through traditional distributors, some sell via
mail order. Check them out. You might be surprised to find that suppliers like
Phllips ECG, RCA-SK, New Tone, Zenith and others, who you thought sold
only TV parts, can provide you with replacement digital ICs for computers,
remote control units, test meters and more.

Abatron Electronics
971 Ball Ave.
Union, NJ 07083

All Electronics Corp.
905 South Vermont Ave.
Los Angeles, CA 90006

Allled Electronics
401 E. Eighth St.
Fort Worth, TX 76102

Alpha Electronics Inc.
1365 39th St.
Brooklyn, NY 11218

Antique Electronic Supply
1725 W. University
Tempe, AZ 85281

Astl Magnetics
32 Piermont Road
Cresskill, NJ 07626

Clrcult Speclallsts
Box 3047
Scottsdale, AZ 85257

Consolldated Electronics
705 Watervliet Ave.
Dayton, OH 45420-2599

Daibanl Corp. of America
785 E. 14th St.
Los Angeles, CA 90021

Dick Smith Electronics
P.O. Box 2249
Redwood City, CA 99063

Digl-Key
P.O. Box 677
Thief River Falls, MN 56701

Digltron Electronics
110 Hillside Ave.
Springfield, NJ 07081

E.S.l Inc.
3171 Hempstead Turnpike
Levittown, NY 11756

Electronic Salvage Parts
2706 Middle Country Road
Centereach, NY 11720

Electronic Parts Supply
741 E. 14th St
Oakland, CA 94606

Electronics Warehouse Corp.

1910 Coney Island Ave.
Brooklyn, NY 11230

Etco Electronics
North Country Shop Center
Plattsburg, NY 12901

EVG Inc.
1 Lee Place
Freeport, NY 11520

Fox Internatlonal
23600 Aurora Road
Bedford Heights, OH 44146

Fuji-SVEA
P.O. Box 3375
Torrance, CA 90510

GC Electronics
400 South Wyman St.
Rockford, IL 61101

Jameco Electronics
1355 Shoreway Rcad
Belmont, CA 94002

Matsushita Engineering &
Service

50 Meadowlands Parkway

Secaucus, NJ 07094

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

Mid Amerlca Company
2309 South Archer
Chicago, IL 60616

Milo Assoclates
4169 Millersville Road
Indianapolis, IN 46205

Mouser Electronics
P.O. Box 9003
Lakeside, CA 92040

New-Tone Electronics
44 Farrand St.
Bloomfield, NJ 07003

Nippon America Inc.
9600 NW 12th St.
Miami, FL 33172

OHM/Electronics
746 Vermont Ave.
Palatine, IL 60067
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Omnitron Electrcnics
770 Amsterdam Ave.
New York, NY 10025

Optima Electronics
2022 Tigertail Bivd.
Dania, FL 33004

Pan Son Electronics
32-70 31st St.
Long Island City, NY 11106

Pfanstiehl Chemical Corp.
3300 Washingtcn St.
Waukegan, IL 60085

Philips ECG
100 First Ave.
Waltham, MA 02254

Projector Recorder Belt
200 Clay St.
Whitewater, W| 53190-0176

RCA Distributor and Special
Products

2000 Ciements Bridge Road

Deptfcrd, NJ 08096

Richardscn Electronics, Ltd.

3030 N. River Road
Franklin Park, IL 60131

TEC
83 East Cantral Ave.
Feart River, NY 10965

Thordarson-Meissner
628 Belmont St.
Mt. Carmel, IL 52863

Unity Electronics
P.O. Box 213
Elizabeth, NJ 07206

Workman Electronics Products

75 Packinghouse Road
Sarasota, FL 33578

Zenith Service, Parts
and Accessories

11000 Seymour Ave

Franklin Park, IL 604131

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 . . . or your money back

] Emscmnn s mans

with the new improved CR70 “BEAM BUILDER”
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 a real 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

L CALLTODAY
3200 S Dr
Sioux ;‘r;?fsr,esn l5‘?2107 WATS FREE
605-339-0100 In SD Only 1-800-843-3338

innovatively designed with your time in mind
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MOS devices are susceptible to
damage caused by electrostatic
discharge. Accordingly, precau-
tions should be taken to ensure
that static electricity in the vieini-
ty of the work area where MOS
device replacements will be han-
dled is discharged before the
device is taken out of its package,
and that any static electricity
buildup that takes place while
handling the MOS device is drain-
ed away as it occurs.

The following precautions are
recommended to prevent elec-
trostatic discharge damage:

e When youre handling MOS
devices, wear a wrist strap that’s
connected to ground through a
1mQ resistor.

* Use only soldering irons that
have grounded tips.

* Never remove or insert a device
with the power on.

* Always leave the device in its
conductive foam uritil you are
ready to insert it into the circuit.

Soldering

Careless use of the soldering
iron or using the wrong solder-
ing iron can lead to damage to the
device or lifting of circuit traces.
Always use the wattage of solder-
ing iron recommended by the serv-
ice literature, and use it carefully.
e Solder as far away as possible
from the body of a semiconductor.
e Always use a soldering heat
sink, or grasp the lead being
soldered in a pair of pliers to con-
duct the heat away from the body
of the component.
¢ Keep the surfaces to be soldered
clean, and the tip of the iron well
tinned so that the solder joint can
be completed quickly.
¢ Never apply the soldering tool
or molten solder to the lead for
more than 10 seconds. And never
apply the soldering iron to the lead
closer than 1/16 of an inch to the
body of the device.
* Use the kind of solder recom-
mended by the manufacturer of
the product. If there is no specific
recommendation, use a good quali-
ty of 60/40 (60% tin, 40% lead)
solder to make sure that you make
the joints quickly with a minimum
of heat.
¢ If the soldering iron is leaking
electrically between the heating

element and the tip, the tip may be
above ground potential. This leak-
age voltage may cause damage to
replacement © semiconductor de-
vices if the chassis has a return to
ground. To be on the safe side, you
should either use a soldering iron
that is equipped with a ground, or
when you're soldering solid-state
devices (especially static-sensitive
MOS devices), connect a flexible
grounding strap from the metal
neck of the soldering iron to
ground.

One of the nightmares when
you're servicing an electronic
product is to run across a failed
semiconductor device that’s not
marked and you don’t have the
manufacturer’s literature to help
you find out what the device is.
What next?

The Philips “ECG Semiconduc-
tor Master Replacement Guide”
suggests 10 steps to selecting a
correct replacement semiconduc-
tor, even if you can’t identify the
defective unit exactly:
¢ First determine if the device is
PNP or NPN. If you can deter-
mine which of the device leads is
for the base, emitter and collector,
you can then measure the circuit
voltages at those leads. If the col-
lector voltage is positive with
respect to the emitter voltage you
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