I R R R —————

The how-to magazine of electronics...

ELECTRONIG

Servicing & Technology

DECEMBER 1986/$2.25

Troubleshooting audio equipment Supertech style




VOLTS/DIV
- 1

» Alternate
Triggering
» 2 Time Bases

» 3.Channel
Input

» Clear, Bright mon information call oll-ree
Trace v 800-645-5104

V 0.5 mV In New York State

Manufacturers
Suggested
List Price

AYAAY

G8 TIME/DIV AND
TEN
e € elay Tve

SenSiﬁVity 516-231-6900
For professionals

b 2-Year Warranty who
| ks
[ nstruments Corporation
» Coast-to-Coast the porat

. difference.
Sel'Vlce 360 Oser Ave., Hauppauge, NY 11788

For Informatlon Circle (1) on Reply Card
For Demonstration Circle (2) on Reply Card



Attach your peel-off

label from the cover to
address box on card,

or print your name,

title, company, address, Zip
Code and phone number.

WANT FREE, QUICK
INFORMATION?
USE THESE
READER SERVICE
CARDS...

Sign and date the card.

Use card to start or renew
your subscription to ES&T.

Circle the number {(or
numbers) on the card
corresponding to the number
at the bottom of each
advertisement or editorial
item for which you want
more information.

Affix postage stamp and mail
right away.

1
0

e e L ettt e L L EL L E L L L EE L L L L

. - - - 1 .

Sl B <. 1 F
Servicing & echnology
Void after April 1, 1987

For more information on products or servicas mentioned in this issue,
simply circle the appropriats numbers below.

12 3 4 5 6 7 8 9
21 22 3 25 26 27 28 29
41 42 43 45 46 47 48 49
61 62 63 65 66 67 68 69
81 82 83 85 8 87 83 89
10t 102 103 105 106 107 108 109
121 122 123 125 126 127 128 129
141 142 143 145 146 147 148 149
161 162 163 165 166 167 168 169
181 182 183 185 186 187 188 189

10
30
50
70
90
10
130
150
170
190

"
3
51
Al
91
1m
131
151
171
1%

18
38
58
78
98
118
138
158
177 178
197 198

20
40

100
120
140
160

199 200

Please print
Name %

Company Name
Address
City

Title

"‘:jL

State Zip

BUSINESS TELEPHONE: AREA CODE (
Signature

)y NUMBER
Date

READER SERVICE INFORMATION
AND SUBSCRIPTION SERVICE CARD

For issue of December 1986

FOR FASTER ACTION!

| have an immediate interest in
the items I've Indicated here.
Please have a salesperson call me.

RD6

’ Please check one box under each@ to expedite your request for information. I

(® Type of Business

210 Consumer Electronics Equip Independ:
or Franchised Service Business

2200 Retailer With Consumer Electronics Equipment
Service Department

230 Electronics Equipment Field Service Or, i

2400 Service, Installation or Operation of Electronics FFJ Opelllou Management
Equipment In Industrial Or Commercial Facility Such as Service Manager, Operations

330 Engineering Of Electronics Equipment In Manager, Production Manager, Customer
Industrial Or Commercial Facility Service Manager, Marketing/Sales

350 Wholesaler, Jobber, Distributor Manager, Purchasing Manager, Credit/

370 Electronics Equipment Or Components Accoums Manager and Othel
Manufacturer jons/Admint

380 Government and Military:

@ Posmon
M

Such as General Manlger Owner,
Partner, President, Vice President,
Dlrector And Other Corporate

ative P

GGO En(ineerh./'l‘ethnlul&

Federal, State, Municipal Other Personnel
09 Education Such as Engineer, Ted\mcun Field
(@) College, Library, School, Service Engineer, Specialist, Engineering

Including Instructors Associate and Other Engmeenng And

®)3 Student Technical Support Personne!
300 Other KK Other
(®Check the number of Service Technicians employed at your facility.
AO 15 DO 26-50
BO 6-10 ECJ Over 50
ca 1125 FO Not applicable

@ Check the statement that best describes your role in the purchase of major electronics
equipment and servicing components, accessories and services.
100 Make final decision to buy a specific make or model.
20 Recommend make or model to be purchased.
30 Have no part in specifying or buying.

Please check
preferred order
(Allow 6-8 weeks for
delivery of first issue)

SUBSCRIBE NOW@!&‘A

O 1 Year—12 issues ONLY $18.00 (et
O 2 Years—24 issues ONLY $30.00
O 3 Years—36 issues ONLY $38.00
Note: Outside U.S.A. rates-are: (O 1 Year $22 (0 2 Years $34 [J 3 Years $44

CHARGE TO MY: (Please check one)

O Payment enclosed D MASTERCARD D VISA

O Charge to my VISA/

ACCOUNT NMUMBER
MASTERCARD INTERBANK NUMBER CARD EXPIRES
O Bill me later MASTER CHARGE ONLY (4 digits above your name) MO YR

Signature required Date

o e e e e e e e e e e e e e e e e e e e e e

Servicing

Void after April 1, 1987

For more Information on products or services mentioned in this issus,
simply circle the appropriate numbers below.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 SO 51 52 S3 54 55 56 57 S8 59 60
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 19 80
81 82 83 8 85 86 8 88 8 90 91 92 93 94 95 96 97 98 99 100
101 102 103 104 105 106 107 108 108 110 111 112 113 114 115 116 117 118 119 120
121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140
141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 158 160
161 162 163 164 165 166 167 168 163 170 171 172 173 174 175 176 177 178 179 180
181 182 183 184 185 186 187 188 183 190 191 192 193 194 195 196 197 198 199 200
Please print
Name Title
Company Name
Address
City State Zip
BUSINESS TELEPHONE: AREA CODE ( ) NUMBER
Signature Date

READER SERVICE INFORMATION
AND SUBSCRIPTION SERVICE CARD

For issue of December 1986

FOR FASTER ACTION!

| have an immediate Interest in

the Items I've Indicated here.
Please have a salesperson call me.

RD8

| Please check one box under each (=) to expedite your request for information. ]
(= Type ol Business (=) Position
210 C Electronics Equip Independ EEO C y M
or Franchised Service Business Such as Genera.l M.\nlger Owner,
220 Retailer With Consumer Electronics Equipment Partner, President, Vice President,
Service Department Director And Other Corporate
230 Electronics Equipment Field Service Organization Personnel
240 Service, Installation or Operation of Electronics FFL3 Operations Management
Equipment In Industrial Or Commercial Facility Such as Service Manager, Operations
330 Engineering Of Electronics Equipment In Manager, Production Manager, Customer
Industrial Or Commercial Facility Service Manager, Marketing/Sales
350 Wholesaler, Jobber, Distributor Manager, Purchasing Manager, Credit/
370 Electronics Equipment Or Components Accounts Manager and Other
Manufacturer Operations/ Administrative Personnel
3800 Government and Military: GGO Engineering/Technical &
Federal, State, Municipal Other Personnel
09  Education Such as Engineer, Technician, Field
Service Engineer, Specialist, Engineering

(a)Od College, Library, School,
Including Instructors Associate and Other Engineering And

)0 Student Technical Support Personnel
300 Other KKO Other
@Check the number of Service Technicians employed at your facility.
AO 15 DO 26-50
BO 6-10 ECJ) Over 50
cO 11-25 FOI Not applicable

(® Check the statement that best describes your role in the purchase of major electronics
servicing equipment and servicing components, accessories and services.
10 Make final decision to buy a specific make or model.
2[0 Recommend make or model to be purchased.
30 Have no part in specifying or buying.

SUBSCRIBE NOW:!.

O 1 Year—12 issues ONLY $18.00 Aov*
O 2 Years—24 issues ONLY $30.00
O 3 Years—36 issues ONLY $38.00

Note: Outside U.S.A. rates are: (J 1 Year $22 O 2 Years $34 [J 3 Years $44

Please check
| preferred order
(Allow 6-8 weeks for
delivery of first issue)

CHARGE TO MY: (Please check one)
O Payment enclosed

[J MASTERCARD O wisa
[ Charge to my VISA/
ACCOUNT NUMBER
MASTERCARD INTERBANK RUMBER &H ] CARD EXPIRES
O Bill me later MASTER CHARGE ONLY (4 digits above your name) MO, YR

Signature required Date




The how-to
magazine

of
electronics. ..

...brings
you current
information
on.

—Personal/ New Technology
Home Computers and service
-VCRs data in every SUBSCRIBE
~TVs issve. ..
-Audio Equipment Plus how-to N OW!
-Video Games articles with
-Satellite Dishes charts,
-Microwaves graphs, pictures

interest to you?
Advertiser's name

Circle No.

Tell us what you think about this issue?

What was the most interesting article in this issue?

List the subjects you want to read about most?

Which one advertisement in this issue was of most

and schematics.

FIRST CLASS

interest to you?
Advertiser's name

Circle No.

Tell us what you think about this issue?

What was the most interesting article in this issue?

List the subjects you want to read about most?

Which one advertisement in this issue was of most

ELECTRORNIC
Servicing & Technology

Product Information
P.O. Box 12951
Overland Park, KS 66212-0951

POSTAGE
HERE
Servicing & Technology
Product Information
P.O. Box 12951
Overland Park, KS 66212-0951
|I”I|I“IIII|II|II”IIIlI”IIllllllllllllllI”lllll
|| || PLACE
FIRST CLASS
POSTAGE
HERE

e L PPy Iy U S Sy ——

|



Fluke breaks the old mold.

The Fluke 37. A bold new shape
emerges with more features for the
money than any other bench DMM.
Period.

Dollar for dollar, the new Fluke 37 is
unbeatable. In addition to its breakthrough
design — with built-in handle and storage
compartment — it has all the high-per-
formance features of the world's best, most
reliable 3" digit DMMs.

Autoranging, to eliminate guesswork.
Audible Continuity, so you don't have to
look at the display. An exclusive analog
and digital display, for the best view of
the signal being measured. Superior EMI
shielding. And user-friendly features like

And, how many other $229 bench me-
ters give you these features? Min-Max
recording, for monitoring signals. 38
components dedicated exclusively to input
protection. Relative mode, to help you cal-
culate changes in readings. And Fluke’s
patented Touch Hold, to give you an extra
set of hands when you're taking critical
measurements.

None. Not at $229. Not at any price.

For your nearest distributor or a free
brochure, call toll-free anytime 1-800-

227-3800, Ext. 229. (Outside the U.S. call
1-402-496-1350, Ext. 229)

FLUKE 37

$229°

0.1% basic dc accuracy
Analog/Digital Display

Volts, Ohms, Amps, Diode Test
30 kHz AC bandwidth

auto self-test, auto battery test and auto- FROM THE WORLD LEADER R e
polarity. All this, plus a two-year warranty.  IN DIGITAL MULTIMETERS. Z-year varanty__
* Suggested U.S list price. effective June 1, 1986.
IN THE U.S AND NON-EUROPEAN COUNTRIES: John Fluke Mig Co. Inc. PO. Box C908C, M/S 250C, Everelt. WA 98206. Sales (206) 35§ 5400, Other (206) 347-610 ®
EURDPEAN HEADQUARTERS Fiuke (Holland) BV. PO. Box 2269, 5600 CG Eindnoven. The Netheriands, (040} 458045, TLX 51846

© Copyright 1986 John Fluke Mig. Co . Inc.  All rights reserved.  Ad No. 4701-37
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TV troubleshooting

hints and tips

By Conrad Persson

When diagnosing an ailing
television, weigh symptoms
and test vital signs as
methodically as does a
physician whose concern is
a human patient.

20

Watch your language!
By Conrad Persson
With every electronics
advancement, comes a
brand-new vocabulary that
must be learned before
comprehending the
accompanying new
concepts, new materials
and brand-new
techniques.

22

Index of 1986 articles

and 50-month Profax
directory

Compiled by

Warren G. Parker

and Alisa Carter

A complete index of articles,
book reviews, products,
Troubleshooting Tips,
Symcures and 1986 Profax
precedes the directory of
Profax that are indexed from
their initial publication in
October 1982.

Page 14

Good test tools plus thefunctional-block
approach facilitate TV troubleshooting.
Photo courtesy John Fluke Manufacturing.

Page 39
Super techs simplify servicing with prop-
er maintenance. Photo courtesy Chemtronix.

Departments:
6 Editorial
8 News

10 Technology
13 Feedback
47 Books
48 Troubleshooting Tips
56 Computer Corner
58 Reader’'s Exchange
60 Products
62 Audio Corner
64 Literature
64 Photofact
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Troubleshooting audio
equipment — Supertech
style

By David T. Miga, CET

Be methodical, advises the
author, but don’t
overcomplicate your
troubleshooting procedure;
simple reasoning will
eliminate unnecessary
steps.

44

Bug out!

Even intensive care couldn’t
save one hospital computer
after its life was shorted by
an $800,000 roach.

46

Test your electronic
knowledge

By Sam Wilson
Ouch!

50

What do you know about
electronics?...sawtooth
waveforms

1 By Sam Wilson

Letters from readers inspire
a debate as to advantages
of sawtooth waveforms in
testing, followed by
applications of the Hall
Effect. Compact discs are
introduced.
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It was so
obvious...

Troubleshooting a piece of
malfunctioning electronics equipment,
especially one as complex as today’s
television and video equipment, is a
challenge. There are so many things
that can go wrong, and in many
modern direct-coupled sets, a problem
that appears to originate in one
circuit frequently originates
somewhere downstream, reflecting
back to the circuit that appears to be
the cause of the trouble.

But, as most of you know, that’s
only the beginning of the problem. In
modern sets with start-up and
shutdown circuits, the possibilities of
the problem source multiply in
proportion to about the square of the
number of protective circuits. That
makes the agony of the problem that
much more exquisite.

In spite of this increasing
complexity, and its attendant
difficulties in troubleshooting, many
servicers confess that they feel
inadequate if they don’t proceed in a
straight line direct to the cause of the
malfunction. It’s a common statement
in Troubleshooting Tips and other
correspondence that we receive for a
servicing technician to conclude, after
reciting his approach to a problem,
“It was so obvious, I don’t know why
I didn’t think of it first thing.”

That’s a natural and normal
reaction to locating an “obvious”
problem cause after spending a lot of
time following false trails and turning
the problem over and over in your
mind. Anyone who has ever spent
much time troubleshooting and
repairing products has had
the same feeling.

But you're being unfair to yourself.
Instead of the unalloyed feeling of
triumph that you deserve, you feel
that you're less than adequate: that
you've wasted time and energy
following those dead-end leads.

Troubleshooting is a creative
process, and like most other creative
processes frequently proceeds in a
non-linear fashion. A problem in one
of today’s sophisticated consumer
electronic products could be caused
by any one of dozens of problems. So
you start by saying to yourself “The
combination of symptoms consists of
A and B and C and D. One cause of
that combination of symptoms might
be X.” When you check out X and
that turns out not to be the problem
source you think it over a little and
you come up with another possibility,
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and you check that one.

Let’s say that you check that out
and it turns out not to be the
problem, but an anomaly you discover
in checking out that circuit gives you
a clue that leads you to suspect
another area of the circuit, which you
proceed to explore.

Sometimes you get lucky and your
first stab at the problem (hypothesis
is a more elegant sounding word, by
the way) turns out to be the source of
the problem. Sometimes you check
every possible avenue you can think
of and still dont get to the root of
the problem. Those are the ones that
servicing technicians call dogs. Most
often, the solution to the problem
yields in some reasonable
number of steps.

Take a look at a manufacturer’s
diagnostic chart (if you don’t have
one handy, there’s a partial one in
Computer Corner in this issue).
Notice that these charts ordinarily
have many branches with many steps
on each branch, The only way to find
the problem source (sometimes
sources) is to follow first one branch
and then another until you come to
the step that points to the solution.
And you thought that the answer
should have been obvious?

Most people involved in creative
work, whether it's engineers, artists
or writers, begin the process with
some kind of statement of a problem
or desired direction, then sit down
and proceed to explore all of the
possible ways to get to a solution,
then choose one or a combination of
the possibilities that came to mind.
Almost invariably the reaction is the
same one that besets the servicing
technician when he finds the answer.
“It was so obvious.” It just seemed so
after you've spent hours looking at
the problem from every angle.

Think about this the next time you
diagnose a problem after a lengthy
battle and think to yourself, “It’s so
obvious. I should have been able to go
right to the source of the problem. 1
followed so many false trails.” The
problem probably wasn’t obvious at
all. And you weren't following false
trails at all, but testing hypotheses.
And you probably deserve a pat on
the back and that feeling of triumph
for solving a tough problem.

Nde Comnd Coram
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Study predicts $985 million
1986 accessories business

It’s the optional extras that
count in today’s VCR and consum-
er video camera sales, according to
an RCA study of video accessory
buying trends. The hardware prod-
ucts themselves will account for an
estimated $8.4 billion in this year’s
retail sales.

The $985 million figure repre-
sents an anticipated 18% increase
over 1985 sales of extras that are
bought to enhance VCRs, video
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The End of Aerosol
ic Charge Generation

Static damage from aerosols hasbecome
soserious that aerosols are beingbanned inan
increasing number of facilities. Tests in many
facilities show that quick chill sprays and clean-
ingsolvents can generate static charges from 50
t0 12,600 volts depending on humidity, spray-
ing time, orifice size and distance between
orifice and surface being sprayed.

While adding anti-static compounds to
quick chill sprays reduces the charge, they leave
minute residues that must be removed or mal-
functions may occur. Decreasing orifice size
may help but will not end the problem.
(Obviously, cleaningsolutions for electronic
components cannot include anti-static

compounds since all anti-static
compounds leave residues.)
AEROGROUND™
The Solid Solution.
AEROGROUND isan
equipotential grounding
device thatreplaces
theordinary
aerosol delivery
system. Itincludes
aconcentrically insulated con-
ductive spray nozzle, special sprayhead and
appropriate leads that ground the aerosol
nozzle/extension to the unit being sprayed. The
completed ground loop protects all surfaces as
Circle (8) on Reply Card

wellas the operator from static charge
build-up during and following the
spraying operation. When properly
connected, AEROGROUND specifi-
cally controls static charge generation
and dissipation from aerosols. (AERO-
GROUND is designed for the fitments
used on Tech Spray aerosols and may not
fit other aerosols.) For complete information,
contact DonSchrowagen at TECH SPRAY.

= EREEH

PO. Box 949 - Amarillo, TX 79105 - 806/372-8523
CALLTOLL-FREE800/858-4043

In Texas: 800/692-4677 - TELEX: 738450
FAX:806/372-8750
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Technology

By Joseph J. Kroger

Science writers love terms that
connote mystery. Artificial intelli-
gence is one of their favorites. It
has a futuristic, Flash Gordon-ish
ring to it. And, like most things
with an aura of the unknown, it’s
fun to speculate about.

But now it’s time to put some of
the more fanciful misconceptions
surrounding the topic to rest. Be-
cause AI, which can be defined
simply as the capability of a ma-
chine to mimic intelligent human
behavior, is really neither far off
nor far out. It’s here. And it’s be-
ginning to change the way we live.

Case in point— Artificial intelli-
gence technology is making possi-
ble a sophisticated type of prob-
lem-solving activity called rapid
prototyping. This involves simula-
tion that is based so closely on real-
ity that users can visualize real-life
implementation. One example of
this solution at work: NASA scien-
tists, who had spent eight years
trying to eradicate carbon dioxide
from space shuttles, turned to Al
applications and solved the prob-
lem in four weeks.

Case in point— A major U.S. air-
line has developed an Al applica-
tion that optimizes seat revenue by
analyzing such factors as capacity
vs. tickets sold, allocation of full
fares and discounted ones, number
of days until departure, competi-
tive airlines’ seats available, and so
forth. For the airline, the benefits
are significant, including in-
creased profit, more efficient use
of personnel and facilities, and a
competitive advantage.

Case in point — An artificial intel-
ligence system called Just In Time
Manufacturing aims at reducing
costs and improving quality on fac-
tory production lines by virtually
eliminating the need for inventory
and storage.

The Just In Time system simu-
lates a factory’s entire production

Joseph J. Kroger is president of Sperry Corporation,
Blue Bell, PA, manufacturer and supplier of electron-
ics-based, high technology systems and services.
Sperry now has the second-largest installed computer
base in the world.

Artificial

intelligence:

debunking
the myths

Machines that think! Artificial intelligence — defined as a machine’s ability to mimic
intelligent human behavior.is a new technology with tremendous potential
usefulness. Al’'s scope encompasses vision, speech, robotics, expert systems (com-
puter programs that incorporate the knowledge of human experts), and natural

language.

flow via representations of various
workstations and tools that appear
in windows on a video screen. It
shows not only the functions and
relative speed of each tool, but also
how much lead time is needed to
order parts for each step along the
way. And it can suggest ways to
correct bottlenecks by moving peo-
ple and machines around to change
the product flow, thus indicating
which manufacturing configura-
tion is most productive.

Another Al system being devel-
oped takes aim at automating the
diagnosis of printed-circuit board
failures. The system has already
demonstrated its ability to pin-
point faulty devices with a minimal
number of probes, while it frees up
valuable human resources. The po-
tential dollar savings are dramatic:
Conventional testing uses hard-
ware that costs $1.5 million and is
operated by a highly skilled techni-
cian, while the AI approach uses a
program that costs less than
$100,000 and can be run by some-
one with two weeks of training.

Still other artificial intelligence
systems already in use diagnose
diseases, uncover subterranean oil
deposits and design computer
chips. More such practical applica-
tions—many more—are just over
the horizon.

Programs like the ones just de-
scribed are called expert systems,
so named because they contain the
collected, computer-stored know-
ledge of specialists in a given field,
an expert system, when provided
with specific information about a
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task, ecan draw on mountains of
data to make a decision based on
the stored knowledge about that
task. AI’s scope also encompasses
natural language processing, ro-
botics and vision and speech recog-
nition. At least for the moment,
the most promising advances are
in the expert systems area.

Essentially, artificial intelli-
gence is viewed as both a basic
technology (it’s a complex software
technology, not a product) and an
exciting business with enormous
potential.

Al is a new way of using comput-
er technology to solve problems in
business and science, boost pro-
ductivity and improve a company’s
market position. Those in the fore-
front of Al technology are poised
to offer business and industry a
vast array of new tools. Manufac-
turing, especially, is one area in
which Al has many applications,
including the technology needed to
achieve true computer integrated
manufacturing (CIM).

Obviously, any company serious
about participating in the Al revo-
lution must commit vast amounts
of R&D dollars. But money alone
isn't enough. Leadership also re-
quires a willingness to initiate ex-
tensive training programs, to in-
crease support for university re-
search projects and to team up
with other companies and under-
take joint ventures so that prod-
ucts can be delivered in a smooth,
timely fashion.

In fact, as Al moves out of the
laboratory and into the market-
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Continued from page 10

place, its true nature becomes in-
creasingly apparent. Basically, it’s
nothing more than sophisticated
electronic circuitry rigged up to
manipulate symbols in the same
way that people do when they rea-

son through problems and come up
with feasible solutions.

Solving problems that until now
were beyond the computer’s grasp:
That’s the name of the game. And
we're starting to win it.

World'’s fastest transistor

Toshiba researchers have devel-
oped a hetero-junction bipolar
transistor (HBT)—a new genera-
tion transistor—with the world’s
fastest switching time per gate of
35ps (a trillionth of a second).

An HBT is a high-speed transis-
tor of the future that uses com-
pound semiconductor materials of
aluminum gallium arsenide
(AlGaAs) and gallium arsenide
(GaAs). Numerous applications are
expected in such fields as central
processing units (CPUs) for next-
generation supercomputers, and
transceivers designed for optical
communications.

In order to fabricate an integrat-
ed circuit using HBTs, research fo-
cuses on the miniaturization of
each transistor. The key to making
each transistor smaller is to shrink
the gap between the electrodes of
the emitter and the base while re-
taining sufficient insulation.

However, in the conventional
method, the emitter and the base
(key elements forming a transistor
are formed respectively by using
different masks, which means
extra space is needed to ensure
enough isolation between each
electrode. This increases the over-
all size of the transistor.

Toshiba researchers have over-
come this problem by developing a
completely new process technolo-
gy called the self-alignment meth-
od. In the new method (see Figure
1), the emitter is first formed and
then a new thin layer of silicon di-
oxide (Si0, ) is introduced as an in-
sulator to cover the emitter region
completely. Then the base elec-
trodes are formed next to this Si0,
layer, which means that no extra
idle space is required to complete
the new transistor.

In other words, experimental re-
sults show that the width of the
emitter thus has been halved from
4p to 2y, and the gap between the
emitter and the base electrode re-

duced to one-fourth: from 1 down
to 0.25u. As a result, the size of the
whole transistor has been reduced
significantly.

At the same time, the ion im-
plantation technology has been im-
proved for making the external
base region. In the conventional
method, only magnesium is im-
planted. Toshiba researchers have
found that adding some phosphor
along with magnesium virtually
will suppress lateral diffusion, or
erosion of magnesium into the
emitter region.

By using these two key technolo-
gies, Toshiba has test-manufac-
tured a CML (current mode logic)
ring oscillator —a typical device for
measuring the speed of a transis-
tor—integrating 97 pieces of

HBTs. The oscillator recorded the
world’s fastest switching time of
35ps per gate, more than b5ps
faster than any other kind of bi-
polar transistor device.

Several new types of transistors
are now being developed, includ-
ing MESFET (metal-semiconduc-
tor field effect transistor), HEMT
{(high electron mobility transistor),
Josephson Junction devices and
HBTs.

HBTs have the advantage that,
unlike Josephson devices, they are
capable of operating under normal
environmental conditions. Fur-
ther, unlike MESFET and HEMT,
HBT is a kind of bipolar transistor
whose current capability is superi-
or to FETs and that is more suita-

ble for very high speed ICs. GGEA,.
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Figure 1. The self-alignment method of transistor fabrication eliminates wasted

space, resulting in a smaller device.
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Feedback

Letter to Sam Wilson

I would first like to congratulate
you on your fine articles for Elec-
tronic Servicing and Technology.
As chief engineer for the Universi-
ty of Massachusetts, Video In-
structional Program, [ keep
myself up with almost all the
video/electronic technology
magazines and periodicals. I find
Electronic Servicing and Tech-
nology to be the finest among a
very large group.

The Video Instructional Pro-
gram transmits electronic engi-
neering classes via Ku-band
satellite to industry to allow
engineers in the field to access
graduate studies, and earn grad-
uation degrees while in their own
work place. As an integral part of
the university’s College of
Engineering, I spend a lot of time
among prospective engineers just
learning their trade, and feel that
it is very important that they get
off on the right foot. I appreciate
your continual discussions and
observance of proper safety pro-
cedures, and want to express some
thoughts on that subject.

I recently found myself in our
vast library searching through
various technical materials when I
came across a book in which the
author is discussing the correct
use of meters. A quote reads The
two-hand method is a dangerous
practice which should be avoided
religiously. Obviously this is
marvelous advice, but ironically
the protective jacket of this very
book shows a photograph of a tech-
nician using the two-hand method
while testing an electronic device!
This seems to be a dramatic over-
sight considering the author
spends a great deal of time concen-
trating on proper safety pro-
cedures.

I have known many technicians
who have held solder in their
mouths while soldering, and have
used other improper or unsafe
methods of testing or repair. Many
periodicals focus on new equip-
ment, software or practices in our
field. I'm as enthusiastic as anyone

about new information such as
this, but I feel that I should ap-
plaud you in taking the time to re-
mind everyone that safety is first,
and should never be taken for
granted. If there is anything I
would like to share with the new
engineers graduating from the
University of Massachusetts, or
anywhere else, it's the concerned
reminder to always observe
careful and safe technical pro-
cedures. Thanks for doing your
share of the same.

Andrew R. Casiello, MT
University of Massachusetts

at Amherst

I want to thank you very much
Sfor your letter regarding safety
practices and also for your com-
ments on my material in ES&T
magazine.

You are quite right to be con-
cerned about the safety aspects of
electronics. It is wvery often
overlooked in our haste to keep up
with the technology. In the near
Sfuture I expect to discuss some
dangerous chemicals—such as tan-
talum—that are being wused in
manufacturing today. In addition
to the safety of technicians, there is
the problem of discarding these
chemacals into the environment. (I
guess you could say that is an in-
direct safety problem.)

Sam Wilson

Letter to Sam Wilson

I wish to apply for one of your
rare and valuable certificates as
described in your article in the
September issue of Electronic
Servicing and Technology. | take
some exception to the answer to
question 3 on page 71. Because
Black, Nyquist and Bode, who in-
vented and formulated negative
feedback, were all friends and
associates of mine, I feel some
responsibility to respond. Also, of
my 59 issued U.S. patents, several
apply to negative feedback.

Black’s patents in 1925 and 1932
and Bode’s 1940 article in the Bell
System Technical Journal, “Rela-
tions Between Attenuation and
Phase in Feedback Amplifier
Design,” together with Nyquist’s
stability criteria, paraphrased
“Thou shalt not enclose the point on
the complex plane, 1+J0,” are the
authorities I cite.

The amplifier gain is not what a

December 1986

Bode plot presents nor is it what
Nyquist described in his stability
criteria. Bode and Nyquist were
talking about the loop gain of feed-
back amplifiers. Further, the Bode
plot is not a simple graph but is a
plot on the complex plane. The X
axis is real numbers and the Y axis
is imaginary numbers. Mu beta is
plotted, not amplifier gain. A
feedback amplifier with a forward
gain of mu and a feedback gain
(loss) of beta will have an external
gain, amplifier gain, of mu divided
by 1 plus mu beta. This external
gain is generally far different from
the loop gain. The measurement of
external gain is of little value in
determining feedback stability or
distortion reduction by feedback,
which were major concerns of all
three gentlemen cited.

If I do earn one of your rare and
valuable certificates, or perhaps
even the first one, I promise to
hang it on the wall of my labor-
atory. Although retired, 1 keep
busy. Habits from over 40 years at
Bell Labs are hard to break.

Ray Ketchledge
Englewood, FL

Thank you for your interesting
and informative letter regarding
the origins of the Bode plot.

Regardless of the original intent
of the authors, the term Bode Plot
has now come to mean a plot of gain
and phase angle against frequency.
I now quote directly from the IEEE
Standard Dictionary of Electrical
and Electronics Terms (IEE Stan-
dard 100):

Bode Diagram

A plot of log-grain and phase-angle
values on a log-frequency hase for an
element transfer function, a loop
transfer function, or an output
transfer function....The ordinate may
be expressed as a gain, a log gain, or in
decibels as 20 times log-gain; the
abscissa as cycles per unit time, ra-
dians per unit time, or as the ratio of
frequency to an arbitrary reference
frequency.

So, regardless of the original in-
tent, Bode plot has come to mean a
plot of gain and phase angle values
against frequency.

Keep trying. I am sure the highly
coveted certificate is well within
your grasp judging by your letter of
August 28. Maybe next time!

Sam Wilson

Electronic Servicing & Technology
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By Conrad Persson

Troubleshooting a television is
one of the hardest things in the
world to do. OK, there are proba-
bly a few things that are harder:
housebreaking a grizzly bear, go-
ing over Niagara falls in a teacup,
winning the Indianapolis 500 on a
skateboard. But a malfunctioning
television does present strenuous
challenge to someone bent on diag-
nosing and repairing the problem.

There are several things that the
service technician can do, how-
ever, that will help to reduce the
difficulties of servicing a television
to manageable proportions:

* Observe symptoms carefully, in
detail, and make a note of them.

* Keep in mind the television’s
functional blocks.

e Know and apply some of the
long-established TV trouble-
shooting hints and tips.

Ask questions

Have you ever observed careful-
ly what your doctor does when he’s
examining you? He goes through a
set routine of tests and measure-
ments: temperature, blood pres-
sure, pulse rate, heart and lung
sounds, reflex, and more, and
carefully notes them down. At the
same time he's asking you if it

hurts anywhere or if you're ex-
periencing any other symptoms,
and noting that down as well. It all
becomes part of your record.
This orderly approach to noting
symptoms is no less valuable in
treating sick televisions than it is
in treating sick people, and even in
the most obvious cases should be
followed. When you're planning to
work on a television, you should
ask the principal viewer questions
that will help pinpoint where the
trouble lies. Ask questions such as:
* Describe the exact nature of the
problem.
® Was this a gradual decline in
performance or did it occur sud-
denly?

e How long has the problem
existed?

* Are there any other symptoms?

¢ Have you moved the set recent-
ly, or made any other changes in
the viewing room?

* Have you had problems with any
other electronic devices?

¢ Has there been an electrical
storm in the area recently?

The answers to questions like
these may not by themselves lead
to a diagnosis of the problem, but
can help point to the answer.
Gradual onset of a problem sug-
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gests aging of components, but
sudden failure points to something
catastrophic that might be ob-
servable as a burned component or
some other visible problem. If the
problem had a sudden start and oc-
curred at about the time of a
thunderstorm, your subsequent in-
vestigation might include close
scrutiny of the television’s circuits
for evidence of lightning damage.

Observe symptoms

As soon as you get the malfunc-
tioning set on the bench, the next
step is to turn it on and observe
symptoms for yourself. Again,
don’t forget to make note of any-
thing unusual. If the set operates
normally, and your earlier investi-
gations led you to suspect heat
related problems, you might use a
heat lamp, or cover the set with a
blanket or something similar to ac-
celerate warming the set to the
point where it malfunctions.

Look. Listen. Smell. When you
first turn the set on, you should
hear the rushing sound of the high
voltage coming up. Note the pic-
ture: Is the size correct, bright-
ness, color? How’s the sound from
the speaker? Are there any un-
usual smells, such as might be
caused by an excessively hot com-
ponent? If this television does ex-
hibit intermittent problems, if you



don’t write notes about proper
operation and problems noted, by e _,{ﬁ
the time it does malfunction, you'll
have forgotten what you've ob-

served. Take notes.

When you have the set opened Py
up, again use all your senses and
make notes of your observations. l
Use your eyes: Check for loose ]
wires, blackened components that e e | osEcTon T e B
are evidence of excessive temper-
atures caused by overloading. Ex- o=
amine components for signs of e
cracking; of other problems, such
as leakage of electrolyte from l
capacitors. If a component doesn’t
look right, there’s a high likelihood .. Pemeim
that it’s bad. Check it carefully and !
replace it if it’s bad. l

Component temperature is an-
other indicator of whether the cir-

COLOR
> DEMODULATION
CIRCUITS

cuits are operating properly or

not. If you suspect a certain com- Figure 1. Thinking of a television or other consumer elactronics device in terms of its
ponent, sometimes a fmger care-  functional blocks, and evaluating the trouble symptoms in those terms, can help
isolate the source of the problem.
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Figure 2. Manufacturers’ troubleshooting flowcharts, such as this one from GE, are an aid n logical, step-by-step, fault
diagnosis. A technician who is familiar with the functional block description of television can, with the aid of the schematic
diagram (Figure 3, page 16), establish a similar troubleshooting approach. (Drawing and chart courtesy of GE Company.)
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Figure 3. Symptoms of no video, no col-
or, audijo ok, narrow troubleshooting ef-
fort to this portion of television. Refer to
Figure 2 for troubleshooting flowchart.

-

4

Figure 4. Alternately heating and cooling
suspected components can help to pin-
point the cause of failure. (Photo
courtesy of Chemtronics)

fully placed on it (with all due
precautions for hazards of high
voltage, burns, etc., observed, of
course) will tell a great deal about
what’s going on. A component
that’s very warm to the touch may
indicate a short circuit or other
source of overload. A component
that you expect to be warm but
that is cold, on the other hand, sug-
gests that there’s an open circuit
somewhere.

Remember functional blocks
A glance at the schematic of a
modern, sophisticated TV set

reveals an extremely complex unit.
There are hundreds of compo-
nents, wired together in very in-
tricate fashion. Sometimes it
seems as though any of those little
devils could be the cause of some
problem. At those times it helps to
remember that any TV set can be
divided into functional blocks and
diagnosed on that basis. For exam-
ple, referring to Figure 1, if the
problem is lack of sound, or dis-
torted sound, or some related
problem, your first thought would
naturally be to concentrate on the
audio circuits. But the problem
could be elsewhere. Note that the
sound, along with the video, has to
be tuned by the tuner, amplified by
the IF amplifiers, detected by the
video detector, then is routed
through the sound circuits. Your
diagnosis, then, becomes a matter
of considering likelihoods. If there
is a problem with the sound, but
everything else is OK, most likely
the problem is somewhere on the
audio circuit side of the video
detector. On the other hand, if the
problem is audio, accompanied by
some degeneration in the video as
well, the problem is most likely
somewhere from the video detec-
tor on back to the tuner.

A troubleshooting flowchart

Figure 2 is a flowchart taken
from GE’s troubleshooting guide
for the PC chassis. It suggests a
course of action if the symptoms
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are no video, no color, audio OK.
Note that it doesn’t go beyond IC
101. If the audio is OK, it means
that everything’s working fine
right up to that point.

Note that the first step is to
check to see if the CRT filaments
are lit. The troubleshooting
thought process has very quickly
narrowed down the area in which
the technician has to search to
locate the problem. Note also the
continuation of the flowchart. In
each case, an area of the circuit is
tested, and if it turns out to be OK
the next most likely source of the
problem is considered.

In the case of this flowchart, the
GE engineers have been kind
enough to do most of the thinking
for the technician, but if you take a
functional block approach to serv-
icing televisions, or any other con-
sumer electronic product, you can,
with the aid of the manufacturer’s
service literature or Sams materi-
al, develop a similar thought proe-
ess: “If only A is malfunctioning, it
must be somewhere between x and
y. If A and B are malfunctioning
the problem must be between y
and z,” and so on.

Over the years, technicians have
developed a bag of tricks to aid in
the task of troubleshooting and
servicing. Some of them vary the
voltage or current to the unit
under test, some of them change
the temperature of the devices
that are suspected, but they all im-

Continued on page 18



ADVERTISEMENT

* RESEARCH
* DEVELOPMENT
* PROTOTYPING
* PRODUCTION

Diehl Industries of Amarillo,
Texas proudly announces the
opening of a new and unique
research, development, and proto
typing division, for use by the
nation’s electronic industry.

WHAT MAKES IT SO UNIQUE

Traditionally, when a company or
an individual has a new idea, mass

confusion sets in, - - - and
promptly takes control of the
project.

The “‘electronics’ for the original
idea goes one direction (to R & D),
while another ‘‘team’’ scrambles to
develop the mechanicals for the case
that will house the final product.

From ‘R & D’ the artwork for
PC boards must be generated, then
sent to a PC board manufacturer,
the mechanicals for the case must
then be sent to a plastics
manufacturer, once they are
finished, the PC boards must then
be sent to a ‘‘board stuffing”’
company, someone must then find
the best price on component parts
and hardware, someone else must
coordinate the receiving of same,
while yet another team s frantically
trying to develop an operations
manual for the final product (which
must then be sent to a printer, who
will ultimately have to send it out to
a bindery to be bound, and turned
into an actual book).

You guessed it! By the time all of
the above comes back to home base,
- - - nothing fits %!, $*

(just ask anyone who has tried it).

Diehl’s new division has a unique
advantage over tradition, in that all
of the above is done under one roof.

Diehl’s R&D Department can
take a preliminary schematic (or just
an idea without the schematic),
design it, or refine it, bread board it,

test it, turn it into working artwork
for printed circuit production, then,
using their own proto typing system,
produce the original ‘‘trial”” PC
boards. Our R&D staff has
immediate access to four, totally
separate individual, full time, ‘“‘in
house’”> CAD systems (computer
assisted design). In a ‘‘total design”’
project all four will become
necessary.

“Auto CAD 86’ will be used to
generate shop drawings which will
then be used by Diehl’s Plastic
Division.

Winteks ‘‘Hi-wire’” will be used
to generate the necessary schematics
for use by Diehl’s own in-house
printing and bindery department
along with the necessary text for
same, which will be provided by
Diehl’s in-house technical writing
staff.

Winteks *‘smart-work’ will be
used to generate artwork to produce
PC boards. This same artwork is
then given to Diehl’s in-house
camera and stripping dept. where it
will be photographically reduced,
and turned into working transparent
positives, which will then be given to
Diehl’s in-house PC manufacturing
division (once the R&D proto type
boards have been approved).

Meanwhile, Winteks “‘drill”’
CAD System is used to generate the
necessary ‘‘drilling’’ information
for our Excellon ““Mark III’’, four
spindle, computerized drill which is
just part of Diehls in-house PC
board manfacturing division. Once
our Excellon drill (which is based on
an 8,000 Ib. granite slab for
accuracy) has completed the drilling
operation (at 10,000 holes per hour
x 12 boards at a time), the boards
will go through our own in-house
chemistry, then into one or more of
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our fourteen in-house electro platers
for copper, tin-lead, nickel, or gold.

After being properly sized, the
PC boards will then go to our in-
house ‘‘board stuffing’’ department
(which employs 20 full time
stuffers). There it will be “‘stuffed’’,
wave soldered, inspected, tested,
then given to quality control for
final inspection.

Meanwhile: Our purchasing dept.
has been on the phone with every
major supplier in the country
fighting for the best possible price
on the highest quality components.
Our in-house printing and bindery
division has produced the operation
manuals from artwork that was
provided by our own technical staff.
Our in-house plastics division
(which does some of the most
sophisticated vacuum forming in the
nation) has produced the cases into
which the final product will be
assembled. Our own in-house silk
screening department has produced
all necessary escutcheon plates and
panels.

All of the necessary components
are now ready for mass production
by our own final assembly division.
Because everything was done under
one roof, and monitored by one
project supervisor, - - - everything
fits!

In adddition to the above, we also
have our own in-house advertising
agency and international marketing
facilities .

The next time you
“project’’ think about us,
- - - we can make it happen!

DIEHL INDUSTRIES
6661 Canyon Dr.
Amarillo Texas 79110

Phone (806) 359-0329

have a



Figure5. A neon bulb can verify the
presence or absence of horizontal
sweep pulses.

Figure 6. A 100W light bulb placed in
series with a portion of a TV circuit
that's drawing excessive current and
blowing fuses or popping the breaker
will limit the current to give you time to
troubleshoot the set. The degree of
brightness of the bulb will give you an in-
dication of the severity of the overload.

prove your chances of determining
what the problem is.

Heating and cooling components

One way to pinpoint which de-
vice in a circuit is causing prob-
lems is to alternately heat and cool
each device in the circuit in turn.
Frequently, a heat rise causes a
defective transistor, IC or diode to
stop operating. If a circuit in a set
on the bench no longer operates
properly after warmup even
though the set behaved properly
while it was comparatively cool, a
short blast of canned coolant spray
on the suspect component might
restore operation (see Figure 3). If
S0, you can be fairly confident that
replacing the component will solve
the problem. To double check, you
might add heat with a hair dryer or
other heating device to see if the
problem comes back.

Checking for sweep
with a neon bulb
A neon bulb will glow when
brought into close proximity to a
source of high voltage. You can
use this fact to check to see if there
is sweep. Solder a well-insulated
piece of short heavy wire to one
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Figure 7. A variable voltage power supplyis anotherway tolimit the current to a faulty
television. A unit such as this model PR-57 Powerite by Sencore has the additional
advantages of measuring wattage, performing leakage safety checks and providing

isolated power.

terminal of a neon bulb, then tape
the connection, the wire and the
metal part of the bulb with plenty
of electrical tape.

To test for the presence of
horizontal output pulses, hold the
bulb in your fingers and bring the
wire near the flyback or touch it to
the horizontal output transistor’s
collector. Touch only the glass part
of the bulb. Do not touch the wire
to the high-voltage pulse output
from the flyback; the danger of
arcs and shock are too high to try
this.

Limiting the current
with a light bulb

If you're faced with a set that
has such a serious short or other
overload producing fault that the
fuse blows every time you turn it
on, or it goes into shutdown, you
need some way to limit the cur-
rent. A very inexpensive way to
limit the current into such a set is
to replace the line fuse with a
100W light bulb, the same kind
you put into your living-room
lamp. One way to go about this is
to use a socket like the one shown
in Figure 5, and just clip the
alligator clips onto the fuse clips.
With the light bulb in circuit, the
current will be limited and allow
the set to operate while you pro-
ceed with your diagnosis. An
added advantage is that the bright-
ness of the bulb will give you an in-
dication of the severity of the over-
load. A dim bulb means only a
slight overload, while a bright bulb
might mean almost a dead short.
The bulb also can be used to limit
the current in any high-current cir-
cuit that is exhibiting a near short
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circuit. For example, if a color
television has a fuse protecting the
horizontal-output transistor and
that fuse blows instantaneously
each time the set is turned on, the
bulb should be connected across
that fuse holder in place to the
fuse. If the bulb lights up to nearly
full brightness, you know that
there is excessive current. You
then disconnect the tripler,
damper, horizontal-output tran-
sistor and other prime suspects
one at a time until the bulb
becomes significantly less bright.
That part is the prime suspect.

Varying the line voltage

Another way to keep a television
with a probable overload from blow-
ing fuses while youre trying to
troubleshoot it is to use a variable-
voltage power supply. The reduced
voltage may allow you to operate
the set long enough to isolate the
problem.

It’s as easy as one, two, three

Locating and correcting a
malfunction in one of today’s
sophisticated color televisions is a
challenge; but an orderly, logical
approach to the problem can
prevail. Gather as much informa-
tion as you can, from the set’s
primary viewer as well as your
own observations, apply that infor-
mation to the set, looking at it in
terms of its functional blocks, and
apply some of the tricks. You
probably will find that these steps,
along with judicious use of in-
struments like a DMM, oscillo-
scope, signal generator, etc., will
lead to solving most TV problems.

Estr
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WANTED
TV TECHNICIANS

Diehl Industries is looking for
about thirty competant, well
seasoned, TV technicians who are
good at repairing TV sets but
somewhat tired of the everyday
‘‘Rat Race’’ that goes with if.

Specifically, we are looking for
some thirty salaried (plus
commission) area sales reps to call
on TV service shops, schools,
colleges, major industries, and
military installations, to sell test
equipment and other services.

These positions require five day a
week travel with anticipated annual
earnings of about $70,000°° for
anyone who is willing to work at it.

After a thirty day trial period
company vehicles are available as is
a weekend “‘fly home” expense
account.

A pleasing, out going personality,
a good working knowledge of the
TV service industry, and a strong
technical background will get the
job done, - - - our products sell
themselves!

In Case You Don’t Believe It

Anyone who fits the above
description is well aware of the fact
that late model start up and shut
down circuits are making it ail but
impossible for most shop owners to
earn a living. If not, they are
certainly ‘‘absorbing’’ most of his
time, and much of his normal
profits.

One of our products is a
diagnostic computer called the
Mark VII-E Eliminator. The Mark
VII-E will {at the push of just one
single button), identify the exact,
specific, defective component that
has caused any type of ‘‘dead set”
or start up / shut down symptom,
i.e. in the power supply, the LV
regulator, horiz output, damper
diode, safety capacitor, yoke, pin
cushion transformer, discharge
(return) capacitor, centering diode,
horiz osc/driver, any type of start
up or shut down circuit, the flyback,

HV multiplier, any scan derived B +
source (the specific leg), or any
short in any circuit that is connected
to any scan B + source.

In addition, the Mark VII-E will
instantly tell you whether the
defective component is open or
shorted, as well as tell you exactly
how the defective component has
affected the performance of the
overall LV/HV circuit. (i.e. Did it
cause the horiz osc/driver to gc into
shut down, cause LV regulator shut
down, kill the start up pulse, create
an inductive short in the flyback
circuit, etc.).

Whats more, the Mark VII-E will
also automatically give you a
“landmark’’ test point to measure
so that you can verify that its
findings are 100% accurate. (i.e. It
might tell you to measure the
collector of any R-B-G output
transistor for a minimum of + 150
volts. If that voltage is not present,
the computer’s decision is 100%
accurate).

As far as locating the exact,
specific ‘‘leg’’ of the circuit that has
failed, the Mark VII-E never misses.
In cases where several components
on that same ‘‘leg’’ could cause the
same condition (i.e. an open or a
short), the Mark VII-E will
automatically calculate the *‘odds of
probability’’ then give you the most
likely to fail component first. If that
component checks ok, the next time
you push the test button it will
automatically give you the next
most likely suspect.

For the sake of example: Let’s say
the Mark VII-E has determined that
the scan B+ leg for the horiz
osc/driver is open. The Mark VII-E
sees the open, but may not know
why it is open.

Further, lets say that this ‘“leg”
has two series resistors in it (R1 and
R2). The Mark VII-E will calculate
the odds for both resistors then light
the one that’s most probable to fail
(R-1). If that resistor is ok, the next

time you push the test button it will
light R-2. If R-2 is ok, the next time
you push the test button, the Mark
VII-E will tell you that an open
solder joint exists between R-1 and
R-2.

The Mark VII-E may not know
why that particular leg is open, but
it knows for absolute certain that it
is. Once that is established, it then
knows how to isolate the exact,
specific, component that has failed.

Add to the above, the fact that
the Mark VII-E can isolate
intermittants while the technician is
out picking up parts, and it doesn’t
take a ‘“mental giant” to figure out
why we are looking for thirty
salesmen

For years the TV service industry
has been looking for a magic
wand, - - - we have exactly that.
The preblem is, the Mark VII-E is
so incredibly fast, accurate, and
effortless (@ freshman electronics
student can operate it), most shop
owners just can’t believe it until they
have seen it. Then, when you tell
them that it does all of the above in
just one/cne hundredth of one
second, at the push of just one
button, and that it requires no
“‘hunt and peck’’ probe to work,
and no computer experience
whatever, - - - they really can’t
believe it!!

The fact is: it doesn’t matter
whether or not they want a Mark

VII-E, once they see one in
operation, - - - they will have to
have one!!

The Mark VII-E is just one of our
products. Everything we do is
innovative.

If you think you have what it
takes to be a sales rep., we'd like to
talk to you.

DIEHL INDUSTRIES
6561 Canyon Dr.
Amarillo, Texas 79110

Phone (806) 359-0329
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Watch You

Language

Every major advancement in
electronics entails new materials,
new manufacturing techniques
and new packaging. All of this in-
troduces new concepts to be
learned and new terms for the vo-
cabulary.

Many of us got involved in elec-
tronics during the era of the
vacuum tube, and terms like plate,
cathode and grid are an integral
part of the language we command
(even if we rarely use those terms
any more).

The transition to transistors re-
duced the size and power consump-
tion of consumer electronic prod-
ucts, ushered in the era of truly
portable radios, and swelled the
vocabulary with terms like emit-
ter, collector, base, bias, TO-5 and
other solid-state terms.

More recently, integrated cir-
cuits were introduced, and a flood
of new terms came into the lan-
guage: DIP, SIP, thin film, thick
film, hybrid IC, monolithic IC, and
more. Unfortunately, much of this
new terminology was thrown
about by those in the know with lit-
tle or no explanation. Many of the
terms are still poorly understood
or not generally understood at all.

From time to time when room
permits, beginning with this issue,
we'll feature a few detailed ex-
planations of some of the less well
understood terms.

By Conrad Persson

Thick vs. thin films

When someone first showed me
a hybrid integrated cireuit that
featured thick-film resistors and
conductors, [ thought they must be
mistaken; the films [ saw looked
thin enough to me. And they were
thin. But in the crazy subminiature
world of integrated circuits, any-
thing thicker than 0.001mm (yes,
one thousandth of a millimeter) is
a thick film.

Besides this gross thickness, two
other features generally charac-
terize thick films: They are ordi-
narily deposited as inks or pastes
(some kind of liquid vehicle con-
taining either a highly conductive
metal or a resistive material like
carbon) using a silk sereen process,
then baked to set the material and
trimmed using a sandblasting type
process. They are generally used
in hybrid integrated circuits and
are laid down on the same sub-
strate with the components that
they interconnect.

Thin film circuits, on the other
hand, consist of material less than
0.001lmm thick, deposited on a
ceramic or silicon substrate via
evaporation or sputtering through
a mask (a kind of stencil for IC
work). Thin films are ordinarily of
metal or metal compound. One
typical thin film fabrication pro-
cess consists of placing the masked
substrate into a chamber filled
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with nitrogen. Tantalum, a hard
metal, is bombarded with an elec-
tron beam (sputtered), enters the
nitrogen atmosphere, combines to
form tantalum nitride that is de-
posited onto the substrate through
the mask, defining the pattern.

What’s a substrate?

The foregoing definitions includ-
ed the term substrate, which is fre-
quently not defined and may not
be well understood. The substrate
is merely the material on which a
cireuit or a portion of a circuit is
fabricated. Its purpose is mainly to
provide mechanical support for the
circuit components. There may in
fact be more than one substrate
mounted one on the other. For ex-
ample, the silicon or other material
on which a thin-film resistor net-
work is sputtered or evaporated is
the substrate for that network. If
the resistor network is going to be-
come part of an integrated circuit,
it may be mounted onto the inte-
grated-circuit substrate. [ suppose
a case could be made that the PC
board is the substrate of the com-
pleted circuit.

Sheet resistivity
Sometimes when you see discus-
sions of thin-film deviges or ma-
terial, you may see the term P_,
sheet resistivity, and see it given as
s0 many ohms per square. The



Figure 1. Sheet resistivity of thin films is
measured in ohms per square. A square
of a given material of a specified thick-
ness will exhibit the same resistance as
any other size square of the same thick-
ness of the same material. That's be-
cause when you create a larger square,
the greater resistance resulting from the
greater distance across the square is ex-
actly compensated for by the addition of
resistance of the same magnitude in

reaction of a lot of people is to ask
the question, “Per square what?”
Sheet resistivity is measured simp-
ly in ohms per square.

This strange-seeming value
comes about because of some
interesting characteristics of thin
films. If you deposit a specific ma-
terial, say tantalum nitride, in a
specified thickness, in a square
pattern, no matter how large the
square, the resistance measured

parallel. across the square will be the same.

A glance at Figure 1 will show why

this is so. Esfam
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Hand-held DMM has D factor, American

Reliance ....... ... ... ... ... .. .. ...... Dec 61
Hand-held dual trace scope, Soar

Corporation ............. .. cccciviiin.. Apr67
Hand-size digital testers, Triplett ............ Dec 60
Hand tools tested at 10,000V, Cementex ... ... Dec 61
High-leverage diagonal cutter, Kiein........... Jul 56
Hot tweezertool,Plato ..................... Feb 58
Identify unknown components, Philips

Test & Measuring Instruments .. ........... Jun 62
improved Z meter, Sencore . ................. Jun 62
Isolated AC power source, V 12 Test

Equipment ...... ... .. ... . ... Apr70
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Month Page

Multifunction capabilities, AEMC ... ......... May 58
Multimeters and accessories, ECG........... Aug 60
New series of DMMs, Philips Test &

Measuring Instruments . .. ................ Sep 74
One-hand operation crimper, Xcelite .......... Jul 56
Oscilloscope/microprocessor, Hitachi

DenshiAmerica ... ...................... Mar 58
Oscilloscope/VDT camera, Soltec

Distribution ........... .. ... .. ... ... .... Sep 74
One-tube radio kit, Antique Electronic

SUPPIY coxpmaan o smnn 0358 05m 530 « 26 d 5ie @ bisin Apr 70
PCB gold repair service, Alchemitron ......... Jan 59

Plug-in surge suppressor, Kalglo Electronics . ..Jul 57
Portable static control work station,

PlasticSystems......................... Mar 57
Portable video generator, Network Tech .. ... .. Sep 72
Power supply line, Global Speciaities .. ....... Mar 58
Precision frequency source, Technical

Novations.......... ... ... ... ... Aug 60
Printed circuit board repair kit, Jensen

TOOIS s 0 gamn 6 « ot @e v o v T3 4 ke ST 2 EN s Aug 60
Printed circuit repair modification kit, Bishop

GraphiCs ai. . saa™ wig@nig- go,, we d5.% . Kon ST Sep 73
Probe replacements, E.F. Johnson ........... Dec 61
Prototyping station, Global Specialties . ...... Jun 62
Remote control transmitter, Philips ECG . ... .. Jan59
Satellite test and troubleshooter, Satellite

TestEquipment ........ ... ... ..., Jun 61
Scope-DVM interface, Creative Electronics . . . .May 60
Scope with built-in component checker,

A.W. Sperry instruments . ................. Apr68
Semi-automatic distortion meter, Leader

Instruments ... ... ... ... . ... Sep 74
Semiconductor general-purpose replacements,
HowardW.Sams ............. .. ... ........ Dec 61
Shaftcutter, Turnex International .. .......... Aug 60
Smallest hand-held DMM, A.W. Sperry ........ Dec 60
SMD removali/replacement, Micro

Electronic Systems....................... Jul 58

SMD test tweezers, /TT Pomona Electronics ...Feb58
Soldering/desoldering station for SMD

technology,JensenTools................. Jun 61
Soldering iron’s cermetelement, Oryx......... Apr70
Soldering temperature control, Weller ........ Jun 62
Specialty chemical line, CRC Chemicals .. .... Sep73
Standby power systems, RTE Deltec.......... Sep72
TTL IC comparator tester/logic monitor,

B&K Precision ......... ... ... ... .. .... Mar 58
Telephone loop tester, Triplett ............... Apr70
Temperature recording labels, SAT,

SPirfg g ¢ +5 « - w5a £IXBIERE 18 - -3 - A GeDRINE Feb 58
Test equipment update, Huntron Instruments . .Apr 70
Test jig adaptor, Telematic. ................. Mar 58
Test powered/unpowered circuits, Desco

Industries.......... ... ... . .. .. ... Jul 58
Three position soldering station, Hexacon. . . .. Sep 73
Triple soldering tool station, Edsyn ........... Jul 58
TV stereo synthesizer, Televonics Sound

Systems . .. ... Aug 60
Variable sensitivity control, Riser-Bond "

Instruments .. ......... . ... ... ... May 58
Wireless home video transmission, Wawasee

Electronics ............. o Feb 57
Wire strippers, GC Electronics. . ............. Mar 57
1 MHz high-voltage probe, TP/ ............... Jun 63
3-channel oscilloscopes, Iwatsu Instruments . .Feb 58
31/2digit DMM, Mercer Electronics . .......... Sep72
41/2 digit hand-held DMM, A.W. Sperry

Instruments . ........ ... . ... ... . ... ... Feb 57



Profax schematics date from the October
1982 issue of ES&T. The 51-month directory

PROFAX of these schematics begins on page 27.
GENERAL ELECTRIC Month Page
BC-AChasSSiS . ....oviiii i 2079
HP chassis, tuning and control systems ....... 2084A PROFAX—ISSUE CROSS REFERENCE Month Page
HPchassis,chroma........................ 2084B 2077 e Jan 86
NF ChaASSIS. it i it et ie e e 2087 Q0TBE . v s v E5E NS 34 ET . dia e wREd - TR als e Jan 86
PM-AChassiS.......ovuieiim i 2078 2079 5 . srmwiica 5o ST s - Sl e wela P ETE YenYE Feb 86
PM-CchassiS. . ... 2088 D080 . = v e o e e oo Finn wiome BEW S e e Feb 86
TVIAMIFM clockradio ....................... 2092 2081 55 saurs Myt v o5« THRGTTEAE - =D EAE fCEE 0 Mar 86
X110chassis, B&WTV .. ... .. ... ...t 2091 2082 . Apr 86
X110chassis(cont)) ........ ... .. i 2095 2083 mm s o ve B - sy BB - M M HA A i . s s Apr 86
14” portable color TV, RS-Achassis ............ 2094 DOBAA 4 s whiis b BT hw BT ek eide s wany s m T May 86
25 PC(J)chassis . ... 2082 2084B . ... May 86
D085 . fg3 ivlt . 5. nEn . E sl Gl SEE wWE e - 6@ Jun 86
RCA 2086 . . s Jun 86
CTC117¢chassis ... .ot 2080 D087 o vore Fue weFe BF RS . s ATAR S A% W4 0 T3 Jul 86
CTC120chassis . ...t 2083 2088 . iui iR W BN . ST L e D e ST T e Jul 86
CTC125¢Chassis . ... .o v 2085 2080 ... Aug 86
CTC130-S1¢chassis .........coviinannae.. 2090 2090k o . o . S5l e SEE o S e B B Fie B e e Sep 86
CTC133chassisS .. ..o iiie e 2081 2001 . . s Oct 86
CTC136Chassis . ..o v 2089 2002 ey M ey pEeh SR L BgEET 6 ds 2w Oct 86
B&W TV basic service data, UYM chassis . ...... 2093 20934 . cms Weis aw EF . WEA s 5w b SINE vl R Nov 86
MMC 100, videomonitor.. ............. . ..., 2077 2004 . . e Nov 86
207 Series, weatherclock..................... 2086 2005. .6 i &, . .04 8 dh Ta ARG mRE D ed el aEEE Dec 86
UMJChasSiS . ..o it i e eeeeeees 2096 2096 . . . e Dec 86

High Quality
Lowest Prices
Off-The-SheIf

TEST INSTRUMEN

/‘/&U/ MINI-METERS w/MAXI-SPECS

~~~~~ SCOPE 31 Digit Capacitance | HITACHI 35 MHz Dual Trace Oscillosco

Model 36995 Model V-355
. With 8 Full Functions DCM-602 (Reg. $899.95)
=ik 3 i . i Probes included ® Thin, lightweight,
- oy ¥ Model s 95 Test leads included * 8 rzznges \fvsth‘full compact s Large 6 rectangular,
& P DVM-632 scale values to 2000 uF ® LSl circuit raticule GRT » Autofocus
b4 - oy \ * Crystal time base * Frequency range internal graticule utofocu
! we - Deluxe test leads included Do, 000 Ho 10 8 Hz
s+eeoe © e 0.5% accuracy ® Transistor FORDHAM Sweep Function Generator

D @ @ @ ganteste Audible continuity
.9 Q # checking & diode test
¢ 10 Amp measurement

SCOPE 31 Digit LCD
Multimeter

wotel 9995

Test leads included » 0.5% Modell 34875 Model 86275

accuracy ¢ 6 functions, DVM-634 DVM-636

19_ranges * Amomat!c er’°_ 7 function, 32 ranges 8 function, 37 ranges
adjust » Low battery indication | e Transistor measurement « Capacitance measurement

» Measures 5" x2%" x 75" " : :
B&K 20 MHz Dual Trace \ g%g:fg:g;‘:::gzed Audio
Model

:‘1'“.‘51’ Model 337995 Model_ 36995 Model

e :’Ar}c_)ibe; nd qu(;.t?\s..z %Cdai% Test leads & 9V battery included ® Low | Tost lead set & 6 D" size batteries included ® 0.4” high
2 ang wh distortion sine-wave signal * 46 step characters ¢ Conversion period: 500 milliseconds

TVH * X-Y operation ® Trace rotation: adjustable lected f v » x1 range 20 Hz to ] 3 "
front panel ® Channel 1 output selected frequency * XJ rang * Automatic, negative pofarity

SCOPE 32 Digital Multimeters

o Test leads included ® 7 frequency

DVM-638 -
] anges, 0.2 Hz to 2 MHz » Accurac
Test leads included ¢ 11 function, 38 i {0"2 5% z )

ranges » Logic level detector » Audible

visual continuity * capacitance and
o satonBat, FORDHAM 550 MHz Frequency Counter
Model FM-8
i (Reg. $249.95)
; %_ Completely assembled, pre-tested,
s procalibrated » High intensity 8-digit
/ LED display

SCOPE 412 Digit LCD
Bench Digital Multime!t)er

Model FG-801

CTTETERES (Reg. $289.95)

. 3 1.5 KHz/x100 range 2KHz to 150 KHz
22 = &) pPh orders ted. Service & Shipping Charge Schedule
e Aok For own TR Catidlog Continental U.S.A.

FOR ORDERS ADD FOR ORDERS ADD
TOLL $25100 ... .. .. $4.50 $751-1,000 . ..$12.50
FREE [ ] [ ] $101-250 $600 $1,001-1500 $16.50
$251-500 $8.00 $1,501-2,000 . $20.00
260 Motor Parkway, Hauppauge, NY 11788 In New York State 800-832-1446 $501-750 . $1050  $2,001 and up . $25.00
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SYMCURE

GENERAL ELECTRIC Month Page
AC chassis, Horizontal cannot be locked. . . . . .. Jul 60
AC chassis,Nocolor ....................... Jul 60

AC chassis, Has raster, no picture, no sound .. .Jul 60
AC chassis, Has no height, just a horizontal

line ... Jul 60
EC-D chassis,Willnotstartup ............... Jul 60
EC-D chassis, Insufficient or no vertical

height ... ... . . Jul 60
MAGNAVOX
E-31 chassis, Horizontal foldover and/or

slowornostartup ....................... Apr 66
E-31 chassis, Erratic shutdown .............. Apr 66
E-31 chassis, Regulated B is high,

triggering shutdown . .................... Apr 66
E-31 chassis, Intermittent start up, shutdown,

or loss of horizontal locking . .............. Apr 66
13 C 2 chassis, Constant shutdown . ... ....... Apr 66
E-51 chassis, Immediate shutdown .. ......... Apr 66
PHILCO
E O6/E 21 chassis, Soft hum at low-volume

settings ...... ... ... ... ... Nov 64
E 06/E 21 chassis, Intermittent vertical or

horizontal locking ....................... Nov 64
E 06/E 21 chassis, Picture (not raster) shifted

totheleft ... ... ... .. ... . . ... ... ... ... Nov 64
E 06/E 21 chassis, As set warms, tint

changestowardgreen ................... Nov 64
E 20/D 21 chassis, No color or weak color. . . . .. Nov 64
E 06/E 20/E 21 chassis, R22 burned. . .and no

raster ... Nov 64
RCA
CTC131, Dark raster with HV but without

PICTUIE s voe« 50w tvm o0a 650 0 g 270005 3007 2 23 b 4G Mar 59
CTC131, No picture, but increasing screen

CONtrol i szw 5o .t 52 bais ciha . . m 5w BtlAR Mar 59
CTC131, No voltages; fuse blown, Q101

chopper,shorted . ............. ... ... ... Mar 59
CTC121, Picture too bright without control,

but without tracelines . ................ .. Mar 59
CTC120, When switched on, bright white

screen is followed by shutdown. ... ... ... .. Mar 59
CTC120, No sound or picture, SCR is in

ticticmode . ... .. ... ... ... ... . ... Mar 59
SYLVANIA
E 32 chassis, Receiver dead, probably in

shutdown......... ... ... ... ... ... ... .. May 62
E 32 chassis, Horizontal frequency will not

locK. .. May 62
E 32 chassis, Picture too bright with smeared

video. ... ... May 62
E 32 chassis, Vertical black lines near center

ofpicture ...... ... ... ... .. ... .. May 62
E 32 chassis, No color, leftside. ............. May 62
E 32 chassis, No sound, no %19.6 volt

SOUICE .. ... . i May 62
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VIDEOCASSETTES
Manufactured by Matsushita, distributed by RCA,
Panasonic, others.

Month Page

Symcure 1, VCR dispiays clocks, has no

functions. Power light, sensor lamp are

notlighted .. ... ... ... ... ... ......... Sep 64
Symcure 2, Cassette cannot be loaded or

unioaded, motorruns . ................... Sep 64
Symcure 3, No sound; may *“buzz” during

playing ........... ... .. ... Sep 64
Symcure 4, VCR runs normally for a time, then

goesintostopmode ..................... Sep 64
Symcure 5, Snowy without color or intermittent

color noise. Cleaningnohelp. ............. Sep 64
Symcure 6, VCR goes into stop mode a few

seconds afterloading . ................... Sep 64

VCR Component Stock Numbers, Panasonic

ANA RCA s mn zmnieis 5w ralnt sus Fum 1797 Sa o'ulh o Sep 64
TECHNOLOGY
Artificial intelligence: debunking the

Myths ... Dec 10
Coming: HighIQVCRs ..................... Oct 10
Coming: The super-smart creditcard .......... Feb 8
Digital oscilloscope gives papercopy .......... Apr8
Digital scopes make troubleshooting easier ...Jun 10
Digital video copier—makes color prints . ... ... Aug 9
GEN-X software developed to assist servicing. . .Feb 6
LCD film pinpoints short circuits ............. May 8
LCDrivalsthe CRT ... ....................... Jan6
Micromounting microchips with a laser beam . . Nov 11
New power switchforHVICs ........... ... .. Jui 12
Portable oscilloscopes with built-in

automation........ ... . ... ... Sep7
Smallest colorvideocamera .. ............... Jul 12
Tape deck automatically adjustsitself ... ... ... Mar7
(VISRAM joinsthe DRAM .. ... ... ........... May 10

TROUBLESHOOTING TIPS

BOHSE!
TC-700 chassis, Fuse blows instantly . ... ... .. Nov 57
GENERAL ELECTRIC
AB-C chassis, No sound or picture ........... Sep 62
EC-A chassis, No sound or picture ........... Mar 54
25YM, Sound butnoraster . ................. Dec 48
PANASONIC
CT309 chassis, Erratic starting . ............. Nov 57
TR-504 1P chassis, Insufficient brightness

CONIol s v T a®ut 32 nbls v We awdSsma QR Jul 50
QUASAR
ALDTS-989 chassis, Hum bar of noise ........ Mar 55
RCA
CTC40 chassis, Vertical locks on very

weaksignals. ........... ... .. ... ... .. Jan 58
KCS204C chassis, Dark picture . . ............. Jul 50
SHARP
19D72 chassis, No sound and noraster . ... ... Mar 54
SYLVANIA
E 32-4 chassis, Insufficient contrast ... .. ... .. Sep 62

E 51-04 chassis, Detuned push-button tuning . . .Jul 50



Compiled by Alisa Carter

Profax

OCTOBER 1982 number
NEC color video monitorchassisZ7A ......... 2000
RCAB&W TV chassisKCS207B.............. 2001
NAP color TV chassis 09C201 CQ4X .......... 2002
NOVEMBER 1982
Hitachi color TV chassisNP80SX. ... ......... 2003
RCAcolorTVchassisCTC115 ... ............ 2004
NEC video projectorchassisW2A-1........... 2005
DECEMBER 1982
NAP B&W TV model MQAO14GY (w/radio) . . .. .. 2006
RCA colorTVchassisCTC108 ... ............ 2007
JANUARY 1983
Hitachi color TVGTX chassis No.615 .. ....... 2008
RCA projection TV model PGR200/300 . ....... 2009
Magnavox B&W TV chassis 09M101 .......... 2010
FEBRUARY 1983
Hitachi color TV, NP9X chassis .............. 2011
RCA colorTV,CTC 118series ... ............. 2012
MARCH 1983
RCA B&W TV, chassis KCS 206C

(acldcibattery). ... ... ... ol 2013
Hitachi projection color TV,CT 5011 .......... 2014
APRIL 1983
General Electriccolor TV,AC-DAC-E ......... 2015
NAP B&W TV, AM/FMradioUVG-1 .. .......... 2016
MAY 1983
NAP color TV, chassis E34-18,-19,-32,-33 .. .. .. 2017
GEB&WTV,XEchassis .................... 2018
JUNE 1983
RCAcolorTV,CTC117series . . .............. 2019
NAP B&W TV, model B386QWAO1 .. .......... 2020
JULY 1983
Magnavox color TV, chassis E31-38 ........... 2021
Philco color TV, chassisK-20 ................ 2022
AUGUST 1983
GEcolorTV,EMchassis .................... 2023
NAP B&W TV, chassis 12M101 ............... 2024
SEPTEMBER 1983
RCA color TV, chassis CTC120 . ........ e 2025
NAPB&W TV, chassis 12M101 . .............. 2026
OCTOBER 1983
RCAB&W TV KCS205series . ................ 2027
GEcolorTV,PM-Achassis .................. 2028
NOVEMBER 1983
RCAB&W TVKCS204sseries ................ 2029
NAP colorTV,13C3series. . ................. 2030
DECEMBER 1983
NAPcolorTV,19C3series................... 2031
GE colorTV,PC-Bchassis .................. 2032

ELECTRONICS
Catalog #13 Is...

igh
Voltage!

It's a simple fact . . . All catalogs are NOT created
equal. Some are more powerful than others.

One catalog stands alone in the highest category
of them all — High Voltage — and it's available
only from MCM Electronics.

Our catalog gives you the POWER to save money
with affordable prices . . . the POWER to find the
parts you need with our wide selection . . . plus
the POWER of quick delivery.

Discover for yourself the High Voltage POWER of
MCM's Catalog #13. Call TODAY for your FREE

copy!

Call TODAY for our newest Catalog!

TOLL-FREE 1-800-543-4330
(In Ohio call 1-800-762-4315)
(In Hawaii or Alaska 1-800-858-1849)

858 E. Congress Park Drive « Centerville. Oh. 45459

MCM ELECTRONICS

A PREMIER Company

Source No. ES-16
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Profax
JANUARY 1984 number
RCAKCS206 B&W .. .. ... .. 2033
NAPE34chassis .......................... 2034
FEBRUARY 1984
NAP19C2chassis ............ ... ... 2035
RCAKCS213B&W .. ... ..., 2036
MARCH 1984
GEAF/Cchassis .............. ... ....... 2037
APRIL 1984
GEGL/Xchassis...........ccouuuu ... 2038
GEXKB&Wchassis. .. ...........ccui ... 2039
NAPE32chassis ..o .. 2040
MAY 1984
RCACTC111series ... .. 2041
JUNE 1984
GEXJB&Wchassis . ....................... 2042
NAPE32-58,-59chassis .................... 2043
JULY 1984
GEEC/Kchassis ............ .. cccuiu. ... 2044
NAPK10chassis.......................... 2045
AUGUST 1984
RCACTC123series .. .....ccuuiuinunnn ... 2046
NAP RD 42581 & RXC 192SL chassis .......... 2047
SEPTEMBER 1984
NAP E53-45, -46,-47,-48chassis . . ............ 2049
GEXEB&Wchassis........................ 2049
OCTOBER 1984
RCACTC131/132series .................... 2050
NOVEMBER 1984
GEAB/ACchassis ... ... 2051
NAP BD 3911 SL0O1B&Wchassis ............. 2052
DECEMBER 1984
RCA KCS B&W AM/FMJciock ................ 2053
HitachiNP 81 Xchassis .................... 2054
JANUARY 1985
GECMcChassis .........ovouin .. 2055
NECC13-304Achassis ..................... 2056
GEXM-Echassis .......................... 2057
FEBRUARY 1985
GEPC-Achassis .............cc ... 2058
Hitachi CT2516¢chassis..................... 2059
MARCH 1985
GEGKchassis ..., 2060
HitachiCQ4Xchassis ...................... 2061
APRIL 1985
RCACTC117chassis ...................... 2062
NAPUXCchassis.............ccviuuio... 2063
MAY 1985
GEEC-Achassis ............. ... ... 2064
NEC DJ-60EN(R)chassis .. .................. 2065
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Profax

JUNE 1985 number
GEEP-Bchassis........................... 2066
JULY 1985
GE19PC-F/Hchassis....................... 2067
AUGUST 1985

GEPM-Bchassis ............c.ccvuurui. .. 2068
SEPTEMBER 1985

NAP EC-31-52,-56, & -58chassis. ............. 2069
RCACTC118chassis ...................... 2070
OCTOBER 1985

NAP E-34-18,-32, &-33chassis . .............. 2071
RCACTC121chassis ..........ccovuuuunn. .. 2072
NOVEMBER 1985

GEBC-Nchassis .......................... 2073
GEEPchassis ............cooiiiienii... 2074
DECEMBER 1985
GEPC-Jchassis..............c.couiiiii.. 2075
RCACTC 126¢chassis .............cc....... 2076
JANUARY 1986

RCA MMC 100, videomonitor ................ 2077
GEPM-Achassis ..............cciiiiii. .. 2078
FEBRUARY 1986

GEBC-Achassis ............ ..o ... 2079
RCA117chassis ............. .. ... ...... 2080
MARCH 1986

RCACTC133chassis ............cccuuo. ... 2081
APRIL 1986

GE25PC(J)chassis . ....................... 2082
RCACTC 120chassis ...................... 2083
MAY 1986

GE HP chassis, tuning & control systems . . . ... 2084A
GEHPchassis,chroma..................... 2084B
JUNE 1986

RCACTC 125chassis ...................... 2085
RCA 207 series, weatherclock . .............. 2086
JULY 1986

GENFchassis ............................ 2087
GEPM-Cchassis .......................... 2088
AUGUST 1986

RCACTC136¢chassis .............coouun. .. 2089
SEPTEMBER 1986
RCACTC130-S1chassis.................... 2090
OCTOBER 1986

GE X110chassis, B&WTV................ ... 2091
GETV/IAM/FMclockradio ................... 2092

NOVEMBER 1986
RCA B&W TV basic service data, UVM chassis . 2093

GE 14” portable color TV, RS-A chassis . ....... 2094
DECEMBER 1986

GE X110chassis(cont.) .. ................... 2095
RCAUWJchassis ......................... 2096



Profax Directory — by number
Profax Number Month Year
2000—-2002........... Oct 82
2003—-2005........... Nov 82
2006—-2007........... Dec 82
2008—-2010........... Jan 83
2011 -2012........... Feb 83
2013—-2014........... Mar 83
2015-2016........... Apr 83
2017-2018........... May 83
2019—-2020........... Jun 83
2021 -2022........... Jul 83
2023 -2024........... Aug 83
2025—-2026........... Sep 83
2027 -2028........... Oct 83
2029—-2030........... Nov 83
2031-2032........... Dec 83
2033—-2034........... Jan 84
2035—-2036........... Feb 84

2037 ... Mar 84
2038 —-2040........... Apr 84

2041 ... .. May 84
2042-2043........... Jun 84
2044—-2045........... Jul 84
2046 —-2047 .. ......... Aug 84
2048 —-2049........... Sep 84

2050  ........... Oct 84
2051—-2052........... Nov 84
2053—-2054........... Dec 84
2055-2057........... Jan 85
2058 —-2059........... Feb 85
2060—2061........... Mar 85
2062 —-2063........... Apr 85
2064—2065........... May 85

2066  ........... Jun 85

2067  ......... .. Jul 85

2068  ........... Aug 85
2069—2070........... Sep 85
2071-2072........... Oct 85
2073—-2074........... Nov 85
2075-2076........... Dec 85

2077 -2078........... Jan 86 2087—-2088........... Jul 86
2079—-2080........... Feb 86 2089  ........... Aug 86

2081 ... .. Mar 86 2090 ........... Sep 86
2082 —-2083........... Apr 86 2091—-2092........... Oct 86
2084A-2084B ......... May 86 2093-—2094........... Nov 86
2085—-2086........... Jun 86 2095-2096........... Dec 86

PTS SLASHES
MODULE PRIGES
UP TO 40%!

Your new PTS Product Guide has great news. PTS
is cutting prices on popular modules by 10 to 40%!
Choose quality PTS replacement parts. You get
automatic updates, full year limited warranty,
and instock availability or fast 8-hour
turnaround of all makes/ all models.
Plus you get real savings.
More professionals choose PTS
rebuilt modules than any other.
Put PTS to work for you.

PTS Corporation
The world'’s largest
independent electronics rebuilder.

Send for your free Product
Guide today!
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i

Profax  Month
Number  Year

Color TV, chassis E34-18, -19,-32,-33 ...2017 May 83

Profax Directory —by company B&W TV, model B386QWAOT ... ... .. .. 2020 Jun 83
B&W TV, chassis 12M101 . ............ 2024 Aug 83
Profax  Month B&W TV, chassis 12M101 (duplicate) ...2026 Sep 83
Number  Year ColorTV,13C3series ................ 2030 Nov 83
GENERAL ELECTRIC ColorTV,19C3series ................ 2031 Dec 83
ColorTV,AC-DACE ................. 2015 Apr 83 E34chassis ........................ 2034 Jan 84
B&AWTVXEchassis.................. 2018 May 83 19C2chassis ....................... 2035 Feb 84
ColorTV,EMchassis ................ 2023 Aug 83 E32chassis........................ 2040 Apr 84
ColorTV,PM-Achassis .............. 2028 Oct 83 E32-58,59chassis .................. 2043 Jun 84
ColorTV,PC-Bchassis............... 2032 Dec 83 Ki0chassis ........................ 2045 Jul 84
AFi/Cchassis ....................... 2037 Mar 84 RD 42551 & RXC 192SLchassis........ 2047 Aug 84
GU/Xchassis ....................... 2038 Apr 84 E53-45,46,47,48chassis . ............ 2048 Sep 84
XKB&Wchassis .................... 2039 Apr 84 BD 3911 SLO1 B&Wchassis ........... 2051 Nov 84
XJB&Wchassis .................... 2042 Jun 84 UXCchassis........................ 2063 Apr 85
EC/Kchassis ....................... 2044 Jul 84 EC-31-52,56 &58chassis ............. 2069 Sep 85
XEB&Wchassis .................... 2049 Sep 84 E34-18,32,&33chassis . ............. 2071 Oct 85
AB/ACchassis...................... 2051 Nov 84
CMchassis ........................ 2055 Jan 85 NEC
XM-Echassis ....................... 2057 Jan 85 Color video monitor chassis Z7A . ... ... 2000 Oct 82
PC-Achassis ....................... 2058 Feb 85 Video projector chassis W2A-1 ... .. ... 2005 Nov 82
GKchassis......................... 2060 Mar 85 C13-304Achassis ................... 2056 Jan 85
EC-Achassis ....................... 2064 May 85 DJ-60EN(R)chassis .. ........ ....... 2065 May 85
EP-Bchassis ....................... 2066 Jun 85
19PC-F/Hchassis ................... 2067 Jul 85 PHILCO
PM-Bchassis....................... 2068 Aug 85 Color TV, chassisK-20 ............... 2022 Jul 83
BC-Nchassis....................... 2073 Nov 85
EPchassis ......................... 2074 Nov 85 RCA
PC-Jchassis ....................... 2075 Dec 85 B&W TV chassisKCS207B ........... 2001 Oct 82
PM-Achassis ....................... 2078 Jan 86 ColorTVchassisCTC115 ............ 2004 Nov 82
BC-Achassis ....................... 2079 Feb 86 ColorTVchassisCTC 108 ............ 2007 Dec 82
25PCWJ)chassis .................... 2082 Apr 86 Projection TV model PGR200/300 . ... .. 2009 Jan 83
HP chassis, tuning and controt ColorTV,CTC 118series ............. 2012 Feb 83
systems ............ . ... ...... 2084A May 86 B&W TV, chassis KCS206C ........... 2013 Mar 83
HP chassis,chroma ................ 2084B May 86 ColorTV,CTC 117 series ............. 2019 Jun 83
NFchassis......................... 2087 Jul 86 Color TV, chassisCTC120 ............ 2025 Sep 83
PM-Cchassis....................... 2088 Jut 86 B&W TVKCS 205series .. ............ 2027 Oct 83
X110 chassis, B&WTV ............... 2091 Oct 86 B&W TV KCS 204 series .............. 2029 Nov 83
TVIAM/FMclockradio. .. ............. 2092 Oct 86 KCS206B&W....................... 2033 Jan 84
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Color TV chassis 09C201CQ4X . ... .. .. 2002 Oct 82 B/W TV basic servicedata ............ 2093 Nov 86
B&W TV model MQAO14GY (w/radio). ...2006 Dec 82 UWJchassis ....................... 2096 Dec 86
B&W TV, AM/FMradioUVG-1.......... 2016 Apr 83 MW
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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.
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Product safety should be considered when component replacement is made in any
area of a receiver. A star next a component symbol number and a star(s) on, or sur-
rounding schematic symbols designate components that have special safety
characteristics. Only the exact manufacturer’'s specified parts should be used as
replacements. 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.
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