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Intermittents. We Hear You.

Introducing The Heavy-Duty DMM With An Audible
Readout That Lets You Keep Both

Eyes On The job.

Intelligent design and
solid construction make
the new HD 150 Series the
best DMMs in their class.

They're the latest in a distinguished
line that began when Beckman Industrial
pioneered heavy-duty DMMs with their
distinctive vellow color. Many competitors
have since imitated that color. As for
imitating their performance, 1o one
comes close.

The HD 150 Series attains new levels of
excellence with a range of advanced

Auto-ranging. Slim-styled for one
hand comfort and convenience.
With auto-off 1o prolong battery
life. Plus 2 fuses, PTC resistor and
MOV for unsurpassed overload
protection

Audible readout. A “sound”
reason to go with the HD 150
Series. With this unique feature on
the HI} 153, you measure parame-
ters hy listening to a continuous
variable tone. As the parameter you
measure rises or falls, the tone’s
frequency increases or decreases,
accordingly Use it for volts, amps, or ohms. It's

features. They 're waterproof. Drop proof.

ideal for peaking and nulling, too.

Y

Intermittent alert. A key application
of audible readout. The HD 153 pinpoints
intermittents by emitting a “crackling”
sound when they're detected. The
response sounds in about 1 msec—far
faster than the information appears on
any DMM display

FREQUENCY

select functions with one- handed
(right or left) convenience. Auto-
ranging speeds you to the right range
A tilt-stand and Skyhook let you set or
hang the DMM almost anywhere.

Beckman Industrial Corporation

Instrumentation Products Division

A Subsidtary of Emerson Electric Company

3883 Ruffin Road, San Diego, California 92123-1898
(619) 495-3200 ® FAX: (619) 268-0172 ® TLX: 249031

" Beckman Industrial’

Built tough to work hard. The HD 150
Series DMMs are so tightly sealed against
water and grime that they re graranteed

Jor five years against contamination. And,

because they're built so tough, they're
guaranteed for two vears against any
damage (except abuse). Crashes, overloads,
moisture, dust...you name it. The HD 150
Series can handle it all!

Listening is believing. For a hands-on
demo, see your distributor now. Learn why
the HD 150 Series is the soundest DMM value
you'll see. Or heat

Key Specifications

Logic function. . UDBl HDIZ HDISS
The D 153 detects ~ Autoranging v/ v A
TTLor CMOS logic Range Lock 7 /
pulses using stan =S e
dard testleads ~ _ Audiblereadout A
Easy touse. it Stand and
The HD150  Skyhook™  Optional  Optional  Included
Serieslets _Logicpuisedetectr S
youreadthe  “poyonageaccuracy 07%  0.5%  0.25%
ICDevenat — — S
wide angles, ~ 10Arange
With the large Suggested list price ~ $149.00  $169.00  $199.00
rotary dial you - T

Ins| S
We're The One.
© 1988 Beckman [ndustrial Corporation

Spedifications subject to change without notice
Valox is a registered trademark of General Electric Corporation
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THERE.

Zero-In On Your 1989 Market At Winter CES.

The Consumer Electronics Show is the only
way you can keep up with everything that's
happening-non-stop-in consumer electronics.

The Products. Audio, video, furniture,
photographic equipment and accessories;
mobile electronics, car audio, cellular and
security; telephones, TADs and accessories;
home office; educational/recreational hard-
ware and sofiware; prerecorded video soft-
ware; watches and personal electronics;
specialty audio. That’s a lot to keep up with
But there’s more.

Sources. Marketing and merchandis-
ing. Price-points and margins. Competition.

News. Stories. Trends. Promotions that
worked, or fizzled. Personal experiences.
And still more.

The People. Nearly 25,000 represent-
ing 1,350 exhibiting companies. Often
they're the real reason why you buy from
one company and not another. Even when
products and pricing are identical. CEOs and
Presidents; Sales, Marketing, Credit, and
Advertising Managers. And the company
images they project.

The Winter CES” It tells you how to
be a prophet, and how to turn one, at the
same time.

Register Now! Save the $25 On-Site Fee.
Get exclusive discounted airfares—call
American Airlines, 1/800-433-1790 or
CW Travel, 1/800-524-4433 and iden-

tify yourself as a Winter CES traveler.

For Exhibitor Information please call or
write: Consumer Electronics Shows
Exhibit Sales, Temporary Headquarters,
1722 Eye Street, NW, Suite 200
Washington, DC 20006 USA

1989 International Winter Consumer
Electronics Show” Saturday, January 7
through Tuesday, January 10 Las Vegas,
Nevada USA

For the trade only. No one under 18 years of age will be admitted. Over-the-counter sales are not permitted.

Pre-register Now. Take advantage of the advance complimentary registration and save the $25 on-site fee.

Mail this completed form to Consumer Electronics Shows,

c/o CompuSystems, Inc., P.O. Box 6579, Broadview, IL 60153-6579.

To obtain your badge by mail, we must receive this form no later
than Thursday, December 15. Attach your business card for proper
verification and prompt processing. If we receive this form after
December 15 and before December 28, 1988, you may pick up your hadge
at the “Advance Registration Pick-up Desk,’ after showing two forms of
ID, in the main registration area of the Las Vegas Convention Center, West
Hall, the ifilton Hotel, Sahara and Riviera Hotels. Registration Forms
received after December 28 will not be processed. Please register on-site

To register more than one qualified individual, please dupli-
cate this Advance Registration Form and attach business cards.
Complete Show information, including housing form, will be sent separately.

1989 International Winter Consumer Electronics Show*®
Saturday, January 7 through Tuesday, January 10, 1989
Las Vegas, Nevada USA

after paying $25.00. Please check only one
hadge category:
e U G N Y N T U T T A (Y TN TG Y T O (N[ [ TS [ O S, Wt S 1 O Retailer
(IR T SN NN TN UNNE SO [NNRY (N[N N N N RN [N SN NN TN [ G 2 0] Distributor
Cony 3 0] Dept./Chaln Store Buyer
4] Prem. /Catalog Buyer ®

e e e oy 5 (] Manufacturer’s Rep The Consumer Electronics

i ’ 6 (] Manufacturer Shows are sponsored
Gyld— 1 L 1 1 8 ) 0 b sl 1t (IS (O O

’ e = 7 LJ Institutional Buyer and produced by the
O N N Py T TP MY N i | Ll 13 11 [ Adv./Mktg./PR/Consultant Electronic Industries Association

“Only 21 characters including spaces will appear on vour badge.

Last four digsts of your Social Security # (foc internal use only)

12 [J Financial/Market Analyst
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10 Computer servicing:
Troubleshooting
cable-related problems
You may not think you need to be a
cable expert to service personal
computers, but using the wrong kind
of cable or cables that are too long
can cause data errors. Here's the
latest information on RS-232D, the
EIA’s recent revision on cable-length
standards.
18 Power conditioning:
Protecting your
electronics investment
If you’ve ever been in a computer-
oriented office during a
thunderstorm, you probably know
what that chorus of dismay means
when lightning hits the transformer
down the street—a lot of work down
the drain. But installing power-
conditioning equipment isn’t the
whole answer. You have to choose
the right stuff and know how to
install it properly.
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A homemade high-vacuum
desoldering system

By William L. Call

A vacuum-powered hollow-tip iron

The how-to magazine of electronics

ELECTROMNIC

Servicing & Technology

©,
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may be the Cadillac of solder-
suckers, but there’s a simple
homemade recipe any servicer can
follow. Just take one vacuum pump,
add one hollow-tip iron, some
assorted fittings and connectors, and
you have one easy, do-it-yourself
vacuum desoldering system.

46 Troubleshooting low-voltage
IC regulators
By Homer L. Davidson
Just when you think you've seen it
all, along comes a 3-lead device in
the low-voltage power supply. It
can’t be a transistor, so what is it?
These pseudo-transistor regulators,
or linear IC low-voltage regulators,
were used extensively in many
foreign-built portable TV receivers
between 1982 and 1987. Here's an
explanation of what’s inside them
and how to test them.
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Installing and maintaining electronics
products often requires some knowledge
of fields that appear to have little
connection. Connection, however, is the
key word—The cable connecting a
computer to its power source and its
peripherals can be the cause of some PC
failures.
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LCR-745G automates

your LCR measurements.
Leader's LCR-745G auto-ranging,

digital LCR Bridge tests components,

sub-assemblies and systems
completely automatically. Since it
interfaces with standard GPIB
systems, just plug it into your
network and all functions operate
under computer control. Compatible
with virtually all test systems, the
LCR-745G is a “listener/talker” that
receives directions from your
controller and supplies it with all the
data needed to collect, record and
analyze measurements.

Fast, easy-to-use and

affordable.

The 745G is one of the least
expensive automatic bridges with
GPIB capability. Yet it is ideal
for applications where ease of
operation and high throughput are
necessary. No wasting time on
repetitive set-ups. The LCR-745G
provides automatic resistance,
capacitance and inductance
measurements of both series and
parallel circuits with Quality (Q)
or Dissipation factor (D) displayed
simultaneously.

For Information Circle (4) on Reply Card

AUTO PARA SER

The
affordable
way to
bridge the

LCR/GPIB

gap-

Uncfaralleled accuracy
and performance.

Even minute residual resistance,
capacitance or inductance of the
test leads won't be tolerated by the
LCR-745G. Leader's offset function
compensates for test lead error,
normalizes the value of a
component under test to zero, or
references it to a standard. Two test
frequencies permit highly accurate
measurements, including those of
usually hard-to-test electrolytic
capacitors.

Brains and brawn.
Leader's 745G is built“tough”to
withstand 3-shift production and

1
N
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GHib

rough use. It is backed by the
Leader two-year warranty and coast-
to-coast factory service.

Shop. Compare. You may discover
Leader's 745G is not only the
affordable way to bridge the LCR
GPIB gap; it is the best way.

all toll-free

C
(800) 645-5104
(516) 231-6900
Request an evaluation unit, our
latest test equipment catalog, the

name of your nearest “Select”
distributor, or additional information.

For ﬁrofessionah

Instruments Corporation

difference.

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

For Demonstration Circle (23) on Reply Card
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——— Editorial

Once

more with
enthusiasm

There’s a special kind of feeling about
being a servicing technician, isn’t there?
It’s a job with a high degree of challenge
and, at the same time, a high degree of
reward. Someone brings you an ailing

| TV, VCR, stereo amplifier, personal

computer or whatever, and you set it on
the bench, put it through some prelimi-
nary checks, then pull out the diagnos-
tic equipment and go to work.

You don’t even think about exactly
what it is you're doing, but it consists,

| initially, of searching through the files

in your own brain and comparing what
you've observed in this case to what you
have filed away. When you get to the

| point where the data available is not suf-

ficient, you go to another source: the
manufacturer’s service data, perhaps a
Sams Photofact, maybe an article from

ES&T. The whole process is somewhat |

mysterious. Sometimes it proceeds in a
straight line from a concrete description
of symptoms to a hypothesis of the prob-
lem; sometimes it proceeds in a series
of fits and starts.

The experience must be somewhat
like that felt by a doctor when he’s
diagnosing an illness, or a mechanic
when he’s trying to determine why that
engine is running rough. And the feel-
ing you get when you’ve made the di-
agnosis and fixed the problem—it’s like
a combination of solving a puzzle and
winning the grand prize.

It’s interesting to note the different
kinds of personalities. There are those
types of people who, when faced with
something that doesn’t work, roll up
their sleeves, scratch their heads and try
to find out what’s wrong and how to fix
it. Then there are the types who, when
something goes wrong, wrinkle their
nose like something smells bad and im-
mediately call “someone’ to fix it. It’s
the difference between someone who
looks on a product as nothing more than
a device to fulfill some function and
someone who looks at a product as an
end in itself.

For example, when television first
came out, there were those who herald-
ed it as a new method of communica-
tions. They didn’t care how it worked
or what it involved, they merely knew

4 Electronic Servicing & Technology November 1988

that it could transmit pictures and sound
over many miles and, as such, would
make a great way to convey information.
Ultimately, of course, it became the
great entertainment medium it is. To
substantial numbers of people, however,
it was more than just a tool. It was a
fascinating technology in and of itself,
and they wanted to find out just how it
works and what they could make it do;
these were the types of people who be-
came TV servicing technicians.

The same is true of other modern
technologies. When it became clear that
personal computers were a developed
technology, there were those that saw
them as tools for business forecasting,
word processing, establishing an elec-
tronic filing cabinet or any of a number
of other applications. These people saw
computer technology itself as almost
trivial: It was the applications it could
perform that made it worthwhile. On the
other hand, the technically oriented
types found the technology fascinating
and wanted to learn more, not only
about what the computer could do, but
how it did it.

In the computer world, it was these
technically curious individuals who be-
came the computer engineers, systems
analysts, programmers and servicing
technicians.

When something quits working, then,
it’s not surprising that the type of peo-
ple who are interested enough in a tech-
nology to want to know how it works are
the same type of people who find it a
challenge to pinpoint the problem and
make the product work like new again.

And, when faced with a servicing
problem in one of today's complex
consumer-electronics products, some-
how there's nothing quite as satisfying
as knowing enough about the technol-
ogy to not only operate the product, but
to restore it to operation. In a world that
has become almost intolerably complex
to most people because of all these dif-
ficult to understand electronic marvels,
the electronic servicing technician is in
a uniquely comfortable position.

14 - T 3 A



Good
Gold

=< F:\l ~ The70 Series Multimeters:
~ the shining standard by which others
O(‘) . are measured.
]1 "@ Ui °©@@ These multimeters are produced through
advanced technology that assures yoL a
wealth of product features. Giving you solid

value for your money.
ECORE) 77 Murmeren Security of a 3-year warranty.
A A 3-year warranty reduces your cast of
g & ownership. So you don’t have to pay the price
[
= f LR over and over for lesser-quality multimeters.
un o More features for your money.

Choose from either the basic 73 or the
feature-rich 75 and 77. You'll find the features
you need at the price you can afford. Touch
Hold™ for capturing and holding readings.
Audible tones to signal you for continuity.
Autoranging for simple operation. And a
sleep mode for extending battery life up to
2000 hours.

Extra protection built in.

Features built into every 70 Series multi-
meter help ensure your safety and protect the
meter, too. High-energy fuses on all current
inputs, including the 10A range. Overload pro-
tection. An ABS plastic case, and a protective
holster (77 only) that guards your meter
against bumps and jolts.

Made in the U.S.A.

Like other Fluke products these multi-
meters offer you uncompromised quality
at competitive prices. So get your hands on
a 70 Series Multimeter at leading electronics
distributors nationwide. Or, call toll free
1-800-44-FLUKE, ext. 33 for afree

brochure.
FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.
FLUKE73,75,77
$79. $119. $149 2000+ hour battery life
0.7% . 0.5%, and 0.3% basic dc accuracy  3-year wamanty
Analog/digital display Audible continuity (75 & 77}
Volts, ohms, 10A. diode test Range hold (75 & 77}
Fused current inputs Touch Hold function (77)
Autorange Muttipurpose holster (77)
®
Circle (5) on Reply Card
ke M1 nc.. PO, Box C9090. M/ Z50C. Evereit, Wh 98206 Sales: (206) 356-5400 Other: (206) 347-6100
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—— News

NARDA announces association

The National Association of Retail
Dealers of American (NARDA) has an-
nounced the formation of a new associa-
tion, the Service Contract Industry
Council (SCIC), for companies that
provide administration for product serv-
ice contracts. The purpose of the asso-
ciation, which will be a subsidiary of
NARDA, is to establish standards for
the service contract industry. For more
information, contact David Ashton at
NARDA, 10 E. 22nd St., Suite 310,
Lombard, IL 60148; 312-953-8950.

NPEC discusses training materials

The need for textbooks and training
manuals to keep up with a rapidly
changing technology was a key issue
discussed at the Instructors Conference
at the National Professional Electronics
Convention (NPEC), Aug. 1-6. Sugges-
tions included adding lesson plans and
text material to technical seminars at the
convention and integrating studies from
vo-tech high schools, trade schools and
4-year colleges. Plans were made to
award Continuing Education Units for
applicable programs during the 1989
convention, which will be held Aug.
6-12 at Loews Ventana Canyon Resort,
Tucson, AZ. For more information,

| contact the NPEC at 2708 W. Berry,
Fort Worth, TX 76109; 817-921-9101.

UL proposes antenna standard

Underwriters Laboratories is propos-
ing the updated Standard for Safety for
Antenna Rotators, UL 150, for recogni-
tion as an American National Standard.
UL 150 covers antenna rotators intend-
ed for household and commercial use
on supply circuits. It does not cover
systems that use a stationary antenna
and change the receiving pattern by
electronic or switching means. UL 150
is a revised version of ANSI/UL
150-1984, which is currently recognized
by the American National Standards In-
stitute (ANSI). For a free copy or to
send comments, contact L.M. Cohen at
UL, 333 Pfingsten Road, Northbrook,
IL 60062-2096; 312-272-8800, ext.
2692,

Philips ECG offers gift certificates

Philips ECG is awarding gift certifi-
cates from Philips ECG, MacDonalds
and K-Mart for users of ECG semicon-
ductors, tripler devices and surge sup-
pressors. The minimum redemption is
$5 and must be redeemed by Jan. 13,
1989. For more information, contact the
| company at 617-890-6107.

EIA/CEG schedules

The Electronics Industry Associa-
tion/Consumer Electronics Group
(EIA/CEQG) is offering a series of
VCR servicing workshops designed
to train and upgrade currently em-
ployed consumer electronics techni-
cians. The 40-hour, 5-day workshops

1989 VCR workshops
will be conducted by EIA-trained in-
structors at the following locations.
For more information, contact the
EIA/CEG at 2001 Eye St. NW,,
Washington, DC 20006; 202-457-

4919.
Esm w

506 S. Wabash Ave.
Chicago, IL 60605

Video Technical
Institute

2828 Junipero Ave.

Long Beach, CA 90806

Locations Dates
Video Technical Institute March 20-24
1806 Royal Lane July 31-Aug. 4
Dallas, TX 75229 Nov. 6-10
United Electronics Sept. 26-30
Institute March 27-31
3924 Coconut Palm Drive June 26-30
Tampa, FL 33619 Sept. 25-29
lllinois Technical College May 1-5

Aug. 28-Sept. 1

Aug. 1-5

Nov. 14-18
May 15-19
July 31-Aug. 4
Oct. 9-13
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ervice market
penetration.

Times two.

ELECTRONIG
Servicing & Technology ]

d the 20mposile video waveinrm

MSM magazine delivers the computer service
industry’s buyers—32,000 service managers.
ES&T magazine delivers the consumer electronic
service industry’s buyers—43,000 service professionals.
Together, they round out your market penetration to
the entire service industry spectrum.

And here’s the best part of this ideal media mix:
Generous combination frequency ad rate discounts mean
twice the market reach for you..at substantially reduced
rates in both magazines!

Why settle for only half of your marketing potential?
Put your advertising on double-duty in MSM and ES&T...
and increase your sales to the entire service industry.

Call (913) 888-4664 for more information.

PO. Box 12901, Overland Park, KS 66212 (913) 888-4664 Fax: (913) 541-6697




An affordable portable i

Price/Bandwidth

54995 100 MHz 2230 DSO; 20 MS/s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS-232-C Option

$3995 60 MHz 2221 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS-232-C Option

$2995 60 MHz 2220 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, GPIB or RS-232-C Option

$2995 100 MHz 2236 Two Channel, Counter/Timer/DMM, Dual Time Base

é‘:‘\ $2795 100 MHz 2247A Four Channel, Counter/Timer, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors ™

$2395 100 MHz 2246 A Four Channel, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors,* Dual Time Base
$2395 50 MHz 2210 DSO, 20 MS/s Sample Rate, 4K Record Length

\{8‘\‘ $1495 20 MHz 2201 DSO, 10 MS/s Sample Rate, 2K Record Length, Hard Copy (RS-232-C) Option

$1795 100 MHz 2245A Four Channel, Auto Setup, Cursors, Dual Time Base

$1595 100 MHz 2235 Two Channel, Dual Time Base

$1095 50 MHz 2225 Two Channel, Horizontal Magnification (x5, x10, x50}
$695 20 MHz 2205 Two Channel —

*Digital Storage Oscilloscope

R R e ek

Check the prices
and performance. You'll find
the best measure of both in
Tek 2200 Series Oscillo-
scopes. Twelve scopes with
bandwidths ranging from 20
to 100 MHz. Two and four
channels. Analog and digital.
And prices starting at just
$695.

Select for such features
as automatic setup, time
and voltage cursors,
built-in DMM functions,
Counter/Timer and dual
analog/digital capabilities
at the push of a button.

These are scopes you'll
appreciate for their well-
proven reliability, achieved
through simplified, practical
internal design. They come

-----

Copyright ©1988, Tektronix, Inc. Al rights reserved. TAD-903-B-1




; right within your range.

e i -ty

Industrial-quality test
instrumentation starting

at $295.

LISTED

W

For easy ordering
or more m_formatlon,,
call Tek direct:

1-800-426-2200
=

complete with probes and
comprehensive Tek warranty
that includes the CRT.

Ask those who own, use
and rely on one—on the
bench or in the field. There's
just no substitute for genuine
Tek quality. At any price. And
at these prices, all the better.

Order one to go. Ask your
Tek representative to set up a
demo. Or call Tek direct. No
need to settle for less when
there’s a top quality Tek
portable with perform-
ance and price right
within your range.

Tektronix

COMMITTED TO EXCELLENCE
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Computer servicing:

Troubleshooting cable-related
problems

When you're servicing a personal
computer, it’s important to be aware that
problems such as data errors may oc-
cur if the wrong kind of cable is used
or if the cables are too long. This arti-
cle describes test results that will help
determine the maximum length of cable
you can use without incurring errors, Samme
People who service computer systems
that are based on the Electronic In-
dustries Association (EIA) recom-
mended standard RS-232 interface need -
to know the maximum acceptable cable -
length for the different applications they
deal with. RS-232-C recommends limit-
ing the cable length to 50 feet or less,
but it does allow the cable to exceed 50
feet as long as the total capacitance is
less than 2,500pF.
A recent revision, RS-232D, does not
specify a maximum cable length but
does specify a maximum of 2,500pF for
the receiving end of the interchange cir-

Adapted from the article, “Maximum Transmission
Distance for RS-232 Computer Cables,” in the Belden
Innovators booklet, issue 3, 1987
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cuit. This capacitance value includes the |
part that is contributed by the cable. ‘
The study described here was per-

formed to determine the maximum ac- \
ceptable length based on practical ex-
periments. Many of the details of the '
study are omitted here because of space |
limitations. |

|

How the study was done

A variety of different cables was |
tested under several operating condi- |
tions. The first test procedure consisted |
of transmlttmg data over a long length
of cable using only a single channel.
The length of the cable was then \
decreased until the data transmission
became free of errors.

A second test was used to test the ef-
fect of cable length on crosstalk-related
problems. To measure this effect, an in-
creasing crosstalk voltage was applied
to various lengths of cable until
transmission errors were detected.

Different testing conditions were
necessary because the maximum ac-
ceptable length depends on many fac-
tors, the first of which is how much of

the cable’s capacity is being used. | tic, properly shielded cables do mini-

Minimum utilization occurs when only |
one channel is in operation, running at
half duplex. This condition results in the

| longest permissible cable length.

Maximum utilization occurs when all
channels are running at full duplex. This
situation results in the shortest permissi-
ble cable length because crosstalk in-
terferes with the desired signal.

By considering just these two test con-
ditions, the study uses the maximum-
utilization situation as a reliable, worst-
case analysis for every partial
| utilization.

Other factors also have an impact on

length. Cables operated in areas with |

high electromagnetic interference
(EMI), for example, must be shorter. As
a cable’s length is increased, the prob-
ability that it will encounter noise also
is increased. These facts tend to imply
that the use of shielded cable is preferred
in most cases and that cable capacitance
is not the only factor to consider.
This study was performed under
noise-free conditions. Although these
conditions might appear to be unrealis-
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mize many noise problems. Conse-
quently, this study tested only shielded
cables. The use of shielded cables in
RS-232 applications is recommended
for this reason.

These tests used DTE (data terminal

equipment) and DCE (data communica- Ss———
tions equipment) that were built usmg_

widely available components. The sys-
tem is diagrammed in Figure 1.

The purpose of the study was t0 find,

for specific cable types, the answers to
the following questions:

® What is the maximum allowable cable
length when the cable is operated at
minimum utilization?

® What is the maximum allowable cable
length when crosstalk voltage is present?
e What is the maximum allowable cable
length when the cable is operated at
maximum utilization?

Minimum utilization applications

The mechanism that limits the max-
imum transmission distance is jitter—a
distortion of the original signal that
causes errors on the receiving end. Jit-

11



Figure 1. The test equipment setup.

|

FIGURE 2
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Figure 2. An eye pattern oscilloscope trace.
A random data signal is displayed. If there
were no jitter, the rise and fall of the signal
would be sharp and not curved. As the jitter
increases, the “‘eye” closes and the small dia-
mond shape in the waveform grows in size.
When this happens, the receiver has a harder
and harder time distinguishing between a 1
and a 0.

Figure 3. Cable length vs. capacitance at a
rate of 19.2 kilobaud. The capacitance is
varied to calculate the maximum cable
length. These results, calculated on the basis
of experiments, are plotted in the upper line
of the figure. The lower line shows the max-
imum recommended cable length according
to the EIA RS-232-C specification.

Figure 4. The recommended lengths with a
19.2 kilobaud baud rate (which will give a
dependable worst-case limit for all applica-
tions) and a 20% safety factor.
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IFLUKE

How to rescue yourself from

o,

a landslide of

microprocessor board failures.

Complementing traditional trouble-
shooting tools, the Fluke 3010A can
help decrease your board repair times
by 55-80%.

You've got your oscilloscopes, your logic
analyzers and your signature analyzers. But
Fluke offers a better way to troubleshoot:
the tool you'll reach for most. It's the S010A
Troubleshooter, a versatile board tester
that's so easy to use, you can start testing
the very first day.

The Fluke 9010A has a proven track record
in saving repair time and substantially
reducing board float. In fact, it has become
the microprocessor repair tool of choice for
over 2800 companies worldwide, including
the leading computer and electronics
manufacturers.

Test the easy way: from the micro-
processor socket.

To begin board repair, remove the micro-
processor from its socket and insert the
interface pod connector in its place. Each

element of the microprocessor kernel (the
bus, ROM, RAM and 1/0) can be tested with
a few simple commands.

Fluke's patented emulation technology
offers real time testing and complete vis-
iility throughout the circuit. This lets you
test even the tough problem areas, includ-
ing DMA, disk, video, communications and
peripheral controllers. All diagnostic mes-
sages are presented in simple-to-understand
English

Comprehensive support from Fluke.

The 9010A supports over 50 micro-
processors (including 180X, 6502, 680X,
B80XX, 803X, 804X, 805X, 808X, 874X,
80X86, 9900, 280, 800X, 8751). And it is
backed by Fluke’s complete support net-
work, which offers training courses nation-
wide on test strategy, basic operation and
even P fundamentals.
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Table 1,
Crosstalk voltage at maximum utilization

MIDDLE GROUP

9 WIRES
Trade No. Crosstalk Test length \ )
voltage INNER GROUP
(1 WIRE)
9948 20V 500ft
9937 3.2V 1,100ft (15 WIRES)
9836, case 1 6.3V 823ft 9948 9937
9836, case 2 0.4V 1,030ft INNER
8112, case 1 23v 1,410ft GROUP 27pFitt 13pFitt
2 ) MIDDLE
8112, case 05V 1,041t S adpFAt 1apEm
OUTER
GROUP 50pF/ft 23pFitt
Figure 5. In order to apply the curve in Figure E
4 to a specific cable type, you must determine FIGURE 5
the capacitance of the cable. There are
several ways to make this measurement,
depending on the cable construction. The
figures to the left show the capacitance for
two types of cable (9937 and 9948). Both are 1,400. s9a7] T T
25-conductor cables with foil/braid shields. 1,300.
The drawing shows how the 25 conductors 1,200. -
are arranged in three groups inside the 1,100. —
shield. 1,000. NG
= . 900. \L
Figure 6. The effect of crosstalk voltage at £ so0. 9543
19.2 kilobaud for multi-conductor cable types. I 700.feeea 4
= — — S 600 Tted
g Voo
Figure 7. The effect of crosstalk voltage at W s00. o LTV
19.2 kilobaud for multi-pair cable types. Case 400. mnneban
1 is with the unused wire in each pair left 200. 3se.. ] 9948
floating. In case 2, the unused wire in each 200, 3
pair is connected to ground. 106 -
0. :
Figure 8. The maximum transmission length (i} 1 2 3 4. 5 6 /2 8
of multiconductor and multipair cables at full
utilization. (See the explanation in Figure 7 m@IspaLie)
for cases 1 and 2.)
FIGURE 6
1,600. L
1,500. 8112
1,400.[ "oy 4 CASE 1 1,128
1,300, SN 812
iy TRy CASTE z 9836
1,100, ~ - CASE 1
z 1,000. = L P 4 ~y
< 900 b LS g
£ 800 £\ % £
g 700 5 i g
W g00. K 9836 ]
= T CASE 2 -
500. K - -
400 X~
300 I P o
200. -
100. 1 > 9948 0543 9836 9836 9937 8112 8112
0. - \ CASE 1 CASE 2 CASE 1 CASE 2
DI TR Y S OO SONE SN L 9. 10.
e Y CABLE CODES
FIGURE 7 FIGURE 8
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ter grows worse as a cable’s length is
increased.

Figure 2 shows a typical eye pattern
on an oscilloscope screen. A random
data signal is displayed. If there were
no jitter, the rise and fall of the signal
would be sharp and not curved. As the
jitter increases, the “‘eye” closes and the
small diamond shape in the waveform
grows in size. When this happens, the
receiver has a harder and harder time
distinguishing between a 1 and a 0.

Mathematically, jitter is defined as the
duration of the diamond (T,) compared
to the duration of a 1-bit cell (T):

% jitter = (T,/T) X 100.

When total system jitter (contributed
by line driver, cable and line receiver
combined) goes beyond 50%, the
reconstructed data signal will ex-
perience transmission €rrors.

The electronics create 16% jitter.
Thus, once the cable jitter reaches 34 %,
transmission errors will occur.

It was determined experimentally that
the cable jitter equals 34% when the 0%
to 50% rise time of the cable is equal
to 0.52 divided by the baud rate:

The value 350 is the capacitance of
the electronics themselves; this
capacitance appears in parallel with the
cable capacitance.

Equation 2 can be solved for L by
substituting Equation 1 for the value RT.
This gives:

Equation 3:
L = {(0.52 x 10°/0.9B} — 350pF/C

where L = the maximum cable length
(in feet),

B = data signal baud rate (in modula-
tions per second),

C = cable capacitance (in pF/ft).

Figure 3 is a plot of Equation 3 in
which the baud rate was fixed at 19.2
kilobaud and the capacitance varied so
that the maximum cable length could be
calculated. These results, calculated on
the basis of experiments, are plotted in
the upper line of the figure.

The lower line of Figure 3 shows the
maximum recommended cable length
according to the EIA RS-232-C
specification. The data, calculated us-
ing Equation 3, suggest that the max-
imum transmission length is approx-

s —

Equation 1:
RT = 0.52/B

where RT = 0% to 50% rise time (in
seconds),
B baud rate (in modulations per
second).

Starting with Equation 1, you can
calculate the maximum allowable cable
length as a function of the baud rate and
cable capacitance. Note that the cable’s
0% to 50% rise time also has been
determined experimentally to be

Equation 2:
RT = 0.9(L x C + 350pF)

where RT = 0% to 50% rise time (in
nanoseconds),

L = cable length (in feet),

C = cable capacitance (in pF/ft).

BRS—

—— R |

| imately ten times the EIA recommen-

l
I

dation when the cable is used at
minimum utilization (one channel, half
duplex).

Even though lower baud rates might
allow longer cables, this study will

|

25-conductor cables with foil/braid
shields. The drawing shows how the 25
conductors are arranged in three groups
inside the shield.

The capacitance of a wire in each
group with respect to the shield is
presented in the table in Figure 5. Clear-
ly, the outer-group conductors exhibit
the greatest capacitance, and these
worst-case capacitance figures will be
used throughout the study.

The capacitance of the cable also is
a function of the way the cable is con-
nected in the application.

Applications with crosstalk

When more than one channel is used
in a multi-conductor or multi-pair cable,
the other channels will induce a voltage
into the signal wire of concern. This
voltage is known as crosstalk. When
crosstalk is present, the maximum
allowed transmission length decreases.

We won’t go into detail about
crosstalk here, but the effects of
crosstalk on cable length for multi-
conductor and multi-pair cables are
shown in Figures 6 and 7, respectively.

Maximum utilization applications
Maximum utilization occurs when all
the available channels within a cable are
in use at the same time. This maximum-
utilization condition generates an ag-
gregate crosstalk voltage that is a con-
stant value for any one specific cable
hooked up in a specific configuration.
This characteristic full-utilization
crosstalk voltage was measured, and the
results are listed in Table 1.
These test lengths cannot be con-
sidered the maximum recommended
lengths because they are the threshold

| lengths at which errors just start to oc-
| cur. When these lengths are reduced by

adhere to the lengths for 19.2 kilobaud |

for all baud rates. This figure will give
a dependable worst-case limit for all ap-
plications. To further ensure a safe limit
on maximum length, reduce the lengths
of Figure 3 by 20%. The recommend-
ed lengths, including the safety factor,
are presented in Figure 4.

In order to apply the curve in Figure
4 to a specific cable type, you must
determine the capacitance of the cable.
There are several ways to make this

measurement, depending on the cable |

construction. Figure 5 presents informa-
tion concerning two Belden cables:
trade numbers 9937 and 9948. Both are
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| applications.

the 20% safety factor, however,
transmission accuracy is reliable. The
resulting recommended maximum
lengths are presented in Figure 8.
Even when worst-case conditions and
20% safety factors are included, you can
often use cable lengths that are much
longer than those suggested by the EIA
standard. Cable length is dependent on
the cable capacitance and crosstalk, and
on the driver and receiver electronics.
Cable lengths will be decreased if the
system is subjected to external noise or
ground loops. Because of the negative
impact of external noise, shielded cable
is recommended in most RS-232

(=15 |



Test your

electronics
knowledge

By Sam Wilson, CET

ACROSS

1. Devices that are inserted between
other devices for the purpose of
isolation.

10. One method of displaying two
traces simultaneously on a dual-trace
scope is CHOP. The other is :
Il. A method of interconnecting
computers.

12. Enter computer memory.

16. You may think this canal has
nothing to do with electronics, but it
does have a current flow.

17. A type-of motor with a shaft rota-
tion equal to a specific number of de-
grees for each input pulse.

2l. Get into resonance with.

23. When you see this word it means
to divide.

24. Primary colors in. an NTSC
system.

26. Material used in solder.

27. An integrated circuit logic system
in which the gates are chosen by
equipment that is similar to a ROM
burner.

29. An antenna that radiates equally
well in all directions is an example
of this type of radiator.

33. Program for a computer.

DOWN

l. An eraser for an audiotape. It
erases a complete tape recording in
a single effort.

3. Part of a heat sink.

5. Each.

6. Time constant circuit.

7. Putting into memory.

8. Number of decimal digits.

Wilson is the electronics theory consultant for ES&T.

13. A component’s lead (especially
an IC).

14. Short form for electroencephalo-
gram. A graph of brain waves.

16. Electric potential—not a common
abbreviation.

17. A generator, used in pulse-code
modulation, produces an output volt-
age in the formof __ |
18. Fast loaders of computer
programs.

19. A space used in electronographic
printing.

20. The same as 23 across.

22. The circumference of a circle

equals = X :
25. A startup operation
computers.

27. Interface between the 6800 mi-
croprocessor and the outside world.
28. All of the components in a series-
resonant circuit.

29. Interface between the computer
and the outside world.

30. Type of transistor case.
31. Frequency used in
broadcast.

32. Very popular word processor:
—C_RITE.

Answers are on page 4I.

for

AM
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Feedback ——

An Audio Corner glitch

If, for a moment, Sam Wilson could
regress from his approach without
mathematics, let’s ask him to grade our
work. Re: “More About Decibels,”
under the “A matter of relativity”
subhead (see Audio Corner in the
September issue), given S, twice that
of S,, here’s my mathematical fiction:
dB = 10 log S,/S,
10 log 0.5
10(0.69897-10)
10(—0.30103)
-3

Indeed, it is a matter of relativity.
Your fiction shows gain; mine shows
loss. Thanks for listening.

George T. Fogelman
El Paso, TX

Thank you for your letter, and for
reading the Audio Corner department so
closely. You are correct. What 1 should
have said, of course, is that the dB gain
of S, with respect to S, is 10 log S,/S,
= 3, which is the same as your result
expressed another way.

Conrad Persson
Editor

Another Audio Corner comment

After reading Audio Corner in the
June 1988 issue, I decided to try to
answer your last paragraph by letting
you in on what I am doing with my PC.
I have been saving servicing magazines
since 1969. I have a program called PFS
FILE. I made a format to recall Sym-
cures on a particular TV whenever I
necded help in finding a quick solution
to a particular problem. Now, for exam-
ple, T have a TV that shows a dark area
down the left side of the screen and, on
adjusting the brightness and contrast,
the picture doesn’t change. PFS will find
anything as long as you have a part of
it in the scarch mode. In other words,
under “symptom,” if I couln’t remember
how it was originally entered, I could
enter it as ..dark left side.. and hit FI0.
It would hunt any symptom that has
“dark left side.” The more info you give
the program, the faster it finds.

There may be a faster program but
PFS hunts so many different ways that
I don’t think I would ever change over.
Richard H. Burroughs
San Antonio, TX ES“

NOW PTS
aelivers
tuners and
modules

Order all manufacturers’ brands quality replacement
parts direct from PTS with one toll free call. PTS—The
nation's #1 replacement part company. Call toll free:

DTC rJm8/0/0]

= = w XOIESS
1-800-333-PTS1

| VISA
i

Introducing________

Nationwide Servicenters and Distributors
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—

)

Circle (9) on Reply Card
November 1988 Electronic Servicing & Technology

17



Power conditioning:
Protecting your electronics
investment

This article is based on two papers writ-
ten by Charles F. Kerchner, Jr., PE. Mr.
Kerchner is President of Kalglo Elec-
tronics, Bethlehem, PA.

It can be an interesting tradeoff—Do
you invest the money in protecting your
computer against surges and blackouts,
or do you take your chances during the
next thunderstorm? A major factor in
that decision might be the low cost of
providing protection from power line
perturbations compared to what it would
cost to repair or replace damaged com-
puter equipment. And with the increas-
ing number of computers in homes and
small businesses, more and more peo-
ple are providing their computers with
power-line protection and even uninter-
ruptible power systems (UPS).

This article addresses two aspects of
power-line protection: the possibility
that a miswired receptacle might render
a power-line protection device useless,
and the fact that an UPS that delivers
a square-wave output may be as effec-
tive as—and less expensive than—one
that delivers a sine wave.

Making sure the receptacle is
properly wired

House 120V wiring systems consist of
three wires: a “*hot’’ wire, covered with
black insulation, with potential at 120V
with respect to ground; a grounded
neutral wire, covered with white insula-
tion, that is at ground potential; and an
uninsulated or green insulated equip-
ment ground. In a correctly wired
receptacle, the hot wire is connected to
the narrow slot, the neutral wire is con-
nected to the wider slot, and the ground
wire is connected to the U-shaped
grounding slot.

Unfortunately, although there is only
one correct way to connect a receptacle,

there are several ways to miswire one.
Some of these misconnections will
result in short-circuits that will trip a
circuit breaker or blow a fuse; others
will not allow a connected appliance or
other device to operate at all. These are
self-diagnosing problems, so we won't
discuss them here.

Three other cases of miswiring will
allow a connected appliance to operate
but may cause personal or equipment
safety problems and defeat internal
ground planes and RFI/EMI shields.

| They also may render power-line pro-

tection devices inoperative. These three
cases are:

* Hot and neutral reversed.

® Necutral and ground reversed.

® Open ground connection.

It doesn’t happen often that neutral and
ground are reversed because the ground
wire looks so unlike the other wires. But
the other two conditions occur more
often than they should, and it’s a pro-
blem worth discussing. In all three of
these cases, the computer or other elec-
tronics device will probably continue to
work. However, the device may exhibit
intermittent, unexplained glitches. The
user then installs a surge protector
and/or power-line noise filter, but the
problem persists.

The problem doesn’t go away because
the electrical energy is not being cor-
rectly applied to the computer, so its
ground planes are not operating proper-
ly. There may also be high-frequency
sneak paths into the logic, which the
equipment designer never considered—
he assumed that the outlet would be
wired correctly. The protector manufac-
turer also assumes the outlet is wired
correctly, so a surge protector is of no
help. In the case of the open ground

| connection, the opcrator is exposed to
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potential shock if a part malfunctions or
the equipment’s insulation exposes
energized conductors.

Miswired outlets also can damage
other energy-generating devices such as
emergency power systems and UPS.
Most UPS switch only the hot wire
relative to the common neutral; if the
hot wire is not hot but is instead the
neutral, the UPS and the electrical
system may both be energized
simultaneously and cross-connected
such that voltages higher than 120V ex-
ist, causing damage to the UPS or other
equipment.

According to one company, miswired
outlets arc the cause of problems in
0.5% to 1% of all outlets they encounter.
Fortunately, this is a small percentage,
but if you consider how many outlets are
installed, 1% is still a large number.

If you run across a strange problem
in an electronic product, you might start
your diagnosis by checking to make sure
the outlet it gets its power from is prop-
erly connected. The simplest way is to
buy an outlet wiring-integrity checker.




When you plug in this device, one or
more of its three lights light up to tell
you whether the outlet is properly wired
and what any problems are. Many
surge/noise protectors have built-in wir-
ing integrity checkers that will let you
know as soon as you plug it in if there
is a problem with the wiring.

If you don’t wish to buy one of these
devices, you can make the same check
with a multimeter. Simply set it to ac
and probe between all the slots in the
receptacle two at a time. If the recep-
tacle is properly wired, you should
measure 120V from hot to ground, 20V
from hot to neutral, and OV from neutral
to ground. Any other readings mean
something is wrong, and you should get
an electrician to straighten it out.

Power-line protectors will help keep
spikes and surges from damaging elec-

tronic equipment, but only if the recep-
tacle it’s plugged into is properly
connected.

Round tops vs. square tops
Of course, before you need to worry
about connecting your equipment and
UPS systems, you have to choose which
protection you need. Does the output of

The Philips ECG DT-200 :
Temperature Adapter turns your digital
multimeter into a thermometer!

Our DT-200 Temperature Adafter can turn your digital multimeter into 38
a direct-reading thermometer for minimal additional cost. Take a look: ¥
O uses K-type thermocouple (included)

O tem%éxture to voltage converter with a linear
1.0mV DC/degree output with = 10MQ input
impedance meters

[ 6 output A‘acks assure perfect fit with

almost any digital multimeter

[J measurement range of —50° to

—2372°F and —50° to0 1300°C The Smart Choice.
Contact one of our more than 900 distrib- mgm
utors, or call 1-800-225-8326 for the name H‘lllmECG

of the distributor nearest you. It just might
be the smartest call you make alf week.

A North American Philips Company
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The ECG pocket-sized DM-51 Multimeter
is packed full of features!

The ECG® DM-51 Multimeter is part of our new line of compact mul-
timeters that combine small size with big features. The DM-51 can easily
be carried in a repair kit, bag, or even your shirt pocket!
[J measures up to 200 MQ

[J up to 10 amps DC

] test batteries—9V, 1.5V

[ transistor hFE test

[ diode test

[ continuity beeper

Contact one of our more than 900 distribu- -
tors, or call 1-800-225.8326 for the name of _ I he Smart Choice.

the distributor nearest you. It just might be ags
the smartest call you make all week. H‘IIImECG
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ECG Replacement parts keep VCR’s
in top shape!

To replace VCR mechanical parts look no further than Philips ECG.”
Our new line can replace mechanical parts for most major brands of
VCR'’s and our catalog contains the most accurate cross-references by
part number and model number. Other features:

[J line includes 13 pinch rollers, 33 idler wheels and assemblies,

4 idler replacernent tires and 46 belt kits —

[ individual belts available @ (-
Nobody makes it easier to get VCR % C >
re lacezqent mechanical pagrts than Philips L =4 ﬁ iﬁ
EEC! Contact one of our more than
900 distributors, or call 1-.800-225-8326
for the name of the distributor nearest
you. It just might be the smartest call
you make all week.

The Smart Choice.

PhilipsECG

A North American Philips Company,
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an UPS have to be a sine wave? The
answer in most cases in microcomputer
applications is no. Sine-wave output
UPS systems are really only necessary
for continuous on-line UPS systems and
certain directly supplied ac motor-
driven disk drives. Because most if not
all microcomputer systems are operating
the CPU and the disk drives off an in-
ternal dc power supply, sine waves are
not necessary for an emergency backup
UPS.

There are basically three waveform
types used with UPS for microcomputer
applications: square wave, sine wave and
pulse-width modulated (PWM) stepped
rectangular wave. The frequency of all
three types of waveforms must be tight-
ly controlled. Also, some form of max-
imum voltage-governor limiting device
should be used to limit the maximum
output average or rms voltage to safe
levels. Limiting the output prevents
overheating of the computer power
supply, especially continuous on-line
units. Although this feature is not as
critical for emergency standby units, it
is a very desirable feature.

The least expensive waveform to pro-
vide is the square wave. Next in price
range comes the PWM stepped wave,
then the higher priced sine-wave units.
Sine-wave units use the same principles
as square- and stepped-waveform units,
but they add an additional filtering
device or transformer on the output to
convert the waveform to an approximate
sine wave.

Some people disparage all types of
waveforms other than the sine wave. The
type of waveform needed, however, real-
ly depends on factors such as what type
of load it will be used with, whether or
not it is a continuous on-line unit or an
emergency standby unit, and how much
the purchaser is willing to pay to pro-
tect a computer system from crashing.

The backup requirements for modern
microcomputer power supplies, which
in turn supply dc voltage to power the
CPU and the floppy or hard disk drives,
are a lot different from the backup re-
quirements for a mainframe computer
or a disk drive driven by a synchronous
ac motor. Most if not all microcomputer
disk drive motors are dc driven and use
phase locked-loop (PLL) technology to
maintain frequency and speed control,
so they don’t need sine waves. Also, the
waveform shape and tolerance require-
ments are a lot different for running a
system off the UPS continuously on-line
for 8 to 24 hours a day as opposed to

two to ten minutes in an emergency sit-
uation to prevent a system crash due to
momentary or temporary power failure.

The power generated and supplied by
the local utility is a sine wave. This is
because it is generated by rotating ac
machinery, and sine waves are a natural
product of rotating machinery. Just
because the sine wave is the waveform
provided by the utility does not make it
the only or necessarily the best wave-
form to use for computer backup. There
are other factors to consider as outlined

| previously. In fact, for computer power

supplies, most engineers would tell you
it would be better if smooth dc came out
of the wall outlet instead of ac sine
waves. Sine waves are great for power
generation and transmission over great
distances, but dc runs modern micro-
computers. Interestingly enough, square

~“u/-"'\/‘ } J

Which waveform is better for
a given application depends
on what it will be used for

and whether it is for
continuous or standby use.

TN NPT Y AT

waves and PWM stepped rectangular
waveforms make better sources for rec-
tification into smoother, more ripple-
free dc voltages than do sine waves.
The reason is that these **flat-topped”
waveforms have a higher average output
voltage value, and the output voltage is
at peak value longer than for ‘“‘round-
topped’” sine waves. All engineers know
that the charging of a dc power supply
occurs at the peak of the waveform.
Because flat-topped waveforms are at
the peak longer, they keep the dc-supply
input fully charged longer; thus, the dc
output is smoother. This fact can be

| easily demonstrated by attaching an

oscilloscope on the output of a dc power
supply and observing the ripple with a
sine-wave input and then a square-wave
or stepped-waveform input, all of equal
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flat-topped waveforms than with round-
topped sine waves.

Other people who disparage flat-
topped waveforms say they run off-
frequency and cause overheating. As
mentioned earlier, either type of
waveform can be off-frequency and thus
cause overheating. Frequency control is
very important and is a separate,
unrelated parameter. It has nothing to
do with the waveform shape. All good
units have tight frequency control
(within 0.5%) regardless of waveform.

Another criticism is lack of control of

| the rms output voltage. This is an im-

portant parameter. Low-cost square-

| wave and sine-wave units both have

unregulated outputs. They run wide
open with the output value dependent on
the level of the inverter battery. This
problem is solved with pulse-width
modulation in flat-topped waveforms
and voltage-regulating transformers in
sine-wave units.

Another argument concerns har-

| monics and audible noise. It is true that

flat-topped waveforms generate more
harmonics and audible noise because of
the fast rise time of the waveforms.
However, good units use high-frequency
EMI filters on the output to remove any
potential interference. The higher audi-

| ble sound may be objectionable with

continuous on-line units running all day
long, but is has no effect in emergency
applications using a standby UPS on
modern microcomputer systems. The
audible sound is most likely coming
from the computer’s internal cooling
fan, not the computer’s dc power sup-
ply. This square-wave supply power also
will not hurt the fan for short-term
emergency use.

An advantage of PWM and stepped
waveforms often overlooked is that flat-
topped waveform units can be faster
because it takes longer to create a stable
sine wave than to create a flat-topped
waveform. And transfer time is a critical
parameter for standby units, especially
when they are used with modern
microcomputers, which, unfortunately,
do not have much reserve capacity or

| coasting time built into them. Thus the

transfer must be done as quickly as
possible—another plus for flat-topped
units. Of course, if you have an on-line

| unit, transfer time is irrelevant.

In summary, which waveform is bet-
ter for a given application depends on

| what it will be used for and whether it
| is for continuous or standby use.
rms value. The dc is smoother with the |
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A homemade high-vacuum
desoldering system

By William L. Call

One of the biggest headaches in ser-
vicing electronic equipment is desolder-

ing the parts, particularly when you're |

servicing newer equipment that uses ICs
with many pins. When these ICs are not
in sockets, removing them quickly and

with no damage to the board (or to the |

part, in case it turns out to be OK) is
very important. Several desoldering
methods are currently popular:

¢ Desoldering braid or wick. With this
method, the technician places a special
desoldering braid over the joint to be
desoldered and then heats the back side
of the braid with the iron. The braid is
treated with rosin, which enables it to
soak up the solder. The melted solder

Call is assistant professor in the depanme}niof engineer-
ing technology at Murray State University.

| is drawn by capillary action into the
braid. After each joint is melted, the
braid is clipped off to expose fresh
material for the next joint. The braid
method usually does a thorough job, but
it is slow, it covers the board with rosin
residue, and it does only a marginal job
on plated-through holes.

® Desoldering pump or ‘‘solder-
sucker.”’ This method uses either a rub-
ber bulb or, preferably, a plunger-type
pump. The joint to be desoldered is
heated with a soldering iron until it is
melted; the pump is then placed over the
protruding lead and released, sucking
the molten solder into the pump. This
method is sometimes faster than braid,
but it often does an incomplete desolder-
ing job because the solder cools and
solidifies rapidly when the iron is

In the first system constructed, the pump is on the bottom. The tank is above, supported
by the connecting pipe. This particular tank had two outlets, which were both used, so only
one tee was required (visible under the gauge). The control box, on the right, is mounted
to a leg of the workbench, while the pump unit sits on the floor under the bench. The footswitch
and iron are visible in the foreground.
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removed. The pumps have to be cleaned
out frequently, and the tips must be
replaced.

® Desoldering iron with hollow tip and
a rubber suction bulb. This method
usually works well, although squeezing
and releasing the bulb can be tedious.
Also, because the suction isn’t very
strong, it sometimes leaves behind
solder.

® Vacuum-powered hollow-tip iron. This
is the ultimate desoldering tool. Some
type of vacuum pump is used to pull the
solder into a reservoir for later removal.
Operation is quick, clean and usually
very complete. Vacuum-powered
desolderers have been on the market for
several years, but they usually cost $400
to $600. After using one, however, you'll
find that the other methods seem tedious

| and terribly slow.

It’s not that hard to build a vacuum
desoldering system for yourself, and you
can do it for a lot less than the commer-
cial models cost. I've built several, and
by shopping the surplus market or
junkyards, I've built them for about $50
to $100. My units desolder better than
any commercial unit I've used because
they provide a stronger vacuum.

The basic setup is shown in Figure 1.
Two versions I have built are shown in
the photographs on pages 22 and 23. If
you’ve seen commercial units, you will
notice some differences right away—I
use a vacuum storage tank and two
solenoid valves. Commercial units just

| use a carbon-vane pump or a venturi

system and compressed air, starting the
vacuum flow from atmosphere for each
connection to be desoldered.

The system described here pumps a
deep vacuum into a tank, then releases

| the stored vacuum as needed through a
| valve. This method produces a deeper,

more sudden vacuum that does a better



job of pulling solder through the con-
nection holes and breaking up the
“sludge” of liquid solder into small
pellets as it enters the iron.

Of course, if you find a fast-
responding vacuum pump and want to
experiment, you could try your own
system by eliminating the valves and
tank, switching the pump on with the
foot switch for each joint. This should
be as good as the commercial units. I'll
just describe the high-vacuum system
that I've built, however.

Finding the parts
To build your own system, you first
need a hollow-tip iron. The only casy
source I've found is a rubber-bulb
desoldering iron with the bulb removed
and the delivery pipe hooked to the
vacuum system. Connect the iron to the

vacuum system through a length of |
automotive vacuum hose; the clear hose ‘

is nice because you can find solder plugs

easier, but the black type holds up bet- |

ter with the heat. Quarter-inch black
automotive vacuum hose makes a good
slip-fit over the pipe end of an iron.
Some irons also have a small barb that
helps secure the hose. You may have to
clamp the hose in place with a small
cable tie.

Suitable vacuum pumps are available
through a number of surplus-equipment
companies. (See the “Sources” sidebar.)
You don’t need a lot of volume capaci-

ty, but try to find one that will pump |

down to about 20 to 24 inches ultimate

vacuum. (Most commercial desoldering |

units only produce 15 to 20 inches.)

Incidentally, the measure of a
vacuum’s strength is usually given as the
height of a column of liquid mercury
that the suction of this vacuum could
support. The highest obtainable vacuum
is about 30 inches of mercury,

equivalent to —I15PSI. This is the
vacuum of outer space.

I found a Bell & Gossett com-
pressor/vacuum pump for $39.95 for my
first unit, and it works well. For my sec-
ond system, I had access to an orphaned
high-capacity scientific pump, but it
would be out of the question for most
of us to purchase. Most pumps are pret-
ty noisy, so [ made a simple muffler for
the first one by running the outlet pipe
into a wad of sponge stuffed into a card-
board tube. Since then, I’ve found a
surplus-market muffler that works
better.

The solenoid valves are 2-port (one
in and one out), normally closed. I

| would suggest that it have a 1/8-inch

orifice (the internal passage size) or
larger. A 3-port valve could be used if
you didn’t connect the extra port. One
valve is used to open the vacuum path
to the iron in response to a tap on the
foot switch; the other opens the path to
the pump during pump-down of the tank
and closes this path to prevent loss of
vacuum at other times.

A coil voltage of 120Vac is probably
the easiest to obtain and to work with,
although lower-voltage solenoids fed
through a transformer would be safer.
I addressed the safety concern by using
a 3-prong (grounded) plug and by main-
taining a grounded path through all the

In the second system, the vacuum pump is not shown. The tank is an old 30-pound Freon
bottle. The solenoid valves are supported by brackets bolted to the tank handles. A 4-way
cross tee is used between the valves, with one outlet to the gauge, cne to the tank and the
others to the valves. A length of copper tubing with flare fittings connects the tank to the
tee. A contro! panel is fabricated from a piece of aluminum and belted to the handles. A
lamp was installed on this panel to indicate when the iron was on. Electrical outlets were
provided for the iron and for the vacuum pump. The iron and footswitch are visible in the

foreground.
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Figure 1. This basic system diagram shows th
piping connectors is not detailed—install as

metal parts. Thus, if a solenoid coil |

shorts to the frame, the fuse should
blow. I paid $6.95 each for my first pair

of valves, but I found the second pair |

for $1 each at a ham-radio flea market.

The vacuum storage tank should be
large enough to allow desoldering of a
number of leads without repumping, but

e electrical systems (Figure 1A) and vacuum system (Figure 1B). The arrangement of vacuum

required.

nected by two tee fittings or one 4-way
cross fitting and some short threaded
| pipes, all using pipe threads of the
chosen size. The pump and filter pro-
bably also will use pipe threads, and

it should be small enough to be |

manageable. The first system uses a
half-gallon surplus tank—quite compact
but a little shy in capacity. If I have no
problems, I can desolder a 14-pin IC
without turning the pump back on. This
particular tank had two openings (see

the picture on page 22), so I used both |

and saved buying a tee. As pictured, I
mounted it above the pump, supported
only by the connecting pipe. For the sec-
ond system, I talked a local air-
conditioner servicer out of an empty
30-pound Freon bottle. The capacity is
fine and so is the price.

Making the connection

Perhaps a word is in order here for
those readers not familiar with the fit-
tings and connectors used in the vacuum
portion of the system. The valves will
probably use internal pipe threads,
usually sized for 1/8-inch or 1/4-inch ID
pipes. The valves and gauge are con-

f There is a real economic
| advantage to the storage-tank

method for shops that need
more than one desoldering
station.

short pipes threaded on each end can
connect them to a valve; 90° elbow or
different-size adapters also may be re-
quired, or you can connect the pump
{ with a hose.

| To connect with a vacuum hose, a
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hose barb connector is screwed into the
pipe threads and the hose is then pushed
onto the tapered barb. The Freon tank
uses a flare fitting, which can be con-
nected with a 1/4-inch ID flared copper
tubing line to the tee or cross with a
flare-to-pipe thread connector/adapter at
the tee. With adapters, the tank’s flare
| fitting also could be converted to con-
nect hose or pipe, then plumbed in.
There are several ways to connect the
pipes, and it’s probably best to obtain
your pump, tank and valves before pur-
chasing the adapters. In the first system,
I used the two inlets available to
eliminate a tee, and I supported the tank
above the pump with the connecting
pipe. The second system is much
different—the tank is connected through

a flared copper tubing line and the
vacuum pump connected with hose. Ex-
cept for the expensive pump, this system
is more likely to be duplicated, so I've
drawn an expanded plumbing hookup
| drawing (See Figure 2) to illustrate.
| The problem is much like hooking all
[ our signal generators and other test
equipment up to equipment being
| repaired—a big box of cables and
adapters is most helpful. Any good-
sized plumbing or auto parts store
| should have the fittings and adapters you



need, and a knowledgeable clerk can
take your components and cleverly con-
nect them. The clerk should be able to
flare copper line for you, too. if you
don’t have a flaring tool.

Putting it all together

Returning to the system components,
the filter's purpose is to catch solder
pellets as they whiz down the hose,
keeping them from clogging the valve.
I used a sediment-bow!l lawn-mower
gasoline filter that I bought at the local
auto parts store. To reduce obstruction,
I drilled out the passages to 3/16-inch.
Better filters could probably be found
for less work. Those designed for air
compressors should work well, except
those with semi-automatic liquid drains
in the bottom, which won’t seal with a
vacuum.

Sometimes the filter is supplied with
the pump—C&H Sales and Meshna
show suitable-looking combinations in
their catalogs. These filters could be
removed from the pump and installed at
the indicated place. It turns out that a
lot of the solder remains in the iron, and
the filter doesn’t have to be cleancd
often.

The vacuum gauge indicates when the
vacuum is weak and the pump should

be turned on. A more advanced system
would use a pressure switch to
automatically start the pump. I used a
cheap surplus auto vacuum gauge on the
first system, but I found a better one that
read 0 to 30 inches of vacuum directly
for the second unit.

Finally, find a convenient spot for a
control panel to switch the pump and
iron on and off. For the first unit, I used
a mini-box mounted to a leg of the
workbench; for the second systems, I at-
tached a metal panel to the handle frame

of the tank. Either approach is
workable.

There is a real economic advantage to
the storage-tank method for shops that
need more than one desoldering station.

A single vacuum pump and tank can
be connected to several desoldering sta-
tions, each with their individual iron,
footswitch, filter and a single valve. I've
built a system like this for a student lab
at the university where I teach. A
pressure switch instead of a manual
switch to control the pump works bet-

Sources
of surplus
vacuum parts

All Electronics

PO. Box 567

Van Nuys, CA 91408
800-826-5432

C and H Sales
PO. Box 5356
Pasadena, CA 91107
800-325-9465

Herbach & Rademan
401 E. Erie Ave.
Philadelphia, PA 19134
215-426-1708

Hosfelt Electronics
2700 Sunset Blvd.
Steubenviile, OH 43952
800-524-6464

John J. Meshna Jr.
19 Allerton St.
Lynn, MA 01904
617-595-2275

All the technical data of 83 Hitachi
TV Manuals—in just two volumes

@ HITACHI

Our new Hitachi TV Schematic
Manuals give you the best of both
worlds—

With the compact storage of 32X microfiche
and full-view hard copies of the items you use
the most. Organized by year and model
number in both formats, these volumes give
you everything you need —83 models from
1975-1981. They're neatly packaged. easy to
use, and economically priced

You’ll get hard copies of:

¢ Schematic Diagrams ¢ Block Diagrams

* Printed-Circuits Board Layouts ® Part

Lists ® Mechanical Part Exploded Views

And get the works on microfiche:

» Service Manuals with Technical Data and
Information * Troubleshooting Tips * Revised
or Supplemental Manuals ® Instruction

Manuals ¢ Parts and Service Bulletins

Volume | covers: 54 models from
1975-1978

Volume Il covers: 29 models from
1979-1981

That's a lot of service data for a low $§54.95
per volume! About what you would expect to
pay for information on only two models. Or
save even more by getting both volumes for
just $104.00. Take advantage of these savings
now. It's a simple, cost-effective way to increase
proficiency and increase profit. Also avaiiable
are our VCR Volumes |, I and |l

Call toll-free 1-800-447-2882 for your
nearest Authorized Hitachi Distributor

HSC Service Company

division of Hitachi Sales Corporation of America
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Figure 2. This expanded plumbing hookup drawing shows the connections used in the second desoldering system.

ter for this type of installation.

Using the system

To desolder a joint with this system,
first warm up the iron and pump the
tank vacuum down to ultimate, about 24
inches with a typical small pump. Place
the tip of the iron over the lead to be
desoldered. When the solder melts, tap
the foot switch. Usually that’s all there
1S to it.

Old, oxidized connections or very
small plated-through holes, which don’t
allow much air to enter beside the wire,
may require more effort. Try moving the
iron in a circular motion so that the
solder is thoroughly melted before tap-
ping the switch. Small plated-through
holes with old solder sometimes require
a second pass after refilling the connec-
tion with fresh solder. The top plane of
ground-plane boards occasionally soaks
up so much heat that the top side doesn’t
melt; in this case, add heat to the top
side with a soldering iron while

desoldering the lead. However, most |

connections won’t take this much effort.
After desoldering all leads, take a pair
of long-nosed pliers and wiggle each

lead to break any “skin’ of solder that
may remain. Your component can then
be removed.

The vacuum desolderer is the best
tool I've found for printed-circuit lead
removal, but don’t throw away your
other tools. Some connections still re-
spond better to other methods. For in-
stance, large terminals are best handled
with a pump. And sometimes the best
way to handle double-sided plated-
through holes is to get as much solder
out with the vacuum iron as possible,
then remove the rest with braid. The
hollow-tip iron doesn't work well on
surface-mount components, although it
can remove some of the solder as a first
step. With practice, the procedures
become natural.

Remember to repump the vacuum
when it drops to 15 inches or so. The
higher vacuum does a better job of
desoldering, and it also breaks the
solder into smaller granules, making
iron maintenance easier.

Maintenance
Solder will have to be cleaned out of
the iron periodically. Although many
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solder granules end up in the filter,
some solidify in the metal tube of the
iron. When the tube gets too full, the
vacuum gets choked off and desolder-
ing performance declines. To clean the
iron, remove the hose and run a
5/32-inch drill bit up the tube, holding
the end over a trash can while the solder
shavings fall out. Drill slowly and
carefully and hold the tube and body of
the iron with pliers. Be cautious—I once
pushed the drill bit in too far and drilled
right out through the end of the tube.
Maybe someday a better iron will be
available with an easier-to-clean
reservoir.

If a wad of solder becomes stuck in
the hose, remove the hose and push a
rod or coat hanger wire through to clear
it. The hollow desoldering-iron tip even-
tually will wear out, but replacements
should be readily available. I've had to
disassemble and clean a solenoid and
the small pump once in five years of use,
so those parts have been pretty reliable.
In that time, I’ve worn out two irons and
a dozen or so tips, so I've desoldered
a lot of connections with this system.

esy
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—— Technology

Taking your VCR with you

This cutaway model shows the LCD in opera-
tion. The high-resolution 100,000 transistor
LCD panel acts as an electronic slide.

If you were a traveling salesman or
corporate trainer, one problem you
would run into is, how do you show your
sales or training tapes to a large group
of people? Although VCRs may have a
big advantage over 16mm projectors, the
one big disadvantage is that they can’t
be considered portable. You would have
to bring along the VCR and a television,
but the groups you dealt with would be
limited by the size of the TV screen. Of
course, if your customers came to you,
you could use a VCR to show videotapes
on a big-screen TV.

Big screen, small package

One future possibility is a portable
color projection TV that will be
marketed by Comtrex International. The
6-pound unit, named Crystal Vision,
uses a miniature internal color liquid
crystal display to project a TV picture
up to 10 feet. A projection TV, VCR and
16-inch screen will allow users to make
a group video presentation from a single
briefcase.

The image is illuminated by intense

white light from an 8 000-lumen halogen
source that passes through the LCD,
where the image is created by nearly
100,000 discreet picture elements. Thin- |
film technology allows each picture ele-
ment to be driven by its own transistor,
which results in a 60-to-1 contrast ratio
and fully saturated colors.

After the image is created, it is fo-
cused and projected on any suitable sur-
face by interchangeable, optically coated
multi-element lenses. (Wide angle or
long focus lenses are available.) The
projected image is 6 inches to 18 feet
diagonal, depending on the lens con-

figuration. The unit also includes pro-
prietary filters and fan-driven cooling.

Three versions

The company is initially planning
three models. The simplest, the
CVP-100, is a stand-alone video projec-
tor that can accept video input from a
video camera or VCR. The CVR-200
adds a VHF/UHF tuner and rabbit-ear
antenna. The CVP-300 adds a self-
contained, top-loading VHS videotape
unit and tuner. The company will also
offer custom configurations for large-

| volume customers. m
A

NO SPECIAL SCREEN

REQUIRED
M,

SINGLE LENS
8000 LUMEN

HALOGEN
LAMP

LCD "ELECTRONIC SLIDE"

Figure 1. The portable color projection TV uses an 8,000 lumen halogen lamp and a single
lens to achieve a high-resolution image without complicated optics or convergence.
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Hitachi VT-63A servo schematic
components. This schematic is for the use of qualified
technicians only. This instrument contains no
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component replacement is made in any area
of a receiver. Components marked with a !
on the schematic diagram designate sites
where safety is of special significance. It is
recommended that only exact cataloged parts

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

user-serviceable parts.

The other portions of this schematic may be
found on other Profax pages.
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NAP RD4502SL/RLC312SL main schematic

Product safety should be considered when
component replacement is made in any area
of a receiver. Components marked with a !
and shaded areas of the schematic diagram
designate sites where safety is of special
significance. It is recommended that only ex-
act cataloged parts be used for replacement

of these components.

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

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

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

Product safety should be considered when
component replacement is imade in any area
of a receiver. Components marked with a !
and shaded areas of the schematic diagram
designate sites where safety is of special
significance. It is recommended that only ex-
act cataloged parts be used for replacement
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of these components.

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

1. All resistors are 1/6W except where other-
wise indicated.

2. All capacitors are 50V except where other-
wise indicated.

3. Controls marked * are permanently frozen.
Do not attempt to defeat or improperly
replace.
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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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What do you know about electronics?

The Norton generator

By Sam Wilson, CET

A Thevenin generator is made up of
a source that has no internal resistance,
and it includes a series-connected re-
sistor. The series resistor imitates an in-
ternal resistance.

Thevenin’s theorem (see October’s
“What Do You Know About Electron-
ics”) says that any 2-terminal active net-
work can be replaced by a Thevenin
generator. (See Figure 1.) It doesn’t mat-
ter how many sources of voltage are in
the 2-terminal circuit. (There must be
at least one.) It doesn’t matter how many
resistors and battery internal resistances
are in the circuit. You can always re-
place the 2-terminal circuit with the
Thevenin generator.

The Norton generator

Figure 2 shows the Norton generator.
Like the Thevenin generator, it can be
used to replace any 2-terminal active
network. It uses a constant-current gen-
erator and a single resistor.

If you look into the Thevenin gen-
erator, you see R, because the battery
has no internal resistance. It is a con-
stant-voliage generator. The value of
R,, is the same as the combination of
all resistance values in the 2-terminal
circuit.

It follows that R, =R, because the
Norton generator can be used to replace
the same active circuit. The only way
you could see R, to be the same value
as R, is for the internal resistance (or
impedance) of the Norton generator to
be infinitely high.

Therefore, the Thevenin souce has
zero internal resistance and the Norton
source has an infinitely high internal
resistance. Neither is possible in the real
world, but they are very useful as an aid
to understanding electronic circuits.

If the Thevenin and Norton circuits
arc both equal to the same active

Wilson is the electronics theory consultant for E&T.

2-terminal, then it follows that they are
related to each other. The relationship
is simply Ohm’s law. If we were into
math we would say

I,.=V./Ry,

where R, =R,. Figure 3 shows how the
Thevenin and Norton generators are
related.

So what?

By now you are surely wondering if
any of this has any real meaning. The
answer is that the theorems and laws arc
tricks of the trade. They are used for
simplifying circuits so that they are
more easily understood. They are ex-
amples of models. Also, they make
mathematical calculations of circuit out-
puts much more simple.

The maximum power transfer theo-

rem is a good example. It explains why |

speakers should be matched to an am-
plifier through an impedance-matching
transformer. The transformer permits
the amplifier to look into an ideal im-
pedance. Likewise, it permits the speak-
er to bc connected to a generator that
will provide it with a maximum power.
In a similar way, Thevenin’s and Nor-
ton’s generators provide a simple way of
looking at complicated active networks.

The 4-terminal (passive) black box
makes it easier to understand the prob-
lem of matching transmission lines.
When ac is assumed for the input and
output, the 4-terminal circuit simplifies
the understanding of filter circuits.
Resistive matching pads (attenuators)
are based upon the equivalent T or TT
circuits for 4-terminal problems.

We could get involved with the actual
calculations for each of the types of
problems that are more easily solved by
the usc of theorems. That would help to
make their use in design more clear.
However, the purpose of this series is
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to explain what the network theorems
and laws are used for, not how they are
used.

Active 4-terminal networks

In an earlier discussion, the idea of
4-terminal passive networks was dis-
cussed. Now, what if there is a source
of voltage or current inside the black
box? Then it becomes an active 4-ter-
minal network.

When the network in the black box
is passive, it can be completely de-
scribed by taking input and output re-
sistance measurements: the input resis-
tance with the output terminals open,
the input resistance with the output ter-
minals shorted and so on. Those meas-
urements are called the R parameters,
and Figure 4 shows how they are made.
They are also known as the ABCD pa-
rameters, depending upon who is doing
the writing. If the network has reactive
components—that is, inductors and ca-
pacitors—impedance parameters are
used instead of resistive parameters.
They are known as the Z parameters.

Regardless of the type of parameters,
the same types of measurements can be
made: input with output open, input
with output shorted, output with input
open, output with input shorted. That
is also the way the active parameters are
determined. There is an important ex-
ception that will be explained later in
this article.

So, you can measure input and out-
put voltages under the four conditions
shown in Figure 4. That will give you
V parameters (or v parameters if the
voltage sources in the black box are ac).

You can get I or i parameters by meas-
uring input and output currents under
the conditions shown in Figure 4. If you
measure V and I, you can divide to get
Z parameters. (Make those v and i
measurements and you get z parame-
ters.) Last, but not least, you can invert
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Figure 5. Hybrid transistor parameters are made possible by treating a transistor as if it is
in a 4-terminal black box. Any linear 3-terminal device can be configured in the same way

as the transistor shown here.
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R (resistance) to get G (conductance),
so you can have G—or conductive—
parameters.

The reciprocal of impedance (Z) is
admittance (Y), so you can also have ad-
mittance or Y parameters if the source
inside the black box is ac.

Depending on the teacher or profes-
sor, or who wrote the book, or who is
paying you, you can get involved with
any or all of these parameters. All are
for the purpose of simplifying the
4-terminal networks.

The h parameters

Hang on! There is one more type of
black-box parameter that you should
know. Up until now, we’ve concentrated
only on input and output measurements.
But what if you do something crazy like
measure the output voltage and the in-
put current? You can easily make four
measurements like that.

We could call them crazy parameters.
However, they are really known as
hvbrid parameters or h parameters. Just
as you can get hybrid corn by mixing
two kinds of corn, you can get hybrid
parmeters by mixing two kinds of V and
I parameters. This explains the follow-
ing hybrid parameters that you are sure
to run across sooner or later:

hg = B, = ac beta
hgg = Bpe = dc beta
hg = @, = ac alpha
hgs = ape = dc alpha

These hvbrid transistor parameters
are made possible by treating a transis-
tor as if it was in a 4-terminal black box.
(See Figure 5.) Any linear 3-terminal
device can be configured in the same
way as the transistor in Figure S.

Remember, a transistor is treated like
an active component. It is thought to be
the source of the ac signal, which is why
the ac parameters are usually used.

Why is this so important? The reason
is that knowing the transistor h param-
eters makes it a simple matter to design
a transistor circuit as if it were a basic
black box. Again, the purpose is to sim-
plify calculations.

These hybrid parameters are carried
over to the technician world because
they are important ways to evaluate the
transistor. If those parameters don’t
measure correctly, the transistor won’t
work in a circuit that was designed for
those parameters.

Thus, you have the Beta checker.

s



HITACHI SCOPES

Literature

Tech book catalog

The UTC 1988/89 catalog from the |

United Techbook Company lists 3000 of |

the most widely accepted handbooks,
directories, textbooks,
sourcebooks, encyclopedias and dic-
tionaries in forty categories, from con-
trol system design or computer architec-
ture to desktop publishing and tax ac-
counting. The catalog also describes a
free bookfinding service, low-cost
library software, and a High Tech book
update service.
Circle (125) on Reply Card

Test and measurement catalog

Leader Instruments is offering a
96-page catalog describing more than
100 test and measurement instruments.
The catalog includes a glossary of
oscilloscope terms and application notes
on digital and analog oscilloscopes,
video products, programmable RGB
video generators and frequency
counters.

Circle (126) on Reply Card

Test equipment product guide

l

databooks, |

ESD product catalog
The “Static Elimination Systems and
ESD Products’ catalog from Chapman
outlines the company’s static elimination
equipment, including the traditional
electrical ionizing bars and passive
devices. The catalog also emphasizes
the company’s ESD product line, in-

| cluding bench-top ionizers, static meters

Leasamerric has introduced an ex- |
| more than 100,000 items from more than

panded product guide for test equipment
the company offers for rental, lease or
purchase, either new or used. The
175-page guide has product indices, a
manufacturer’s index, specifications and
selection information for test equipment
from more than 80 manufacturers.
Products include analyzers, measure-
ment  instrumentation, meters,
microwave equipment, oscilloscopes,
power supplies, telecommunications test
equipment, microprocessor test and
development systems and more. The

company can usually deliver the equip- |

ment within 24 hours of the order and
offers various financing programs.
Circle (127) on Reply Card

Test equipment catalog
Anasco’s catalog of test and measure-
ment equipment features more than 100
new products and offers technical infor-
mation on more than 1,000 electronic
test, service and measurement products.
The 56-page catalog contains specifica-
tions and selection guides for multime-
ters, calibrators, power supplies, fre-
quency counters, function generators,
chart recorders, oscilloscopes, break-

out boxes and service supplies.
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and residual voltage meters.
Circle (129) on Reply Card

Equipment catalog
The Eraser Company is offering its
16-page ““Short Form Catalog,” which
features most of the company’s produc-
tion equipment for the electronics in-
dustry. Equipment applications include
wire cutting, stripping, dereeling and
printed circuit board production. The
catalog also features the company’s line
of FybRglass industrial brushes for
cleaning and burnishing.
Circle (130) on Reply Card

Components catalog
Newark Electronics is offering a
1,040-page catalog that provides dimen-
sions, specifications and descriptions of

230 manufacturers of electronic compo-
nents. The catalog includes 19 new ven-
dors and more than 9,000 new items. All
items are delivered from stock.

Circle (131) on Reply Card

DMM/accessory selector guide

The Instrumentation Products Divi-
sion of Beckman Industrial is offering
a selector guide describing the com-
pany’s latest line of digital multimeters
and accessories. The catalog describes
the heavy-duty series of DMMs, the
professional series and the Circuitmate
and Circuitmate Super Economy series,
plus a new analog VOM/mutitester and
a new pocket-size meter.

Circle (132) on Reply Card

Parts/components catalog

MCM Electronics’ catalog contains
more than 11,000 parts and components,
including 500 introduction items.
Among the categories described are
semiconductors; computer equipment;
power centers and regulators; telephone
parts; connectors; TV, audio and VCR
parts; tools; and the company’s propri-
etary line of TENMA test equipment.

Circle (133) on Reply Card ESW
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Troubleshooting low-volitage
IC regulators

By Homer L. Davidson

Linear IC low-voltage regulators ap-
pear identical to standard power tran-
sistors of TO-3 or TO-220 dimensions
except that each has one or two extra ter-
minals. The extra terminals indicate a
regulator with more inside than the
usual power transistor. Also, the words
integrated circuit imply additional IC-
type components. This article explains
what is inside typical IC regulators and
how to test them, both in circuit and out.

What is it?

Just when we technicians think we
thoroughly understand the power-tran-
sistor low-voltage B+ regulator, and we
believe the circuit has no surprises for
us, we find something that jars our com-
placency. An unexplained device is in
the low-voltage power supply where a

Davidson is the TV servicing consul(am‘for ES&T.~

|

power transistor traditionally is placed,
but it has three leads instead of the usual
two. (See Figure 1.) Therefore, there is
little possibility that the device is a tran- |
sistor. So what is it?

A quick search of schematics and ]
solid-state replacement guides shows
that the device is some type of linear IC
voltage regulator—for one specific dc
voltage. IC component numbers that
begin with STR or IC for voltage reg-

ulators seldom need or have B+ vari- |
able resistors in the circuits for accurate |

trimming of the B+ voltage. Instead, the
output voltage is determined and sta-
bilized by reference to an internal zener
diode in each IC. Therefore, replace-
ment STR and IC voltage regulators are
selected for the desired dc output volt-
age. These regulating ICs are available
for B+ output voltages of 115V, 123V,
125V and 130V. If substitution is nec-

For testing resistors in solid-state circuits, a DMM is the best choice. The ohmmeter voltage
is so low that it usually does not cause unwanted conduction in solid-state components, allow-
ing the technician to perform more accurate resistive tests without wasting time disconnec- |

ting leads.
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essary, use the next lower voltage (not
higher).

Incidentally, these pseudo-transistor
regulators were used extensively in
many foreign-built portable television
receivers between 1982 and 1987.

Stand-by power circuits

Color televisions with remote control
usually have full power applied to the
remote-control receiver (at least all the
time the television is plugged into ac
power). Sometimes these are called
stand-by circuits because they are
powered and ready at all times, awaiting
activation by signals from the remote
control. However, the TV receiver is not
powered unless commanded by the re-
mote control.

One major function of the remote
control and stand-by circuits is turning
on and off the TV receiver’s B+ power
(+145YV for picture with sound, OV for
no raster and no sound).

During stand-by time, we can meas-
ure +12V, +5V and 120Vac at the prop-
er points, but the +145V source is miss-
ing, so the TV receiver is dead. The
principal B+ supply for this model tel-
evision receiver is +145V (produced by
Dgy; and Cgy, in Figure 4).

A minimum amount of testing will
prove the 120Vac for Dy, is blocked by
the open contacts of RL, relay. A
jumper wire attached temporarily across
the RL,, contacts should restore picture
and sound if the only problems are with
Qa6 or relay RL,.

Operation of the relay and Q,,, merit
a short explanation. Positive collector
current for Q,, comes through the
RL,, relay coil from filter capacitor
Cazn- The Q,, base voltage should
have a LOW when the receiver is off and
a HIGH when the receiver is to be
turned on. These LOWs and HIGHs are
voltages that come from the remote-
control circuits, and they can be
measured on the dc-voltage ranges of a
DMM. A HIGH at the Q,, base
causes collector current to close the
relay contacts, and the +145V source is



The IC regulator

In the CT-333KA Samsung portable
TV, a power-supply source of about
+155V is connected to Qg (the
STR382 IC regulator in Figure 1). A reg-
ulated output of +125V from the IC is
supplied to the Q4 horizontal-output
transistor, the flyback transformer and the
sound circuits. All other operating dc
voltages are obtained by rectifying hori-
zontal signals from secondary windings
of the T,y flyback.

Line voltage of 120Vac is applied to
diode Dy, (on the main chassis board),
and Cgs; is included to make the rec-
tified voltage peak-reading. After sub-
traction of small voltage drops across
Ry, and safety resistor Ry, the remain-
ing +155V is applied to the collector of
Qgoi- A 1.2A fuse (Fgg) is connected
between Rggy, and Rgy,. (See Figure 1.)
If this fuse is blown, look for leakage in
Qg or an overload in the horizontal-
output circuits.

Qgoi, the B+ IC regulator, has the
physical appearance of a horizontal-
output transistor, except it has three ter-
minals, not the usual two (Figure 1A).
Apparently each Qg IC has the usual
power-transistor base, emitter and collec-
tor connected to the proper terminals.
However, the addition of a ground (or

FIGURE 1A
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Figure 1. Q,,,, the B+ IC regulator of the Samsung CT-333KA portable, has the physical
appearance of a horizontal-output transistor, except it has three terminals, not the usual two
(Figure 1A). However, the STR-382 IC probably contains diodes, transistors and resistors
in addition to the power transistor. A B+ adjustment control or an external voltage-stabilizing
zener diode is not required, according to the Figure 1B schematic.
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Figure 2. Except for the five terminals Instead of the usual three (Figure 2A), STR-30125 regulators resemble TO-220 types often used
for vertical-output transistors. An equivalent of the IC’s internat circuitry, using transistors, diodes and resistors, is shown In Figure 2B.
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common) terminal, along with several
differences I found when testing for con-
duction, indicated that the STR-382 IC
probably contains diodes, transistors and
resistors in addition to the power tran-
sistor. A B+ adjustment control or an ex-
ternal voltage-stabilizing zener diode is
not required, according to the Figure 1B
schematic. Apparently, a zener is inside
with the transistors and resistors neces-
sary for dcV sampling and dcV negative-
feedback (for regulation of the output’s
dc voltage). The output at the emitter
always is the same dc voltage because of
the regulation.

In the model CT-348V, another Sam-
sung 13-inch portable, the STR low-
voltage regulator has the appearance of
a large, flat, vertical-output transistor but
with five leads. Figure 2 shows the equiv-
alent circuit of STR-30125, a hybrid IC-
type regulator with Darlington transis-
tors. This plastic-packaged regulator is
operated from rectified line voltage and
has a regulated output of +125V for the
horizontal-output circuits. Terminal 5 has
no connections. (In the designation
STR-30125, the last three numbers show
the regulated output voltage. Unfortunate-
ly, this handy method does not operate
correctly for all regulators, only the
newer ones.)

In the Goldstar NC-05X3 receiver, the

Rsos
2209, 25W

TO PIN 22
COUNTDOWN
HORIZ. IC

TO SOUND
OUTPUT
CIRCUITS

TO Quoz
HORIZ,
OUTPUT

Figure 3. Regulated output voltage of +115V from 1C,,, (STR-30115) provides voitage for
the sound and horizontal circuits. During start-up, +88V for the horizontal countdown IC
pin 22 is brought through R, from the +115V supply. Troubleshooting circuits that have
IC voltage regulators is very similar to troubleshooting others without ICs except that several
components are not available for testing, and terminai-to-terminat IC tests show unusual
readings.

regulator supplies voltage to the horizon-
tal countdown IC, the sound-output and
horizontal-output stages. These voltages
produce start-up. Rectification of hori-
zontal sweep furnishes all other voltages.

The IC801 (STR-30115) low-voltage

5-legged vertical output transistor (Figure
3). Notice that the last three numbers in
STR-30115 and STR-30125 indicate the
115V and 125V regulated voltages. Of
course, in the early chassis, this number-
ing system for LV regulators does not

produced to power the television
receiver.

The pre-amplifiers and ICs in the
remote-control circuits receive dc power
from the +12V and +5V supplies that
are operating all the time. (See Figure
4.) After power-on, the television fly-
back begins operating with full power,
producing (among several voltages)
+16.5V that comes through diode D,,,
to the +12V supply. The +16.5V source
(through diode D,,,) keeps the relay
energized after the on button has been
pushed and released.

Troubleshooting stand-by circuits
If the relay does not energize, the
receiver cannot be turned on by the TV-
panel on/off switch or the remote trans-
mitter. In that event, the pre-amplifier
or the stand-by circuits probably are
defective. When the +12V supply is low
or zero, measure the dc voltage at the
junction of R, and the cathode of
diode D,,;. The +12V supply is at the
other end of R,.. (See Figure 4.)
If the +12V supply for the pre-amp-
lifier circuits is normal, suspect the
relay in the stand-by circuit. Attempt to
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