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Pomona®

Your Instruments Know. Hook your

elite DMM up to a substandard accessory, and there goes

speed and accuracy-right out the window. But this tragic

scene can be prevented with Pomona accessories. Signal

integrity is what they're all about. You can see it in the high

quality materials and durable construction. You can feel it in

innovative, ergonomic designs such as our Precision

Probes and new Retractable Tip Probes, which help you

access tiny, intricate connectors and components. And

since the Pomona name is synonymous with long service

life, there's simply no higher value. Contact Pomona

Electronics at Tel: (909) 469-2900, Fax: (909) 629-3317.

www.pomonaelectronics.com. It's a sure way to

restore your instrument's trust.
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What's it worth?
How do you determine what something is worth?

Interesting question. But meaningless. Something is
worth exactly what someone is willing to pay for it at

the moment. Well, that's probably not entirely true. Take for
example, the commodity that is so prevalent in the developed
world: the automobile. You can total up all the costs of all the
raw materials and components, add labor costs, tack on ship-
ping costs, and you have a fair idea of the total value in that
machine. But still, if no one is willing to pay that, plus a little
something extra for the dealer, what's it actually worth?

That's a question that is very dear to the hearts of most con-
sumer electronics centers. If someone brings in a product to be
serviced, the cost to repair becomes the labor cost to deal with
the customer, observe the product's operation, open up the prod-
uct, do some testing, remove faulty components, install replace-
ment components, test the product's operation, and return it to
the customer.

Well, back to the idea behind the discussion of the automo-
bile earlier. If the product is a VCR, and the customer could
have gone to the local discount store and bought a no -name
replacement for $59.95, what is the repair worth? Is it worth the
$80.00 or so (just to pick a figure) that the service center needs
to charge to get its labor and materials and a little profit out of
the repair? When that replacement is so cheap? Hmmmmmmm.
Perhaps it depends a little on how you look at it. And there is
more than one way to look at it.

These things are amazingly subjective, and the idea of value
or worth is so nebulous. Different people for whatever reason,
value some things differently. Here's an example: the other day
my wife and I were wandering through a gourmet food store.
The food was of unquestionably high quality, and in general
priced accordingly, but not outrageously out of line with the
food at the grocery store.

Then we found the caviar. There were different kinds of caviar
at different prices, some of it affordable to someone of modest
means and with refined taste who didn't mind paying a little
more to satisfy their craving for fish eggs. Then there was the
Beluga caviar. Now that's expensive.

The beluga caviar at this store was priced at $70 for 30 grams.
Do the math with me. There are 454, call it 450, grams in a
pound. So I would have had to buy 450/30, or 15 30 -gram por-
tions in order to bring home a pound of that fine caviar. At $70
per 30 -gram package, the cost of one pound of caviar would be
$70 x 15, or $1050. Obviously, someone believes that certain
kinds of fish eggs are worth $1050 per pound. They must be
really good fish eggs.

There are abundant other examples of people being willing
to pay a great deal of money for a product or service. Have you
been to a professional sporting event, like football or basket-

ball lately? Between the cost of a ticket, parking, and maybe a
hot dog or bag of popcorn and a beverage or two, the total can
easily approach or exceed $100 per person. Is that experience
worth that much money? Obviously, a lot of people think so.

I recently read a report released by the Electric Power Research
Institute (EPRI) regarding the recent deregulation of electrical
power. At least half of American electricity consumers are will-
ing to buy electricity even at prices 30-40% higher than they
presently pay. A new study offers insights that could make a dif-
ference to energy providers who are having difficulty attracting
customers (and by extension, anyone who offers a service).

"The results of this research paint a fundamentally different
picture of the marketplace than most industry commentators have
described," says Patricia Garber, lead researcher for the EPRI
project. "Customers will pay more -and substantially more -for
energy products which provide them with the value they seek."

Mass -market customers have not been flocking to new ener-
gy providers, and many have already pulled out of the market.
The EPRI study suggests, however, that retailers who are will-
ing to break out of the box will succeed by meeting the wants
and needs of their customers. Offers of energy service charac-
terized by high -quality personal contact, involvement in the
local community, customized billing, and other "high touch"
services appear to be very attractive to customers, even at prices
30% to 40% higher than competing products.

Some business customers (20% to 30%) indicated a will-
ingness to pay as much as 30% more for a Premium Power
Package, which guarantees minimum outages and minimum
voltage fluctuations.

All of this leads to the conclusion that people are willing to
pay for perceived value. On this basis, if a service center can
demonstrate that the value of parts and labor to repair a faulty
but otherwise high -quality product, say a VCR, is greater than
the value of purchasing a new, lower -quality, product, they
might just receive approval to proceed.

There are a number of reasons that a customer might opt for
a repair in such a situation. 1. They're familiar with the opera-
tion of this unit and don't want to learn a new one. 2. The ser-
vice center has shown them that their old unit is built better than
a new super cheapie. 3. They don't like the idea of sending prod-
ucts to the landfill unnecessarily.

This is not to trivialize the problem of selling service in the
face of low-cost, feature -rich, products. It isn't easy. And some
people will, of course, always opt for the new product. But a
service center should always keep in mind that value is extreme-
ly subjective, and the right approach to the customer will some-
times result in a service job rather than a replacement.

Oh, and by the way, even though I'm sure that that beluga caviar
was worth every penny of $1050 per pound, we didn't buy any.
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CEA to help promote benefits of teleworking
The Consumer Electronics Association (CEA) reinforced its sup-

port for the country's growing telework trend by announcing a new
partnership with the International Telework Association & Council
(ITAC). Through the partnership, the two groups will promote the
benefits of teleworking (or telecommuting) to consumers and busi-
nesses by cooperating on selected promotion, research, and public
policy issues related to the rapidly growing segment of America's
population that works outside of a traditional office environment.

The teleworking trend has seen a sharp increase in recent years,
due in large part to digital technology. According to ITAC, 19.6 mil-
lion U.S. workers - 10 percent of the adult workforce - teleworked
in the third quarter of 1999, up from 4 million in 1990. However,
more than 50 percent of the information -related jobs in the U.S. are
compatible with working away from a traditional office setting.

Teleworking benefits are significant and include flexibility for
workers and cost savings for employers. According to ITAC's 1999
Telework America Research Report, $10,000 can be saved in reduced
absenteeism, increased productivity, and the costs of recruiting and
retaining employees for a teleworker who works at home one day per
week. PC World has found that $8,000 per employee can be saved in
office space expenses each year through teleworking.

"The shortage of skilled labor in the workforce is compelling
employers to rethink traditional management styles," said John
Edwards, president of ITAC. "Add to that the fact that teleworking
can drive down costs, and it becomes clear that teleworking is unde-
niably the business model of the future. The support of the consumer
electronics industry can only expedite this trend."

Recent research conducted by eBrain Market Research (a service
of CEA), showed that large numbers of consumers expect to buy elec-
tronics products and services which improve the efficiency of their
home offices in the near future. Specifically, higher speeds and greater
access to the Internet were cited as common features that will help
them accomplish their teleworking tasks.

"The vast growth in sales of home office equipment, networked
devices, and universal access to information are facilitating our abil-
ity to telework," said Gary Shapiro, president and CEO of CEA. "As
the leading source of information on workstyle technologies, CEA is
eager to work with ITAC to encourage the acceptance and growth of
telework arrangements."

ITAC is a non-profit organization dedicated to promoting the
economic, social, and environmental benefits of teleworking. ITAC
members share information about the design and implementation
of teleworking programs, the development of the U.S. telework sec-
tor, and research.

CEA is a sector of the Electronic Industries Alliance (EIA). CEA
represents more than 600 U.S. companies involved in the develop-
ment, manufacturing and distribution of audio, video, mobile elec-
tronics, communications, information technology, multimedia and
accessory products, as well as related services, that are sold through
consumer channels. Combined, these companies account for more
than $60 billion in annual sales.

DTV sales remain strong
Factory -to -dealer sales of digital television (DTV) displays and

sets reached their highest monthly total in March, making the first
quarter of 2000 the best quarter yet for DTV sales, according to fig-

ures released by the Consumer Electronics Association (CEA).
Monthly DTV display and unit sales in March were 24,332, up

seven percent over February sales and 343 percent over March 1999
sales. This brings total sales since the introduction of DTV (in August
of 1998) to 202,586 units.

CEA also released first quarter sales figures for stand-alone digi-
tal set -top receivers. Since January 11,796 set -top receivers have been
sold to dealers. These products can be connected to DTV monitors
to receive DTV programming. In 1999, unit sales of set -top decoders
reached 21,992.

"DTV sales are still strong and we've had our best month -and
best quarter - yet. Consumer interest in this technology is strong
and introductory sales have demonstrated that they want the best pic-
ture and sound technology has to offer," said Gary Shapiro, president
and CEO of CEA. "Moving forward, sales of integrated sets and set-
top receivers will continue to reflect the amount of available pro-
gramming. Broadcasters and other content providers play a critical
role in the rate of DTV adoption."

CEA recently released revised DTV sales projections, emphasiz-
ing the link between available broadcast programming and sales of
DTV receivers. The long-range projections are based on three pro-
gramming rollout scenarios. According to CEA, if broadcasters
choose the "fast lane" to DTV and demonstrate 100 percent compli-
ance with the Federal Communications Commission's (FCC) rollout
schedule while providing a high percentage of digitally -originated
content to consumers, DTV product penetration could reach 50 per-
cent by 2006. If broadcasters take a "middle of the road" approach
and experience continued station conversion delays while providing
consumers with a high -percentage of up -converted analog content,
DTV product penetration will be no more than 30 percent by 2006.
Finally, if broadcasters choose the "off ramp" on the road to DTV -
characterized by non -HDTV business models and delays related to
reopening the DTV standard, DTV product penetration will only be
15 percent by 2006.

For more information on the consumer DTV transition, contact
CEA or go to www.DTVweb.org.

Listening habits, devices changing with new generation
Since the introduction of the first 45rpm and LP records, most gen-

erations during the past fifty years have faced a transition period in
which one music format has replaced another. The results of a new
study by eBrain Market Research confirm that Generation Y, the chil-
dren of the Baby Boomers, is currently undergoing just such a tran-
sition. This evolution involves digital audio content, particularly the
emergence of solid state devices and digital streamed content.

The most talked about form of this transition has been the MP3
music format, and according to the study, with good reason. Among
the online segment of Generation Y (approximately 60 percent of the
Generation Y population), 57 percent claimed to have played an MP3
music file. Although sound quality expectations vary from consumer
to consumer, the data suggests that the majority of Generation Y lis-
tening to the MP3 format rate its sound quality as comparable to a
typical stereo.

The study also shows that Generation Y is moving away from the
traditional stereo system for listening to music. Approximately 14
percent of respondents claimed to use their PC more than a traditional
stereo for listening to music. Another one in four claimed to use both
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with approximately the same frequency; meaning that nearly 40 per-
cent of Generation Y is using the PC as much as or more than a stereo
for listening to music.

As the role of the PC in the audio entertainment of Generation
Y grows, the group's product needs will also evolve. When asked
about enhancing the PC music experience, respondents were recep-
tive to the possibility of connecting stereo speakers to their PC.
Thirty percent stated that they would be very or somewhat inter-
ested; with males showing the most interest (38 percent). Also, 55
percent of respondents stated that they were very or somewhat
interested in a home stereo with Internet music capabilities. Among
the segment of respondents that had already used the MP3 format,
the rate jumped to 64 percent.

The "Generation Y: Home Entertainment Market Overview" study
was designed and formulated by eBrain Market Research, a service
of the Consumer Electronics Association (CEA). eBrain is smarter
research and the most comprehensive source of sales data, forecasts,
consumer research, international research, and historical trends for
the consumer electronics industry.

The study was conducted online via a Web survey with a sample
of 1551 young adults aged 15 to 21 (a subset of Generation Y) dur-
ing March 2000.

Audio sales surpass $1 billion in only two months
Revenues from factory shipments of audio products to dealers this

February increased by eight percent over last February to a total of
$542 million, according to figures released by the Consumer
Electronics Association (CEA). The fantastic sales in February
spurred the year-to-date total for audio sales to more than $1 billion;
a six percent increase over the level of sales during the first two months
of 1999.

The portable audio sector posted the largest increase in the month,
climbing 16 percent to revenues of $135 million. Contributing to the
success in the sector were sales of digital portable audio products,
such as headset CD players and CD boomboxes, which grew by 39
percent and 15 percent, respectively. Together, these two products
comprised more than $80 million of the $135 million total portable
audio earnings in the month. In the year-to-date figures, portable audio
sales are up by six percent over 1999.

Sales of audio systems this February grew by 11 percent over the
first two months of last year, to $118 million. The growth in systems
was fueled by sales of compact systems, which typically comprise
close to 80 percent of the sector. Sales of compact systems grew by
15 percent in the month, to a total of $94 million. Also contributing
to the growth in systems were sales of home -theater -in -a -box prod-
ucts, which have thrived so far this year. Home -theater -in -a -box rev-
enues are currently 40 percent ahead of their total during the first two
months of 1999.

The current leading sector of the audio market, aftermarket
autosound, posted its twentieth consecutive month of growth in
February, with revenues of nearly $177 million. The aftermarket
autosound sector is currently three percent ahead of 1999 in the year-
to-date total, with revenues of close to $315 million.

Rounding out the stellar sales in February are home audio sepa-
rates. The separates sector grew by seven percent over last February,
to revenues of $118 million. Spurring the growth in the sector were
sales of emerging CD -R products, whose strong introductory sales
have helped to grow the total home CD equipment subcategory by
30 percent over last February. In the year-to-date figures, home CD
equipment revenues have reached nearly $49 million, an increase of
17 percent over the first two months of 1999; sales of CD -R prod-
ucts comprised nearly 20 percent of this figure.

I

Bring home the cash with in -home servicing of high -end electronics.

luickly and accurately aligning big -ticket items like projection TVs for your
customer's total viewing satisfaction can be your best opportunity for profitability.
Sencore offers servicing solutions for progressive servicers with portable, durable
and reliable test equipment that brings the "best of the bench" to every home.

1-800-SENCORE
www.sencore.com  email:sales@sencore.com

NA2500 Universal Horizontal Analyzer

Localize horizontal and B+ Supply defects

in IE ss time and more profitably than

ever before!

Exclusive "Horizontal Output Load Test"

makes setup and testing a snap - even

vithout applying AC power for faster

liagnosis

atented "ringer" proves the condition of

ilybacks and yokes in seconds

Exclusive "dynamic tests" help you

analyze the horizontal circuit in

powered -up conditions

VG91 Universal Video Generator

Th s complete all channel RF/IF/MTS

Universal Video Generator performance tests

ani isolates defects in any NTSC video

system, including big screen TV systems!

Proof -positive tests for MTS

Stereo/SAP on all channels

Exclusive and dynamic NTSC video

test signals

Standard, Y/C, composite video,

and audio line outputs
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Analog signature analyzer
Huntron, Inc. announced the Huntron Tracker 200, a trou-

bleshooting tool for power -off, component -level troubleshoot-
ing of printed circuit boards. The unit is designed to work with
oscilloscopes that can be operated in an X/Y mode.

Oscilloscopes, arguably the most versatile "power -on" trou-
bleshooting tools can now be used for non-destructive "power-
off" troubleshooting when paired with the device.

The analyzer uses technology presently available in the com-
pany's standard unit except that this product uses an oscillo-
scope as a monitor while the standard unit has an integrated dis-
play. The oscilloscope is used to display that current -voltage
"analog signature" generated by the product of a device under
test. The resulting display can be used to judge the overall health
of a device or circuit being tested. Analog signature analysis
technology works equally well for diagnosing digital, analog,
or hybrid boards and components.

Huntron, 800-426-9265, Website: www.huntron.com
Circle (100) on Reply Card

Fiber tracer
The Fotec S660 fiber tracer and continuity is now adaptable

to all the small form factor fiber optic connectors, including the
MT-RJ, LC, MU, Fiber -Jack and Volition. The S660 uses the
same modular connector as the company's power meters.

The small form factor connectors are becoming very popular
because of their small size and low cost. Most are duplex con-

nectors, making it necessary to carefully distinguish between the
two fibers. The product allows one to visually identify and trace
fibers to simplify installation and troubleshooting.

Fotec, 151 Mystic Avenue, Medford, MA 02155-4615. Phone: 781-396-6395,
E-mail: info@fotec.com. Website: http://www.fotec.com

Circle (101) on Reply Card

Electric drive powered workstations
A new electric

drive option is avail-
able from All Metal
Designs to power its
rugged, four -legged
workstations.

The new option
provides a full 12" of
worksurface height
adjustment, and has a
lift capacity of 600
lbs. It utilizes two lin-
ear actuators that
deliver responsive,
high-speed move-
ment, while main-
taining the structural
reliability of the fully welded, four -legged design.

All Metal Designs, Inc., 700 Windcrest Drive, Holland, MI 49423,
Phone: 616-392-3696, Fax: 616-392-2922, E-mail: info@allmetal.com

Circle (102) on Reply Card
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Electronics trainer
Elenco Electronics announces the XK-150 Digital/Analog

Trainer. The product is a complete mini -lab for building, test-
ing, and prototyping analog and digital circuits. It contains a
breadboard, a function generator, a range of digital and clock
functions and 4 power supplies.

This Digital/Analog Trainer is especially designed for pro-
totyping and school projects. It has a breadboard with 830 tie
points including 2 bus strips. The built-in analog function gen-
erator can generate sine and square waves, up to 4Vpp in ampli-
tude for sine waves and up to 12Vpp for square waves. The fre-
quency is adjustable in two ranges for 200KHz to 20KHz. There
are also two undedicated potentiometers, 1KW and 100KW.

The Digital Section contains eight data switches, two no-

bounce logic switches, eight buffered LED readouts and a 5Vpp
square wave clock with frequency switchable between 1Hz,
1KHz, 100KHz, and 60 Hz.

There are four built-in power supplies: a variable +1.25V dc
to +15V @0.25A, variable -1.25Vdc to 15V @ 0.25A, fixed
+5V @ 0.25A, fixed 30V center tapped at 15V @ 0.25A. All
of these supplies are regulated and protected against shorts.

Elenco Electronics. 150 W. Carpenter Avenue, Wheeling, IL 60090,
Phone: 847-541-3800, Fax: 847-520-0085, Website: www.elenco.com

Circle (103) on Reply Card
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Function generator
Global Specialties introduces a new

function generator, Model 2001A (part
number 105-2008). The generator offers
superior accuracy, exceptionally low sine
wave distortion and flexibility in design.

The unit also features continuously
variable frequency range from 2Hz to
200KHz in 6 decade ranges, variable dc
offset, sine square, triangle, and TTL out-
puts, variable duty cycle, dc offset con-
trols and a total harmonic distortion of
less than 1%.

The product also features sweepable
100:1 with +/-10 volt input, high and low
level variable 50 and 60052 output, 1Mv
to 10V p -p output, and easy to use front
panel layout and is housed in a rugged
metal case.

Global Specialties, 1486 Highland Avenue, Unit 2.
Cheshire, CT 06410, Phone: 800-572-1028, Fax: 203-

272-4330, Website: www.globalspecialties.com
Circle (104) on Reply Card

Cable testers
BK Precision Corporation announces

two new stand-alone cable testers, the
Model 204 PC cable tester and the
Model 205 Universal cable tester. These
lightweight, portable, battery powered
cable testers can be used for testing just
about any cable or harness in fractions of
a second.

The Model 204 is a portable, stand-
alone PC cable tester that can be used for
testing most popular PC data and network
cables such as printer, monitor, modem,
mouse extension, game BNC coax, RJ45,
and USB cables. It is fast and displays
opens, shorts, crosswires, miswire, and
continuity of wires and pin configuration.
In a matter of seconds, the unit will dis-
play with bright red LEDs a complete pin
out of any cable attached to one of the
many cable hubs on the unit.

The Model 205 is a portable, stand-
alone cable/harness tester that can be used
for testing any type of wired assembly
with up to 128 points. A universal con-
nector card is designed to accept up to 28
of the most commonly used cable con-
nectors. It is fast and detects opens, shorts,
and miswires in less than 50 ns.

The user -configurable connector card
allows the user to mix/match connector

types and plugs into the tester with two
96 -pin DIN connectors. The connector on
the left side of the card. Side B, accom-
modates 64 receiver inputs and the con-
nector on the right side, Side A, accepts
64 driver outputs.

B&K Precision Corporation, :031 Segovia Circle,
Placentia, CA 92870-7137. Phone: 714-237-9220,

Fax: 714-237-9214, Website: www.bkprecision.com

Circle (105) on Reply Card

Universal Cable Tester

Test just about any
cable or harness in
fractions of a second.

IC Tester

Tests hot chips like
TTL, CMOS. & LSI

Universal Device
Programmer

Programs EPROM
chips for HDTB,
CDMA or GSM.

Arb Generator

Creates waves point
by point like
nobody else.

-11111111M
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PC Cable Tester
Tests most PC data cables and network cables,
such as printer, monitor, modem. mouse.

It's our new look for the millennium...
But with the same quality and reliability
you've trusted for the past 50 years. We'll be
celebrating our 50th birthday in 2000...so watch for
many more new products in the coming months.

Ask for our new 2000 Prcduct Catalog...
It's hot off the presses and it's free.

BK .N7 9'ail' Aki
1031 Segovia Ci -cle, Placentia, CA 92870

(714) 237-9220 Fax: (714) 237-9214

bkprecision.com
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by the ES&T Staff

Alook around any household, or an
electronics store today reveals
the degree to which people have

embraced electronics for entertainment,
security, productivity, communications,
imaging, calculating/computing. Here's a
partial inventory. We'll be as comprehen-
sive as possible, but can't promise we
won't miss a few things:

 Television,
 Satellite TV receivers,
 VCRs,
 Camcorders,
 DVD players,
 Digital television recording (TiVo),
 Electronic still cameras,
 Fax machines,
 Answering machines,
 Personal computers,
 Home networking products,
 Home automation products,
 Cellular telephones,
 Cordless telephones,
 Audio systems,
 Personal digital assistants.
Of course many of these products are

very inexpensive, and intended to be dis-
carded when they fail, but many of them
will be serviced. For the ones that
require service, the sheer variety of these
products, and the advanced technology
of their circuitry requires that the service
center have an ever -broadening array of
test equipment available to diagnose
those products.

Factors driving test equipment
requirements

There are a number of factors that
drive test equipment requirements for a
service center. One factor is the product
technology. For years a service center
could get by with little more than a mul-
timeter and a medium bandwidth oscil-
loscope. That was in the days when
"consumer electronics" consisted of
radio and TV.

Over the years, consumer electronics
began to change and grow. And the test
equipment requirement began to change
and grow to keep pace. For example,

U%-a..W. COW
10 1.4hta 0.1.41.400.
.Z,Por m ots Lt. rr"""'"
via:. 1 I

r.7 4

NJ.

This oscilloscope is small enough to fit in a technician's pocket, and provides a 5Mhz bandwidth.

when they hit the market, VCRs
required that service centers add a num-
ber of tools and jigs for the mechanical
portions of the units. In order to test the
function of remote control transmitters,
service centers had to have either an IR
sensitive card, or some other test device.
If a service center is going to service
camcorders, their test equipment inven-
tory will have to include a light box and
related meters.

When CD players came along, they
came with their own set of test equip-
ment requirements, including the laser
power meter.

Today, thanks to the "convergence"
factor, which is making consumer elec-
tronics products more and more comput-
er based, and endowing computers with
more and more of the characteristics of
consumer electronics, we have added the
requirement that the service center have
a personal computer on hand as a piece
of test equipment.

Another factor driving test equipment
requirements is the growing quality of
the output of the products, and the grow-
ing size of the displays. When TV sets
were 19 inches or less, and the broadcast

video signal wasn't that great anyway,
and the sound almost didn't even count,
consumers were very forgiving of a little
distortion in the picture or the sound.
Nowadays, having been exposed to the
marvelous picture and sound in movie
theaters, and wanting to recreate the
experience in their own homes, con-
sumers are demanding dazzling distor-
tion -free audio and video from their
home systems. Service centers can't
adjust such systems properly without
some sophisticated test equipment.

One such test device is the color ana-
lyzer. This product measures the x and y
chromaticity and Y luminance or bright-
ness parameters required for making the
important color and brightness adjust-
ments on a TV or monitor.

The computer as test equipment
Take a look at the schematic diagram

of a modern TV, VCR, camcorder, CD
player, DVD player, and you'll see digital
circuitry. At the core of many of these
products is a microprocessor and an EEP-
ROM. Notably absent, to a great extent,
are adjustment controls. Instead of being
made by means of changing the resis-
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tance of a pot, adjustments are made by
changing bits in a memory location.

A personal computer is one of the
pieces of test equipment that at least one
major manufacturer requires for any ser-
vice center that wants to be one of their
authorized servicers.

Always safety first
Today. because consumer electronics

products are being manufactured with
efficiency in mind, TV sets and other
products have power supplies that have
full -wave bridge rectifiers. The output
of a full -wave bridge rectifier is not at
ground potential. Therefore, a portion of
the circuitry in the set must operate at
voltages that are referenced to what is
called a "hot ground." Because of this
hot ground, the product must be con-
nected to the power line via an isolation
transformer during testing. We pub-
lished an article on this subject several
years ago, but a number of readers have
written in lately to ask about this sub-
ject. Apparently, it's time for a review.

Take a look at Figure 1. It is a fact that
the neutral conductor of the power line
is at ground potential. This is for electri-
cal safety reasons, and is required by the
National Electrical Code (NEC). The
operation of the bridge rectifier is as fol-
lows. During the positive -going portion
of the 60Hz power sine wave, D1 is
reverse biased and D2 is forward biased,
thus point a is positive with respect to
point b and the output of the rectifier is
exactly the same as that of the input.
During the negative -going portion of the
power -line voltage, D4 is forward
biased and D2 is reverse biased. The
output is the inverse of the input.

In effect, the negative -going portion of
the line voltage has been inverted and the
output of the rectifier is a pulsating dc.

Notice what would happen if we
grounded point b (Figure 2). In effect
diode D3 would have a short circuit
placed across it, as both ends are at
ground potential. Now when the line
voltage goes negative, the voltage for-
ward biases D1, effectively placing the
entire Vmax across that diode. The effect
will be instant incineration of the diode.

When you use an oscilloscope to
check what's going on in the hot part of
the chassis, you connect the grounded
negative probe to the chassis hot ground

Figure 1. A full -wave bridge rectifier effectively inverts the negative -going segment of the
power line ac. Note that the common side of the rectifier's output is not grounded.

(Figure 3). Now when you turn the unit
on, as before, DI is forward biased with
the entire Vmax across it and it is

destroyed. If you're lucky, that's all that
will be damaged. If you're not lucky,
other circuitry in the set, and possibly in
the oscilloscope, could be damaged.

Now let's see what happens when you
connect the set to the power line via an
isolation transformer (Figure 4). An iso-
lation transformer is simply a trans-
former with a 1:1 turns ratio and with no
electrical connection between its prima-
ry and secondary windings. The output
of the transformer is the 120V line volt-
age, but neither output line is grounded.
This is because the only connection
between primary and secondary is
caused by magnetic inductance between
the windings. That means that point c is
no longer at ground potential, and now
the technician can safely connect the
grounded oscilloscope probe to point b.

Always use an isolation transformer
when you're testing a product with a
bridge rectifier in the power supply.
Even better, always use an isolation
transformer, unless it's otherwise indi-
cated, so you don't forget to use one
when you need to.

A really tiny oscilloscope
A test equipment update wouldn't be

complete without an item or two about
some interesting new product or prod-
ucts. The following description comes
from a press release that arrived at the
ES&T offices within the past few
weeks. The oscilloscope described isn't
terribly useful for TV work. It only has a
5 MHz bandwidth. And we can't vouch
for its quality. But for control, or even
audio work, it might be adequate. And
hey, sitting there in your shirt pocket,
it's always handy.

Figure 2. If point b were grounded, in effect diode D3 would have a short circuit placed across
it, as both ends are at ground potential. Now when the line voltage goes negative the voltage
forward biases D1, effectively placing the entire Vmax across that diode.
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Figure 3. When you use an oscilloscope to check what's going on in the hot part of a chassis
that features a full -wave bridge rectifier, you connect the grounded negative probe to the chas-
sis hot ground. Now when you turn the unit on, as before, D1 is forward biased with the entire
Vmax across it and it is destroyed.

Here's what the manufacturer has to
say about it.

The osziFOX is a new 20MS/s hand-
held oscilloscope that can display wave-
forms on a built-in LCD or send the sig-

nals for logging or display on any PC.
Oscilloscopes used to be heavy and
clumsy to handle, but over the years they
have become smaller and smaller. The
latest development in this field is a digital

Figure 4. When you connect the set to the power line via an isolation transformer the output of
the transformer is the 120V line voltage, but neither output line is grounded. Point c is no longer
at ground potential, and now the technician can safely connect the grounded oscilloscope
probe to point b.

scope in a handy, slim housing, scarcely
longer than a pencil and about as thick as
your thumb. Despite its small size, the
performance of this scope can meet that
of a service oscilloscope. With a sam-
pling rate of up to 20MS/s even signals in
microprocessor circuits can be measured.

The unit gives you an effective band-
width of 5 MHz with selectable sam-
pling rates from 50nS to lmS.

Use this oscilloscope for taking mea-
surements in amplifiers, digital circuits,
telephone installations, on -the -spot ser-
vicing applications, and for teaching
establishments, where the ability to dis-
play the signal on a large PC screen is
useful. With the DOS, Win3.x, and
Win5/98 software and serial cable pro-
vided, recorded signals can simply be
saved to disk or printed. A Freeze -and -
hold function allows comparison of
waveforms. The product comes complete
with manual and PicoLog software.

You can find more information about
this product on the Web at www.saelig.
corn or 716-425-3753.

An oscilloscope simulator
While I was surfing the internet to

find information on oscilloscopes for
this and other related articles, I ran
across a lot of interesting sites. You'd
be amazed at all the good information
you can find just by going to a search
engine such as Yahoo, and searching
on the word "oscilloscope." There are
articles on how oscilloscopes work,
schematic diagrams of an oscillo-
scope's innards, and a lot more.

One of the sites I visited was www.
ozemail.com.au/-acbarren/cro3.htm.
This site offered a download of a demo
version of an oscilloscope training soft-
ware program. I downloaded it, then
went back to Mr. Barrenger, the "propri-
etor" of the site (do we have a word for
that yet?), and obtained the fully opera-
tional version. It's called CRO Tutor
v3.01. This program only takes up about
52kbytes of disk space.

It was pretty interesting. You run the
program, and all of a sudden your com-
puter screen looks like the front of an
oscilloscope. There are several buttons
at the top of the screen. Click the cursor
on "Instructor," then from the drop -
down menu "Introduction," and you get
a description of how the program works.
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By pressing the "CRO Features," and
"Show Me," submenus under
"Instructor," you can get a feel for how
an oscilloscope works, and how this par-
ticular program works.

When you press the "On" button, a
waveform appears on the screen. The
user can select any vertical or horizontal
setting to display the waveform to best
advantage and calculate the amplitude,
frequency, and period of the waveform.

The software offers three levels of
accomplishment: basic, intermediate,
and advanced. It's a good way to teach a
student or technician how to use an
oscilloscope, and to help him develop
skills in calculating waveform values
from their appearance on the scopeface.

You can find more information about
this software either from the website
mentioned above, or from Barrenger
Software, 7 King St., Sandy Bay,
Tasmania, 7005, Australia, (+61) 03
6223 2707, acbarren@ozemail.com.au.
If you're in the market for a sailboard,
he sells them too.

The more things change, the more
they stay the same

I don't know what the French actually
meant by that expression, but there is
some truth to it in the case of consumer
electronics service. While consumer
electronics products continue to evolve,
become more sophisticated, become
more numerous, the principles on which
they're based remain the same. Ohm's
law has not been repealed. Kirchhoff's
law has not been amended. And an elec-
tron is still an electron.

And while the old standard test equip-
ment has been changed, and new test
equipment has been introduced, a tech-
nician still must apply the test equip-
ment to the circuit of interest, make the
measurements, and interpret the results.

Moreover, any time a technician is
going to make tests on energized cir-
cuits, he must keep personal safety
uppermost in his mind.

We hope this article has been of use to
the readers of this magazine. If there are
any specific subject areas any readers
would like to see us address in the next
test equipment update, please let us
know about them. We'll do our best to
present the information requested.
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by the ES&T Staff

Finding the optimum setup for a
consumer -electronics service cen-
ter has never been an easy task.

With every passing year, however, the
task becomes more difficult, and involves
more types of products to be serviced,
more test equipment, more emphasis on
safeguarding delicate components and
traces from electrostatic and other types
of damage, better lighting, more sophisti-
cated soldering/desoldering equipment, a
broader array of supplies, more (and
more involved) service literature, care in
disposing of hazardous wastes.

i?413

Moreover, consumers are more
demanding and discerning than they
ever have been before.

Separate reception area
Most people are put off by the inher-

ent messiness of repair work. Have you
ever noticed on the TV show ER, they
don't allow relatives into the room when
they're working on someone. It's an
unpleasant process.

And have you ever had someone into
your house to do some remodeling? You
hear banging, you see messes, and you

wonder if things will ever be the same.
Most automotive service centers don't
allow the customers into the work area.
It's dangerous, and it's disturbing for a
car owner to see cars with their wheels
off, engines out, automotive entrails
dangling everywhere.

It's pretty much the same for con-
sumer electronics service. The customer
generally sees the neat case surrounding
the workings of his TV or VCR. When
they walk into a service area and see the
circuit boards and other components
strewn willy nilly all over the place, or

Type of equipment serviced * TV VCR LD AUD CC Minimum Specifications

Pers onal Computer X X X X X IBM or Compatible 486DX 66 meg PC (or LAPTOP) 16 MEG Memory, VGA
Monitor, one 3 1/2" floppy drive, 540 Meg or larger hard drive, compatible mouse, one
Serial port dedicated for service interface box and one port for mouse, Windows 95, 4X
CD ROM, Printer and Sound Card.

Isolation Transformer X X X X X

Digital Voltmeter X Range .1V DC to 1000V DC, 4 1/2 digit Resolution, .5%/Accuracy
Digital Voltmeter X X X X Range .1V DC to 1000V DC, Accuracy: .5%/
True RMS Voltmeter X X X True "RMS" Voltmeter Range: 01 to 1000 Volts .5% Accuracy
Laser Power Meter X X Wavelength Range 632 .8nm to 820nm 0.3mw to 3mw, 5% Accuracy
Microfiche Reader X X X X X

DC Voltage Supply X X X X X Range: 0 to 50V, 2A-Well Filtered Temperature Controlled

Soldering Station X X X X X Grounded Tip Type-Tip Temperature 500F to 800F Adjustable

Frequency Counter X X X X X 50Hz to 100 MHz Sensitivity: 25mV to 5V. Equipped with Lo -Cap Probe (10:1
Attenuation)

Audio Signal Generator X X X X 10Hz to 1MHz 3%. 3V RMS into 600 OHMS *For LD: Output 10V P -P
continuously variable

Variable transformer X X X X X Continuously Variable. Isolation Type Preferred
NTSC Video Signal Generator X X X Must provide 1V -P -P Negative Sync Video into 75 -OHM input. Produce standard

NTSC 75% Saturated Color Bars with 100% White Window.
RF Signal Generator X X 100 KHz to 150 MHz .1V RMS, Int.Mod. 1KHz 30%

TAG001 Tuner Alignment Generator or Equivalent X
Equivalent Generator must have RF output capabilities for cable channels 1-125.

Cross Hatch Generator X X Must have RF output.S-Video Source X Must Provide standard Y -C separated
signal output SVHS VCR, DSS, or DVD will suffice

S -Video Source X Must provide standard Y -C separated signal. output SVHS VCR, DSS or DVD will suffice
NTSC Vectorscope X Dual Trace, Delayed
Sweep Oscilloscope X X X X X 25 MHz with Channel invert capability Sensitivity 5mN/cm Maximum Sweep

Rate:.lus/cm
Hot-Air Desoldering Station X X X X X MTS TV
Stereo Generator X Must produce L -R, L+R, SAP at 300 Hz, 1KHz, 8KHz

* TV = Television, CC = Camera or camcorder, VCR = Video cassette recorder, AUD = Home theater audio system, LD = Video laser disk player.

Figure 1. One major manufacturer has deemed it a requirement that every one of their authorized service centers have this equipment on hand.
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so it seems, they wonder if you can get
all those products back together again.

You can avoid any of those negative
thoughts in your customer by presenting
them with a pleasant reception area. It
doesn't have to be fancy, but it should be
free from gutted products, and it should
present the appearance of competence
and friendliness. Then when the cus-
tomer leaves her baby with you she has a
warm and fuzzy feeling about it, and
needs never know the horrors that go on
in the back room.

The checkout area
Ideally, the service center should also

have a checkout area where the recep-
tionist can go over the details of the
problem with the customer. If the prob-
lem is thought not to have caused dam-
age to the product, it can be helpful for
the receptionist to plug in the product
and go through the problem mode with
the customer. Now the receptionist can
ask questions, like "That reddish tint
throughout the picture, is that the prob-
lem you're talking about." That can help
the receptionist to write up the service
order more correctly and thoroughly.

Once the product has been serviced,
and the customer comes back in to pick
it up, then the receptionist can plug the
product in, observe its operation with the
customer, and make sure that the prob-
lem perceived by the customer has been
successfully corrected. Better to make
sure before the product ever leaves the
service center. Customers become irate
quickly, understandably, when they
bring a just -repaired product home, that
they feel will now reward them with
sparkling entertainment, and it fails to
perform as they expected.

Of course it costs a little to offer such
an area: you have to have an antenna or
cable, perhaps a TV set or monitor if you
want to demonstrate a successful repair
on a VCR or DVD player, or an audio
system to demonstrate successful fixes
on a tape deck or CD player, but the
rewards could be increased business
because of the professionalism that it

reveals to the customers.

The work area
Of course, this is the place where the

work gets done and the profits are made.
It's important to make sure that it's

designed, constructed, and laid out to
insure the maximum efficiency. Every
bench should have certain amenities
available, such as:

 good general lighting,
 additional task lighting,
 a good selection of hand tools,
 an up-to-date soldering/desoldering
station,
 lots of electrical outlets,
 an isolation transformer,
 a variable transformer,
 oscilloscope,
 cleaning/lubricating chemicals,
 various types of wipes.
In addition to the items that need to be

at every bench, there are certain items
that the service center should have at
least one of to properly service con-
sumer electronics equipment. Figure 1 is
a list of the equipment that one major
consumer electronics manufacturer
requires by any service center that wish-
es to be an authorized service center.

The uses of the computer in servicing
It seems like only yesterday that the

personal computer was a relatively use-
less toy used mostly by '`geeks" who
found them fascinating. Today they're a
fixture i most homes that can afford
them, and they're a requirement in the
service center - that is if you want to be
an authorized service center for some
manufacturers.

Thomson Consumer Electronics, for
example no longer offers paper manu-
als. Period. If you want to look at a
schematic diagram, read a description of
how a circuit operates, follow a suggest-
ed service procedure, or consult any of
the many service bulletins the company
publishes, you'll have to have a personal
computer in the service center to do so.
Other manufacturers are following suit,
or already have.

One manufacturer has plans, at least
tentative, to deliver all service informa-
tion via the internet, so a service center
that wants to service that company's
products will need not only a personal
computer but a reasonably high speed
connection to the internet. The alterna-
tive, if you have a connection at, say
14.4K, is to tie up the computer and a
phone tine for the better part of two
hours to download a service manual.

But the personal computer is not only

useful to access service literature. Large
numbers of consumer electronics prod-
ucts these days have microcomputers at
their hearts. The personal computer,
loaded with the right software, makes a
good piece of test equipment that can
read the data stored in PROMs, and can
be used to alter that data, thus, effective-
ly, acting as an adjustment tool for the
digital adjustment "pots."

Staying on top of everything
For consumer electronics service cen-

ters, staying in business means constant
effort to keep pace with the rapid and
incessant changes and innovations in the
products they service. As someone said
in -Alice in Wonderland" (or was it
"Through the Looking Glass?"), "It
takes all the running you can do just to
stay in one place. To get anywhere, you
have to run even faster than that." Part of
the running service centers have to do to
get anywhere, is to remain aware of
changing requirements in test equip-
ment, and make sure they have, and
know how to use, that equipment.

CAL TEST HAS
PROBES . . .

for DMMs

#400041fr

for Oscilloscopes . . .

Visit our Web Site and see
all of our Probes and

Test Accessories:
www.caltestelectronics.com

Cal Test
ELECTRONICS

1031 Segovia Circle
Placentia, CA 92870
888.256.2246

Circle (61) on Reply Card
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by the ES&T Staff
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Forming a diagnosis of a fault in a
consumer electronics product is a
many -faceted process. The techni-

cian evaluates the complaint of the prod-
uct's owner, then observes the operation
of the set to develop a general idea of the
nature of the problem. Only then, gener-
ally, does the technician take the back off
the unit and begin to check inside.

Even now, the technician rarely begins
taking measurements. This is the point at
which he observes the circuitry. Are
there any burned components? Are any
circuit traces shorted, cracked, or
burned? Are there any traces of over-
heating? Did the high voltage come up?
Are there any strange odors?

Once the preliminary observations are
complete, and the technician has formu-
lated a theory as to which circuits are

TEST POINT

-0

Z LOAD

0.333V

Figure 1. When an oscilloscope is being
used to measure a high impedance circuit, it
could give erroneous results. In this figure,
the source impedance and the load imped-
ance are equal. The amplitude of the signal
at the test point is one half the amplitude of
the source amplitude, because it's split
equally between the source and load imped-
ance. When you attach the scope, the paral-
lel combination of the scope/probe imped-
ance, and the load impedance, results in a
reading that is two-thirds of the actual value.

causing the problem, the technician
brings out the two pieces of test equip-
ment that he uses to make voltage and
waveform measurements: the DMM and
the oscilloscope. With the DMM, the
technician makes power -off resistance
and continuity measurements, and then
power -on voltage measurements.

Frequently, of course, resistance and
voltage measurements with the DMM
allow the technician to narrow the prob-
lem down to the point at which he can
pinpoint the component or components
that are causing the problem, and he can
replace them. In those instances, where
the problem won't yield to DMM read-
ings, the technician brings the heavy
artillery to bear: the oscilloscope.

The oscilloscope, of course, allows the
technician to observe the actual operation

Z PROBE

of the circuits. The oscilloscope allows
the user to observe charging and dis-
charging of capacitor circuits, oscillation
in an oscillator, even video signals and
sync. Few faults in a consumer electron-
ics product won't yield to an experienced
technician with good oscilloscope skills.

Connecting the test equipment
The test equipment is not very useful

until it is actually connected to the points
of interest in the circuit. That's where the
probes come in. They are the conduit
that conducts the circuit information to
the meter or oscilloscope where it can be
processed and displayed. Generally, the
probes for a DMM are not critical, but
even in this case, careful selection will
be rewarded.
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The characteristics of a probe include
the following:

 integrity,
 flexibility,
 quality of insulator.
Perhaps none of you have ever had

this problem, but the integrity of the
probes on the first meter I owned left a
lot to be desired. I didn't use it often, but
it seemed that every time I began to use
it, the connection of the probe to the
probe tip was broken. I don't know if
this was because of brittle wiring
strands, the wrong kind of solder, or
some other problem, but it was a time
waster and I never quite trusted the read-
ings I got with that meter.

The probe wiring of a high -quality
meter, or high -quality replacement
probes will be very flexible. The key to
this quality is the nature of the wiring
strands and the number of strands.
Generally, the more strands in a given
diameter of wire, the more flexible the
wire. It's an annoyance if the probe
wires are not sufficiently flexible and
their stiffness keep you from placing
them exactly where you want them.

Something we seldom think about is

the insulation on probe wires. The DMM
and the probe are both used on a bench
where there is also a soldering iron. Most
high -quality probes have insulation that
is relatively impervious to burning from
the head of a soldering iron.

Oscilloscope probes
An oscilloscope is used to observe

waveforms. Unfortunately, any imper-
fection in the probe used to conduct the
waveform from the circuit under test to
the oscilloscope will have some effect
on that waveform. In a lot of cases, that
isn't too big a deal. But in some cases a
little aberration introduced by the probes
might be enough to seriously distort the
measurement.

Probes, probes, probes
Modern electronics circuits present

measurement problems that electronics
products of several years ago did not.
Integrated circuits can make it almost
impossible for the technician to get the
tip of the probe onto the point of the cir-
cuit that is of interest. Many of these
devices have extremely fine leads that

are spaced tiny fractions of an inch away
from each other. Even if you can get a
probe tip onto one of these leads, your
chances of slipping just the smallest bit
and shorting two leads together, thus
causing disaster, are fairly great.

One trick that has been mentioned in
articles in this magazine is to solder fine
wires to each of the leads of interest,
thus bringing the points of interest a lit-
tle ways from the body of the IC. This
works, but has two drawbacks. For one
thing, soldering wires to IC leads can
cause thermal damage to the IC if the
technician is not careful. Moreover, it
takes time.

Fortunately, the manufacturers of test
equipment accessories have recognized
this problem, and have addressed it in at
least two ways. One of the steps manu-
facturers have taken to make it easier to
probe ICs is to offer IC clips: spring
loaded devices that clip over the IC, con-
necting to each individual lead, and
leading a conductor to a point some dis-
tance from the IC. The upper ends of
each of these clip leads are spread far-
ther apart then the ICs leads, giving the
technician room to get a probe onto it.

BOB SAVED THE WORLD TODAY...
Bob, Super -Tech extrodinaire, has a secret weapon.
This amazing device allowed him to locate and replace
all 34 bad electrolytic capacitors in this TV in less than
30 minutes. So instead of throwing this TV into the
local landfill and adding more pollution, Bob's secret
weapon enabled him to give the World a brighter
future. Impressed his manager and his customer too.
Bob's secret weapon? The world's best in -circuit cap
checker, the CapAnalyzer 88A by EDS.

Smart techs know that to be productive you need to
find defective components quickly and accurately.

That's why General Motors, Matsushita Industrial, Sears Service, Pioneer Electronics, Panasonic Authorized Service, NASA/
Kennedy Space Center, Time/Warner Communications, NBC TV and thousands more independent service technicians have
chosen the CapAnalyzer 88A over all of the other capacitor checkers. Check www.eds-inc.com/88users.html for actual
CapAnalyzer users' comments as they compare their CapAnalyzer to the "wizards" and "z -meters" they already own. They all
prefer the CapAnalyzer because it checks electrolytic capacitors, in -circuit, with 100% accuracy. No unsoldering to check
out -of -circuit, no mistaking a shorted or leaky cap as good, as other "ESR" meters do, no guessing about whether a value is

good or bad. With our exclusive three -color comparison chart right on the front panel, auto -discharge, multi -beep alert, and
one -handed tweezer test probe, even your pet monkey could find defective caps in that problem PWM power supply, TV,
monitor or VCR in a few seconds.

...NOW IT'S YOUR TURN.
So get your own CapAnalyzer 88A. It's only $179. With our exclusive 60 -day satisfaction -or -money -back guarantee, you risk
nothing. Prepare to be amazed: your only problem will be running out of work as you take care of all of those "dogs" that
you've been sitting on. We're Electronic Design Specialists. We make test equipment designed to make you money.
Available at your distributor now, or call 561-487-6103. Check out www.eds-inc.com for all of the details.
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The other approach to solving the
problem of crowded IC leads is to manu-
facture tiny probes with spring clips that
attach to the individual IC leads. The
other end of the probe is accessible to
the oscilloscope probe.

These solutions represent an addition-
al cost to the service center, but when
you need them, you need them.

A little bit about probes
It might be helpful to ask the question

"what is a probe?" It is a conductor of
some sort that is designed to conduct the
signal at some point to the input of a test
instrument. To limit the discussion a lit-
tle, let's talk about oscilloscope probes.

The probe has to make a physical con-
nection to the point of interest in order to
establish an electrical connection. As we
have seen, even just making that physi-
cal connection can be a challenge.

Another consideration of the oscillo-
scope probe is that it not affect the oper-
ation of the circuit it is being used to
observe. We seldom think about it in
these terms, but the probe is actually
conducting a little bit of the signal of
interest away from the circuit connec-
tion to which it is connected so that the
technician can observe it.

It's safe to say that even with the
extremely small signals that are some-
times encountered in today's consumer
electronics products, that an oscillo-
scope probe will rarely load the circuit
appreciably enough to distort readings.
It's still always a good idea to keep in
mind that any time you take a measure-
ment, the instrument, and the probe, are
having an effect on the signal you're
measuring, however slight.

Then there's bandwidth. An oscillo-
scope probe has to be capable of conduct-
ing signals of frequencies from dc up to
and greater than the highest frequency
used in that device. In the case of televi-
sion service work, that nominal upper
frequency is around 100MHz. From dc to
that upper frequency is called the "band-
width." Actually, the upper frequency of
100 MHz is considerably greater than
any frequency used by the television set,
but to see complex waveforms with any
kind of fidelity it's necessary to be able to
handle several higher order harmonics of
the fundamental frequency.

That becomes clear if you think about
it this way: have you ever observed a
square wave using a cheap oscilloscope?
Did you ever think that square wave,
with its rounded corners isn't really a
"square" wave? It could very well be that
the square wave you were looking at was
a really good square wave, but that the
instrument/probe combination you were
using didn't accurately display that.

The effect of probes on measurements
As mentioned earlier, the probe actu-

ally conducts a small portion of the
signal of interest to the input of your
oscilloscope. Depending on the rela-
tive impedances of the portion of the
circuit being observed and the
scope/probe combination, the effect
will be greater or less. If you're using
an oscilloscope/probe combination
with high impedance input, and mea-
suring a low impedance circuit, the
effect will be negligible. If you're mea-
suring an extremely high impedance
circuit, say with impedance of the
same order as that of the oscilloscope,
you could be loading the circuit
enough to cause a change in signal
amplitude. Depending on how critical
that signal amplitude is to operation of
the product, you could be finding a
"problem" where none actually exists.

Take a look at Figure 1, for example.
The source impedance and the load
impedance are equal. The amplitude of
the signal at the test point is one half the
amplitude of the source amplitude,
because it's split equally between the
source and load impedance. Now look
what happens when you attach the
scope. The parallel combination of the
scope/probe impedance, and the load
impedance, results in an impedance
that's one half the impedance of the load
alone. Now the voltage is divided so that
two-thirds of the voltage is dropped
across the load impedance and one-third
at the test point. This results in a reading
that is two-thirds of the actual value.
Thus, if the amplitude of the signal were
supposed to be, say 100V, you'd be read-
ing about 67V. Would you think some-
thing was wrong?

If you're looking at a high -impedance
circuit point, and you suspect that unex-
pected readings are being caused by cir-

cuit loading, you could do one of two
things:

 use a probe that offers higher imped-
ance, or

 try to find a point in the circuit where
you can observe that signal that offers a
lower impedance.

But this is only one of many possible
measurement inaccuracies that you may
introduce when you're using an oscillo-
scope. If your probe doesn't have ade-
quate bandwidth, you may be distorting
the signal for the purposes of the display.

Selecting a probe to minimize
probing effects

Most of us use an oscilloscope and
never think about possible measurement
inaccuracies caused by the scope and
probe. But considering the low signals
encountered in some consumer electron-
ics products, and the high impedances of
some of the circuit points, it's a good
idea to always keep in mind that strange
waveform appearance may be caused
between the probe tip and the oscillo-
scope, and not actually be happening in
the circuit. Some of these problems may
be avoided by careful choice of probes,
as follows:

 Make sure that the oscilloscope and
probe are matched according to the spec-
ifications of the scope manufacturer.

 Select a probe that has bandwidth or
rise -time capabilities that are adequate
for the signal being measured.

 Keep ground leads short.

Awareness is the key
For most of us, when we're elbow -

deep in a problem in a TV or VCR, and
trying to determine what the problem
might be, we tend to concentrate on the
failed unit and its circuitry. We seldom
think that circumstances might combine
to cause us to observe voltages, wave-
forms, resistances that are incorrect, not
because the value is actually incorrect,
but our measurement techniques are
wrong for the circumstance.

Every technician should keep in mind
when he sets out to diagnose a problem,
if he observes an unexpected value, and
it just doesn't make any sense, he ought
to think about what effects he might be
causing with the test equipment and its
probes to introduce inaccuracies.
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by Bob Rose

/n a previous article, I discussed the
power supply for the Philips's DVD
400/420 DVD player, going into

detail with respect to how it works and
how to service it when it fails. In this
article, I propose to deal with the servo
and system control circuits. As a techni-
cian, you simply must have a good grasp
of how a circuit works if you are going
to attempt a repair when the circuit fails.

Rose is an independent consumer electronics
business owner and technician.

em

Therefore, I will spend a fair amount of
time dealing with how these circuits
work and conclude the discussion with a
few service related notes.

The servo system
If you have spent any time at all repair-

ing VCRs, you certainly are familiar with
the terms "servo" and "servo circuits."
From a technical point of view, a servo
system is a closed -loop control system
for the control of the speed and position
of other electromechanical systems, dri-

ven in the instance of the DVD player by
electric motors (Check the recent edition
of McGraw-Hill Electronics Dictionary,
page 415, for an expanded definition.).

The servo system in the DVD 400/420
has the job of driving and controlling
three crucial components: (1) the disk
motor that causes the disk to spin, (2) the
feed motor that moves the disk from its
center to its outer edge (the "sled
motor"), and (3) the focus and tracking
coils that keep the laser focused in the
proper track.
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Figure 1. The laser, which functions as a single beam system for the DVD disk and as a three -beam system for the audio disk, and the laser pick-
up, develops the signal that the servo system uses to control focus and tracking.
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Figure 2. Some DVD players utilize two optical pickups, one to play audio CDs and another to
play DVDs. The Magnavox player uses one optical block equipped with two lenses to achieve
the same purpose.

When I insert a disk into my DVD
player, I cause the unit to initiate several
events that must take place before the
RF and tracking signals develop. First,
the feed motor pulls the laser slide
assembly toward the disk and stops

when the slide cannot move any farther.
Then the focus coil pushes the objective
lens up and down in an attempt to
achieve focus. When the laser achieves
focus, the disk begins to spin, and the
player goes into the "play mode."

The laser, which functions as a single
beam system for the DVD disk and as a
three -beam system for the audio disk,
and the laser pickup, develop the signal
that the servo system uses to control
focus and tracking (Figure 1). Three ICs
comprise the servo system: (1) IC501,
the DVD tracking error amp, (2) IC502,
the RF amplifier, and (3) IC503, the
servo processor. IC501 receives data
from the pickup assembly that it uses to
develop information for the tracking cir-
cuit. It sends the information to IC503
by way of IC502 where the information
is assimilated and used to develop drive
for the circuit that helps to focus the
laser (IC505).

Let's get a bit more specific
IC502 (Figure 1) develops the laser

drive signal and sends it out of pin 52 to
the laser pickup assembly. After the
DVD disk begins to spin, laser pickups
A, B, C, and D develop the tracking
error signals and send them to pins 2, 5,
8, and 23 of IC501. If I had inserted an
audio CD, the laser pickup would have
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Figure 3. When a DVD disk is inserted into the player, after focus has been achieved, the pickup begins to generate an RF signal which is applied
to pin 50 of IC201, the so-called "data processor one."
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sent the tracking error signals from E
and F (Figure 1, top left) to pins 62 and
63 of IC502.

IC501 develops the tracking error sig-
nal for the DVD and outputs it at pin 14.
The error signal is input to pin 8 of
IC502. If the unit is playing a DVD, the
error signal exits pin 21 of IC502 (did
you see the internal switch at pin 21?) on
its way to IC503. The selected tracking
error signal leaves pin 21 of IC502 and
enters IC503 at pin 46 where it is applied
to the "tracking correction circuit." The
corrected signal exits at pin 49 and is
applied to pin 1 of IC506 if I am playing
a DVD or to pin 12 if I am playing an
audio CD.

The output of IC506 at pin 15

becomes the tracking drive for a DVD or
the focus drive for an audio CD while
the output at 14 becomes the focus drive
for a DVD or the tracking drive for an
audio CD. As you have guessed, IC506
merely serves as an electronic switch to
route the drive for the focus and tracking
coils between DVD and audio CD.

The optical system
Some DVD players utilize two optical

pickups, one to play audio CDs and
another to play DVDs. The Magnavox
player uses one optical block equipped
with two lenses to achieve the same pur-
pose (Figure 2). If you need to know
why the player has to have two, separate
lenses, I suggest you read (or reread)

John Ross's recent article, "Digital
Versatile Disk Technologies: Versatility,
Capacity, and Growing Popularity," in
the February 2000 issue.

The switching action of IC506 causes
the lens in the pickup assembly to rotate
to the DVD lens for a video disk or the
CD lens for an audio disk so that the unit
selects the proper lens. The software
ensures that if the pickup cannot achieve
focus using the DVD lens, it will switch
to the CD lens.

If you are beginning to follow DVD
technology, you know that DVD disks
are made by bonding two disks together
to create a multilayer disk capable of
storing an astronomical amount of infor-
mation (See John Ross's article for
details). A multi -layer disk means that
the laser must focus first at one depth and
then at another. To accommodate the
multi -layered disk, a "layer jump circuit"
monitors the focus error signal and puls-
es the signal either up or down to facili-
tate the focus as the beam switches from
one layer to a deeper one or vice versa.

Focus drive
I have mentioned the feed motor and

disk motor but haven't commented on
how they are driven. Look back at
Figure I and locate IC503 on the right
side of the diagram. Drive for both
motors is developed inside the IC and
output at pins 53 and 59 for the feed
motor and at pin 55 for the disk motor.

As you looked at IC503, I am sure you
noticed bus connections at pins 90
through 93. The microprocessor uses
these pins to maintain control over the
servo processor.

I haven't yet commented on IC505 in
Figure 1. It receives information from
IC506 on pins 15 and 20 and uses it to
develop drive for the two focus/tracking
coils. The IC is powered by that all-
important +8V supply that the power
supply develops. The CD/DVD signal
switches IC506 to select a CD or a
DVD. The switching signal also goes to
pin 47 of IC502 to control the gain of the
focus amplifiers. The line goes high to
select the CD function and low to select
the DVD function.

That takes care of how focus drive is
developed. It's time to pay some atten-
tion to the motor drive circuits.

Feed motor and disk motor drive
Assume I have inserted a DVD disk

into my player. After focus has been
achieved, the pickup begins to generate
an RF signal which is applied to pin 50
of IC201, the so-called "data processor
one" (Figure 3). Pin 50 is connected to a
"data slicer sync detector," a circuit that
develops a signal which is applied to a
pulse width modulator (PWM) along
with a control signal from the micro-
computer. The PWM uses both inputs to
develop a control signal that it puts out
on pin 54. The control signal goes to pin

3
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Figure 4. Feed motor drive from the tracking correction circuit inside IC503 is routed to a PWM (pulse width modulator) and sent out of pin 53 on
its way to pin 15 of IC505, the feed motor drive IC. If you are watching a DVD, the drive goes through R546 before it reaches IC505. If the disk
needs to be speeded up, the gain switch inside IC503 turns on IC508 switching R547 in parallel with R546 to increase the gain of the signal.
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Figure 5. System control monitors and directs all functions of the DVD 400/420. The circuit includes the main microcomputer (IC601), the SRAM
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21 of IC510, the disk motor drive IC.
IC510 responds by developing drive for
the motor in question.

This is as good a place as any to point
out that the disk motor changes speed as
it moves from the center of the disk to its
periphery in order to maintain sufficient
flow of data to the processing circuits. If
the processing circuits don't receive
enough data, IC510 receives instructions
to speed up the motor. If the circuits
receive more data than they can handle,
system control instructs IC510 to slow
down the motor. The control circuits,

you see, ensure that the motor moves the
pickup assembly just fast enough to
keep data flowing at the right speed.

Feedback

A servo system must have feedback to
operate correctly. This servo system uses
information from three sources to con-
trol the speed of the disk motor. First,
Hall effect sensors report the actual
speed of the motor to IC510 by way of
pins 9 through 14. Second, IC503
receives data from the pickup assembly
that it uses to develop a PWM signal that

it sends along to IC510 via pin 55. Third,
IC510 receives a reference signal devel-
oped by IC601 and input into pin 22 of
IC510. By the way, this voltage should
read about 2.0V for an audio CD and
1.6V for a DVD.

The servo system is more complicated
than I have implied. As I reviewed the
information, I kept asking myself, "How
much of this do I need in order to service
the product?" Using the question as a
guideline, I edited the information that I
presented. I believe I have included
enough to give you both an understand -
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ing of and a feel for the circuits, which
will, I hope, make service easier.

Servicing notes
Let's take a few moments to look at

some of the possible problems the servo
system might cause.

When the player receives a disk, the
laser should turn on and attempt to
focus, and the disk motor should begin
to spin the disk. If the disk motor doesn't
turn on, begin by checking for startup
voltage at pin 21 of IC510 (Figure 3).
The voltage should be higher than the
reference voltage on pin 22. If startup
voltage is present, check the B+ supply
on pin 25. If you have these two volt-
ages, check for the presence of drive
voltage out on pins 2, 4, and 6.

If the motor acts erratically, think in
terms of a problem with the Hall effect
sensors inside the motor. You can check
these signals at pins 9, 11, and 13 of
IC510. However, keep in mind that you
are working with a closed -loop system,
meaning the Hall effect sensors might be
acting erratically because of an unstable
drive voltage to the motor itself. I don't
know of a hard and fast rule of thumb
that definitively points you to a specific
component as a cure to erratic motor
operation. I do know these ICs are
remarkably reliable and would suspect
and probably replace the motor before I
even began to think about replacing inte-
grated circuits.

Now shift your attention from the disk
motor to the feed motor, the motor that
moves the laser assembly from the cen-
ter to the outer edge of the disk. Feed
motor drive from the tracking correction
circuit inside IC503 (Figures 1 and 4) is
routed to a PWM (pulse width modula-
tor) and sent out of pin 53 on its way to
pin 15 of IC505, the feed motor drive IC
(Figure 4). If you are watching a DVD,
the drive goes through R546 before it
reaches IC505. If the disk needs to be
speeded up, the gain switch inside IC503
turns on IC508 switching R547 in paral-
lel with R546 to increase the gain of the
signal and speed up the motor.

Like any servo circuit, this one
requires feedback from the motor to
operate correctly. Hall effect sensors
under the feed motor gear provides feed-
back information with respect to the
motor's speed. IC509 receives the feed-
back at pins 1, 2, 23, and 22. This IC

uses the feedback information to devel-
op a speed control signal which it sends
out at pin 14. The correction signal is
mixed with the drive signal from IC503
and used to control the speed of the feed,
or "sled," motor.

If you studied Figure 4 carefully, you
noticed a "PUTAC" signal developed by
IC509 and sent out of pin 10 to the
microprocessor. The microcomputer
uses this signal to provide system con-
trol with information about the feed
motor's speed and position and the
speed and position of the pickup.

If you encounter a problem with the
feed motor drive, begin by checking the
voltage on pins 1 and 2 of connector
CN502. When the player is operating
correctly, voltage should be present on
both pins after the disk loads to move the
pickup assembly toward the disk motor.
If the voltage on pins 1 and 2 of CN502
isn't present, check for a drive signal on
pin 53 of IC503. If the voltages are pre-
sent but the motor doesn't operate,
check for B+ of 8V. If you have drive
voltage for the feed motor and the requi-
site B+ of 8V but the motor still doesn't
seem to work, check for mechanical
problems with the pickup assembly and
make sure the ribbon cable is properly
seated before you even begin to think
about changing the motor.

The literature suggests that the techni-
cian should check pin 14 of IC509 when
the feed motor acts erratically. I believe,
though I haven't tried it, that you can
open the trace between pin 14 of IC509
and pin 15 of IC505 and use an external
dc voltage to control the speed of the
feed motor. If the erratic operation clears
up, suspect a problem with IC509 or the
hall effect sensors. If such is the case,
you might be able to narrow the problem
to one or the other by monitoring the
output of the hall effect sensors. Does
the output smooth out when you apply a
constant dc voltage? If it does, suspect
IC509. Let me say again, I am theorizing
because I haven't had the opportunity to
test my theory.

Well, that about takes care of the servo
system, meaning it's time to take a brief
look at system control.

System control
System control (Figure 5) monitors

and directs all functions of the DVD
400/420. The circuit includes the main

f J

riyb3c",Y=Jr.91.1r
f).111L11

www.hermanelectronics.com
Circle (66) on Reply Card

Check out our

Web site at:

wwwielectroniciservicingicom

r

L

Your Ticket to

More than 40,000 technicians worldwide are Certi-

fied Electronics Technicians. ISCET offers Journey.

man certification in Consumer Electronics, Industrial,

Medical, Communications, Radar, Computer and
Video. For more information, contact the International

Society of Certified Electronics Technicians, 2708

West Berry Street, Fort Worth TX 76109;
(817) 921-9101.

Name

Address

City

State ZIP

Send material about ISCET and

becoming certified

Send one "Study Guide for the Associate Level

CET Test." Enclosed is $14.95 (includes post-

age/handling). TX residents - include 8.25%

sales tax.

ES&T

Circle (71) on Reply Card

June 2000 Electronic Servicing & Technology 23



microcomputer (IC601), the SRAM
(IC611 and IC614), the EEPROM
(IC604 and IC609), and the four meg
ROM (IC615). As you gather from the
number of components in the circuit,
system control is an involved and com-
plicated piece of engineering. System
control uses two microprocessors to per-
form its work.

The brains of the outfit is 10601, a
monster of a multi -pin surface mount
component. Like any microprocessor, it
has its "must haves" which you must
check when you suspect a system con-
trol problem. It receives +5V from the
power supply on pin 25; it is reset by
IC602 at pin 30; and it is timed by a 16
MHz crystal (X601) at pins 27 and 28.

Philips calls the second microproces-
sor (IC101) "the display microcomput-
er" which is physically located on the
front panel. When it becomes opera-
tional, IC602 outputs a low on pin 41 to
reset IC101, bringing it on line. It has a
separate 8 MHz clock operating at pins
27 and 28 and is powered by the -24V
supply developed by the power supply.
It comes into IC101 at pin 3 of CN102.

This second microprocessor is respon-
sible for driving the fluorescent display.
The fluorescent display is powered by
the F- and F+ voltage developed by the
power supply and fed to it at pins 1 and 2
of connector CN102 respectively.

IC602 and IC101 are connected
together by means of a ribbon cable
labeled CN102/CN802. The connector
provides a good place to check the com-
munications between the two chips. I
will reference my remarks to the IC101
end of the cable, which is CN101. For
example, reset activity can be checked at
pin 4. Communication from IC101 to
IC602 takes place on the DSPSI line
(pin 7). IC601 uses the DSPSO line to
feed data to IC101. Check it at pin 6.
The remaining lines, FSTBX and
DSPCKX, are data lines and may be
checked at pins 4 and 5 respectively.

As you have seen by studying Figure
5, all user commands go first to IC101
where they are interpreted and sent on to
IC602 via a data train. IC101 receives
information from the outside world in
two ways. Commands issued by the
remote control are input at pin 34 while

commands from the front panel are input
into pins 50, 49, and 48. I am sure you
have noticed the resistor divider tied to
each of these pins. The tact switches are
so configured between the resistors and
ground that each one generates a specif-
ic voltage level at the pin to which it is
attached when a tact switch wired into
the resistor network has been depressed.
IC101 senses the voltage, interprets the
request, and sends the information to
integrated circuit IC602.

Let's use a power -on request to illus-
trate how the front panel tact switches
operate and what happens when IC 601
receives the information. When I

depress the power -on button, the voltage
at pin 48 of IC101 drops from 5V to
2.5V. IC101 senses the voltage drop and
informs the microcomputer that I have
requested that the player be turned on.
IC601 responds by pulling pin 61 high,
an action that causes pin 4 of IC607 to
go high and turn the power supply on via
pin 3 of connector CN801 (See the first
installment of this series of articles.).

IC601 initiates the disk loading
sequence when the "open/close" corn -
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cover, written so you can understand it. That's CO. Read and enjoyed by Hams
in over 116 countries around the world.
It's more than just a magazine. It's an institution.

CO also sponsors these fourteen world-famous award programs and contests: The CQ
World -Wide DX Phone and CW Contests, the CO WAZ Award, the CQ World -Wide WPX
Phone and CW Contests, the CQ World -Wide VHF Contest, the CQ USA -CA Award,
the CQ WPX Award, the CQ World -Wide 160 Meter Phone and CW Contests, the CQ
World -Wide RTTY Contest, the CQ 5 Band WAZ Award, the CQ DX Award, and the highly
acclaimed CO DX Hall of Fame. Accept the challenge, Join the fun. Read CQ.

Also available in Spanish language edition. Write for rates and details.

SUBSCRIBE TODAY!
CO The Radio Amateur's Journal

25 Newbridge Road, Hicksville, New York 11801
Phone: 1-516-681-2922
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USA VE/XE Foreign

1 Year 27.95 40.95 52.95
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mand has been executed by providing
drive for the loading motor at pins 68
and 69. The drive signal goes directly to
pins 2 and 5 of Q506, a solid-state
device that drives IC505, that in turn dri-
ves the loading motor.

IC601 maintains communication with
the servo processor and other circuits in
the DVD player over the data bus lines.

Focus and tracking checks
I gave you a general overview of the

focus and tracking circuits in the body of
this article. However, the time will come
when you need more information than I
gave you then. Therefore, let's take a
closer look at servicing these circuits.

(1) Begin by checking the focus error
signal at TP504. You might want to
cycle the power off -on, off -on while you
monitor TP504. Tap the side of the play-
er gently to see if the signal changes. If
the signal is missing or not up to par, you
most likely have a problem on the main
printed circuit board.

(2) Check the tracking error signal at
TP507 when you suspect a tracking
problem. Cycle the power off and on to
see the operation of the tracking error
voltage. Tap the side of the player to
check its operation. If the signal is miss-
ing or improper, the main board is most
likely at fault.

(3) Check pins 1, 2, 3, and 4 of CN501
for focus or tracking problems. You
should see an ac signal riding on about
4Vdc. Incidentally, you are checking the
focus and drive signals. If you suspect the
drive signals are being loaded down, dis-
connect the unit from the ac line and
unplug CN501. Restore ac power and
turn the DVD player on while you moni-
tor pin 1 of CN501. If it is good, the sig-
nal will rise to about 4Vdc. The same
obtains for the voltage at pins 2, 3, and 4.

Check the tracking error signals going
to the main board at pins 12, 13, 14, and
15 of CN501 when you are working
with a DVD and pins 10 and 11 when
you are working with an audio CD.

(4) If the focus coil doesn't move up
and down or if the laser doesn't fire up,
check for +5V on pin 19 of CN501 and
+2V on pin 20. If the voltages aren't pre-
sent, wiggle the flex cable to check for
intermittent connections. If the voltages
still aren't present, unplug the flex cable
and check again.

The feed motor circuit
There are several places to check the

feed motor drive signals, but the most
accessible point is at pins 1 and 2 of
CN502. The signals are the easiest to
monitor when the power cycles on and
the player is put into the "times eight"
scan speed. You might want to keep in
mind that the drive signal goes to +4Vdc
when the power is turned on. If the dc
signal is present, the drive signal from
the main board almost has to be good.

The feed motor is an integral part of a
closed -loop system, meaning it has to
provide feedback to the loop. Monitor
pins 5, 6, 7, and 8 of connector CN502
while you cycle the power and play a disk
in "times eight" scan speed. You may be
thinking, "If the disk won't play, how can
I check for feedback?" Try this: (1) turn
the power off and push the slide away
from the spindle; (2) turn the power on
and monitor the signals as the slide
moves back into its default position.

By the way, dc voltage for the feed
motor hall switches appears at pin 3 of
connector CN502. Don't forget to check
it if you can't detect activity from the
hall switches.

The spindle motor
The spindle motor rotates the disk

itself. Check its drive signals at pins 17,
18, and 19 of CN502. Like the feed motor
signals, these are easiest to detect when

the power cycles on and the player has
been set for "times eight" scan speed.

You may monitor feedback from its
hall switches at pins 9 through 13 and 15
while cycling the power and playing a
disk in "times eight" speed. Check the
hall switches themselves by manually
rotating the motor with your finger as
you monitor the above -mentioned pins.
DC drive voltages for the spindle motor
hall switches are available at pins 14 and
16 of CN502.

The loading motor
Check the loading motor operation at

CN503. The signal at pin 1 drives the
tray out (i.e. opens the tray) while the
signal at pin 2 pulls the tray into the
player. The tray position switch signal at
pin 3 goes high when the tray is in the
out position and low when the tray is in.
The tray position switch signal at pin 4 is
low when the tray is out and high when
the tray is in.

Video and audio next time
The first part of this series of articles

on DVD dealt with the power supply. In
this article, we delved into the mechani-
cal portions of this technology. The next,
and final, installment, will cover the
video and audio paths in a DVD. DVD
players are marvels of technology, but
they can be serviced by a technician with
good skills and the right knowledge.
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Audio, FCC, and more.
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- Live on-line chat rooms
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Consumer electronics vision goes online

The Consumer Electronics Association (CEA) has launched
the online version of Consumer Electronics Vision, a bi-month-
ly, four-color magazine for CEA members and the consumer
electronics industry at large. With its online version at
www.CE.org, Consumer Electronics Vision tackles the business
challenges facing both retailers and manufacturers.

Both the print and online versions of the magazine report on
activities that impact the industry - consumer electronics leg-
islation, engineering developments, marketing trends and sta-
tistics, training and education, and trade shows. The online ver-
sion also adds an interactive feature with an industry bulletin
board that encourages an open dialogue between retailers, man-
ufacturers, and analysts.

The debuting online issue features stories on digital connec-
tivity standards, personalized TV and MIT's Media Lab as well
as other business topics. Next month's issue will focus on mobile
electronics, Bluetooth technology and encryption.

The readership of the print magazine comprises more than
17,000 retailers, manufacturers, financial and marketing ana-
lysts, and CEA members. Individuals who wish to be put on the
magazine's circulation list for print editions can download the
subscription form from www.CE.org.

Consumer Electronics Association. 2500 Wilson Blvd.. Arlington. VA 22201,
Phone: 703-907-7600

Circle (90) on Reply Card

Technical book catalog
A just released catalog from PROMPT contains over 200

titles on a variety of electronics related topics. PROMPT
Publications, an imprint of Howard W. Sams & Company, pro-
vides technical books for the electronics hobbyist, novice and
technicians.

This year's catalog has been redesigned to feature best-sell-
ing titles, as well as divides titles into categories, regardless of
the publisher. It also features a new section on Automotive,
Business and Technology, and Electrical Technology, not found
in previous catalogs.

The catalog includes select titles from Butterworth -
Heinemann, Macmillan Computer Publishing, IDG Publishing,
and UCANDO Educational Videos.

PROMPT Publications, 5436 West 78th Street, Indianapolis, IN 46218
Circle (91) on Reply Card

On-line document center
Andrew Corporation has launched a new document delivery

service that conveys information about Andrew products and
services 24 hours a day, 365 days a year. The new on-line doc-
ument center can be accessed directly from the Andrews home -
page at http:www.andrew.com. Over 2000 documents can be
viewed on-line, sent via e-mail as a .PDF files, or sent to a fax
machine. The system may also be used to order printed copies
of available literature.

The on-line document center holds a wide variety of the com-

pany's information, including product bulletins, technical doc-
uments, installation instruction, special publications, antenna
patterns, article reprints, reference information and new publi-
cations. New information is included and content is updated fre-
quently so that the latest information is always available.

Searching for information is easy. Users can enter product
names, part numbers, common phrases, natural language
queries, or bulletin numbers.

Many of the bulletins are available in a number of languages
including Chinese, English, French, Indonesian, German,
Italian, Japanese, Portuguese, Russian, and Spanish.

Andrew Corporation, 10500 West I 53rd Street. Orland Park. IL 60462,
Phone: 708-349-3300. Fax: 708-340-5222. Website: http:www.andrew.com
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Theater -to -Go brochure

MARGI Systems offers a specification sheet for its Theater -

to -Go for users of DVD equipped notebook computers. Theater -
to -Go provides mobile computer users with the total personal
movie experience.

Theater -to -Go includes the i-glasses display headset, as well
as the MARGI DVD-to-Go hardware decoder card. Padded ear-
phones, battery, and all cables are included. Users will enjoy
movies in Dolby Digital stereo sound on their own personal
headset. DVD-to-Go is the industry leading DVD decoder card
and insures full speed, full resolution video without jerks and
audio without skips.

The MARGI high-performance decoder card turns any DVD
notebook computer into a full -featured player for full -motion
MPEG-2, DVD, MPEG-1, and VCD digital video. I -glasses
from i-0 Display Systems is an ergonomically designed per-
sonal display headset with two full -color liquid crystal display
panels and includes a 2.4 amp -hour battery, 6 foot cable and an
AC power adapter.

Operating with any Windows 95/98 notebook with DVD,
Theater -to -Go comes with onscreen navigations for all DVD
controls, giving the user quick and easy adjustments. Hot Plug
and Play insures ease of set-up and installation. The headset can
also be used alone with any Laser Disc Player, VCR, or home
DCD player. The DVD-to-Go card can be connected directly to
a TV for larger audiences.

MARGI Systems. 3155 Keamey Street, Fremont, CA 94538, Phone: 510-657-4435,
Fax: 510-657-4430, E-mail: info@margi.com, Website: www.margi.com
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PACE Announces 2000 Training Schedule
PACE announces their year 2000 schedule and introduces

three new classes for the training facility. This training teaches
the skills, techniques, and process control development neces-
sary to perform high quality, non-destructive assembly and repair
on all types of electronics modules and assemblies. Open enroll-
ment for the 2000 classes at the facility have been scheduled.

PACE, 9893 Brewers Court, Laurel, MD 20723-1990, Phone: 888 -535 -PACE,
Fax: 301-604-8782. E-mail: www.pace.usa.com
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by the ES&T Staff

Adapted from the booklet "Uncle Ted's Guide to Communications Wiring," published by Fotec

Convergence. It's a word you've
heard before, and you'll be hear-
ing more and more of, until it's

an established fact, then you probably
won't hear it any more. Convergence
refers to the phenomenon that all of the
electronics products in the home are
becoming less separate entities and to a
greater extent all parts of a single entity.
For example, today we still have televi-
sions, VCRs, personal computers, and
all of the other electronics products that
contribute to the quality of life that we
enjoy in the 1990s. But all of these prod-
ucts are becoming more like each other.

Take television. Many modem TV sets
no longer have physical adjustments, like
potentiometers, for a service technician
to use to tweak a set's operation. On
some of the more advanced sets, every-
thing is controlled by a microprocessor, a
computer really, and the tweaks are set by
changing the digits in an EEPROM.

And take computers: all you have to
do is buy a television circuit board and
install it in the computer and it will act
like a television, with the added advan-
tage that you can save some of the infor-
mation that appears on the screen, if you
choose. And you can now buy a DVD-
ROM for your computer, or buy a com-
puter with a DVD-ROM already
installed, and not only load programs
and data into your computer, but listen to
compact discs, or watch the latest movie
offering on DVD.

Changes in the wires too
But that's only part of the scenario.

Today you can send and receive not only
voice. but data as well over your phone
line. And if you have, say, satellite TV,
and wish to have access to pay per view
events, you have to have a telephone
connection as well, so that you can order
them. Soon, once HDTV has begun to
thoroughly explore its options, it may
well be possible for viewers to receive
not only television programs via terres-

Figure 1. These are examples of unshielded twisted pair cable, comprised of 4 pairs of copper
conductors.

trial broadcast, but other types of data as
well. Data that might be accessed by the
home's personal computer.

As the number of computers and other
related types of products in the home
multiply, more homes will have net-
works. That means that a technician
coming into the home to service a TV or
a personal computer might find himself
in the middle of a maze of wires. If he
has no idea about what those wires are,
or how they are connected, he might lose
a service job.

Moreover, because the local telephone
companies no longer take responsibility
for the wiring in homes unless the cus-
tomer pays a maintenance fee, telephone
wiring installation, changes, and mainte-
nance present an area that can be
addressed by consumer electronics ser-
vice technicians. Because the scope of
the competence of a technician seems to
be constantly broadening as in this area,
this magazine deems it important to keep
up with those needs. To that end, we pre-

sent this article on communications
wiring, so that our technician readers will
have at least a passing acquaintance with
them, and possibly be able to identify any
further education on the subject that they
might need.

Cabling jargon
You really need a dictionary to under-

stand all these cabling terms. Here's an
overview of the basic terms, and we'll
explain more as we go along.

To begin with, what do we call this
whole area of cabling?

Some people call it "data/voice,"
some call it "low voltage," but most call
it "structured cabling." It's the infra-
structure for telephone and LAN con-
nections in most commercial installa-
tions and even in some modern homes.

Cabling Standards Terms
Structured Cabling: An architecture

for communications cabling specified by
the EIA/TIA TR41.8 committee and

June 2000 ElectronIc Servicing & Technology 39



used as a voluntary standard by manu-
facturers to insure interoperability.

EIA/TIA: An industry trade associa-
tion that creates interoperability stan-
dards for the products made by member
companies.

EIA/TIA 568: The main standard doc-
ument for structured cabling, usually
referred to as simply "568."

Cabling Terms
UTP: Unshielded twisted pair cable

(Figure 1), comprised of 4 pairs of cop-
per conductors and graded for band-
width as "Levels" (from Anixter) or
"Categories- (EIA/TIA 568)

Category 3, 4, or 5: Ratings on the
bandwidth performance of UTP cable,
derived from Anixter's Levels program.
Cat 5 is rated to 100 MHz and most
widely used. Cat 5E (enhanced) was
approved in November 99. Look for
future enhancements. At this time, there
are no standards covering higher perfor-
mance cables, but Cat 6 and Cat 7 are
often talked about by manufacturers.
(Hint: wait and see for the standard!)

Other cables: 568 includes STP,
shielded twisted pair, specified by IBM
for Token Ring networks. They are con-
sidering ScTP, a version of UTP with a
foil shield over all four pairs (not indi-
vidually like STP) for higher frequency
performance and less EMI (electromag-
netic interference.) Both multimode and
singleniode fiber are included as well.

Connector Terms
RJ-45: The popular name of the mod-

ular 8 pin connector (Figure 2) used with
UTP cable in structured cabling systems.

Jack: The receptacle for a RJ-45 Plug.

Plug: The connector put on the end of
UTP cable.

Punchdown: A connecting block that
terminates two cables directly. 110

blocks (Figure 3) are most popular for
LANs, 66 blocks (Figure 4) for telco,
but some installers use BIX or Krone.

Cable Testing Terms
Wireinap: All eight wires must be con -

Figure 2. RJ45 is the popular name of the mo
structured cabling systems.

netted to the correct pins. The test to be
sure that they are is called a wiremap test.

Attenuation: The reduction in signal
strength due to loss in the cable.

NEXT (Near End Cross Talk): or the
signal coupled from one pair to another
in UTP cable.

ACR: Attenuation to crosstalk ratio, a
measure of how much "headroom" the
signal should have at the receiver. Not
specified in 568, but most testers calcu-
late it.

Cable Location Terms
The telecom cable industry has their

own terminology for the areas where
cable connections are made and the runs
hcm cell those locations (Figure 5).

dular 8 pin connector used with UTP cable in

Telecom Closet (TC): The location of
the connection between horizontal
cabling to the backbone.

Main Cross -Connect (MXC): The old
telco term for the location of the main
electronics in a building. LAN people
may call it the equipment room.

Intermediate Cross -Connect (IXC): A
room in between the TC and MXC
where cables are terminated

Cable Plant Terms
Horizontal Cabling: The connection

from the telecom closet to the work area
outlet (desktop).

Backbone Cabling: The cabling that
connects all the hubs in telecom closets
or MXCs together.

Figure 3. A 110 punchdown block. This type of connecting block is most popular for LANs.
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Figure 4. A 66 block. This type of connecting block is most often used for telco.

Work Area Outlet: The jack on the
wall which is connected to the desktop
computer by a patchcord.

Link: The installed cable plant from
work area outlet jack to the patch panel
in the telecom closet.

Channel: The cable plant including
the link plus patchcords on either end to
connect the communications hardware.

Patchcord: A short length of stranded
cable with a RJ-45 plug on either end,
used to connect hardware to the link or
to connect cables in a Patch Panel.

Patch Panel: A rack or box where
cables are terminated usually in 110

punchdowns and interconnected with
patchcords.

Network cabling
If you start installing communications

cabling, you will have to deal with end
users who talk networks (Figure 6). Here
are a few network terms to help you
translate.

Hub: The connecting electronic box
that all the horizontal cables connect to
which are then connected by backbone
cabling.

Telecom closet

Telecom closet

BACKBONE WIRING

Intermediate
cross connect

Mai- cross
connect

HORIZONTAL CABLING

Figure 5. The telecom cable industry has developed terminology for the areas where cable con-
nectiois are made and the runs between those locations.

10Base-T: The most popular version
of Ethernet operating at 10 megabits per
second, connected on UTP.

Ethernet: A 10, 100, or 1000 Megabit
per second local area network (LAN)
that is by far the most popular LAN.

Wiring for communications -
An overview

Communications wiring dates back
over a century; over 150 years for the
telegraph and 125 years to the beginning
of the use of the telephone. From the
beginning, phones used a current loop
for both voice transmission and signal-
ing (dialing and ringing.) The two wire
current loop offered some advantages: it
was possible to add phones in series, and
an "on -hook" phone did not interfere
with the phone in use. The current loop
offered adequate bandwidth for voice
(only 3,000Hz) and the ability to work
over relatively long distances.

During the 1980s, phone signals
became digital, LANs proliferated, and
new cables and cabling architecture
were needed. The goal was to make
buildings "smart," able to allow comput-
er and phone conversations over a stan-
dardized wiring system. By the early
90s, a scheme of "structured cabling"
was standardized by a technical commit-
tee of a trade association, the merged
Electronic Industries Association and
Telecommunications Industry Associa-
tion (hereafter referred to as EIA/TIA).

Just to confuse everybody, this cabling
standard, developed by the EIA/TIA TR
41.8 committee, is referred to by the
number of the primary standard, EIA/
TIA 568, although there are actually a
number of standards, technical advi-
sories, etc. that cover all aspects of
structured cabling. We'll go along with
the crowd and simply say "568" when
we generally mean the entire output of
the TR 41.8 committee!

And to further confuse everybody,
many people think this standard is a
mandatory, even legal, document like
the NEC (National Electrical Code.)
That is not the case; "568" is a voluntary
interoperability standard for communi-
cations cabling, developed by a number
of manufacturers of cabling components
and networking equipment, so that they
might make equipment that could use
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any 568 -compliant cabling system and
be upgraded in the future as long as it
was designed for the same cable plant.

What 568 is, in fact, is a common sense
approach to cabling that offers interoper-
ability, upgradability, and low cost due to
the numerous manufacturers offering
compatible products. But it does not have
the force of any kind of code.

The basics of "568"
EIA/TIA "568" calls for connecting

the desktop (work area) to a telecom
closet (the "horizontal" run) with up to
100 meters of cable (including no more
than 10m total of patchcords), which is
usually Cat 3 or Cat 5 UTP. Most instal-
lations today use Cat 5 exclusively, as it
isn't that much more expensive than Cat
3 and can support phones or LANs on
any outlet. Fiber optics is also a horizon-
tal option in 568, but not often used
because of the higher cost except where
high bit -rate networks or future
upgrades are expected.

The telecom closet houses the hubs
for the computers in the work areas.
These hubs are interconnected on "back-
bone" wiring which is mostly fiber
optics, as it usually carries higher speed
signals over longer distances and pro-
vides isolation from ground loops,
another bugaboo of LANs. The main
cross -connect (MXC) or equipment
room contains the network and telco
hardware. For the telephones, their
lower bandwidth requirements allow
longer runs, so they are usually simply
connected to backbone cables in the
telecom closet with a punchdown and
run straight to the MXC.

Figure 6. If you start installing communications cabling, you will have to
deal with end users who talk networks.

Figure 7. UTP cables are
terminated with standard
connectors, jacks, and
punchdowns. The jack/plug
is often referred to as an
"RJ-45," but that is really a
telco designation for the
"modular 8 pin connector"
terminated with an USOC
pinout used for telephones.
The male connector on the
end of a patchcord is called
a "plug" and the receptacle
on the wall outlet is a "jack."

The 568 standard also includes IBM
Type 1 cable, a shielded two pair cable,
since it is still used in some networks.
However, it ignores coax cable, like RG-
58 used in some Ethernet LANs and
RG-6 used in CATV and CCTV.

The cabling
The heart of 568 is UTP cable com-

prised of four pairs of carefully twisted
pairs of copper wire, insulated with care-
fully chosen material to provide high
bandwidth, and low attenuation and
crosstalk. We'll say it here and many
times more before we're through - the
secret ingredient of Cat 5 is the twists. In
order to maintain Cat 5 performance,
especially as regards crosstalk, the
cabling must remain twisted to as near
as it is possible to the terminations. If a
cable is untwisted for a considerable
length before it is terminated, it's perfor-
mance will be compromised.

The cable is terminated mostly in
jacks; connector receptacles that have
punchdown terminations on the backside
and tricks inside to prevent crosstalk.
Some snap into work area outlets, others
are incorporated in rack mount patch
panels. Standard 568 allows many possi-
ble cable configurations, including inter-
mediate punchdowns, but a direct run
from a work area outlet to a patch panel
will provide the highest performance. If
an organization is contemplating
upgrades to fast networks like Gigabit
Ethernet, then it would be best if only
direct runs are used.

Patchcords for connecting network
equipment to the outlet or patch panel
are usually purchased factory -assem-

bled. The connector (plug) is properly
called a "modular 8 pin" but usually is
referred to as a RJ-45, which is actually
a specific telephone company use of the
same plug. Patchcords use stranded
cable for flexibility and require special
connectors. Patchcords should be
ordered to proper length to prevent the
mess that patch panels often become
after a few moves and changes.

Currently, hardware and cable is avail-
able that is rated for Cat 3 or Cat 5. With
cable, it's easy to see the difference; it's
in the twists. In the case of jacks, howev-
er, it is harder to tell the differences.
Trust us - they are different. If you ter-
minate Cat 5 cable with Cat 3 jacks, you
will get Cat 3 performance - no better!

And today, vendors are hyping Cat 6,
Cat 7, and a ton of higher performance
cable options. None of these are stan-
dards, and investing in them today could
be a total waste of money, depending on
how the standards committees go. You
are probably better off saving your
money and investing time in installing
Cat 5 properly or considering optical
fiber if higher performance is your goal.

Termination
UTP cables are terminated with stan-

dard connectors, jacks, and punch -

downs. The jack/plug is often referred to
as a "RJ-45," but that is really a telco
designation for the "modular 8 pin con-
nector" terminated with a USOC pinout
used for telephones. The male connector
on the end of a patchcord is called a
"plug" and the receptacle on the wall
outlet is a "jack" (Figure 7).

In LANs, as specified by 568, there
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Figure8. Wiremapping simply means that each wire is hooked up correctly, with no open wires
or shorts. Most wiremapping failures are simple enough to understand, like reversed wires in a
pair, crossed pairs or opens and shorts. The most difficult wiremap problem is a split pair, when
one wire on each pair is reversed on both ends.

are two possible pinouts, called T568A
and T568B that differ only in which
color -coded pairs are connected - pair
2 and 3 are reversed. Either work equal-
ly well, as long as you don't mix them!
If you always use only one version,
you're OK, but if you mix A and B in a
cable ran, you will get crossed pairs.

The cable pairs are color coded as
 Pair 1 is white-blue/blue,
 Pair 2 white-orange/orange,
 Pair 3 is white-green/green
 Pair 4 is white-brown/brown.
The jacks are then terminated with

these layouts, looking into the jack:
Note that Cat 3 jacks and all plugs are

going use these color codes. However,
Cat 5 jacks have internal connections
that continue the twists as close to the
pins in the jacks as possible. Thus the
pinout on the back of the jacks will not
usually follow these layouts. Always
follow the color codes on the back of the
jacks to insure proper connections.

The plugs are terminated by straight-
ening our the wires in proper order and
crimping on a connector. To repeat an
important consideration; you must keep
the twists as close to the plug as possible
to minimize crosstalk.

Jacks usually have punchdowns (see
below) on the back or can be terminated
without punchdowns using special man-
ufacturer's tools or even a cover for the
connector. Again, the twists must be
maintained to as close to the receptacle
as possible to minimize crosstalk.

Sometimes there are cross connects
using punchdowns in the telecom closet.
These are called punchdowns because
the cable is punched down into the IDC

contacts with a special tool, called (sur-
prise) a punchdown tool. Of course, you
must keep the twists as close to the
punchdown as possible to minimize the
possibility of crosstalk.

Punchdowns come in 4 varieties: 110,
66, Bix and Krone. Most popular for
LANs is the 110, for telcos it's the 66,
and the Bix, and Krone are rare (price,
proprietary designs, etc.)

There are lots of variations in wiring a
horizontal Cat 5 link. For the highest
performance, as is needed in high speed
networks, cables are run directly from
the wall outlet to the patch panel without
interconnects. Saves costs too.

Installing wiring
Everybody knows how to pull wire,

right? Wrong! Just as it is important to
keep the twists right down to the termi-
nations, there are things you must realize
to maintain the performance of Cat 5
wire you paid for.

First of all, pulling tension must be
less than 25 pounds. That's not very
much. Pulling at higher tension can
stretch the cable and affect the twists in
the pairs, and it's those twists that make
the cable perform well at high frequen-
cies. Likewise, kinking the cable by let-
ting it get twisted or pulled around sharp
corners can cause permanent damage.
Damaged cable will probably not pass
crosstalk tests.

Most cable boxes are designed to
allow easy pulling directly from the box.
Gather up several boxes and pull a
bunch of cables at once. Tape them
together and attach a pullstring or just
feed them along by hand.

You can pull from the telecom closet
or to the closet, whichever is more con-
venient in the install you are doing. You
can also pull to consolidation points then
out to individual outlets or vice versa,
instead of pulling the bundle of cables
all the way.

One item to remember is there is usu-
ally 1,000 feet (about 300 meters) of
cable in each box. Each cable is also
marked with a distance every few feet so
you can keep track of length by reading
the distance off the cable. Before you
pull any cable from the box, find the dis-
tance marked on the cable and write it
down on top of the box. That way, you
can calculate the length of each cable
you pull and more importantly, the
amount remaining in the box. It's not too
cool to start pulling a cable and find out
it's not long enough.

Likewise, mark every cable with the
location it's going to. Mark it on both
ends. You will save lots of time when it
comes time to make the correct connec-
tions, recording test data, and keeping
records for moves and changes.

Cat 5 should be installed on special
hooks, bridle rings, or cable trays that
limit its bend radius to preserve the Cat 5
performance. You cannot lay the cable
on top of ceilings or hang from the drop
ceiling hangers: in most places it's
against code. Penetrations of firewalls
require firestopping to restore fire retar-
dancy. You also have to keep the wire
away from sources of interference, such
as fluorescent lights and power cables.

Power cables are also a safety hazard.
Although this cable is called "low volt-
age," it runs in areas full of power cables
that are a shock hazard. If you are not
familiar with electrical safety, fire safety
and inspections, I strongly suggest tak-
ing a course on the NEC (National Elec-
tric Code) to learn about these important
topics. It could save your life.

Testing

Since the Cat 5 cable is used to the
fullest extent of its performance enve-
lope, testing is very important. There are
four basic tests that are called for as part
of the EIA/TIA specs for all UTP cables:
wiremap, length, attenuation, and cross-
talk. Let's take a look at each of them.

Wiremapping simply means that each
wire is hooked up correctly, with no
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open wires or shorts. That's mostly very
straightforward. Each pair must be con-
nected to the correct pins at the plugs
and jacks, with good contacts in the ter-
minations (called "IDC" or insulation -

displacement connections, by the way,
since the wires are held in knife-edge
terminations that slice through the insu-
lation and dig into the copper wire,
forming a tight seal.)

Most of the failures are simple enough
to understand, like reversed wires in a
pair, crossed pairs or opens and shorts.
One possible failure is crossed pairs,
caused when both wires of a pair are
crossed at one termination. The usual
cause of a crossed pair is a 568A termina-
tion on one end and a 568B on the other.

The most difficult wiremap problem is
a split pair, when one wire on each pair
is reversed on both ends (Figure 8). The
usual wiremap will pass but crosstalk
will fail. It takes a Cat 5 tester or a more
sophisticated wiremapper to find a split
pair, as most wiremappers do not check
for the presence of crosstalk.

Length
Since 568 cables must be less than 90

meters (296 feet) in the link and 100
meters in the channel (328 feet), length
must be tested. This is done with a time
domain reflectometer (TDR) which is a
fancy term for cable "radar." The tester
sends out a pulse, waits for an "echo"
from the far end and measures the time it
took for the trip. Knowing the speed of
the electrical signal in the cable, it calcu-
lates the length.

If you have a short or open, the TDR
will tell you where the problem is as
well, making it a great tool for finding
this type of problem.

Attenuation
The proper operation of a LAN on the

cable plant requires the signal strength
be high enough at the receiver end. Thus
the attenuation of the cable is very
important. Since LANs send high speed
signals through the cable and the attenu-
ation is variable with the frequency of
the signal, the fancy automated testers
test attenuation at several wavelengths
specified in the 568 specs (TSB -67 to be
exact. See figure 9).

This test requires a tester at each end
of the cable, one to send and one to
receive, then one of them will calculate

the loss and record it. There are pass fail
criteria for the cable at Cat 3, 4, and 5
max frequencies.

Crosstalk (NEXT)
NEXT stands for "near end cross talk"

since it measures the crosstalk (signal
coupled from one pair to another) at the
end where one pair is transmitting (and
the transmitted signal is largest causing
the most crosstalk.) Crosstalk is mini-
mized by the twists in the cable, with
different twist rates causing each pair to
be antenna sensitive to different fre-
quencies and hopefully not picking up
the signals from its neighboring pairs.
Remember what we said: you must keep
the twists as close to the terminations as
possible to minimize crosstalk.

Cat 5 testers measure crosstalk from
one pair to all three other pairs for each
pair and compare it to the 568 specs,
giving a pass/fail result. Some also cal-
culate attenuation/crosstalk ratio
(ACR), as it is a measure of how big the
crosstalk signal is to the attenuated sig-
nal at the receiver. You want this number
as big as possible, as it is an indication
of the signal to noise ratio.

Coming soon
The next generation of test specs will

include a number of new tests to insure
higher performance from the cable.
These tests relate to higher bandwidth
usage of the cable and simultaneous use
of all four pairs, perhaps even in both
directions at once.

Powersum NEXT is the NEXT on one
pair when all three others are carrying
signals. This is realistic with Fast
Ethernet and Gigabit Ethernet where all
pairs carry signals, often simultaneously.
Manufacturers routinely test cables for
this characteristic now, but there is no
standard yet for the performance of the
cable or terminations.

FEXT is far end crosstalk, looking at
the effect of the coupling from one pair
to another over the entire length, mea-
sured at the far end. ELFEXT is equal
level FEXT, or the ratio of FEXT to
attenuation, sort of like ACR.

Delay Skew measures how much
simultaneous pulses spread out at the far
end. This measures the speed on each
pair, which may be different due to the
variations in number of twists (more
twists means longer wires) or insulation.

Figure 9. The proper operation of a LAN on
the cable plant requires the signal strength be
high enough at the receiver end. Thus the
attenuation of the cable is very important.
Automated testers test attenuation at several
wavelengths specified in the 568 specs.

Return loss is a measure of the reflec-
tions from the cable due to variations in
the impedance. These reflections can
cause signal degradation, especially if
the pairs are used in a full -duplex (bidi-
rectional) mode.

Testers
UTP testers are mostly automated:

push a button get a pass/fail. Simple.
Wiremappers test the connections and
Cat 5 testers test the performance at high
frequencies. In fact, Cat 5 testers test
everything: wiremap, length, attenuation,
and crosstalk in one connection, give you
a pass/fail result, some help on trou-
bleshooting, store the result and practi-
cally everything else but make coffee.

Some installers use the Cat 5 tester for
all testing, after the cable is installed.
Others have each crew use an inexpen-
sive wiremapper to make sure connec-
tions are correct before the Cat 5 tester is
brought in, since it's a very expensive
unit that needs a trained operator and
many failures are simply wire map prob-
lems. By having each crew find and fix
their own wiremap problems, testing and
corrections are done as the cable is
installed and the cost of the Cat 5 tester is
not wasted on simple problems. It's just
provides the high frequency tests and
documentation required by most users.

Buying a Cat 5 tester today is a bit of a
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crap -shoot, since everybody knows the 568 spec will be updat-
ed to include more tests at higher frequencies soon, but
nobody knows exactly how far. 155 MHz, 200 MHz, 250
MHz, h gher? The best bet is to not buy a unit that is not
already rated to higher frequencies or is not upgradable easily.

What the heck is a certified cable?
Did the cable pass an exam and get a certificate? Well, sort

of. This term has been used by vendors of testers to mean that
the cable was tested and passed by one of the Cat 5 testers. It
means that it meets the minimum specifications of TSB -67
and TS3-95, and should work with any network designed to
operate on a Cat 5 link.

How long is a "lifetime warranty" good for?
A Cable U conference included a session on manufacturers

certification and warranties. When you get into these subjects,
grab your wallet. Manufacturers of cabling products offer war-
ranties of 15 to 25 years or even lifetime warranties if the
cabling uses their components and is installed by one of their
certified installers. What does this mean?

Many users think it means the manufacturer and installer
guaranlee the cable plant they install will support their net-
work needs for that length of time. No way. It means the cable
plant will still meet Cat 5 performance limits over that period
of time. Assuming you could find a working Cat 5 tester in
2013 (anybody starting a Structured Cabling Museum?), the
cable would still pass Cat 5 requirements.

The only cable plant warranty that makes sense is the

"Lifetime Warranty." since the lifetime of any cable you install
today is unlikely to last longer than 5 years. Bottom line: read
the fine print.

Get trained properly before you start
The most important part of getting started in

data/voice/video cabling installations is getting trained. The
oft -quoted statistic that 80% of all Cat 5 installations will not
pass Cat 5 specs is a result of too many installers working
without proper training. Maybe they have installed telephone
wiring successfully for years, but unless they follow the Cat 5
installation and termination procedures, they will ruin the per-
formance of the cabling they install.

If you have an interest in cabling, it might be a good idea to
read everything you can about cabling and even take a online
or self -study course to get started. Delmar Publishing is pub-
lishing a new book "Data, Voice and Video Cable Installation"
soon. There are resources online, such as "Wire. U Online" on
www.cableu.net

Change, change, change
The changes keep coming in consumer electronics service.

One opportunity begins to close, but another opportunity, such
as residential cable/wiring, opens up. It's a constant struggle
just to keep abreast of the possibilities.

For more information, you can contact Fotec at 151 Mystic
Avenue, Medford, MA 02155-4615, 781-396-6155.

Only Our Name Has Changed
The Technical Products Division of Howard W. Sams is now

Sams Technical Publishing. Same great people. Same great products.

Wrwilicontinue to produce PHOTOFACT® with the same detail
that Mr. Howard W. Sams demanded when he created
PHOTOFACT® in 1946 and will continue to publish

well -written technical books under the
PROMPT® Publications brand.

out our new and expanded website at
www.samswebsite. corn,

and as always you can call us at

800.428.SAMS!

AH5
Technical Publishing

(formerly a division of Howard W. Sams)

5436 West 78th Street
Indianapolis, IN 46268

800.428.SAMS
www.samswebsite.com
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Technology update
by the ES& T Staff

Adapted from materials available at the CEA website at www.ce.org

The consumer electronics scene is shifting so quickly
that it's hard to keep up with it. And for companies that
are involved in servicing consumer electronics prod-

ucts, it's important to remain abreast of what's going on. Some
of the home systems that have recently been introduced, or are
currently being introduced include home theater, home con-
trol, and home office equipment. The following represents the
current situation as regards some of those systems.

Home theater
Home theater represents an opportunity for consumer elec-

tronics service centers to expand their current business by
offering to design and install home theater systems. To many,
home theater means those sophisticated systems installed in
homes whose prices start at several hundred thousand dollars.

For electronics installers who can handle that type of instal-
lation, that's great work if you can get it. But there are more
modest examples of home theater. Any home that has a large-

screen TV and a stereo system is a candidate for a home the-
ater installation/conversion. For service centers that might be
thinking of offering this type of service, here's the current state
of home theater.

The term home theater describes an experience as much as it
does a product or combination of products. Home theater com-
bines a number of audio and video products into one compre-
hensive system that places the viewer in the middle of the aural
and visual action of a film, TV show, sporting event, or concert.

In a chase sequence, for instance, a car can start out behind
the hero and be heard behind the viewer as he or she turns
around to look at it. As the car passes the hero the sound
moves past the viewer too, from rear to front, coordinated with
the on -screen action. Planes sound like they're flying over-
head. The viewer is in an audience at a, concert with people in
front of you and behind him. Trains move past on the screen
and the sound moves along with it. Surround sound provides a
truly three-dimensional experience.

A client who would like to own a home theater system may
already have some of the components needed for home the-
ater: a large -screen TV (27 inches or larger), hi-fi VCR,
laserdisc player, CD player, A/V receiver or integrated ampli-
fier, and four or five speakers. If you add a few other compo-
nents and correct them correctly, you will have provided your
client with the complete home theater experience.

Features
An important part of the home theater experience is sur-

round sound. This is the aspect of the system that makes the
viewer feel as though he's right in the middle of the action. A
surround sound system called "Dolby Pro Logic" surround
sound is a home audio technology that divides the stereo

soundtrack of a prerecorded film or TV program into four dis-
crete channels, stereo left and right front speakers, a center-
channel speaker, and one channel for two surround speakers
placed on either side or behind you.

The circuitry in a Pro Logic decoder steers the sound in a
Dolby -encoded movie soundtrack to selected speakers. This
steering enables a director to design the sound of a film as
carefully as he or she designs the pictures.

The center -channel speaker, placed immediately above or
below the TV screen, delivers most of the dialog. Left and
right front stereo speakers deliver the primary action and spe-
cial -effects sound. The surround speakers deliver echo and
ambient special -effect sounds.

To provide a client with surround sound you need to supply
a Pro Logic decoder, which can be bought separately or built
into a high -end TV or audio/video receiver. Following are the
features that should be available in a home theater receiver.

Amplification
An AN Pro Logic receiver provides amplification for all

four Pro Logic channels - one channel each for the standard
left and right front stereo speakers, one for a center channel
speaker, and one for a pair of surround speakers. If you buy a
separate Pro Logic decoder to match an existing audio receiv-
er, the system has to include a separate two -channel amplifier
to power the center and surround speakers.

In Pro Logic the center channel should be supplied with the
same power level as the front left and right stereo speakers. In
other words, if the front speakers receive 50W per channel, the
center channel must be provided with 50W. This keeps the dia-
log at the same relative volume as the music soundtrack or
special effects. Surround speakers need have only a fraction of
this power, usually only one -quarter of the power supplied to
the front speakers.

Modes
Pro Logic is the primary listening mode for films, but many

decoders offer other modes, such as regular surround sound,
which is three channels, subtracting the center channel. This
mode is known as phantom center because if the system
doesn't have a center channel speaker, the two front speakers
create the aural image of one. A decoder often offers DSP
(digital signal processing) settings (church, hall, arena, stadi-
um, etc.) as well as a mono setting and a stereo bypass, which
is regular stereo for the two front speakers.

Source select
A decoder can serve as a preamp and source switcher. All of

the source components can be plugged into this decoder instead
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of into the receiver. Some decoders have inputs for video
equipment only, others for both video and audio components.

Channel enhancers
Some decoders include a center -channel boost in case the

center channel is underpowered and a digital bass enhancer
that boosts the bass, simulating a subwoofer.

Delay

The illusion of being in a theater or other acoustic environ-
ment is created by the surround speakers, which deliver their
sound a few milliseconds later than the front speakers. This
time lag is known as delay, and a decoder will allow the listen-
er to shift the delay to match the size of the room and his dis-
tance from the speakers. The longer the delay, the greater the
echo, and the larger the room will seem. The delay is usually
adjustable between 20 and 50 milliseconds in increments of
half milliseconds.

Variations
There are all -in -one home theaters and complete component

systems. The right choice for your client depends largely on
what equipment is already installed. If the client has no large -
screen TV or stereo at all, you might suggest a package that's
available from many TV makers that includes a large -screen
TV, a Pro Logic decoder/amplifier, and the five speakers. The
front speakers in these systems may be wing speakers mount-
ed on the TV with a small center channel speaker built into the
front panel, or they may be separate, depending on the room

already has a large -screen TV
and wishes to add a new audio system, you might want to sug-
gest that he start with an A/V receiver with a Pro Logic
decoder built-in. An AN receiver will provide the decoding,
the four -channel amplification, five sets of speaker terminals,
source switching for all the audio and video sources, mode
selection, and digital signal processing settings.

All you have to do is connect all the AN source components
and five speakers, and you're in business. If the system already
has a standard stereo receiver and a pair of front speakers, then
you might suggest Pro Logic in a box. These entry-level sys-
tems consist of three satellite speakers, center and two sur-
rounds, and a low -power amplifier/ switcher for the two addi-
tional channels.

Another option is separate components. Many high -end
audio companies make high -quality component Pro Logic
decoders/switchers with a variety of high -end sound adjust-
ment features. Add a two -channel amplifier by connecting it to
your existing amplifier/preamp setup.

Loudspeakers
Surround -sound speakers are often designed to reproduce

specific sounds. For instance, the center -channel speaker is
primarily responsible for dialog and is optimized for these fre-
quencies and reproduction.

It is still a matter of debate whether front speakers must be
specialized for video sound rather than music stereo reproduc-
tion and whether a good speaker can be used for either. There
are good arguments on both sides. Unless your client is an
audiophile, rely on what your ears tell you.

Manufacturers offer a complete set of five speakers designed
for home theater from a variety of suppliers. Some are satel-
lite/subwoofer systems, others feature full-size front speakers,
an oblong center channel, and small satellite -surround speakers.

If the system already has a pair of good front speakers, you
can add a pair of inexpensive satellite speakers for the sur-
rounds, or "rear" speakers. Take care in choosing a center
channel. A Pro Logic system sounds far better with a specially
designed center -channel speaker, particularly if it is one from
the same manufacturer as the existing front speakers.

THX

The sound system you'll see referred to as THX (Tomlinson
Holman experiment) was originally developed by LucasFilm,
the company operated by George Lucas, creator of "Star
Wars" and "Indiana Jones," to supply high -quality sound in
theaters. It was then adapted as an advancement on Pro -Logic
for home use.

THX is a certification and licensing program that assures
that amplifiers, decoders, and speakers for home theater
sound as close as possible to a movie theater and conform to
a strict LucasFilm THX standard. Any home -theater system
meeting home THX requirements has a Pro Logic decoder
along with other special electronic circuitry. THX technolo-
gy is designed, licensed, and enforced by LucasFilm, with
more than two dozen speaker and hardware manufacturing
licensees of the technology.

Home control
While home theater is revolutionizing the way movie and

music buffs enjoy films and music in their homes, home con-
trol is beginning to revolutionize the way people control their
homes. Digital technology, including the home computer and
peripherals especially designed for controlling products in the
home, are allowing even owners of modest homes to control
such things as lighting, curtains, audio and video equipment,
either automatically, or remotely.

Home control represents another opportunity for consumer
electronics service centers, who already deal with homeown-
ers regarding their TVs, VCRS, etc., to offer installation and
servicing for home automation.

Home control, or home automation, includes a variety of
products that allow for centralized and remote control of
groups of related home electronics.

For instance, an automated home audio system provides
complete control over all home audio equipment from any-
where in the house. The occupants can control the volume of
the speakers in your bedroom while lying in bed, even though
the stereo is downstairs in the living room. They can change the
air conditioning temperature in your house from a remote loca-
tion using a TouchTone phone. They can turn the lights on and
off at predetermined times. Security systems can be set up so
that if motion is detected when the owners are not home the
police are called automatically.

Drawbacks
Unfortunately the control system that controls the stereo

system doesn't talk to the system that controls the appliances,
and that system doesn't talk to the security system.
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Also, communication is one-way, from the occupant to the
device he wants to control. There is no intelligence or com-
munication in the system to allow products to talk back, to
report status, for instance, or talk to each other. It would sim-
plify things if, when someone presses "play" on the VCR, the
TV and audio/visual receiver also came on and the lights
dimmed, simultaneously.

Another drawback to the control system is that systems from
one manufacturer are often not compatible with those from
another. Consumers who buy them must make compromises,
or have several control systems to worry about. In the early
1980s, the lack of compatibility and communication between
devices and systems was addressed by an Electronic Industries
Association committee charged with coming up with multi-
industry standards that would allow any product powered by
electricity to talk to any other piece of electronics. Included in
the project were all home -related electronics: consumer elec-
tronics, lighting, power, and security.

CEBus
The standard that resulted from that committee is the

Consumer Electronics Bus, or simply CEBus (pronounced
SEE -bus). As most readers know, a bus is the major path for
data transfer in a microprocessor. The developers of the
CEBus communications protocol made all consumer electron-
ics products equipped with that circuitry able to operate
together as if they're part of a single system. Instead of one-
way, CEBus is a two-way system, with individual pieces of
equipment communicating with each other. An example of the
result of this technology is that when the homeowner wishes to
play a CD, he doesn't have to send instructions to the CD play-
er, amplifier, and then the preamp. The CEBus goal is for all
electronics products, consumer electronics products as well as
kitchen appliances, lighting fixtures, heating and cooling
equipment, security devices, and power utility products such
as thermostats, to contain the CEBus technology, which allows
each product to talk to the others. Each electronics products in
the home will work fine individually, but will also operate in
concert with others when that becomes necessary. Because of
advances in technology in other areas, CEBus doesn't require
any wiring. The commands can be conveyed along standard
power or phone lines, or via radio frequency or infrared wire-
less controllers. Homes already have much of the necessary
wiring. The adoption of the CEBus standard does not limit
choices. Consumers can still buy control systems from a vari-
ety of companies. CEBus-compatible products may or may not
work with the security, entertainment, or automation system
already in place. Keep in mind that CEBus is a technical stan-
dard, not a product, that is built into home electronics prod-
ucts. When buying electronic products, check to see if the
product is CEBus-compatible. CEBus standards are overseen
by the non-profit CEBus Industry Council, 4405
Massachusetts Ave., Indianapolis, IN, 46218, (317) 545-6243.

Features
Home automation offers limitless benefits. Following are

some of the features.
With home automation, a homeowner can phone home to

activate appliances, change the thermostat setting, or activate
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or deactivate a security system. Home automation systems
can be set up to set off chains of events. For example, the
system can be set so that if the smoke alarm goes off, it turns
on clock radios, alarms, and lights, and calls the police and
fire departments.

Here's another possibility: when a person leaves, he pushes
a single button and the house locks itself, turns the lights out,
and arms the security system.

The system also allows for timed control of appliances. For
example, the heating and cooling systems can be set to raise or
lower the temperature at specific times, the lawn sprinkler can
go on at predetermined times, certain lights can go on or off at
certain times, drapes can be motorized and can open and close
depending on the position of the sun, the clothes washer and
the dishwasher can be set to go on in the middle of the night
when water and electric rates are lower.

Home automation can be set up to control specific rooms.
For example, a centralized audio/video center with stereo
speakers and/or a TV in each room connected to it can control
the volume or the source (CD, radio, TV, VCR) from each
room. A number of home control products are available on the
market in three levels of complexity: plug and play, multi-

room, and computer -controlled.

Plug and play
With a "plug -and -play" system, you plug a product into a

module and send commands to the controller. In most cases the
controller is no more complex than on and off, depending on
the device. Here's how it works: you plug a lamp into a mod-
ule, then you plug the module into the wall. You turn the lamp
on and off with the control device from a remote location or it
can be set to turn on and off at predetermined times. The pre-
dominantly used plug -and -play protocol is called X-10, a pro-
prietary standard licensed to several brand -name suppliers.

Plug -and -play systems are simple: no installation is needed.
But they allow only limited control.

Multiroom
Multiroom systems include plug -and -play products, but add

more control. Products can be wired together directly using a
variety of cables including fiberoptic, coaxial cable, and phone
wiring, rather than ac wiring. Panels built into the walls of sev-
eral rooms contain wiring connected to the products, or a
remote controller sends infrared command signals. Multiroom
systems usually use a proprietary standard and control audio-
visual equipment.

Computer -based systems
A computer with the appropriate home -control software

allows you to program complex functions for current and
future use. This eliminates controlling individual or groups of
functions one at a time.

Here's an example of what a computer -based system can do.
A CD jukebox connected to the audiovisual system can be pro-
grammed to play discs in random sequence, for instance. Or it
can receive on-line weather reports and set the house climate
controls accordingly, whether anyone is home or not.
Controllers for computer -controlled systems include not only
the personal computer, but in -wall control panels for individ-



ual rooms. Some systems offer rudimentary voice control. You
walk into a room and ask the controller to play a CD; it replies
in a synthesized voice and executes the command.

Variations
Home automation is divided into three groups of products:

security, entertainment, and general automation.

Security
Do-it-yourself module security systems are hooked into a

home's lighting system. When the alarm is tripped, the lights
flash on and off.

To make this work, a security system can include such
devices as:

 Sensors: The primary components, they are small, twin
magnetic pieces that attach to windows and doors. If a door or
window is opened, the magnetic contact between the pieces is
broken and the alarm system is tripped.

 Motion detectors: These flood a room with low-level radio
or microwave signals. When the field is disturbed an alarm
goes off.

 Sirens: Loud noise makers, usually connected to go off in
concert with the lights when the alarm is tripped.

 Automatic dialer: Connected to a phone, dials emergency
numbers automatically when an alarm is tripped or a controller
activated. Some units play back a short message you've
recorded. Many can dial multiple phone numbers.

 Wall controller: A control panel that attaches to a wall con-
trols all aspects of a system, including arming and disarming.

 Remote control: A radio -frequency control that arms, dis-
arms, and controls all aspects of a system. Keychain remotes
are widely available.

Many suppliers offer packages of products. Most packages
include a few window and door sensors and controllers, as
well as siren- and lighting -control modules.

Entertainment
There are two ways to exercise multiple -room home enter-

tainment control: (1) with audio visual equipment designed for
multiroom/multisource circuitry (capable of playing a CD in
one room, the radio in another, for example); and (2) with spe-
cial external switching and multiroom control equipment.

A number of suppliers specialize in multiroom, multisource
equipment. Other companies specialize in external control and
distribution boxes, amplifiers, and speaker and coaxial cable
runs. For instance, you'll need a speaker junction or splitter
box that allows you to connect multiple sets of speakers to the
system. Coaxial cable distribution and amplification boxes
connect the video equipment to remote TVs.

The homeowner controls these systems via wall -mounted
panels wired to the audio visual equipment or connected to it by
radio -frequency or infrared remote control. Wireless remote
control usually requires the placement of repeaters throughout
the home. These small wall -mounted devices amplify an
infrared or radio -frequency wireless command signal to enable
it to reach the equipment.

Home automation
The term "home automation" describes control systems that

aren't specific to security or entertainment. It includes mod-
ules for lighting, appliances, heating and cooling, and other
devices that work on electricity and need to be controlled.
Home automation products include control devices such as:

 Telephone responder: Allows you to control a number of
different devices connected to it from any TouchTone phone.

 Programmable timer: Allows you to control a number of
devices that are turned on and off at regular times.

 Switch controllers: Control on/off functions of varying con-
trol modules. Some are RF remote controls that mount on a wall
or are tabletop controllers. Each controls a certain number of
modules. Many wall -mounted controllers are wireless and have
Velcro backing, which allows for flexibility in placement.

Connections
Control systems need a way to send their messages, through

direct wiring or a wireless system, sometimes with a combina-
tion of the two. A home control system can use existing wiring
in a house, such as phone lines (twisted pair), coaxial cable, and
home power lines. Radio -frequency control and infrared tech-
nology are used in wireless systems. Both wired and wireless
systems require controllers, special remote control devices that
allow you to tell the system what to do. The controller can be as
simple as a one or two buttons, or it can be a personal computer
for complex tasks. Most systems also require modules, small
boxes connected to the device to be controlled. The module
transmits the command from the controller to the device.

For instance, a home entertainment system may be connect-
ed using a combination of hard wiring and wireless modules.
The system interconnects in the usual way, and speaker wire
and coaxial cable are wired through the walls into individual
rooms for TV and speaker hookup. Wired into the wall panels
of the primary room are infrared emitters. Similar wall panels
with controls and radio frequency transmitters, which send the
infrared signal through the airwaves, are built into the other
rooms. Because the range of infrared transmission is limited,
infrared repeaters are located throughout the house.

Say someone is in a remote room and wants to watch TV. He
points a remote control at the wall panel or pushes the appro-
priate button on the control panel. The infrared signal is then
transmitted until it reaches the main equipment room. There
the infrared signal is sent to the audiovisual equipment, which
then translates the command into action and turns on the TV.

This is only one example of a hookup for entertainment
equipment. The actual hookup of a given system would be
determined by the user's needs and the type of equipment to be
controlled. A system designed for lighting might use just RF
transmission of commands, which are translated for each indi-
vidual lighting fixture by a module the lighting fixture is
plugged into. Or, instead of infrared transmitters and emitters,
the commands could be transmitted over the home's existing
wiring directly to each device module.

One determining factor for the type of system you design is
how you would wire your home. In -wall wiring is most often
used in new home construction or when homes undergo renova-
tion. Installing in -wall wiring in an existing home (retrofitting)
is not always feasible. Infrared transmitters and emitters are
often used when retrofitting is not an option.
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by Bob Rose

The D7 chassis is Philips Consumer Electronics new
high -end television. It has been reserved for inclusion in
27 -inch through 36 -inch sets and offers a variety of fea-

tures designed to please even the "average" TV viewer. From a
servicing point of view, it is remarkably sophisticated, requir-
ing the servicer to become acquainted with its unique circuitry
and to adopt a new way of service -related thinking.

New terminology
The D7 is called "a global chassis." Just working with a D7

necessitates becoming familiar with new terms and new ways
of referring to old concepts. For example, the IFT is called a
"LOT," a "line operated transformer," which is the European
designation for flyback. Moreover, when you read the litera-
ture, you run across abbreviations like "YUV," a new term for
an old concept where "Y" stands for "luminance," "U" for "R -

Y," and "V" for "B -Y." These are just a few of the new terms
and concepts you come across as you read through the service
manual and related service literature.

S 44e3a0, 6013

44 DY

Rose is an independent consumer electronics business owner and
technician.

Even the component designation system has changed, to wit:
0001-0999 mechanical heatsinks, brackets, etc.
1000-1999 electro-mechanical assemblies, fuses,

relays, switches, connectors, filters,
batteries, modules, and "anything not
designated below"

2000-2999 capacitors
3000-3999 resistors
4000-4999 surface mount jumpers and insulated

wire jumpers
5000-5999 coils and transformers
6000-6999 diodes and LED's
7000-7999 transistors and integrated circuits
8000-8999 cables
9000-9999 axial jumpers

Service literature
Fortunately, Philips offers us plenty of resources. The ser-

vice manual is number 7550 and might come with microfiche
98-7550. However, the manual is quite sufficient containing
block diagrams, circuit descriptions, schematics, and parts
lists. I think it is one of the better manuals Philips has produced

Figure 1. Under normal operating conditions, the voltage on the base of 7629 is just slightly negative. But it swings increasingly negativeas the
CRT draws more current. If the voltage swings sufficiently negative, transistor 7629 turns on, activating the circuit, and the TV shuts down.
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Figure 2. The voltage at pin 50 of IC 7150 should be about 0.8V when the TV is in standby, about 2.2V when the TV is on and not receiving a
signal, and about 2.5V when it is on and receiving a signal.

in a while even though I find it a bit bulky and somewhat cum-
bersome. If you service many D7's, you might also consider
buying the video, What's New For Winter 1998. It comes as a
part of the literature authorized service centers receive, but I
think it is available to non -authorized servicers for a small fee.
Finally, I received the booklet 99RTM Technical Training at a
service meeting in Memphis. It is relatively brief and covers
more than the D7 chassis but does a good job dealing with the
circuits in the D7. I recommend it if you can get it.

By the way, Manual 7550 is the source for the schematics I
use in this article.

Shutdown mode
The circuits in this set I want to deal with are the shutdown

circuits. I suggest you become very familiar with them
because my intuition leads me to believe they will present us
with more than a modest challenge. The technical engineers
at Philips suggest a procedure for dealing with them that I am
about to pass along. Those engineers tell us that if we proceed
in a logical, methodical manner we shall be able to trou-
bleshoot them with a minimum of difficulty, and they under-
score the statement that the circuits should to be checked in
the order in which they are presented. I believe they have a
point. However, a little experience ought to tell you in which

order you should proceed. Here, as always, experience will
be your best teacher.

Before getting to the shutdown circuits, perhaps I ought to
pose a question, "How do you know when a D7 has experi-
enced a shutdown as opposed to just being a dead set?" First,
confirm that the power supply is up and running. Second, take
a look at the power LED on the front of the set. If it goes off
after about five seconds and blinks at a 1Hz rate (once a sec-
ond), the set has more than likely experienced shutdown.

Did you pay attention to the phrase "more than likely experi-
enced shutdown?" I have come to the conclusion that few things
are certain in the world of electronics. If a TV can "get you," it
will. Thankfully, there is a reliable check that confirms the chas-
sis has shutdown. After you have confirmed the operation of the
power supply and noted the blinking LED, measure the voltage
at pin 11 of the microprocessor. This voltage should always be
5.1V, or very close to that value. Oh, it momentarily drops when
the TV receives an on command but almost immediately rises
again to 5.1V. If you find a reading that is considerably lower
than 5.1V, you can be sure the set has shut down. Get ready,
then, to investigate the shutdown circuits.

Before I leave this section, let me underline the point that you
really should confirm the operation of the power supply before
you begin to think about shutdown. I suggested in a previous
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Figure 3. Transistor 07716 provides vertical deflection protection in this set.

article that the best way to do that is confirm the presence of at
least two secondary voltages. However, you need just a minute
or so to check all of them, and the minute spent confirming
them just might save you literally hours of trouble later on.

The shutdown circuits
I hope you don't get excited when I inform you that the

chassis has four shutdown circuits. They are:
1. the circuit that monitors beam current,
2. vertical deflection,
3. horizontal deflection, and
4. the x-ray protection or HEW circuit (the circuit that mon-

itors the high voltage).
The engineers at Philips suggest that you deal with them in

the order in which I am about to list them.

Excessive beam current
The first circuit that can shut the TV down is the one that

monitors beam current. You need to look at the horizontal
deflection circuit (Figure 1) and what Philips calls the "sync"
circuit (Figure 2) to get a feel for the complete beam limiter
circuit. The service manual labels the pages that you need to
consult "A2" and "A6" respectively.

The circuit under scrutiny is labeled "prot_ibeam_eht."
Locate transistor 7629 and the components associated with it.
The circuit in which it is located monitors the voltage at the
low side of the flyback (LOT) winding that produces the EHT
(extra high tension or high voltage) for the picture tube. Under
normal operating conditions, the voltage on the base of 7629 is
just slightly negative. But it swings increasingly negative as
the CRT draws more current. If the voltage swings sufficiently
negative, transistor 7629 turns on, activating the circuit, and

the TV shuts down. There is nothing new here because almost
all modern televisions receivers use a similar circuit.

Now shift your attention to Figure 2 and locate pin 50 of IC
7150. Do you see that resistor 3616 ties the collector of 7629 to
it? When you check the voltage, you should find about 0.8V
when the TV is in standby, about 2.2V when the TV is on and
not receiving a signal, and about 2.5V when it is on and receiv-
ing a signal.

Under normal operating conditions, as I pointed out, transis-
tor 7629 is biased off. When excessive beam current causes it
to conduct, 7629 puts a voltage considerably higher than 2.5V
on pin 50. The IC senses the voltage and interrupts horizontal
drive which shuts the TV down.

Let's assume that you have a shutdown problem and want to
find out if excessive beam current has caused it. The first ques-
tion to ask is, "Did the screen become overly bright before
shutdown occurred?" If it did, remove the CRT socket and try
another on command. If the set stays on, excessive beam cur-
rent is more than likely the gremlin for which you are looking.

The next question is, "Why is the tube drawing too much
current?" Several possibilities pop into mind, don't they? It
might be caused by the picture tube itself, loss of the +200V to
IC 7830 (the IC that contains the video output transistors), or
loss of video because of a component failure on the main chas-
sis. You may proceed to check each possibility with the CRT
socket removed from the CRT. I suggest that you begin by
checking for the presence of the +200V because it is the most
common fault.

Sometimes the circuit activates before the CRT comes on,
leaving you to wonder what kind of information really is on
the face of the tube. In such an instance, disconnect the CRT to
see if the set stays on. If it doesn't, remove the socket and lift
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Figure 4. If vertical deflection in this set is lost, transistor 7716 turns off, permitting transistor 7041 to turn on and pull pin 11 of IC 7000 low. When
pin 11 goes low, the microprocessor "assumes" that vertical deflection has failed and responds by turning the TV off.

the collector of transistor 7629. If the set stays on, the problem
is more than likely in the beam limiter circuit itself. The litera-
ture suggests that in this event you pay attention to transistor
7629 because it may have become leaky. However, don't for-
get to check for leaky diodes and open resistors or resistors
that have significantly changed value.

Vertical deflection
Consult Figure 3 and locate transistor 7716 in the vertical

deflection circuit. Notice that diode 6739 connects the voltage
at its collector to the base of transistor 7041; the collector of
which is tied via a resistor to pin 11 of the system micro-
processor (Figure 4). If you are following the flow of informa-
tion given in the service manual, you see the notation "A8-26"
at the cathode of 6738. The "A8" refers to page A8 in the ser-
vice menu, and "26" tells you which breakout on page A8 to
consult. Not a bad system once you get used to it.

The voltage on pin 11 of the microprocessor ought to be 5.1V
in the no -signal and signal -present condition, indicating that
vertical deflection is active. When it turns off, transistor 7716
permits transistor 7041 to turn on and pull pin 11 of IC 7000
low. When pin 11 goes low, the microprocessor "assumes" that
vertical deflection has failed and responds by turning the TV
off. As we shall see, three shutdown circuits tie into transistor
7041. For the moment, let's assume the problem lies in the ver-
tical deflection circuit.

How can you effectively troubleshoot the circuit when TV
won't stay on? Begin by removing the CRT socket to keep the
picture tube from being damaged in the event that vertical

age down because setting it is not as simple as it used to be.
Then ground the collector of 7716. If the set stays on, trou-
bleshoot the vertical deflection circuit. However, don't over-
look the possibility that the vertical deflection protection circuit
itself is causing the problem. I admit that it's not likely, but, hey,
we're dealing with televisions, aren't we? Use conventional
troubleshooting procedures to repair the vertical deflection cir-
cuit if it actually is at fault.

Excessive high voltage
Let's go back to Figure 1 and locate diode 6628 at coordi-

nate E7. Do you see that it is connected to the base of tran-
sistor 7041 the collector of which is tied to pin 11 of IC
7000? If the voltage at the anode of diode 6628 exceeds
1.2V, transistor 7041 turns on and pulls pin 11 of the micro-
processor low, and the set shuts down.

You can make a quick check to determine if the HEW cir-
cuit has caused the TV to shut down by measuring the dc
level at the anode of diode 6628. If it exceeds the trip voltage
of 1.2V, the circuit is active. Once you have determined the
HEW circuit has become active, you must then decide if the
EHT really is high or if the HEW circuit has failed. If the
high voltage is excessive and B+ to the horizontal output
transistor is normal, think in terms of a defective timing
capacitor (2633 and/or 2634) in the collector circuit of the
output transistor. These capacitors might have decreased in
value or opened, permitting the retrace pulse to become nar-
row which raises the high voltage the LOT produces.
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which pulls pin 11 of the microprocessor low, and shuts down the set.

If the high voltage appears to be normal, check the diodes in
the HEW circuit for possible leakage and the resistors for a
change in value.

Whatever you do, think at least twice before you defeat the
circuit. If the high voltage really is high, you run the risk of
injuring yourself, damaging your test equipment, and/or doing
major damage to a television you don't own and for which you
are responsible. I remember servicing a Panasonic TV that
someone had "tinkered" with. When I turned it on, I thought a
lightning bolt had struck near my bench because of the high

voltage arc. As a matter of fact, the flash of light temporarily
blinded me. I estimate that the EHT the set produced was in
excess of 50,000V. The moral of the story is, "Don't defeat the
HEW circuit unless you know what you are doing."

Horizontal deflection
The last circuit that has the ability to cause a system control

shutdown is a failure of horizontal deflection which may
involve either the horizontal deflection circuit itself (Figure 1)
or the East-West correction circuit (Figure 5). Transistor 7680
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on the E -W panel (Figure 5) monitors horizontal drive. If hor-
izontal drive fails, 7680 turns on permitting transistor 7658 to
turn on, which causes transistor 7659 to turn off. Resistor 3959
then applies a dc voltage to the protection line that turns on our
old friend transistor 7041(Figure 4) which pulls pin 11 of the
microprocessor low, and the rest of the story you know.

How do you know when horizontal drive has failed, given the
fact that these circuits tie to a common point (transistor 7041)?
After you have ruled out excessive beam current, loss of vertical
deflection, and the HEW circuit as the cause of the shutdown,
follow these steps:

1. Remove the CRT socket if you haven't already done so to
protect the picture tube and its circuitry from possible damage.

2. Ground the base of transistor 7041 to defeat the shutdown
circuits altogether.

3. You may now check to see if horizontal deflection is
working.

Monitor the collector of the horizontal output transistor if
your scope can handle the voltage. If it can't, find a circuit
that you can monitor, like the one that produces the +200V for
the video output transistors. If the retrace pulse
is present, horizontal deflection is working. If the pulse isn't
present, trace horizontal drive backward to the source of the
difficulty and use conventional troubleshooting and repair
techniques to fix it.

If you ground the base of transistor 7041 and discover that
horizontal drive is present, you may logically assume that the
problem lies in the E -W panel. With 7041 defeated and the
set up and running, you should be able to find the problem in

a relatively short period of time. If worse comes to worse,
simply order a replacement panel E -W panel and wire it into
the set. However, given the fact that there aren't many com-
ponents on it, you should be able to fix the panel in relatively
short order.

Now let me say a few words about the LOT, or flyback. I
haven't seen a lot of D7 chassis in the last few months, but
every one that I have serviced for horizontal deflection prob-
lems had a bad flyback. I called Philips and asked if they were
having problems with the flyback and was told that it was a high
failure item. However, be of good cheer because it is an inex-
pensive item, costing just a few pennies less that $15.00. At
least the last one I bought did. I am told that Philips is about to
increase the price they charge for parts if they haven't already
done so.

Summary
Let me try to summarize what I have been saying like this.

The "prot_e_w_vert" line monitors three circuits via transistor
7041, vertical deflection, HEW, and horizontal deflection. A
failure in any of these circuits results in 7041 turning on and
pulling pin 11 of the microprocessor low, leading the micro-
processor to shut the television down. The beam limiter circuit
is tied to pin 50 of integrated circuit 7150 and performs its
function by shutting off horizontal drive.

I really believe these shutdown circuits aren't as daunting as
they appear to be. Given a little experience on these products, I
think you will be able to work through a shutdown problem in
a D7 chassis in short order.
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Network Theorems And Laws

In the "What Do You Know About Electronics" in the March
2000 issue, I used an abbreviation, AQL, that may not be
familiar to all readers, and didn't include an explanation of

the meaning of the abbreviation. Let me correct that omission
here. AQL stands for "acceptable quality level." This term
describes the number of components (e.g., resistors) that must
test o.k. in a shipment (or family) in order for the entire ship-
ment (say, 5,000 resistors) to be accepted. You will find AQL
used in incoming inspection departments.

As you may know, if a company orders 5000 I Okfl resistors,
it is not a good practice to take the time to test all of those resis-
tors. Instead, they use the AQL rating that tells how many resis-
tors, randomly selected, should test o.k. in order for the ship-
ment to be accepted. It is an economy thing.

The AQL rating is calculated by using statistics. It is usually
the company that ships the product that provides the AQL.

More on network theorems and laws
The method used for solving for a current in a network, using

Maxwell's loop equations, is a generalization of Kirchhoff's
method. Traditionally, Kirchhoff's method is taught first.
However, I have given Maxwell's method first because the math
is somewhat easier. Before we have finished this series, you will
have reviewed twelve network theorems and laws.

Study the illustration in Figure 1. If you are going to use
Maxwell's loop equations in Figure 1(a) to solve for the current
through Rc, you must first solve for II and I,. Then you must
subtract those currents to get the value of lc (this statement
assumes that you are using the convention of clockwise currents
as suggested by the author).

However, if you move branch b to the outside, as shown in
Figure 1(b), you only need to solve for one current (lc) to get
the current (Ic) through RC.

Satisfy yourself that the circuit in Figure 1(b) is electrically
identical to the one in Figure 1(a).

The circuits in Figures 1(a) and 1(b) can be used for charg-
ing the battery V I using generator VI. The point in this discus-
sion is that sometimes you can simplify a circuit before you start
your calculations.

Solution by using Kirchhoff's laws
As a general rule, the Kirchhoff's method will require more

equations than the Maxwell method. However, I think both
methods are very easy if you are careful in applying the rules.

 Maxwell's Rule: Write a voltage loop equation for each
closed loop and solve the equations for the desired current.

a

f

a

Ra

MA.

V1

Rb

(a)

b

Rb

MA,

12 = V2

Rc

'NAN

d

Rb

la lc

-=- V2

f d

(b)

Figure 1. If you are going to use Maxwell's loop equations in Figure
1(a) to solve for the current through Rc, you must first solve for I1 and
12. Then you must subtract those currents to get the value of Ic. However,
if you move branch b to the outside, as shown in Figure 1(b), you only
need to solve for one current (Ic) to get the current (1c)through Rc.
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Figure 2. The values in this circuit can be determined by using one cur-
rent node equation and two voltage loop equations.

 Kirchhoff 's Rule: Write a sufficient number of junction cur-
rent equations to include all currents in the circuit. Also, write
enough voltage loop equations to include all circuit voltages.

Refer to Figure 2. Note how currents II, 12, and 13 are marked
on the drawing. Using junction b, here is the required current
equation:

at junction b: It = 12 + 13
or, - 12 - 13 = 0

Note that currents entering the junction are positive, and cur-
rents leaving the junction are negative.

The polarities of the voltages across the resistors are marked
and are established by the assumed junction currents.
Conventional current is used, so, if you enter a positive voltage
drop, it is a negative voltage.

Here are the equations for the circuit in Figure 2:

1. current equation: 13 = II + 12
2. loop abefa: -IiRa - I3Re + VI = 0
3. loop bcdeb: -I2Rb - V2 - I3Rc = 0

You can set up a matrix for those three equations. However,
I'm going to use an old algebra trick. Note that 13 = II + 12 in
equation 1. So I'm going to substitute II + I 2 for 13 in equa-
tions 2 and 3. Here is the result of that substitution:

-IiRa -(Ii - I2)Rc +VI = 0 (from eq 1 above)
or -IiRa - IIR, + I2Rc + VI =0
and -II (Ra +Rd + I2Re = -VI

If you go back and write the Maxwell loop equation for loop
abefa, you will get the exact same equation. Following the same
procedure for the loop that consists of bcdeb, you will get the
second Maxwell equation.

Conclusion: Maxwell's loop equations can be the equations
of Kirchhoff's laws. If you are reading a technical article, you
should be able to understand both Maxwell's and Kirchhoff's
methods, depending on which the author uses.

About that Buyers Guide
So you got your March issue of ES&T containing the Buyers'

Guide, and you tossed it aside without considering important
articles that also came with it. You told yourself that you would
get back to it later, but probably never will.

One of the important things that you would have learned if
you read the issue thoroughly is that there will be one billion
wireless users by the year 2003, and as many as 400 million
using wireless devices to access the interne by the 2004 peri-
od. Another article provides suggestions for selling consumer
electronics service via the internet.

So the Buyers' Guide is more than just a Buyers' Guide. It
contains information that supertechs like you need for keeping
up with technology.

Some abbreviations

Can you identify these abbreviations?
1. Saw filter. filter
2. TDM
3. EIRP
Here are the answers:
1. Surface acoustic wave filter
2. Time division multiplex
3. Effective isotropic radiated power
You correctly identified those abbreviations, right? If not, you

should reread the Buyers' Guide.

Electronic Technicians Association - ETA
and

Satellite Dealers Association - SDA
present

The Ultimate Customer Service Specialist
Study Guide

CSS-2
The second edition of this popular CSS Study Guide

is now in print.

Twice the number of pages

Twice -.he chapters

Dozens of new practice quiz questions

Sales -marketing -service relationships; Technoliteracy; Safety; Company
standards; Dependability; Teamwork; Work ethics;

Problem solving; Company loyalty; Telephone techniques; Controlling your
emotions; Communications; Record keeping; Safety; Decision making; Customer

service techniques; Hygiene, and more

No Service Business Should be Without One of These
Unique Gu des to World Class Service!

to order

Call 800 288 3824
etat<rindy tdsnet

ETA -I
602 N Jackson, Greencastle, IN 46135

Circle (70) on Reply Card
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DTV: The Revolution in Electronic Imaging, by Jerry
Whitaker, 528 pages, hardcover, $55.00

The electronics industry is on the verge of the most dramatic
advance in imaging technology since the color television. Under
the banner of High Definition Television, telecommunications,
broadcasting, and computer are being merged into a single dig-
ital imaging system with a wide range of exciting new applica-
tions. This timely book brings the digital "Grand Alliance," and
its role as the HDTV standard, into sharp focus. One of the most
respected names in the field provides an engrossing account of
the technology, including key aspects of video compression, and
details late breaking developments in the effort to bring this
emerging technology to the market.

McGraw-Hill. 1221 Avenue of the Americas. New York, NY 10020.
Phone: 800-352-3566

Simplifying Power Supply Technology, by Rajesh J. Shah,
PROMPT Publications, 138 pages, $19.95

Simplifying Power Supply Technology offers an entry point
for people interested in the field of power supplies. Power sup-
ply technology has come a long way in recent years. Many
researchers have dedicated their careers to advancing the field
of power electronics and a good amount of effort is put into mak-
ing contributions to the field. One can easily appreciate this field
by understanding the basic concepts involved.

Simplifying Power Supply Technology simplifies the concepts
of power supply technology and gives the reader the background
and knowledge to confidently enter the power supply field. It is
also useful to experienced technicians as a reference guide to
the basic concepts of various topologies.

Simplifying Power Supply Technology was written for read-
ers from various backgrounds. Students, hobbyists, profession-
al technicians, engineering assistants, and marketing and sales
people will find this a useful and informative companion vol-
ume in the power supply industry.

Chapter I : An Overview
Chapter 2: Input - information includes EMI filters, recti-

fiers and filters, and power factor correction circuitry.
Chapter 3: Regulators - information includes an introduc-

tion, linear regulators, buck regulators, boost regulators, and
buck -boost regulators.

Chapter 4: Converters - information includes an introduc-
tion, switch -mode converters, forward converters, flyback con-
verters, push-pull converters, half -bridge converters, full -bridge
converters, and limitations of PWM technique.

Chapter 5: The Control Section - information includes an
introduction, transfer functions, closed -loop control system,
feedback circuit, pulse -width modulation, linear control, direct
duty cycle control, voltage feed forward PWM control, current
mode control, and isolation and protection circuits.

Chapter 6: Power Supply System Specifications and
Applications - information includes an introduction, specifi-
cations, applications, and regulatory agencies.

Rajesh J. Shah is currently working for Delphi Energy and
Engine Management Systems on the Electric and Hybrid vehi-
cle programs. He has 15 years experience in the field of elec-
tronics, having worked for Lambda Electronics, Branson
Ultrasonics, Magnetek, and Valmont Electric. He holds a
Master's degree in Electrical Engineering (MSEE) from
Polytechnic University, Brooklyn, New York, as well as a
Master's Degree in Business Administration (MBA) from
Indiana Wesleyan University, Marion, Indiana.

Sams Technical Publishing. 5436 W. 78th Street. P.O. Box 68 I 008. Indianapolis. IN
46268. Website: www.sams.website.com

Surface -Mount Technology for PC Boards, by James K.
Hollomon, Jr., PROMPT Publications, 512 pages, $34.95

Manufacturers, managers, engineers, and others who work
with printed -circuit boards will find a wealth of information
about surface -mount technology (SMT) and fine -pitch technol-
ogy (FPT) in this book. Practical data and clear illustrations
plainly present the details of design-for-manufacturability, envi-
ronmental compliance, design -for -test, and quality/reliability
for today's miniaturized electronics packaging.

Valuable information includes:
Benefits and limitations of SMT
SMT & FPT components & land patterns
SMT & FPT manufacturing methods
Design-for-manufacturability
Reliability & quality assurance
Practical applications & standards
Glossary of SMT terms

Sams Technical Publishing. 5436 W. 78th Street. P.O. Box 681008. Indianapolis. IN
46268. Website: www.sams.website.com

Novell's Dictionary of Networking, by Kevin Shafer, Novell
Press, 640 pages, $24.99,

This dictionary covers all the definitions of vital networking
concepts, as well as sorting out the acronyms and jargon of the
industry. It's scope spans all aspects of networking hardware
and software - from LANs and WANs to network operating
systems such as NetWare, OS/2, Windows NT, and Unix. This
is the only dictionary approved by the experts at Novell.

Novel: Press. I -800-762-2974. 117-596-5530

McGraw-Hill Electronics Dictionary, by Neil Sclater and
John Markus, 544 pages, hardcover, $55.00

On the market for the past 20 years, this dictionary is now
updated for the age of digital communications. The Sixth Edition
features more than 14,000 entries including 800 new terms and
definitions, covering such fast-growing subject areas as personal
computers, digital telecommunications, cellular telephony, and
consumer electronics. It also features 220 new illustrations.
Outdated entries have been deleted, ensuring the book's use-
fulness for engineers, technicians, managers, marketers, stu-
dents, and anyone working in or around the field of electronics.

McGraw-Hill. 1221 Avenue of the Americas. New York, NY 10020.
Phone: 801)-352-3566
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Designing Power Amplifiers, by Stephen Kamichik ,

PROMPT Publications, 208 pages, $29.95
Occasionally, some of the most pertinent and interesting sub-

jects can be overlooked and filed away in the electronics class-
room. Now one such subject has been uncovered and given the
attention it deserves.

Enter a new field of electronics expertise and mastery with
Designing Power Amplifiers. Whether you're a hobbyist, tech-
nician, or an engineer, this book contains vital and exhaustive
materials that will enlighten you on all areas of power amplifier
design. The books adopts a classroom/lab approach as it is divid-
ed into two parts, one focusing on power amplifier design theo-
ry, and the other being devoted to power amplifier projects. Each
chapter on theory contains questions at the end to help you review
and retain the most important points covered. Extensive descrip-
tions and detailed drawings guide you through each project, hon-
ing your skills and adding to your knowledge as you read.

With this book at your side as a trustworthy resource and ref-
erence, you'll possess all that you need to design and develop
all kinds of power amplifiers.

Some of the power amplifiers covered include:

- Transformer -Coupled Amplifiers
- RC, Inductance, and Direct -Coupled Amplifiers
- Single -Ended Amplifiers
- Push -Pull Amplifiers
- Audio Amplifiers
- Microwave and Ultrasonic Amplifiers
- Stereo Headphone Amplifiers
- And More!

Stephen Kamichik is an electronics consultant who has devel-
oped dozens of electronic products and received patents in both
the United States and Canada. He holds degrees in electrical
engineering, and was employed for several years as an elec-
tronics technician at SPAR in Montreal, where he worked on
the initial prototyping of the Canadarm.

Sams Technical Publishing, 5436 W. 78th Street, P.O. Box 681008, Indianapolis, IN
46268, Website: www.sams.website.com

Semiconductor Essentials for Hobbyists, Technicians &
Engineers, by Stephen Kamichik, PROMPT Publications,
128 pages, $19.95

Semiconductor Essentials, by Stephen Kamichik, is a first
course in electronics at the technical and engineering levels.
Each chapter is a lesson in electronics, with problems present-
ed at the end of the chapter to test your understanding of the
material presented. This generously illustrated manual is a use-
ful instructional tool for the student and hobbyist, as well as a
practical review for professional technicians and engineers

Chapter 1: Semiconductor Chemistry - information includes
semiconductors, atoms, valence, single crystals, crystal flaws,
conductivity in crystals, N -type material, P -type material, sum-
mary, and problems.

Chapter 2: Diodes
Chapter 3: Rectifier Diodes - information includes ideal

diode, ideal diode with threshold voltage, diode forward resis-
tance, diode load line analysis, and problems.

Chapter 4: Rectifier Diode Circuits - information includes

half -wave rectifier circuit, full -wave rectifier circuit, full -wave
bridge rectifier circuit, diode clipper, and problems.

Chapter 5: Zener Diodes- information includes zener diode
model, zener diode voltage regulator, and problems.

Chapter 6: Other Diodes - information includes varactor
diode, tunnel diode, and problems.

Chapter 7: Transistor Chemistry
Chapter 8: Transistor DC Analysis - information includes

transistor models, amplifier configurations of a bipolar transis-
tor, common -base configuration, common -emitter configura-
tion, common -collector configuration, features of transistors,
and problems.

Chapter 9: Basic Circuit Concepts - information includes
Ohm's law, Kirchoff's voltage law, Kirchoff's current law,
superposition, resistors in series and parallel, the Thevenin
equivalent, and problems.

Chapter 10: Transistor Biasing - information includes bias-
ing using two power supplies, fixed -bias circuit, collector -to -
base biasing circuit, self -bias circuit, thermal runaway, and
problems.

Chapter 11: Transistor AC Analysis - information includes
transistor high frequency model, T -model, and problems.

Chapter 12: Transistor Circuits -information includes
Darlington pair amplifier, differential amplifier, cascading tran-
sistor amplifiers, monostable multivibrator, astable multivibra-
tor, Schmitt trigger, and problems.

Sams Technical Publishing, 5436 W. 78th Street, P.O. Box 681008, Indianapolis, IN
46268, Website: www.sams.website.com

COMDEX
September 26-28. 2000
Miami Beach Convention Center
Miami Beach, FL

COMDEX
300 Fitst Avenue
Needham, MA 02492-2722
781-433-1500
www.zdevents.comkomdex
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The questions and answers in this issue were taken from
"TYEKs" in previous issues dated as shown in paren-
theses. Review is a very important method of locking

information into your store of knowledge.

1. Regarding a computer, the interval of time between call-
ing for information in memory and receiving that information
is called . (October 1994)

2. What is the Boolean output for A x A? (December 1992)

3. Which type of diode is best for sensing the presence of
infrared light? . (November 1992)

4. Which of the following transistor types has no partition
noise? (December 1985)

A. A bipolar transistor.
B. A MOSFET

5. Is the following statement correct? Pink noise has more
low -frequency energy than high -frequency energy. (December
1985)

A. Correct
B. Not correct

6. The advantage of testing an amplifier with a sawtooth
waveform over testing it with a square waveform is that the
sawtooth wave can show . (June 1997)

7. To three decimal places, what is the length of the side of a
square that has the same area as a circle with a 3 -inch diame-
ter? (September 1993)

8. The primary resistance of a certain power transformer is
accurately measured to be 3.852. It's secondary resistance is
accurately measured to be I.4Q. Can you accurately determine
its turns ratio? (July 1991)

9. What is a stroboscope used for? (July 1994)

10. Is the following Boolean equation correct?
ABC = A + B + C. (July 1987)

A. No
B. Yes
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ES&T READER

It's a mini survey about you.

Bound into this issue is the ES&T Reader Survey card.

We would like to hear about the problems you face, the opportunities
you see and the equipment you use during the course of your work day.

The postage is paid. All you have to do is fill it out and mail it.

What could be easier?

Please fill yours out and mail it today.
62 Electronic Servicing & Technology June 2000
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Classified advertising is available by the word or per column inch.
By -the word. $1.65 per word, per insertion, pre -paid Minimum charge is $35 per insertion. Initials and abbreviations count as full words.
Indicate free category heading (For Sale, Business Opportunities, Miscellaneous, Wanted). Blind acts (replies sent to ES&T for forwarding)
are $40 additional. No agency discounts are allowed for classified advertising by the word. Contact Alycia Nicholsen at516-681-2922 to

place your classified ad (by -the -word). Mastercard, VISA, American Express and Discover are accepted for FAX or mail orders.
Per column Inch (classified Display): $235 per column inch, per insertion, with frequency discounts available, 1" minimum, billed at 1/4"
increments after that 10" maximum per ad. Blind ads are $40 addition. Reader Service Number $25 additional to cover processing and han-
dling costs. (Free to 4 -inch or larger ads.) For more information regarding classified display advertising, please call 630-584-5333. Optional
color (determined by magazine) $150 additional per insertion.

Electronic Servicing & Technology
25 Newbridge Rd, Hicksville, NY 11801 Attn: Classified Department

Ph: 516-681-2922 FAX: 516-681-2926

FOR SALE

TEST EQUIPMENT FOR SALE: REASONABLE PRICES
SENCORE, TEKTRONIX, HP and MUCH MORE. View complete list at:
http://www.astglobal.com or contact: AST GLOBAL ELECTRONICS.
Voice: 888-216-7159; Fax 814-398-1176; e-mail: sales @astglobal.com

All Consumer VHF Drop In Power Supplies Rebuilt, $29.95.
Commercial supplies please call. Free Shipping. Liberty Electronics,
207 W. Clinton Avenue, Oaklyn, NJ 08107. 856-854-4443. E-mail jklib-
erty@aol.com

WinSTIPS! - 144,000 Current tips from 500 shops! All brands. $149.95.
Single or multi-user. http://www.ServiceSoftware.com. KDTV 514 3rd
St., Aurora, IN 47001. 1-888-537-8477. All c/cards. Download FREE 30
days.

ServiceTalk E-mail repair group. Why work alone? 30 day free
trial. http://www.ServiceSoftware.com. WinSERV Shop Management
software.

SENCORE, TEKTRONIX, HEWLETT PACKARD (a!l models). We
BUY, SELL, & TRADE. Please call "CHOICE ELECTRONICS" for all
of your test equipment needs. Complete financing options available.
Call 1-800-609-0677, 605-361-6386 ask for Lance Topie.

*****NAP Tuner 340309***** RCA Tuner TCHRIA or TCCRIA and more.
Snowy picture? Will rebuild for $25.00, Free Shipping!!! Tip Top TV &
VCR, 18441 Sherman Way, Reseda, CA 91335, 818-345-1974.

**FREE** Service Tips for TV's, VCR's, Projection TV's, CAM-
CORDER's. Must have IBM compatible computer. Send your Name
and Address to: FREE SERVICE TIPS, P.O. BOX 464, WHEATLEY
HEIGHTS, NY 11798.

TV PATTERN GENERATOR. New Leader LCG-409 all channel,
$350.00. TV STEREO GENERATOR. New B&K 2009, $250.00.
New CRT REJUVENATOR, $500.00 Lots more. Free catalog. GEOMA
(608) 462-4222.

FOR SALE

TV CASE HISTORIES: Volume 8 with 3,325+ histories. Satisfaction
assured. Only $59.75 (plus $3.25 shipping). Over 10,100 books and sup-
plements sold with only 1 returned for a refund! Mike's Repair Service,
P.O. Box 217, Aberdeen Proving Ground, MD 21005. Same mailing
address 36+ years. Send SASE for samples. 410-272-4984,1-800-2-FIX-
TVS 11a.m.-9 p.m. ( http://mikesrs.webjump.com)

IN -CIRCUIT CAPACITOR TESTER - Find bad caps FAST and RELI-
ABLY with the Capacitor Wizard in -circuit ESR Tester! Great for moni-
tors, switching power supplies, TV, etc. Still only $179.95. MCNISA.
Independence Electronics Inc. 800-833-1094. www.awiz.com

TEST EQUIPMENT BOUGHT & SOLD: OSCILLOSCOPES, ETC.925-
706-0177. FAX: 925-706-0156. www.oscilloscopesetc.com

Work From Home On Your Computer. Internet Marketing Opportunity
$500-$6,000/Mo. www.easy4you.net.

`nContron Advanced Shop Management Software. Free Trial
Download: http://ServicersSolutions.com. (888) PBS -6288.

WANTED

WANTED:USED TEST EQUIPMENT. TURN IDLE OR EXCESS
EQUIPMENT INTO CASH. AST GLOBAL ELECTRONICS. Voice:
888-216-7159; Fax 814-398-1176; e-mail: sales@astglobal.com.

Need techs who can repair any of the following: VCR, TV, camcorder,
stereo, CD, music amps, mixers, printers or 3/4' VCRs. Full or part
time. Burbank, CA. Phone & fax 818-848-4036. arctv@relaypoint.net

BUSINESS OPPORTUNITIES

CENTRAL FLORIDA TV/ELECTRONICS Business/Building. Heart of
the retirement a -ea. 36 years (75K). Owner retiring. 941-385-0359.
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Readers' Exchange is a free service.
The following restrictions apply to Readers' Exchange:
 Only individual readers may use Readers' Exchange, and

items must be restricted to those that are ordinarily associated
with consumer electronics as a business or hobby. If you're in
business to sell the item(s) you want to offer for sale, the
appropriate place for your message is in a paid advertisement,
not Readers' Exchange.

Readers' Exchange items must be restricted to no more
than three items each for wanted and for sale.

All submissions must be typed or printed clearly!

Send your Readers' Exchange submissions to:
Readers' Exchange

Electronic Servicing & Technology
25 Newbridge Road, Hicksville, NY 11801

Phone: 516-681-2922 Fax 516-681-2926

FOR SALE
Wavetek Sam 1450 signal analysis meter, Model 1450, service #
809302 I . Wavetek III digital signal analysis meter, service #8143037.
Contact: Alex Mine/li, 218-263-3598.

Hewlett Packard lab audio audio generator #206A, $150.00. Fisher FM
receiver stereo generator #300, $100.00. B&K capacitor analyst #801.
$75.00. Other items, send an SASE. Contact: John Mathews, P.O. Box
197, Broomall, PA 19008-0197, phone: 610-356-1249.

B&K 545 component analyzer. Can test components in -circuit with no
power applied, $985 (unused). Contact: Kin, Gutzke, 612-869-4963.

Sony Model 7200 beta VCR, like new with factory service manual.
Best offer. Contact: Richard Gilman, P.O. Box 633, King City, CA
93930, phone: 831-385-9248.

Sencore PA81 & SG 80 stereo analyzer, mint condition with manuals.
Delco service manuals 72-94. Delco Tech -1 analyzer. Contact: 412-
366-4848, fax: 412-366-2552, E-mail: awest@s.g.i.net.

Thomas electronic organ, full service diagrams, 34 different model
sets, $10.00 per set. Heath oscilloscope Model SO -4556, 60 MHz, dual
trace, triggered, $500.00. Sencore Model TC-28 (the hybrider) tube
and transistor tester, $250.00. Contact: Roman, 262-255-0953, E-mail
romanno@prodigy.net.

Sams Photofacts and other duplicate service test manuals and instru-
ments. Send an SASE. Contact: N. Young, 214 E. Robertson Street,
Brandon, FL 33511.

WANTED
Zenith6h VM6700C camcorder control button assembly. Contact: Joe
Sanfilippo, 7/5-356-6004.

Pioneer TV SD -P4004 service manual/schematic. Contact:N. Young.
214 E. Robertson Street, Brandon, FL 33511.

Technics SP-10MK2 turntables w/obsidium base, SP-10MK3, SL -

1000, SME and Technics arm. Hickok tube tester, audio tubes, vintage
limiters, etc. Contact: Kim Gutzke, 612-869-4963.
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Company
Page

Number

Reader
Service
Number

Advertiser
Hotline

B & D Enterprises 3 6 888/815-0508
B & K Precision 7 60 714/237-9220

Cal Test 13 61 888/256-2246

Computer & Monitor Maintenance .25 62 800/466-4411

Electronic Design Specialist 15 63 561/487-6103

Electronic Servicing & Tech IBC 800/853-9797

Electronics Technicians Assoc. 59 70 800/288-3824

Electronix Corporation 25 64 937/878-1828

Escalera, Inc. 25 65 800/622-1359

Herman Electronics 23 66 800/938-4376

Iscet 23 71 817/921-9101

Pomona Electronics I FC 119 909/469-2900

Sams Technical Publ'shing 45 68 800/428-SAMS

Sencore 5 69 800/SENCORE

Thomson Consumer Elec BC 67 800/336-1900

We'd like to see your company listed here too.
Call Jonathan Kummer at 516-681-2922or e-mail:
jkummerest@aol.com to work out an advertising
program tailored to suit your needs.
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Electronic Servicing
& Technology

Now there's an easy way to organize and keep copies of your favorite
magazine readily available for future reference.

Designed exclusively for Electronic Servicing & Technology by
Jesse Jones Industries, tl-ese custom-made titled cases and binders pro-
vide the luxury look that makes them attractive additions to your book-
shelf, desk or any location in your home or office.

Each binder/case is covered durable leather -like material; title is hot
stamped in gold.

Whether you choose cases or binders, you'll have a storage system
that's durable and well organized to help protect your valuable copies
from damage.

Quantity Cases Binders
One $ 8.95 $11.25

Three $24.95 $31.85
Six $45.95 $60.75
Add $1.50 per case/binder for postage and handling.

Outside USA $3.50 per case/binder. (U.S. funds only)

Credit cards accepted: AMEX, Visa, MasterCard, Diners Club (Min. S15) PA
Residents add 7% sales tax Allow 4 to 6 weeks delivery

Electronic Servicing & Technology
Jesse Jones Industries, Dept. 95 EST
499 East Erie Avenue, Phil., PA 19134

Call TOLL FREE 7 days, 24 hours
1 -800-82 5 -6690
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Applied Robotics
by Edwin Wise

A hands-on introduction to
the field of robotics, this book
will guide the hobbyist
through the issues and chal-
lenges of building a working
robot. Each chapter builds
upon the previous one,
extending a core robot pro-
ject throughout the book.
Examples of chapters
include: Mechanical
Platforms, Power Supplies,
Adding Sense,
Microcontrollers, Insect
Robots. Pneumatics, More
Behavior and Intelligence,
Programming Projects.
Robot Behaviors,
and much more.

61184  $29.95

Manufacturer to
Manufacturer Part
Number Cross Reference
by Howard W. Sams & Co

Desperate to get that
replacement part?
Wondering if that two-week
wait for one part is worth 1?
Have a workshop full of parts
you aren't sure are the :Olt
replacements? With the
Manufacturer -to -
Manufacturer Part Number
Cross Reference you will
have the source for finding
all the possible alternative
replacement parts.

61207  $29.95
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Dictionary of Modern
Electronics Technology
by Andrew Singmin

New technology overpowers
the old every day. One
minute you're working with
the quickest and most
sophisticated electronic
equipment, and the next
you're working with a
museum piece. This
dictionary thoroughly
defines the ever-changing
and advancing world of
electronics terminology.

61164  $34.95
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SEMICONDUCTOR
caoss REFERENCE BOOK
Four)

Component, Identifier &
Source Book, 2/E
by Victor kfeeldijk

Writte-ito assist technicians
and swstem des.gners, this is
a vital tool for anyone who
wants to make the process
of identifying and locating
components easier and
faster Provides cross refer-
ence to component types,
manufacturers, trade names,
abbreviation, and more.

61159  $34.95

.EMICONECCTOR CROSS REFERENCE -
o (MO

Enhanced knion

Semiconductor Cross
Reference Guide, 4/E and
Sermconductor Cross
Reference on CD-ROM
by Howard W Sarns & Co.

Available in paper or on
CD-ROM. this reference
covers all major types of
semiconductors and is the
most comprehensive guide
to replacement data available
for engineers, technicians,
and students who work with
semiconductors. Covers
more than 490,000 part
numbers A necessary corn-
ponant o' your workbench!
Paper Version:
61080  $29.95

CD-ROM Version:
61140  $29.95

TO ORDER TOLL FREE
CALL 1-800-853-9797

When ordering books please inbude the following information: Name, address, city, state & zip. Please
make a list of the books you're requesting. When paying by credit card send the number along with
the expiration date. Check, Money Order, Mastercard, VISA, Discover and AMEX accepted. Please make
your check or money order payable to: Electronic Servicing & Technology.
U.S. and possessions - add $4 shipping/handling. FREE shipping/handling on orders $50 and over.
Foreign - shipping/ handling charces are calculated by order, weight & destination. A $4 credit will be
applied for Foreign orders over $50.

Please mail your orders to:
Electronic Servicing er Technology

25 Newbridge Road, Hicksville, New York 11801 FAX 516-681-2926



When you're looking for a replacement
head, SK Series is way ahead of the
competition.

SK Series replacement video
heads cross over to 4,500
different models and
68 different brands.

And when you're in need of
any exact semiconductors,
belts, tires, flyback
transformers or video
replacement parts, we have
them too.

Every SK Series product comes
with the quality assurance and
accuracy you expect from all
Thomson products.

For more information on SK Series
products, contact your nearest
Thomson Distributor.

SK Series...The parts you need to do the job. "Trust me!"
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