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EDITORIAL /Ai

Random
thoughts
about the
digital
revolution

The "digital revolution" has been
wondrous indeed. How else can
you characterize a technological

advance that has resulted in such marvels
as the personal computer, the compact
disk, digital TV, the digital video (versa-
tile?) disk, CD-ROM and more. But then,
that's just the consumer electronics side
of the digital revolution.

Just think about all of the other appli-
cations of digital electronics that we
rarely think about. For example, many
automotive engines are now controlled by
computers. Sensors sense engine speed
and temperature, the composition of the
exhaust gas, and adjust the fuel -air mix-
ture for the most efficient combustion.

Another example of the effects of the
digital revolution is the application of the
computer to personal banking. There was
a time not so long ago when in order for
me to check my bank balance to make sure
that I've been keeping accurate records, I
had to either wait until the end of the
month for my statement, or go to the bank
and request a current printout of my
checking account (at the cost of a few
bucks, of course).

These days I can access my account
information via computer at any hour of
the day or night from anywhere in the
world, there's a computer on which I can
load my access software, and a telephone
line, and know exactly, up to the minute,
which checks have cleared and which
have not, and exactly what the balances
are in my checking and savings accounts.
As if that weren't enough, I can now pay
many of my bills electronically.

The article "CD Servicing: Under-
standing and troubleshooting the optical
pickup," in this issue, describes one of the
ingenious applications of digital technol-
ogy: the optical disk. Some ingenious
individual, or group of individuals, came
up with the idea of encoding music as dig-

ital data in the form of pits on the surface
of a plastic disk, coating the surface with

a reflective material such that when a laser
is used to read the data, the music is
detected and then decoded by a "comput-
er" of sorts, and converted back into the
music that was originally used to create
the music data.

There are a couple of interesting side-
lights to the story of the compact disk. For
one, because of the way technology is
developed these days, the individual or
individuals who created this technology
are quite anonymous. If we look at past
technological developments, the names
of the inventors are well known: the
phonograph, the light bulb - Edison; the
air brake - Westinghouse; the automobile
assembly line - Henry Ford. But who
"invented" the compact disk. We know
that it was a joint venture between Philips
and Sony, but who knows the names of
the individuals whose minds developed
this technology.

Another interesting facet of this tech-
nology is that it seems that, in this case,
an application of digital technology was
first conceived as a venture completely
outside the realm of computers and tech-
nology: it was used to record and play
back music. Then someone looked at
compact disk technology and came up
with the bright idea that if data that con-
stituted music could be stored in optical
form on a compact disk, why not com-
puter data. And thus was born the concept
of the CD-ROM.

Digital electronics has now been incor-
porated into virtually every aspect of elec-
tronics, including consumer electronics.
Now with DBS satellite TV, even the TV
signal is digital. The trend will continue
when we see the introduction of terrestri-
al broadcast digital TV. It will represent a
whole new world of consumer electron-
ics. And a whole new set of challenges for
service technicians.
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NEWS

National VICA announces medalists
in Skills USA Competitions

The Vocational Industrial Clubs of
America (VICA) has announced the win-
ners of the 1997 Skills USA Competitions
at the 33rd annual Leadership and Skills
USA Championships. The competition
was held in H. Roe Bartle Hall in Kansas
City, MO on June 26, 1977.

Entrants in the Electronic Products
Servicing competition took a demanding
written test, and were required to demon-
strate manual servicing skills by building
a circuit project and troubleshooting and
repairing several products that had been
rigged with a known fault.

The medal winners in the Electronic
Products Servicing competition were:

Post Secondary: Gold Medal: Walt
Kersiek, Cedar City, UT; Silver Medal:
Thomas Ham, Albany, GA; Bronze
Medal: Andrew Huey, Covina, CA

Secondary: Gold Medal: Dale Swartz,
Richboro, PA; Silver Medal: Steven
Disario, Washington C.H., OH; Bronze
Medal: Chad Lloyd, Old Hickory, TN

These medalists were presented with a
certificate from Electronic Servicing &
Technology magazine for a complimen-
tary one year subscription in recognition
of their achievement.

CEMA applauds FCC DBS
antenna ruling precedent setting

ruling allows consumers to get DBS
without local zoning approval

The Consumer Electronics Manufac-
turers Association (CEMA) applauded
the Federal Communications Commis-
sion's decision today to strike down a
local ordinance that would have the
effect of limiting the placement of Direct
Broadcast System (DBS) antennas.

CEMA's president Gary Shapiro hailed
the decision as a precedent setting victo-
ry for the consumer. "This ruling is a clear
indication that consumer interests can
supersede local bureaucratic interests.
This is a victory for DBS companies, but
more significantly it is a victory for con-
sumers who want alternatives to cable.
The FCC has sided with consumers and
we applaud their decision."

In February of this year CEMA, and
others, filed comments urging the
Commission to strike down local ordi-
nances limiting the placement of DBS
antennas. This announcement is the first
time the FCC has issued an order striking
down local restrictions and represents a
major setback for localities seeking to
generate revenues by limiting the use of
DBS antennas.

Skills USA Championships. Front row from L to R: Dave Ebberts; high school medalists: Silver -
Steven Disario, Ohio; Gold -Dale Swartz, Pennsylvania; Bronze -Chad Lloyd, Tennessee; Deborah
Gelvo, EIA/CEMA; Kendra Stanley, CEMA. Back row L to R: Jerry Ganguzza, Sharp Electronics
Corporation; post secondary medalists: Silver -Thomas Ham, Georgia; Gold -Walt Kerksiek, Utah;
Bronze -Andrew Huey, California; Brian Ott, EIA/CEMA; and Frank Steckel, EIA, CEMA.

The Federal Communications Com-
mission's decision will prohibit local gov-
ernments and homeowner associations
from establishing rules and regulations
limiting installment, maintenance or use
of satellite dishes and wireless cable
antennas that are one meter or smaller in
diameter unless justified by safety or his-
toric preservation considerations.

Audio system sales skyrocket;
portable sales rebound

With sales to U.S. dealers expanding
two percent to $586 million, the audio
equipment sector showed renewed
strength in May, according to data
released by the Consumer Electronics
Manufacturers Association (CEMA).
System sales are skyrocketing this year,
and portable sales rebounded in May.

Among the categories driving May
audio growth were compact disc (CD)
headsets, home radios, CD boomboxes,
and both compact and home theater sys-
tems. The rebound in monthly sales also
helped to energize the audio industry's
year-to-date performance. For the first
five months of 1997, factory sales of con-
sumer audio hardware totaled $2.67 bil-
lion, only fractionally below the $2.73
billion registered at this point last year.

In percentage terms, systems continued
to outperform the other audio groups,
soaring 30 percent in May to $141 mil-
lion. Compact systems, which grew 57
percent, accounted for more than two-
thirds of that dollar volume.

Barely a statistical footnote last year at
this time, home -theater -in -a -box systems
posted more than $100 million factory
sales through May, helping to lift the
overall systems category to $614 million
year to date, up 17 percent over last year's
first five months.

Leading the major categories in dollar
volume were portable products, which
topped $164 million, up seven percent
over the $153 million recorded in May
1996. Home radios and compact disk
headset units each reported 11 percent
growth, while CD boomboxes surged 35
percent to $54 million.

(Continued on page 52)
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Understanding and
troubleshooting laser optical
pickup devices
By The ES&T Staff

Based on information provided by the Consumer Electronics Manufacturers' Association

New technology such as the video laser
disk and the compact disk have brought
many improvements into the lives of
audiophiles and videophiles. Both have
resulted in better reproduction of record-
ed material. Both are far more convenient
than previous systems. For example, in
the case of a CD you simply place a CD
in the player, close the drawer, and press
play. And the CD plays. If you want to
change the order in which the unit plays
the tracks, just program that in. If you
want it to skip tracks, program that in too.
Or if you just want the player to play the
tracks in random order, you can select that
option as well.

Unfortunately, as with so many new
products, the convenience for the user
translates into more challenges for the
servicing technician. The old turntable or
record changer was little more than a
turntable driven by a motor. The user
would place the stylus in the groove and
the groove just pulled the stylus around
while the record turned.

The changer mechanism might present
some challenges, and the stylus might
wear out, and it was necessary to adjust
the amount of force on the stylus for best
music reproduction, but compared to a
compact disk player, the old phono-
graphic turntable was simplicity itself.

With a CD player, or a video laserdisk
player, the music information on the disk
is read by a laser beam. There is a servo
system to focus the laser. The motion of
the optical pickup to track the row of pits
on the disk that represents music,
requires not one but two servos. And con-
version of the disk data to the original
audio it represents requires a complex
digital system. No wonder technicians
need constant education.

This article is intended to provide some

LASER
DIODE

CONTROL

LASER DIODE

VCC

LASER DRIVER

MONITOR DIODE

LASER OUTPUT ADJUST

Figure 1. This simplified diagram gives an idea of the operation of an optical pickup system used
in a CD player or a laser disk player.

MIRROR

OBJECTIVE LENS

COLLIMATOR LENS

COMPACT DISK

HALF MIRROR
CYLINDRICAL LENS

\ \ GRATING

({P) LASER DIODE

PHOTODIODE

Figure 2. The elements of a three -beam optical pickup system used in a video laser disk or CD
player are arranged generally as shown here in this illustration.
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Second, the laser optical pickup is sen-
sitive to electrostatic discharge (ESD).
Always use ESD precautions, such as a
grounded work mat, a grounding wrist
strap and grounded equipment.

The laser optical pickup
The laser optical pickup unit in a CD

player focuses on the side of the CD oppo-
site the label. It tracks the data at the same

and sends it to the
circuitry that decodes it and outputs it to
the audio amplifier. The data encoded on
the disk is recorded on the disk starting at

B

A D

TRACKING
Co TROL

TRACKING
SERVO

TRACKING COIL

LOW-PASS
FILTER

SLED SLED
I DRIVE , 1MOTOR

Figure 3. The photodiode array in a three -beam optical pickup system consists of an arrange
ment of four photodiodes and an arrangement of two photodiodes. The outer two photodiodes in
the three beam system provide tracking information, and the inner four photodiodes detect focus
errors at the same time as they convert the optical data from the main beam into an electrical sig-
nal for use in the player's amplification and decoding circuits.

details about the operation of the optical
pickup in CD and laserdisk players, to aid
readers in troubleshooting these devices.

Safety information
It is imperative that anyone working on

the laser optical pickup of a compact disk
or video laserdisk player observe certain
safety precautions.

First, the laser beam emitted by the
laser diode can cause serious damage to
the eyes. Never look directly into the
objective lens or directly at the laser diode
while the player is turned on.

B C

A D

Figure 4. If the main beam falls equally on all four diodes in the focus/pickup photodiode array
as shown at the lower left, the laser optical system is in focus, and there will be no focus erro
signal. If the intensity of the beam is greater on one of the pairs of diodes in the four -diode array,
as shown in the two lower right drawings, a focus error signal will be generated and the objec
tive lens will be moved until focus has again been achieved.
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COMING NEXT MONTH
Among the useful information in the

November issue, ES&T will present two
articles that will be of interest to anyone
who could use some pointers on soldering
and desoldering parts found in today's
consumer electronics equipment, or han-
dling of printed circuit boards and parts.

The soldering and desoldering update
will provide details on getting enough heat
to solder joints to ensure a reliable solder
joint without providing too much heat,
which could cause damage to the compo-
nent or cause the circuit traces to lift.

An article on circuit board and parts han-
dling will suggest products and techniques
that make it easier for a technician to keep
the circuit board being worked on steady,
while placing and soldering those tiny.
hard -to -handle parts.
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DeoxIT
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Figure 5. When the player is first turned on, the objective lens moves until the electrical signal
created by the main beam on the photodiode array is falling with equal intensity on all four pho-
todiodes, indicating to the focus servo system that the beam is in focus.

the inside edge of the disk and spiraling
to the outside of the disk. As the disk
turns, the data travels past the optical
pickup at a constant linear velocity.
Because the diameter of the disk is greater
at the outer edge than at the inner edge,
this means that as the disk plays, the angu-
lar velocity of the disk varies from about
500rpm at the inside, to about 200rpm at
the outside, of the disk.

The optical pickup system

Figure 1 is a simplified schematic dia-
gram of the optical pickup system. The
driver transistor regulates the current to
the laser diode. The current through the
monitor diode is fed to the laser diode con-
trol circuit to control the amount of cur-
rent through the diode. The laser output
adjustment allows the technician to adjust
the diode current to the specified value.

Single -beam and three -beam

There are two types of optical pickup
used in laserdisk and compact disk play-
ers: single beam and three beam. These
systems are highly complex electro-
mechanical devices.

The three -beam system consists of
photo sensors, a laser diode assembly and
lenses and mirrors for shaping and direct-
ing the laser beam (Figure 2). In this sys-
tem, the focus servo controls the up and
down movement of the objective lens to
focus the infrared light from the laser
diode onto the surface of the disk.

The three beam optical pickup system
is mounted on a "sled," which slides along
a track beneath the radius of the spinning
disk. As the data on the disk spirals out-

ward, a tracking drive coil makes fine
adjustments in the position of the sled to
follow the data track. When the drive coil
has moved as far as it can, a sled, or feed
motor, makes the coarse adjustment to
move the pickup to the next track.

The 3 -beam optical pickup unit uses a
single laser diode to emit a laser beam. A
number of different optical pickup
designs are used in 3 -beam systems. This
basic illustration serves to give a general
idea of how the 3 -beam system works.

The laser beam is divided into several
beams by the grating unit. Only the three
center beams are used in the operation of
the unit. The center, strongest, beam is
focused on the reflective surface of the
disk by the objective lens.

As the disk spins, the laser beam is
reflected from the surface and onto a sen-
sor. One set of diodes in the sensor, a pho-
todiode array (which will be described
later), senses tracking information, and
the other set senses whether the beam is
in focus, and converts the laser light
reflected from the disk into an electrical

Figure 6. The relative intensities of the two
reflected beams from the secondary beams
tells the player if the main beam is tracking right
down the middle of the data stream on the disk,
or if it is straying.
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signal. The less intense, second -order,
sub beams, are used for tracking.

The semi -reflective half mirror reflects
the three beams of light from the laser
diode into the objective lens, which
focuses them on the surface of the disk.
The reflected beams pass directly through
the semi -reflective mirror and impinge on
the sensor, the photodiode array.

The photodiode array consists of an
arrangement of two photodiodes and an
arrangement of four photodiodes (Figure
3). The two outer photodiodes, E and F.
detect tracking errors. Photodiodes A
through D perform a dual function: they
detect focus errors, and they serve to
"pick up" the reflected main beam. That
is, they convert the laser light into an elec-
trical signal. This main beam now con-
sists of a beam of laser light interrupted
wherever a pit appeared on the disk. That
is, it is a modulated data signal that con-
tains a representation, in time, of the data
that was encoded on the disk.

The reflected secondary, or radial
beams used for tracking, strike the two
photodiodes, E and F. The difference in
intensity between the reflected beams is
detected as the tracking error signal. The

GAIN
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LD FB

CD FB

LD

CD

MOTOR
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- DRIVE
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Figure 7. A video laser disk is larger in diameter and heavier than a compact disk. In a combi-
nation video laser disk/CD player, the player must determine which type of disk has been loaded
in the player, and set the torque of the spindle motor accordingly.

tracking error signal is used by the track
and sled servo circuits to keep the main
beam centered on the digitally -encoded
track of the disk. The three beam optical
pickup system is used in both laser disk
and compact disk players.
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The simplified three -beam servo block
diagram for a typical video laser disk
player includes the focus servo, sled or
feed servo, tracking servo, spindle servo
and tilt servo. The tilt and time base cor-
rector are not required in a three -beam

disk player.

Focus
The focus servo system for the three -

beam optical pickup system (Figure 4)
uses four photodiodes to develop the focus
error signal. The optics in three beam sys-
tems is a focus error detection method
known as astimagtic focus detection.

The focus error signal is derived by
comparing the signal from two pairs of
photodiodes. The shape of the reflected
center beam striking the photodiode
array determines the amount and polari-
ty of the focus error. If the beam is per-
fectly centered among all four photodi-
odes, the error signal will be essentially
zero. If the beam strikes any pair of the
diodes with less intensity than it strikes
the other pair, the difference in intensity
is converted into an error signal detect-
ed in the focus servo circuit, which, in
turn, outputs the focus drive signal to
keep the laser beam focused on the sur-
face of the disk.

When the CD player is first turned on,
the objective lens moves until the electri-
cal signal created by the reflected main
beam on the photodiode array indicates
to the focus servo system that the beam is

12 Circle (61) on Reply Card



SINGLE BEAM PHOTODIODE ARRAY

in focus ( Figure 5). Thus, servo lock is
achieved during the focus initialization.

Tracking
Tracking is accomplished by the track-

ing and sled servos. The tracking error is
proportional to the difference in the
strength of the signals generated by pho-
todiodes E and F in the optical pickup,
which is in turn proportional to the inten-
sity of the reflected beam from the radial
or secondary beams.

Ideally, the radial beams strike the
reflective surface of the disk adjacent to
the row of pits being read by the main
beam, while the main beam strikes the
center of the row of pits (Figure 6). If the
main beam of light from the laser diode
strays very far from the center of the row
of pits, one of the secondary beams will
begin striking the row of pits. If that hap-
pens, the intensity of that beam will be
reduced, resulting in a difference in the
strength of the output of one of the track-
ing diodes. This difference in signal
strength from the two diodes is the error
signal sent to the tracking servo, which is
used to move the pickup back to its cor-
rect position with respect to the disk. The
tracking servo thus attempts to minimize
the tracking error current, which is deter-
mined by the difference in current
between photodiodes E and F.

The angle of the secondary beams to
the track, known as the grating angle, is
very critical. If the grating angle is not
properly adjusted, tracking becomes
erratic, or in extreme cases, tracking is not

.6- Figure 8. A single -beam laser optical pickup system employs a
beam splitter to split the reflected modulated beam. These two beams
are used to detect tracking and focus errors.

Figure 9. The single -beam servo system, used only in CD players,
includes focus, radial, and spindle servos. +
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possible at all. In the latest CD players,
the grating angle is set at the factory and
is not field adjustable.

Laserdisk, compact disk combos
In a product that combines a video

laserdisk player with a compact disk play-
er, the type of disk being played must be
detected before any other actions are
taken by the player. During startup in one
of these units, the optical pickup is posi-
tioned via the sled so that it can detect

which type disk has been loaded. The sys-
tem first checks for the presence of a
laserdisk by attempting to focus outside
of the diameter of a typical compact disk.
If the disk in the player is a laser disk, the
laser beam will be reflected onto the pho-
todiode array (focus is found), and the
system sets up to play a laserdisk.

If the laser beam is not reflected onto
the photodiode array, there will be no
electrical output from it (focus is not
found), and the optical pickup will then

LOW FREQUENCY
OUTPUTS TO SERVO

PROCESSORS

Figure 10. In a single -beam optical pickup system, the pickup outputs several signals as a result
of reading and tracking a spinning disk, including the HF data signal and the LF radial error and
focus error signals. These signals are used to recreate the music from the CD and for tracking.
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Figure 11. In the single -beam optical pickup system, the photodiode signals are applied to AGC amplifiers followed by low-pass filters.

be positioned to detect a compact disk.
The microcomputer sets the gain of the

spindle servo and the torque of the spin-
dle drive motor according to which type
of disk has been loaded (Figure 7). The
greater mass and size of the 12 -inch video
laser disk requires greater torque than
does a 3 -1/2 -inch compact disk.

The spindle motor starts to rotate
according to the type of disk detected, and
the sled drive positions the optical pick-
up to the lead-in tracks. The table of con-
tents (TOC), located in this area of the
disk, is read from the disk. At this point,
tracking servo lock is achieved.

The fine tracking is accomplished via
the tracking coil. The LF sled drive sig-
nal is used to control the forward or
reverse drive to the sled motor.

In normal play, when the tracking coil
current reaches a certain designated level,
the sled motor drive momentarily kicks on
to step the sled forward to the next track.

Logic from the microcomputer pro-
vides direct control of the tracking servo
to advance or reverse the sled mechanism
for track jumping when required, for
example during search forward or reverse.

Tilt servo
The larger -diameter video laser disk

tends to sag toward its outside edges. If
some means were not provided to com-

pensate for this, the laser beam reflected
from the disk would not strike the photo -
diode array properly, resulting in failure
of the player to operate properly, or at all.
Thus, in video laser disk players, a tilt
servo is used to adjust the angle of the laser
beam from the pickup so that it is always
perpendicular to the surface of the disk.

In combination video laserdisk/CD
units, normally, the tilt servo is only active
when playing the larger video disks.

The tilt servo consists of two photodi-
odes and an LED to correct tilt as the disk
plays. A tilt -neutral circuit is used to place
the tilt servo in its neutral position for
smaller diameter disks.

The single -beam system
The single beam optical pickup unit

uses only one laser beam to read data and
to achieve focus and to perform tracking.
In this system there is no grating element.
The single beam is reflected by the half
mirror into the objective lens.

The single -beam system tracking and
focus are accomplished by splitting the
reflected modulated beam in half using a
"beam splitter" (Figure 8). These two
beams are used to detect tracking and
focus errors. While the single -beam sys-
tem uses a photodiode array as a sensor to
perform focus and tracking and data pick-
up, it is a different type of array. In the sin-

gle -beam system, four photodiodes pick
up modulated data and detect both track-
ing and focus errors. Single -beam systems
are used in compact disk players only.

The single beam servo block diagram
for a single -beam CD player (Figure 9)
includes the focus servo, radial servo and
spindle servo. The optical pickup outputs
several signals as a result of reading and
tracking a spinning disk, including the HF
data signal and the LF radial error and
focus error signals (Figure 10). The pho-
todiode signals are applied to automatic
gain control (AGC) amplifiers followed
by low-pass filters (LPFs) (Figure 11).

The focus error is generated by detect-
ing the difference in signals between two
photodiode pairs. The focus error is
derived from the four low -frequency pho-
todiode signals.

In this system a focus initializing cir-
cuit controls the focus startup to initiate
focus servo lock. Focus initialization is
controlled by the servo microprocessor.
The focus drive signal reveals the condi-
tion of the focus initializing and the focus
error servo signals.

The focus drive signal controls the
focus movement of the objective lens via
the focus coil. In the single -beam system,
the optical pickup is mounted on a radial
swing arm, rather than on a sled. The

(Continued on page 54)
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Success in busiress

requires progress.

Successful progress

requ res change

Successful change
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Successful effort
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Working with depot
repair centers
By The ES& I Staff

The definition of consumer electronics,
and therefore of consumer electronics
service, continues to broaden. Remember
the good old days when a sign up over the
storefront that said "Al's Radio and TV
Service" accurately reflected what went
on inside? Those days are gone forever.

Just imagine the size of the sign
required for a service center to describe
everything that is now called consumer
electronics. It would have to read "Al's
Radio and TV and VCR and compact
disk, and video laser disk, and satellite
receiver, and personal computer and
monitor and " OK, it's getting a lit-
tle ridiculous, so we'll stop here. But
think about it; the list could have actual-
ly continued for a while. Whew!

Diversification for success
Because of the vast broadening of the

definition of consumer electronics over
the past couple of decades, service cen-
ters that service consumer electronics
products have felt pressure to diversify.
For one thing, with television sets
increasingly reliable and less expensive,
the percentage of sets that will ever be
candidates for service has shrunk dra-
matically. And those sets that are candi-
dates for service barely make it econom-
ical for either the owner or service center
to fix. So the service center has to look
elsewhere for other products to service.

Moreover, a more and more common
occurrence is that one of Al's stead cus-
tomers brings in a camcorder or monitor
and says "Al, you've been fixing my TVs
for years. Do you know anything about
these things." Al has a couple of choices:
he can turn this steady customer away and
hope that although he's gone elsewhere
for the service of his monitor or cam-
corder, he'll come back to old faithful Al
the next time his TV set needs to be ser-
viced. He might come back. Or if he finds
that the place he brings his monitor for
service is in a more convenient location,
or has a very personable, friendly staff

that puts him at ease about his product ser-
vicing, or perhaps looks more competent
than his old faithful service center, he may
begin to bring all of his service work to
Modem Electronics Servicing.

Using depot service
Let's say that Al has only two other

technicians working for him. One of them
is young and has taken some courses in
digital electronics, but he's not competent
enough to service computers and moni-
tors. Still, without special training, the
required service literature, and special
tools and test equipment, Al's is not going
to be servicing any computer -related
products for a while. What does Al do to
keep from letting that precious, steady,
long-time customer walk out the door.

One answer is that he might be able to
avail himself of the services of a depot
service center. If he could find the right
depot that services the type of product that
the customer has brought in, he could use
an express package service to ship it to
the depot, have it serviced by experts who
possess the correct tools, test equipment
and service literature, have it back with-
in a few days, mark up the depot's cost of
service and return it to the customer.

Using one or more service depots in this
way, Al could gauge how much of this
business he's likely to do, and, on that
basis, make decisions as to which of the
many types of products he may have the
opportunity to service that he should gear
up to service himself.

Depot service is nothing new
Service centers have historically used

some type of "depot" service center to help
them service certain portions of some
products. For example, service on

mechanical TV tuners requires equipment
and skills that the average service center
does not wish to acquire. Therefore, when
a TV being serviced needed a new tuner,
the service center sent the tuner to a tuner
service specialist and received a refur-
bished tuner in return to install in the set.

From the point of view of the service
center, this was merely exchanging a
faulty but repairable subassembly for a
refurbished one. But it was in fact a form
of depot repair. The same thing was true
of replacing a TV picture tube with a
rebuilt one. While the faulty tube was
replaced with another, refurbished, one,
in effect, the service center had dealt with
a service "depot."

It's a common way of doing business
Some service centers seem reluctant to

contract out work, but it does make sense
in many cases, and it is standard practice
in other businesses.

For example, if you bring your car in
to the auto service shop for some work,
and the work includes damage to the body
that will require some straightening, fill-
ing, sanding and painting, the chances are
very great that the service center will per-
form the mechanical work, but will send
the car out to a body shop with whom they
have an arrangement and get the body
work done there. It just doesn't make
sense for them to maintain the skills, spe-
cialized equipment and supplies for body
work when they don't do much of it.

A list of depots
For the convenience of readers, fol-

lowing is a partial list of depots that pro-
vide service for consumer electronics
products and for personal computers and
peripherals.
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3E Corp.
Monitor Repair
165 Front Street
Chicopee MA 01013
413-594-2772
Fax: 413-594-7283

Air 1 USA Inc.
Micro Services Division
PO Box 3035
Pueblo CO 81005
719-566-0018
Fax: 719-566-0024

AMCOR
373 Route 46 West
Fairfield NJ 07004
201-575-5900
800-542-6267
Fax: 201-575-8469

Analog Technology
Center Inc
62 Route 101A
Amherst NH 03031
603-673-0404
Fax: 603-673-4526

Cerplex Group, Inc
1382 Bell Avenue
Tustin CA 92780
714-258-5600
Fax: 714-259-1944

Datatech Depot, Inc.
1371 North Miller St.
Anaheim CA 92806
714-996-7500
Fax: 714-970-1670

Depot America
1345 Campus Parkway
Neptune NJ 07753
800-648-6833
Fax: 908-919-1929

Dot Shop, The
12025 NE Summer St.
Portland OR 97220
503-256-7585
800-487-6025
Fax: 503-256-7588

List of Depots
Fessenden Technologies
116 3rd Street
Ozark MO 65721
417-485-2501
Fax: 417-485-3133

Electrohome
181 Cooper Ave, Suite 100
Tonawanda NY 14150
716-874-3630
Fax: 716-874-4309

Electroservice Laboratories
6085 Sikorsky St.
Ventura CA 93003
805-644-2944
Fax: 805-644-5006

General Disk Svcs, Inc.
1530 Montague Expwy
San Jose CA 95131
408-432-0537
Fax: 408-434-1015

Genicom Corporation
1 Genicom Drive
Waynesboro VA 22980-1999
800-535-4364
Fax: 703-949-1500

Guardian Computer
Support, Inc
1177 Quarry Lane, Suite F
Pleasanton CA 94566
510-846-3649
800-752-8733 X102
Fax: 510-846-4596

HI-TEK Services, Inc.
1595 Crocker
Hayward CA 94544
510-489-8909
800-285-3508
Fax: 510-489-5908

C. Hoelzle Associates, Inc.
17321 Eastman Street
Irvine CA 92714-5523
714-251-9000
Fax: 714-251-9291

Hy Tec Dealer Service
4548 Parkbreeze Ct
Orlando FL 32801-1045
407-297-1001
Fax: 407-297-4310

Laserlmpact
10435 Burnet Rd Suite 114
Austin TX 78758
512-832-9151
800-777-4323
Fax: 512-832-9321

Laser Wizard
705 General Washington Ave.
Valley Forge Business Ctr.
Norristown PA 19403
610-539-4708
Fax: 610-539-1096

Mac Shack
28 Willow Pond Way Suite LL3
Penfield NY 14526
716-377-9230
Fax: 716-377-9573

D Te 111104110112:01f  r NEIM.111/ I N
Supplying the World of Electronics

An American Company
Providing Quality Service
* You Expect It * You'll Get It! *

Television
Mainboards/Modules/Chassis

Zenith, RCA, Philips in stock!
 6 Month Warranty
 Service Available for

Hitachi and Mitsubishi
Projection Sets

 Increase Service
Department Profits

 Thousands in Stock

Call today!

The World's Largest Inventory
of TV Tuners and Mainboards

CORPORATE
HEADQUARTERS

INDIANA

800-844-7871
TOLL FREE

800-844-3291
FAX

COLORADO
AEVADA

800-331-3219
TWA FREE

303-422-5268
FAX

CALIFORNIA
.

800-380-2521
TOLL ERIE

714-258-0315
VAX

E-mail pts@ptscorp.com http://www.ptscorp.com
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Magnetic Data Inc.
6754 Shady Oak Road
Eden Prairie MN 55344
800-328-3441

Main Source Electronics
9260 Owensmouth Ave
Chatsworth CA 91311
818-882-7500
800-882-1238
Fax: 818-882-7785

Man & Machine, Inc.
3706 West Street
Landover, MD 20785
301-341-4900
301-341-4078

Matrix Components
13581 Pond Springs Rd Ste 315
Austin TX 78729
512-258-7590
800-411-2967
Fax: 512-219-0021

Meltek, Inc.
227 Technology Circle
Scotts Valley CA 95066
408-438-4986
Fax: 408-438-3459

Mesa Systems, Inc.
420 Leisure St.
Livermore CA 94550
510-443-9491
Fax: 510-443-9499

Micro Medics
6625 Jarvis
Niles IL 60714
847-647-1010
800-678-5300

Module Exchange
706 Space Way Drive
Duncanville TX 75137
972-298-1212
800-632-6637
Fax: 972-283-1778

NorthStar MatrixSery
7101 31st Avenue N
Minneapolis MN 55424
612-593-4500
800-969-0009
Fax: 612-591-0029

The Peak Technologies Group
9200 Berger Rd
Columbia MD 21046-1602
410-312-7660
800-950-6372

Peripheral Computer
Support
Division of Cerplex
2219 Oakland Road
San Jose CA 95131
408-428-6420

Pre -Owned Electronics
125 Middlesex Turnpike
Bedford, MA 01730
617-778-4600
Fax: 778-4848

Princeton Computer Support
5 Crescent Avenue
PO Box 787
Rocky Hill NJ 08553
609-921-8889
800-682-5168
Fax: 609-921-7691

PTS Corporation
5233 South Highway 37
PO Box 272
Bloomington IN 47402
812-824-9331
800-844-7871
Fax: 812-824-2848

Test Your Electronics Knowledge
By J. A. Sam Wilson

1. In a televised picture frame there are two
fields and active lines.

2. In which direction does an isotropic radi-
ator send out signals?

3. How many picofarads are there in a
microfarad?

4. If ten and a half pieces of candy cost four
and a half cents, how much would one piece
of candy cost you?

5. In a television receiver the even -number
lines are scanned first. Then, the odd -num-
bered lines are scanned. Where in the receiv-
er are the even - then odd - lines selected?

6. The outside coating of a fiber optic cable
is called

7. When you magnetize an iron rod it
becomes shorter. That is called

8. If you want to decrease saturation you
should add (black or white) paint.

Wilson is the electronics theory consultant for ES&T.

Figure 1. What component would you add to this
amplifier to increase sound volume?

9. Add a component to the audio power
amplifier in Figure 1 to increase the output
sound from the speaker. This is a

10. A superheterodyne receiver is tuned to
1100kHz and the local oscillator frequency is
1555kHz. The if frequency is kHz
and the image frequency is kHz.

(Answers on page 52)

Reset, Inc.
49 Strathearn Place
Simi Valley CA 93065
805-584-4900
Fax: 805-583-2900

Service Electronics Inc.
682 Passaic Avenue
Nutley NJ 07110
201-284-1200 X524
Fax: 201-284-1550

SMH Electronics Co., Inc.
21 Pattersons Brook Rd.
West Wareham MA 02576
508-291-7447
Fax: 508-291-7449

TEKSERV
127 Rivemeck Road
Chelmsford MA 01824
508-459-9480
Fax: 508-453-6336

Trilogy Magnetics Inc.
424 N. Mill Creek Rd.
Quincy CA 95971
916-283-3736
800-873-4323
Fax: 916-283-3122

Unicomp, Inc.
800-359-5092
800-275-1901

t ptime Service Association
14450 NE 29th Place #116
Bellevue WA 98007
206-869-6668
Fax: 206-869-6229

Valtron Technologies
28309 Avenue Crocker
Valencia CA 91355
805-257-0333
800-2-VALTRON
Fax: 805-257-0114

Voltura Enterprises, Inc.
Matrix Components
744 Main Street, #1
Winchester MA 01890-2713
617-721-4920
Fax: 617-721-7316

Whitaker Repair Corp
1106 Commercial Street
Athens TX 75751
214-675-3552.214-677-3188
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Servicing switching power supplies:
A five -step approach

Bob Rose

Atechnician friend of mine recent-
ly said to me, "I'm having trou-
ble getting a Magnavox TV set to

start up. It has power supply problems,
and the power supply is one of those
switch mode things."

I think all of us can identify with what
this technician said. Switch mode power
supplies can be difficult, exasperating,
and often downright intimidating. But
they are a fact of life, and we technicians
have to learn to service them or find
another line of work.

I have been working with switch mode
power supplies for ten years. In that span
of time, I have read a host of books and
articles dealing with theory of operation
and methods of troubleshooting, and I
have attended several workshops on the
same topic. The combination of reading -
schooling -experience has led me to con-
clude that most of our difficulty stems
from a lack of troubleshooting methodol-
ogy. You just don't "jump" into a SMPS
and start replacing parts. Sometimes such
"hit-and-miss" (replace parts until it

begins to work) servicing works. Most of
the time, however, it is both time-con-
suming and expensive.

In this article I am going to suggest a
five -step approach to servicing these
power supplies because I am convinced
that a systematic approach to trou-
bleshooting is the key to conquering our
servicing problems. So, use my method
or use yours, but use something other than
the "replace parts until it works" method.

Necessary test equipment
First a word about some very necessary

test equipment. At the top of the list is a
good multimeter for taking voltage and
resistance readings. I use a Simpson 260
to check diodes and transistors. The new
DMM's are excellent, but they will "lie"
about certain pn junctions. In some cases,
my trusty DMM has told me that a certain
npn transistor is good, but if I use the
Simpson on the Rx1000 (or the Rx10,000)
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scale, the transistor actually shows a
healthy leakage.

For example, I remember the day I
worked most of an afternoon on a Philips
C-8 chassis. Every component checked
good, but the power supply just would not
start. Out of exasperation I removed Q402
for the second time to check it out of cir-
cuit. The DMM said it was good, but the
Simpson told me it was leaky, base to
emitter. Replacing Q402 fixed the set.
The same situation occurred in another
case, and from then on, I reach for the
Simpson to check transistors and diodes.

You will also need a good scope and
isolation transformer/variable trans-
former. A good DMM is important. So is
your oscilloscope. There is no other way
to evaluate the waveform at the base and
collector or drain of the switching device.
With these few pieces of test equipment,
you will be able to repair almost all SMPS
that come into your service center.

I use a five -step approach to servicing
switch mode power supplies, asking a
series of questions as I go.

Question one: Is there B+?
The first question is the most obvious.

If the power supply is dead, do you have
B+ on the appropriate terminal of the
switching transistor (either collector or
drain)? If B+ is absent, look for a blown
fuse or an open fusible resistor (Figure 1).
The B+ voltage is routed to the switching
transistor through the "primary winding"
of a transformer (actually a choke). An
open winding in this component will also
account for absence of B+ voltage, but in
my experience a defective transformer is
extremely rare (except in the case of light-
ning damage).

A blown fuse or fusible resistor almost
always indicates shorted components,
usually at least the switching transistor
and sometimes the bridge rectifier.
Routine troubleshooting will enable you
to spot and replace such defective com-
ponents. A good rule of thumb to follow
is: if the switching transistor is shorted,
replace it and its control transistor (Q
and Q2 in Figure 1).

Remember, because of the full -wave
bridge rectifier, these supplies have a both
hot and a cold ground. When you are
checking for the presence of B+ voltage,
measure it with reference to hot ground.
I usually use the negative terminal of the
main filter capacitor as a hot ground
because it is an unmistakable point from
which to take these measurements.

Question two: Is there start-up
voltage?

Take my word for it, this is an easy one
to miss! The presence of B+ does not
mean that the supply will start. It has to
have a voltage -current source to kick-
start it. Once started the voltage to sustain
it is generated by the supply itself.

Figure 2 is the schematic of a power
supply that Zenith has been using for
years and is the standard power supply for
many of its current TV sets. I serviced one
not long ago that was completely dead.
All of the components looked good and
checked good except one, namely
RX3404. RX3404 is a 180k resistor the
sole purpose of which is to provide
ICX3431 with start-up voltage and cur-
rent. Once the supply is up and running,
base drive comes via the transformer and
RX3407 and RX3408.

Figure 3 is the schematic for the SMPS
for RCA's CTC 176\77 chassis. R4104 is
a 1/4W, 1.5MS2 resistor that ties pin 4 of
U4101 to the 150V supply. It's purpose is
to provide start-up voltage. I have seen
quite a few of these resistors open for no
apparent reason. The result is no start-up.
Amazing, isn't it, a seven -hundred -dollar
TV shut down by a quarter -watt resistor!

Every switching power supply must
have a means to get it started. Most start-
up voltages are generated across one or
more high -resistance resistors. If you are
servicing a no -start supply, make the sec-
ond item you check the start-up voltage.

Question three: Is there
drive\oscillation?

Let us assume you have B+ and start-
up voltage. The next step is to use your
scope to confirm oscillation. Begin by
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Figure 1. If you are faced with a TV set in which
the power supply is dead, the first question to
ask is do you have B+ on the appropriate ter-
minal of the switching transistor (either collec-
tor or drain)? If B+ is absent, look for a blown
fuse or open fusible resistor.

setting your variable transformer at OVac.
Remember you are still working on "the
hot side" of the power supply. Put the
probe of your scope on the collector\draill
of the switching transistor and slowly
increase the acV as you check for a wave-
form. The shape of the waveform will
vary from SMPS to SMPS, but once you
have seen one good waveform, you have
a fairly good pattern for those that follow.
While you increase the acV, listen for
atypical noises (like squealing). If you
hear an atypical noise, shut the supply
down immediately because you have
additional problems. You should get
some indication of oscillation with as lit-
tle as 20V input. One supply I worked on
had full output at 10Vac input!

Let us assume you have no indication
of oscillation. Depending on the SMPS,
you will need to go in one of two direc-
tions. The trend in TV design today is to
include the driver IC and the switching
transistor in one package. The Panasonic
GL 7, 8, 9, and 10 , RCA\GE, Philips, and
Zenith are among the manufacturers
using a single chip. The cure may be as
simple as replacing the chip.

If the power supply has a separate chip
to provide drive to the switching transis-
tor (like the CTC 169 or one of several
Philips' chassis) you will need to trou-
bleshoot the chip. RCA, Philips, and
Panasonic are among the manufacturers
that have excellent literature to help you
do just that. This, however, is a subject I
plan to cover in a future article.

Suppose the power supply uses discrete
components, which is how most VCR sup-
plies are built. You will then need to go in
a different direction. Look at Figure 4.
This power supply and certain variations
thereof have been, and are, used in a host
of VCRs: Quasar, Panasonic, RCA, GE,
Magnavox, etc. What do you do if you
have no oscillation?

Virtually any component on the prima-
ry side can cause a no oscillation prob-
lem. Some are more likely than others to
be the problem: RI023, D1002, D1003,
and Q1002. In rare instances the problem
can be IC1001 (voltage measurements
will help here) and transistor T1001 (usu-
ally as a result of lightning damage).
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Figure 3. This is the schematic for the SMPS for RCA's CTC 176/77 chassis. R4104 is a 1/4W, 1.5M52 resistor that ties pin 4 of U4101 to the 150V
supply. Its purpose is to provide start-up voltage. I have seen quite a few o` these resistors open for no apparent reason. The result
is no start-up
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Figure 4. If the defective switch mode power supply uses discrete components, which is how most VCR supplies are built, check all the compo-
nents on the primary side of transformer T1001.

Again, a good rule of thumb is to take
about one minute (it might take that long)
and check all the components on the pri-
mary side of T1001.

Now look at a more complicated
power supply (Figure 1), one Samsung
has used extensively in its VCRs and the
VCRs it has vended for others. Besides
QI and Q2 what can cause the no -oscil-

lation symptom? The most logical sus-
pects are: R08, DOI, D02, and D03. ICI
can also be a culprit. Please note that this
supply is a little different. Any time you
service it and the components test good
but the supply just won't work, replace
C09. Samsung has issued a service bul-
letin on the problems that may be caused
by a defective C09.

Finally, look again at Figure 2. If you
have B+ and start-up voltage but no oscil-
lation, check especially DX3406 and
DX3407. I recently serviced a Zenith TV
that used a 9-911 module. The power sup-
ply was completely dead. It had the nec-
essary start-up voltages, and all compo-
nents except one checked good. The
culprit was an open DX3406.
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Question four: Is there
good output?

Let us suppose the answer to questions
one through three is, "yes." The next
question is, "Is there appropriate voltage
output in the secondary of the supply?" I
usually monitor the voltage source used
to provide the feedback for regulation.
This is the 5V line in Figure 4 and the ever

6V line in Figure 1. You will need to
change grounds when you monitor these
voltages because you are moving from
hot ground to cold ground.

Begin by setting your variable trans-
former to OVac. Use a DMM or an oscil-
loscope to monitor the output voltage.
Slowly increase the ac voltage while you
monitor your meter and listen for abnor-

mal sounds from the switching transistor.
If there is no squeal, if the waveform at the
collector/drain looks normal, and if the
voltage regulates at or very near what it is
supposed to (Figure 1 at slightly less than
6V and Figure 4 at slightly more than 5V),
increase ac to the full 120V. If everything
still looks good, congratulate yourself
because you have completed the repair.
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Figure 5. This is the basic schematic diagram for Panasonic's GL 7-8 supply. If the voltage at D811 does not regulate at about 140V, the regu-
lation has failed. Key components of the regulation circuit are integrated circuits IC804, IC806, and transistor Q801. These and associated resis-
tors and diodes will need to be checked, and, often, replaced.

If the voltage does not rise to the
expected level, if you hear a squeal and/or
if the waveform looks abnormal, turn the
variable transformer off. You have addi-
tional problems.

What can cause absence of output or
very low output? Usually a shorted com-
ponent in one or more of the secondary
sources. Take another minute and check
the components in the secondary voltage
sources. Most of these kinds of problems
will be caused by shorted diodes, espe-
cially zener diodes. This applies whether
you are troubleshooting a VCR or a TV
SMPS. The last Samsung supply I worked
on (Figure 1) had two shorted diodes in
the secondary: ZD4 and ZD6. These
diodes often short when the supply expe-
riences catastrophic failure (like light-
ning) or loses regulation. Remember that
shorted diodes in TV supplies (like
CR4106 in Figure 3) also cause very low
or no output. Sometimes a shorted diode
like CR4106 will cause the regulator IC
or transistor to fail. The last CTC177 I
worked on had a defective U4101 because
CR4106 had shorted.

I guess I should to remind you that
defective filter capacitors in one or more
of the secondary sources can also cause
problems. Bad caps crop up when a VCR,
for example, has been in service for sev-

eral years. The symptoms may vary: no
display, erratic capstan -lower drum rota-
tion, color that flashes in and out, etc.
Matsushita VCRs are quite prone to such
failures. It seems that the capacitor that
fail most often are in the 5V lines and are
rated at or near 6.3V.

A problem in the regulation circuit of
the power supply can also cause poor out-
put. It can be a case of which comes first,
the chicken or the egg. Sometimes deter-
mining if the regulation is causing poor
output or poor output is causing poor reg-
ulation causes the technician to become
prematurely bald (I am mostly bald)! I
hope to deal with this problem in some
depth in a future article.

Question five: Is there regulation?
Suppose you are monitoring the output

and as you increase the ac, the output volt-
age continues to rise beyond the point
where it should stop. Shut the power sup-
ply down because you have a regulation
problem. If you continue to increase the
voltage, you will damage other compo-
nents in the supply, components such as
zener diodes and filter capacitors. Take
my word for it. It will happen!

Look again at Figure 1. If you are mon-
itoring the ever 6V line and the voltage
goes beyond 6V and continues to rise, the

regulation circuit has failed. Several com-
ponents can cause the "no regulation"
problem. D02, D03, IC 1, IC2, and R14
stand at the head of the list. I have had to
replace all of these components on many
occasions in older power supplies in
Samsung TV sets.

Figure 5 provides another illustration.
It is a basic schematic for Panasonic's GL
7-8 supply. If the voltage at D811 does
not regulate at about 140V, the regulation
has failed. Key components of the regu-
lation circuit are IC804, IC806, and
Q801. These and associated resistors and
diodes will need to be checked, and will
often times, need to be replaced.

Use a systematic approach
That about covers it. In order to trou-

bleshoot switching power supplies effec-
tively, you will need to develop a sys-
tematic approach. I suggest asking these
five questions: ( I ) Is there B+? (2) Is
there start-up voltage? (3) Is there oscil-
lation? (4) Is there output voltage? (5) Is
there regulation? I find asking these
questions puts me onto the circuit that is
causing the problem. Once into the prob-
lem circuit, the fix becomes relatively
easy. If this system doesn't work for you,
perhaps it will stimulate you to find one
that does work.
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ES&T Calendar
CES Mexico
October 8-10, 1997
Mexico City Mexico
Sponsored by EIA/CEMA
703-907-7620

ASEA (AZ) Annual State Convention
October 10-12, 1997
Casa Grande, AZ
602-937-3241
e-mail: Lunncet@aol.com

NASM 42nd Educational Congress
October 12-16, 1997
Dallas, TX
847-310-9930

NY State Forum & Expo
October 14-15, 1997
Plainview, NY
516-221-6403

Personal Computer & Electronics Expo
October 16-19, 1997
Uniondale, LI, NY
800-886-8000

Networks Expo Dallas/Windows
World
October 29-31, 1997
Dallas, TX
201-346-1400, ext. 145

TeleCon XVII (ABC/Applied
Business teleCommunications)
November 5-7, 1997
510-606-5150

`98 International Consumer
Electronics Show
January 8-11, 1998
Las Vegas, NV
703-907-7600

The Consumer Electronics Future
January 12-14, 1998
Las Vegas, NV
703-907-7660

Home Automation Show &
Conference
February 25-27, 1998
Orlando, FL
203-840-5482

P

CALENDAR

NESDA 48th/ISCET 28th/NIAS 6ili
Annual
August 10-15, 1998
Kissimmee, FL
817-921-9061

PCS 98
September 23-25, 1998
Orlando, FL
703-739-0300

PCS 99
September 22-24, 1999
New Orleans, LA
703-739-0300

Computer Monitor
Troubleshooting and RepAlr

soonctssteI's

TV Troubleshooting
& Repair

OPtoetectronic

VCR
Repair

The ht -tII/7y Rupair
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Company e-mail and website
addresses
By The ES&T Staff

The Internet has become a treasure
trove of information of all kinds for any-
one who has a computer and some kind
of Internet access. Want to know what
kind of products a company makes, or
where their sales offices are? If that com-
pany has a website, you may be able to
find that informaton on the net.

Would you like to find information
about companies who make a product that
you'd like to buy. You may be able to find
the names of a few target companies by
accessing the Internet via your Internet
provider and doing a search for the name
of that product.

Many companies and organizations of

interest to ES&T, that are listed in our
annual Buyers' Guide now have web
sites. Many companies also have e-mail
addresses. Some comapnies have both.
We are providing this list of companies
and organizations to make it easier for
readers who have Internet access to find
them on the Internet.

ACCSCT
2101 Wilson Blvd Suite 302
Arlington, VA 22201
703-247-4142
Fax: 703-247-4533
e-mail: Info@accsct.org
website: http://www.accsct.org/

Accurite Technologies, Inc.
48460 Lakeview Blvd.
Fremont, CA 94538
510-668-4900
Fax: 510-668-4905
e-mail: sales@accurite.com

ATSC (Advanced Television Sys)
1750K Street NW
Suite 800
Washington, DC 20006
202-828-3130
Fax: 202-828-3131
website: http://www.atsc.com

AVO International
510 Township Line Road
Blue Bell, PA 19422-2795
215-646-9200
800-723-AVO1
Fax: 215-643-2670
website: http://www.avointl.com

American Hakko
25072 Anza Drive
Santa Clara, CA 91355
800-294-0090
1-800-884-2556
Fax: 805-294-0096
e-mail: marketing@hakkousa.com

American Reliance
11801 Goldring Road
Arcadia, CA 91006-5880
818-303-6688
800-654-9838
Fax: 818-358-3838
website: http://www.amrel.com

AnaTek Corporal ion
PO Box 1200
100 Merrimack Road
Amherst, NH 03031
603-673-4342
800-999-0304
Fax: 603-673-5374
e-mail: Info@anatekcorp.com
website: http://www.anatekcorp.com

Analogic Corp.
8 Centennial Drive
Peabody, MA 01960
508-977-3000
Fax: 508-977-6814
website: http://www.analogic.com

A -Tech Electronics
198 Lincoln Highway
Fairless Hills, PA 19030
215-949-0400
Fax: 215-949-0403
website: http://www.A-Tech-Inc.com

B&B Electronics Manufacturing
707 Dayton Road
PO Box 1040
Ottawa, IL 61350-9545
815-434-0846
Fax: 815-434-7094
website: http://www.bb-elec.com

B&K Precision
Maxtec International Corp.
6470 W. Cortland Street
Chicago, IL 60635-4011
773-889-1448
Fax: 773-794-9740
e-mail: www.bkprecision.com/

BMI-Basic Measuring Instrument
3250 Jay Street
Santa Clara, CA 95054-3309
408-970-3700
800-876-5355
Fax: 408-970-3720
website:
http://www.electrotek.com/bmi

Benedict Computer
220 Felton Drive
Menlo Park, CA 94025
415-323-0148
800-346-5186
Fax: 415-323-0156
e-mail:
Sales@benedictcommunications.com
website:
http://www.benedictcommunication.com

Bi-Tronics Inc.
76 Main Street
PB Box 125
Tuckahoe, NY 10707-2904
914-961-2004
800-666-0996
Fax: 800-569-4244
e-mail: Info@bi-tronics.com
website: http://www.bi-tronics.com
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Bibliodata
PO Box 61
Needham Heights, MA 02194-0001
617-444-1154
Fax: 617-449-4584
e-mail: Ina@bibliodata.com
website: http://www.bibliodata.com

Brunelle Instruments, Inc.
PO Box 1223
Newport, VT 05855-1010
819-563-9096
800-567-3506
Fax: 819-569-1408
e-mail: Brunelle@multi-medias.ca
website:
http://www.channeli.com/brunelle

C&S Sales
150 W. Carpenter Avenue
Wheeling, IL 60090
847-541-0710
800-292-7711
Fax: 847-541-9904
e-mail: Cs_sales@elenco.com
website:
http://www.elenco.com/cs_sales

CAIG Laboratories, Inc.
16744 West Bernardo Drive
San Diego, CA 92127-1904
619-451-1799
800-CA1G-123
Fax: 619-451-2799
e-mail: Caig123@aol.com
website: http://www.caig.com

CEDIA
9202 N Meridian #200
Indianapolis, IN 46260-1810
317-571-5602
800-669-5329
Fax: 317-571-5603
e-mail: Member@cedia.org
website: http://www.cedia.org.cedia

Channel Master Div of Avnet
1315 Industrial Park Drive
P.O. Box 1416
Smithfield, NC 27577
919-934-9711
Fax: 919-989-2200
website:
http://www.channelmastenavnet.com

Chemtronics
8125 Cobb Center Drive
Kennesaw, GA 30152
770-424-4888
800-645-5244
Fax: 770-424-4267
website: http://www. chemtronics.com

Computer & Monitor Maintenance
6649 Peachtree Ind. Blvd
Suite N
Norcross, GA 30092-4302
770-662-5633
800-466-4411
Fax: 770-840-8814
website:
http://www.computermonitor.com

Computer Doctors
9204-B Baltimore Blvd.
College Park, MD 20740
301-474-3095
e-mail: Support@idbdnet.com
website:
http://www.ldbdnet.com\ramstar

Contact East, Inc.
335 Willow Street
North Andover, MA 01845-5995
508-682-2000
800-225-5334
Fax: 508-688-7829
e-mail: Sales@contact-east.com
website: http://www.contact-east.com

Controlled Power Co.
1955 Stephenson Highway
Troy, MI 48083
810-528-3700
800-521-4792
Fax: 810-528-0411
e-mail: Rich-d@controlledpwr.com
website: http://www.controlledpwr.com

Cooper Tools
PO Box 30100
Raleigh, NC 27622-0100
919-362-7510
website: http://www.coopertools.com

Core Software
26303 Oak Ridge Drive
Spring, TX 77380-1918
713-292-2177
Fax: 713-298-1492
website:
http://www.corwsoftware.com

Custom Data Associates
2535 Putty Hill Avenue
Baltimore, MD 21234-4307
410-668-9594
800-451-0137
Fax: 410-661-3942
e-mail: cda282@aol.com

Dalco Electronics
275 South Pioneer Blvd
Springboro, OH 45066-1180
513-743-8042
800-445-5342
Fax: 513-743-9251
website: http://www.dalco.com

Data Business Publishing
15 Inverness Way East
MSB 203
Englewood, CO 80112-5776
303-799-0381
800-447-4666
Fax: 303-799-4082
e-mail: Data.sales@ihs.com
website: http://www.data.ihs.com

Dazor Manufacturing Corp.
4483 Duncan Avenue
St. Louis, MO 63110-1111
314-652-2400
800-345-9103
Fax: 314-652-2069
e-mail: Info@dazor.com
website: http://www.dazor.com

Desco
761 Penarth Avenue
Walnut, CA 91789
909-598-2753
Fax: 909-595-7028
website: http://www.desco.com/desco

Digi-Key
701 Brooks Avenue. S.
PO Box 677
Thief River Falls, MN 56701
218-681-6674
800-344-4539
Fax: 218-681-3380
e-mail: Sales@digikey.com
website: http://www.digikey.com

Dynamic Learning Systems
PO Box 282
Jefferson, MA 01522-0282
508-829-6744
Fax: 508-829-6819
website: http://www.dIspubs.com/
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E.I.L. Instruments, Inc.
10946A Golden West Drive
Hunt Valley, MD 21031-1320
410-584-7400
800-345-4678
Fax: 410-584-7561
website: http://www.eilinst.com

EIA/CEMA Product Services
2500 Wilson Blvd
Arlington, VA 22201-3834
703-907-7500
Fax: 703-907-7968
website: http://www.cemacity.org

Electro Standards Lab, Inc.
Data Comm Prods Div
36 Western Industrial Drive
Cranston, RI 02921
401-943-1164
Fax: 401-946-5790
e-mail: Eslab@ids.net
website:
http://www.electrostandards.com

Electro Dynamics, Inc.
EDI
7 Oser Avenue
Hauppauge, NY 11788
516-496-4000
800-426-6423
Fax: 800-873-2948
e-mail: sales@edi-sales.com

Electronic Parts Supply
4071 Emery Street
Emeryville, CA 94608
510-420-1040
800-227-0104
Fax: 510-420-0812
website: http://www.gen.com/wondarl

Electronic Software Developers
826 South Main Street
South Farmingdale, NY 11735-4152
516-221-6403
800-621-8477 (TIPS)
e-mail: Esd@pa.net
website: http://www.pa.net/vcrtips

Electronic Technicians Assn.
602 N. Jackson
Greencastle, IN 46135-1035
317-653-8262
800-288-3824
Fax: 317-653-8262
e-mail: Eta@indy.tdsnet.com
website: http://www.eta-sda.com

Electronics Representatives
444 N Michigan Avenue
Suite 1960
Chicago, IL 60611
312-527-3050
800-776-7377
Fax: 312-527-3783
e-mail: Info@era.org
website: http://www.era.org

Electronix Corp.
313 West Main Street
Fairborn, OH 45324-5036
513-878-1828  800-223-3205
Fax: 513-878-1972
e-mail: Sales@electronix.com
website: http://www.electronix.com

Electroservice Laboratories
6085 Sikorsky Street.
Ventura, CA 93003
805-644-2944
Fax: 805-644-5006
e-mail: Info@esl.com
website: http://www.esl.com/

Elgar Corp.
9250 Brown Deer Road
San Diego, CA 92121
619-450-0085  800-733-5427
Fax: 619-458-0267
e-mail: Sales@elgar.com
website: http://www.elgar.com

EURAS USA, Inc.
PO Box 2036
Waterloo, IA 50704-2036
319-236-2000
800-453-8727
Fax: 319-236-2020
e-mail: info@euras.com

Extech Instruments Corp.
335 Bear Hill Road
Waltham, MA 02154
617-890-7440
Fax: 617-890-7864
e-mail: Extech@extech.com
website: http://www.extech.com

The Fiber Optic Association
Box 230851
Boston, MA 02123-0851
617-469-2F0A
Fax: 617-396-6395
e-mail: Foa@world.std.com
website:
http://www.world.std.com/--foa

Florida Electronic Sales &
Service Dealers Association
1409 Glendale Road
Jacksonville, FL 32216
904-725-9789
Fax: 904-772-9492
Website:
Http://www.jax-inter.net/users/fesa

Fluke Corporation
PO Box 9090 M/S 250E
Everett, WA 98206-9090
206-347-6100
800 -44 -FLUKE
Fax: 206-356-5116
e-mail: Fluke-info@tc.fluke.com
website: http://www.fluke.com

Foley-Belsaw
6301 Equitable Road
Kansas City, MO 64120-1395
816-483-2700
800-821-3452
Fax: 816-483-5010
e-mail: Electronics@foley-belsaw.com
website: http://www.foley-belsaw.com

Fotec Inc
151 Mystic Avenue
Medford, MA 02155-4615
617-396-6155
800-537-8254
Fax: 617-396-6395
e-mail: Info@fotec.com
website: http://www.std.com/fotec

Fox International
23600 Aurora Road
Bedford Heights, OH 44146-1712
216-439-8500
800-321-6993
Fax: 800-445-7991
e-mail: Foxintl@aol.com
website:
http://www.fox-international.com

Global Specialties
A Division of Interplex
70 Fulton Terrace
New Haven, CT 06512
203-466-6103
800-572-1028
Fax: 203-468-0060
website:
http://www.interplex-electronics.com
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Herman Electronics
7350 N.W. 35th Terrace
Miami, FL 33122-1241
305-477-0063
800-938-4376
Fax: 800-938-4376
e-mail: Hermanelectronics.com
website: http://gatintl.com/hermanelec

ICM Components
1226 3rd St. Promenade, #206
Santa Monica, CA 90401
310-260-1444
800-748-6232
e-mail: ICMSTEVE@worldnetatt.net

IC Master
Hearst Business Pub./UTP Div.
645 Stewart Avenue
Garden City, NY 11530-4709
516-227-1314
Fax: 516-227-1453
website: http://icmaster.com

Interconnect Devices, Inc.
5101 Richland Avenue
Kansas City, KS 66106
913-342-5544
Fax: 913-342-7043
e-mail: Products@idinet.com
website: http://www.idinet.com

International Light, Inc.
17 Graf Road
Newburyport, MA 01950-4092
508-465-5923
Fax: 508-462-0759
e-mail: Ilsales@intl-light.com
website: http://www.intl-light.com/

Instek Corp.
1205 John Reed Court
City of Industry, CA 91745
818-336-6537
Fax: 818-369-1748
e-mail: instekusa@earthlink.net

International Test Technologies
4th Floor, 37 College Green
Dublin 2
+353-1-6718533
800-200-0010
Fax: +353-1-6718860
e-mail: Ittdub@iol.ie
website: http://www.iol.ie/ittdub

ITT Pomona Electronics
1500 East Ninth Street
PO Boc 2767
Pomona, CA 91766-3835
909-623-3463
Fax: 909-629-3317
website: http://www.ittpomona.com

Jensen Tools, Inc.
7815 South 46th Street
Phoenix, AZ 85044-5313
602-968-6241
800-528-7405
Fax: 602-438-1690
website: http://www.jensentools.com

Kalglo Electronics Co., Inc.
5911 Colony Drive
Bethlehem, PA 18017-9348
610-837-0700
800-524-0400
Fax: 610-837-7978
e-mail: Kalglo@kalglo.com
website: http://www.kalglo.com

KeyPrestige
11065 Knott Avenue, Suite B
Cypress, CA 90630-5135
714-893-1111
Fax: 714-893-7997
website: http://www.kpinfonet.com

L-Com Inc.
45 Beechwood Drive
North Andover, MA 01845
508-682-6936
800-343-1455
Fax: 508-689-9484
e-mail: Sales@l-com.com
website: http://www.l-com.com

L.J. Enterprises
11 McMillan Way
Delaware Industrial Park
Newark, DE 19713
302-369-1590
800-627-8755
Fax: 302-369-1594
e-mail: Lee@ljent.com
website: http://www.ljent.com/

LG Precision
13013 East 166th Street
Cerritos, CA 90703-2201
310-404-0101
Fax: 310-921-6227
e-mail: Lgpa@koa.pdc.net
website: http://www.oscilloscope.com

Laser Wizard
705 General Washington Avenue.
Valley Forge Business Ctr.
Norristown, PA 19403
610-539-4708
Fax: 610-539-1096
website:
http://www.viablesolutions.com

LaserImpact
10435 Burnet Road Suite 114
Austin, TX 78758
512-832-9151
800-777-4323
Fax: 512-832-9321
e-mail: Sales@laserimpact.com
website: http://www.laserimpact.com

Leader Instruments Corp.
380 Oser Avenue
Hauppauge, NY 11788-3608
516-231-6900
800-645-5104
Fax: 516-231-5295
website: http://www.leaderusa.com

Lista International Corp.
106 Lowland Street.
Holliston, MA 01746
508-429-1350
800-722-3020
Fax: 508-429-8653
website: http://www.listaintl.com

M.A.T. Electronics
400 Pike Road
Huntingdon, PA 19061
215-364-7667  800-628-1118
Fax: 800-628-1005
e-mail: 7471.645@compuserve.com

M.I. Technologies
3310 E. Peterson Road
Troy, OH 45373
513-335-4560
Fax: 513-339-6344
e-mail: 335@bright.net
website:
http://www.mitechnologies.com

MCG Electronics
12 Burt Drive
Deer Park, NY 11729
516-586-5125
800-851-1508
Fax: 516-586-5120
e-mail: Mcginfo@specdata.com
website: http://www.mcgsurge.com
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MCM Electronics
650 Congress Park Drive
Dayton, OH 45459-4072
513-434-0031
800-543-4330
Fax: 513-434-6959
website:
http://www.mcmelectronics.com

METCAL
1530 O'Brien Drive
Menlo Park, CA 94025-1434
415-325-3291
800-776-1778
Fax: 415-325-5932
e-mail: Smartheat@metcal.com
website: http://www.metcal.com

Merlin Software
15735 Barranca Pkwy Ste B108
Irvine, CA 92618
714-453-9563
Fax: 714-753-0501
e-mail: Merlin@merlinsoft.com
website: http://www.merl i n soft/merl in

Micro Care Corp.
34 Ronzo Road
Bristol, CT 06010-7790
860-585-7912
800-638-0125
Fax: 860-585-7378
e-mail: Info@microcare.com
website: http://www.microcare.com

Micro Data
3001 Executive Drive, #270
Clearwater, FL 34622-2260
813-573-5900
Fax: 813-572-5085
website: http://www.quicktech.com

Microline
89 Parke Avenue
Flemington, NJ 08822
908-782-6047
800-215-0049
Fax: 908-782-5877
website: http://www.microline.com

Microwave Filter Company, Inc.
6743 Kinne Street
East Syracuse, NY 13057
315-438-4700  800-448-1666
Fax: 315-463-1467
e-mail: Mfc@ras.com
website: http://www.ras.com/mwfil-
ter/mwfilter.htm

Mike's Repair Service
PO Box 217
Aberdeen Proving Ground, MD 21005
410-272-4984
800-2FIXTVS
website:
http://www.netqsi.com/-mikesrs

Module Exchange
706 Space Way
Duncanville, TX 75137
972-298-1212
800-632-6637
Fax: 972-283-1778
website: http://www.flash.net/-ji/mx

Mouser Electronics
958 N. Main Street.
Mansfield, TX 76063
817-483-4422
800-346-6873
Fax: 817-483-0931
e-mail: Catalog@mouser.com
website: http://www.mouser.com

Multidyne Inc
191 Forest Avenue.
Locust Valley, NY 11560-2132
516-671-7278
800-4TV-TEST
Fax: 516-671-3362
e-mail: Info@multidyne.com
website: http://www.multidyne.com

NESDA/ISCET
2708 W. Berry
Fort Worth, TX 76109-2356
817-921-9061
Fax: 817-921-3741
website: http://www.nesda.com

NTE Electronics, Inc.
44 Farrand Street
Bloomfield, NJ 07003
201-748-5089
800-631-1250
Fax: 201-748-6224
e-mail: Maillist@nteinc.com
website: http://www.nteinc.com

National Advancement Corp.
2730-J South Harbor
Santa Ana, CA 92704
714-754-7110
800-832-4787
Fax: 714-754-7166
e-mail: Sales@tech-training.com
website: http://www.tech-training.com

National Computer Association
Ulmerton Business Center
13555 Automobile Blvd. Ste 240
Clearwater, FL 34622
813-556-2775 Ext 6
800-615-6224
Fax: 813-556-2783
e-mail: Nca@gte.net
website: http://www.nca-net.com

Newnes
313 Washington Street
Newton, MA 02158-1626
617-928-2500
Fax: 617-928-2620
website: http://www.bh.com/el

ORA Electronics
9410 Owensmouth Avenue.
Chatsworth, CA 91311
818-772-2700
Fax: 818-718-8626
e-mail: Ora@orausa.com
website: http://www.orausa.com

Omega Engineering, Inc.
One Omega Drive
PO Box 4047
Stamford, CT 06907-4047
203-359-1660
800-826-6342
Fax: 203-359-7990
e-mail: Info@omega.com
website: http://www.omega.com

Ontrack Data International Inc
6321 Bury Drive
Eden Prairie, MN 55346-1739
612-937-1107
800-752-1333
Fax: 612-937-5815
e-mail: Sales@ontrack.com
website:
http://www.ontrack.com

PACE, Inc.
9893 Brewers Court
Laurel, MD 20723-1990
301-490-9860
Fax: 301-498-3252
website: http://www.paceusa.com

Panasonic Industrial Co.
Two Panasonic Way
Secaucus, NJ 07094
201-348-7000
website:
http://www.panasonic.com
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PanaVise Products
7540 Colbert Drive
Reno, NV 89511
702-850-2900 Ext. 19
800-759-7535
Fax: 702-850-2929
website: http://ww.panavise.com

Parts Express International
340 East First Street
Dayton, OH 45402-1257
937513-222-0173
800-338-0531
Fax: 937-222-4644
e-mail: Xpress@parts-express.com
website:
http://www.parts-express.com

PC Service Source
2350 Valley View Lane
Dallas, TX 75234
972-406-8583
800-727-2787
Fax: 972-406-9081
website: http://www.pcservice.com

PD Software
7320 Louetta Road
Spring, TX 77379
281-370-0600
Fax: 281-251-9300
website:
http://www.infohwy.com/-pallen

Philips Software Development
PO Box 555
Jefferson City, TN 37760-0555
423-475-0393
FAx: 423-475-0038
e-mail:
forcesuppport@knox.pcec.philips.com

Philtek Power Corp.
4320 Sweet Road., Unit B
Blaine, WA 98230-9110
360-332-7252
800-727-4877
Fax: 360-332-7253
e-mail: Info@philtek.com
website: http://www.philtek.com

Plato Products
18731 Railroad Street
Industry, CA 91748
818-965-8044  800-423-4510
Fax: 8 I 8-965-8960
website: http://www.platoproducts.com

PowerTronics
143 Raymond Road
PO Box 735
Candia, NH 03034
603-483-5876  800-746-9586
Fax: 603-483-5938
website:
http://www.powertronics.com

PRB
W9390 State Road 59
PO Box 28
Whitewater, WI 53190-0176
414-473-2152  800-558-9572
Fax: 800-887-2727
e-mail: info@prbline.com
website: http://www.prbline.com

Prostat Corporation
1072 Tower Lane
Bensenville, IL 60106
630-238-8883
Fax: 630-238-9717
website: http://www.prostatcorp.com

H.C. Protek
154 Veterans Drive
Northvale, NJ 07647
201-767-7242
Fax: 201-784-0611
website:
http://www.HCPROTEK.com

PTS Corporation
Corporate Headquarters
5233 South Highway 37
PO Box 272
Bloomington, IN 47402
e-maill: pts@ptscorp.com
website: http://www.ptscorp.com.

QuadTech
100 Nickerson Road.
Marlborough, MA 01752
508-485-3500
800-253-1230
Fax: 508-485-0259
e-mail: Jrichards@quadtechinc.com
website: http://www.quadtechinc.com

Quantum Data
2111 Big Timber Road
Elgin, IL 60123
847-888-0450
Fax: 847-888-2802
e-mail: Sales@quantumdata.com
website: http://www.quantumdata.com

RS Electronics
34443 Schoolcraft
Livonia, MI 48150
313-525-1155
800-555-5312
Fax: 800-773-5320
website: http://www.rselectronics.com

Ripley Company
Miller Tool Products
46 Nooks Hill Road.
Cromwell, CT 06416
860-635-2220  800-528-8665
Fax: 860-635-3631
e-mail: Info@ripley-tools.com
website: http://www.ripley-tools.com

RNJ Electronics, Inc
805 Albany Avenue
PO Box 528
Lindenhurst, NY 11757
516-226-2700
800-645-5833
Fax: 516-226-2770
e-mail: rnjelect@rnjelect.com

Howard W. Sams & Company
2647 Waterfront Pkwy E. Drive
Indianapolis, IN 46214
317-298-5400
800-428-SAMS
Fax: 317-298-5604
website: http://www.hwsams.com

SBS Direct
123 NW 13th St, Suite 213
Boca Raton, FL 33432
561-394-8771
800-603-9000
Fax: 561-361-9774
e-mail: Service@sbsdirect.com
website: http://www.sbsdirect.com

SL Waber, Inc.
520 Fellowship Road.
Mount Laurel, NJ 08054
609-866-8888  800-634-1485
Fax: 609-866-1945
website: http://www.waber.com

Satellite Dealers Association
602 N. Jackson Street.
Greencastle, IN 46135
317-653-4301
800-288-3824
Fax: 317-653-8262
website:
http://www2.fwi.com/-n9pdt/eta.html
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Sencore Electronics
3200 Sencore Drive
Sioux Falls, SD 57107
605-339-0100  800-SENCORE
Fax: 605-339-0317
e-mail: Sencore@sencore.com
website: http://www.sencore.com

Service Ware Corporation
200 Montcalm Suite R8
Hull PQ J8Y 3B5
819-770-4000
Fax: 819-770-1795
e-mail: Info@serviceware.ca
website: http://www.serviceware.ca

Sirius Software Inc.
345 West Second St, Suite 201
Dayton, OH 45402-1443
937-228-4849  800-788-4849
Fax: 937-228-1159
e-mail: Sales@siriusacct.com
website: http://www.siriusacct.com

Sonera Technologies
PO Box 565
Rumson, NJ 07760
908-747-6886
800-932-6323
Fax: 908-747-4523
e-mail: Sonera@displaymate.com
website: http://www.displaymate.com

Specialized Products Company
3131 Premier Drive
Irving, TX 75063
214-550-1923
800-866-5353
Fax: 800-234-8286
website:
http://www.specializedproducts.com

Stoner, Inc.
PO Box 65
Quarryville, PA 17566
800-227-5538
Fax: 800-515-5150
e-mail: Stoner@epix.net
website:
http://www.stonersolutions.com

SyncPulse Software
PO Box 4503
Sunland, CA 91041
818-353-9595
Fax: 818-353-7016
e-mail:
102654,1665@compuserve.com

Synergetix
310 South 51st Street
Kansas City, KS 66106
913-342-0404
Fax: 913-342-6623
e-mail: Products@synerget.com
website: http://www.synerget.com

TEKSERV
127 Rivemeck Road
Chelmsford, MA 01824
508-459-9480
Fax: 508-453-6336
website: http://www.tekserv.com

Team Systems, Inc.
2934 Corvin Drive
Santa Clara, CA 95051
408-720-8877
800-338-1981
Fax: 408-720-9643
e-mail: Teamsys@cerfnet.com
website:
http://www.team-systems.com

Tech Assist, Inc.
11350 66th Street #105
Largo, FL 33773
813-547-0499
800-274-3785
Fax: 813-547-0768
e-mail: Info@toolsthatwork.com
website: http://www.toolsthatwork.com

Tech Spray, Inc.
PO Box 949
Amarillo, TX 79105-0949
806-372-8523
800-858-4043
Fax: 806-372-8750
website: http://www.techspray.com

Tech -M
9400 4th St N Suite 116
St. Petersburg, FL 33702
813-576-1884
800-576-1881
Fax: 813-577-7207
e-mail: Techm@cent.com
website: http://www.cent.com/techm

Tech. Info. Procurement Serv.
P.O. Box 1681
Forest Park, GA 30051-1681
770-968-3715
Fax: 770-968-3715
e-mail: Tipsinc@mcenter.com
website: http://www.mcenter.com/tips/

Techni-Tool Inc.
5 Apollo Road
PO Box 368
Plymouth Meeting, PA 19462-0368
610-941-2400
Fax: 610-828-5623
e-mail: Techtool@interserv.com
website: http://www.techni-tool,com

Telulex, Inc.
2455 Old Middlefield Way S
Mountain View, CA 94043
415-938-0240
Fax: 415-938-0241
e-mail: Sales@telulex.com
website: http://www.telulex.com

Temptronic Corp.
55 Chapel Street.
Newton, MA 02158
617-969-2501
800-558-5080
Fax: 617-969-2475
website: http://www.temptronic.com

Ten -Lab
2217 Malcolm Avenue
Los Angeles, CA 90064
310-474-6909
Fax: 310-441-1807
e-mail: Info@tenlab.com
website: http://www.tenlab.com

Tentel
4475 Golden Foothill Parkway
El Dorado Hills, CA 95762
916-939-4005
800-538-6894
Fax: 916-939-4114
website: http://www.tentel.com

Test Equipment Depot
PO Box 708
Medford, MA 02155-0006
617-665-1400
800-996-3837
Fax: 617-665-0780
website: http://www.fotronic.com

3M Electrical Specialties Div
A l30 -3N-56
6801 River Place Blvd
Austin, TX 78726-9000
800-665-7862
Fax: 319-395-9719
website: http://www.mmm.com
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'rota! Power International
418 Bridge Street.
Lowell, MA 01850
508-453-7272
Fax: 508-453-7395
e-mail: Tpi@total-power.com
website: http://www.total-power.com

Touchstone Software Corp.
2130 Main Street, Suite 250
Huntington Beach, CA 92648
714-969-7746
Fax: 714-969-1555
website: http://www.checkit.com

Triplett Corp.
I Triplett Drive
Bluffton, OH 45817
419-358-5015  800-874-7538
Fax: 419-358-7956
e-mail: Www@triplett.com
website: http://www.triplett.com

Tritronics, Inc.
1306 Continental Drive
Abingdon, MD 21009
410-676-7300  800-638-3328
Fax: 800-888-3293
e-mail: tritronics@aol.com
website: http://www.tritronicsinc.com

Tucker Electronics Co.
P.O. Box 551419
Dallas, TX 75355-1419
214-348-8800  800-527-4642
Fax: 214-348-0367
e-mail: Sales@tucker.com
website: http://www.tucker.com

UBM Corp
544 Weddell Drive, Suite #1
Sunnyvale, CA 94089
408-541-0151
Fax: 408-541-0153
website: http://www.ubmusa.com

Ultra -X, Inc.
1765 Scott Blvd Suite 101
Santa Clara, CA 95050-4138
408-261-7090
800-722-3789
Fax: 408-261-7077
website: http://www.ultra-x.com

Union Electronics Distrib
311 E. Coming Road
Beecher, IL 60401
708-946-9500
800-648-6657
Fax: 708-946-9200
website: http://www.unionel.com

Wahl Clipper Corporation
2900 North Locust Street
PO Box 578
Sterling, IL 61081-0578
815-625-6525
800-435-7748
Fax: 815-625-0091
e-mail: pgoessman@wahlclipper.com

Wavetek
9045 Balboa Avenue
San Diego, CA 92123
619-279-2955 X332
Fax: 619-565-9558
website: http://www.wavetek.com

Weller/Cooper Tools
3535 Glenwood Avenue
Raleigh, NC 27612-4934
919-781-7200
Fax: 919-783-2116
website: http://www.coopertools.com

Wholesale Electronics Inc.
P.O. Box 1011
Mitchell, SD 57301-7011
605-996-2233
800-351-2233
Fax: 605-996-4300
e-mail: Wei@weisd.com
website: http://www.weisd.com

Willi Hahn Corp U.S.A.
1348 Dundas Circle
Monticello, MN 55362
612-295-6591
800-494-6104
Fax: 800-494-7456
e-mail: Paul@wihatools.com
website: http://www.wihatools.com

NI:indsor Technologies, Inc.
130 Alto Street
San Rafael, CA 94901
415-456-2200
Fax: 415-456-2244
e-mail: Pcdiags@windsortech.com
website: http://www.windsortech.com

Yamaha Electronics Corp, USA
6660 Orangethorpe Avenue
Buena Park, CA 90620
714-522-9888
800-492-6242
Fax: 800-634-0355
e-mail: Parts@yamaha.com
website: http://www.yamaha.com

IMAGINETHE BEST VCR TEST
INSTRUMENTS!.These are EVEN BETTER!

These VCR test instruments will actually HELP your business, by allowing I
BETTER and FASTER VCR repairs.
It's interesting how veterans of trial and error repair, buy
our gauges, and suddenly become our BEST supporters.
STOP guessing and wasting valuable

service time by continuing TRIAL and
ERROR VCR repairs. The RIGHT tools
make any job easier to do; these ARE
the RIGHT tools for VCR repair!

Get the entire 'ESSENTIAL' check
out package at a discounted '1991'
price of $1150! Try these gauges in
your own shop, with a 100% satis-
faction money back guarantee.

 6:

10,1

The ONLY Universal gauges for tape tension, guide heights, torques, reel heights, and MORE!

4475 GOLDEN FOOTHILL PKWY. 800-538-6894 / 916-939-4005
E NTE L® EL DORADO HILLS, CA 95762 24 hour FAX line: (916) 939-4114
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CALL,
WRITE OR

E-MAIL US FOR

FREE
CATALOG

1W,N
516-226-2700
800-645-5833
e-mail: rnjelect@rnjelect.com

rsi7.4
.
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YOUR DISCOUNT SOURCE FOR:
DSS SATELLITE

SYSTEMS
TEST EQUIPMENT
AUDIONIDEO
ACCESSORIES
VCR PARTS &

ACCESSORIES
CAMCORDER

BATTERIES & ACCESS
PANASONIC CABLE

TV CONVERTER
VIDEO HEADS
TV & VCR MOUNTS
MOBILE SERVICE

TABLES
SERVICE CHEMICALS

TV PARTS &
ACCESSORIES

HOME THEATER
PRODUCTS

EDUCATIONAL KITS
TOOLS & SOLDERING

EQUIPMENT

SECURITY EQUIPMENT
PA EQUIPMENT
INTERCOM SYSTEMS
SPEAKERS
NV PRODUCTS
COMPUTER

ACCESSORIES
FLYBACKS

ELECTRONICS. INC.
202 NEW HIGHWAY, P.O. BOX 667

AMITYVILLE, NY 11701-0667
Circle (73) on Reply Card
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Your Ticket to

SUCCESS
More than 40,000 technicians have gained
admittance worldwide as certified profession-
als. Let your ticket start opening doors for you.
ISCET offers Journeyman certification in
Consumer Electronics, Industrial, Medical,
Communications, Radar, Computer and
Video. For more information, contact the
International Sociey of Certified Electron-
ics 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.'

L Enclosed is $10 (inc. postage).
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Test equipment
Computer & Monitor Maintenance,

Inc. announces the "Checker TV Pro"
and the "Checker TV Jr.". The "TV Pro"
is an ac or battery operated television test
pattern generator, designed for bench or
field operations. The Jr. is small enough
to fit in your pocket, but can help set-up
and test the largest television. They are
both NTSC, RS 170- video compatible,
with complex sync.

The "Pro" features include split field
color bars and Gray scale. It also has S -
video output, RF output, and 1 V video. It
has stereo processor and tone generator
that will allow the testing of the stereo
detection and audio portion of the receiv-
er. The patterns include a cross hatch with
dots and white screen. The Red, Green,
and Blue signals are push-button selec-
table, as is stereo signal and the audio tone.

The "Jr." has color -bars, White, Red,
Blue, Green, Black screens, and cross-
hatch with dots. Its output is 1 V RS170
NTSC color video. It is a small unit (1"
x 2" x 3") that can fit in your pocket or
tool box and operates on a 9V battery. The
various patterns are selected by a single
push-button.

Circle (80) on Reply Card

Video pattern generators
Fully field upgradable, the Klein VPG

series video pattern generators have a
larger memory, over 700 stored timings
and an interface to a PC running in
Windows. With a larger (4 line) LCD dis-
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play, scrollable timing groupings, light
weight 9 pound box, FCC approval and
CE certification, this new product is low
cost and high performance according to
the manufacturer. The VG 170, VPG210
and VPG250 are affordable to large and
small depots, manufacturers, engineers
and test technicians.

Circle (81) on Reply Card

Microprocessor controlled
oscilloscopes

B&K Precision's Model 5034 and 5024
differential input analog/digital oscillo-
scopes combine analog and digital tech-
nologies to provide ease of use and para-
meter manipulation.

The Model 5034 has 30MHz band-
width, the Model 5024 has 20MHz band-
width, and both models feature a 40MS/s
sampling rate. Unlike many digital stor-
age oscilloscopes, the bandwidth specifi-
cations are achieved independently of the
digital sampling rate and are not subject
to aliasing or interpolation problems. The
autoset and store functions allow the time
base, v -axis and trigger parameters to be
easily entered and stored for retrieval.

The two models are Lab View/Lab
Windows compatible and have built-in
RS -232 interfaces. Both scopes feature
cursor/readout, autoset and 8K memory.
A set of safety leads is included with each
model and the leads and differential
inputs allow the direct measurement of
signals at different reference levels.
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Build Your Own Home Lab, By

Clement S. Pepper, PROMPT
Publications, 224 Pages, $24.95

Learn the joy of having your own home
electronics lab!

For electronics enthusiasts, a home lab
is a place where learning can take place.
All of the lab details; work space, equip-
ment, parts, library; are necessary for a
working facility. With your own home
lab, the basics of electronic devices from
A/D converters to computers become
simpler and more accessible, and the
world of electronics offers more oppor-
tunities for success on both a profession-
al and hobbyist level.

Build Your Own Home Lab shows you
how to assemble an efficient working
home lab. Learn how to create an ideal lab
inexpensively, and how to make it pay its
own way through years of growth and use.

Build Your Own Home Lab includes many
projects for creating your own instruments,
such as a multichannel oscilloscope switch

and a 100 -minute timer/stop watch; instru-
ments designed to help the reader learn
more about electronics while you save
money by creating them yourself.

PROMPT Publicalions. 2647 Waterfront Parkway F. Drive.

Indianapolis. IN 46214

Electronic Circuit Guidebook,
Volume I: Sensors, By Joseph J. Carr,
PROMPT Publications, 288 Pages,
$24.95

Electronic instrumentation today is

largely computer -based. The use of the
digital computer has greatly improved the
design of electronic instruments, control
systems and related devices. Many texts
are available that discuss electronic
instrumentation and computer interfac-
ing. A topic usually lacking in these texts,
however, is extensively covered in
Electronic Circuit Guidebook, Volume I:
Sensors; namely, the analog interface.

Most sensors are inherently analog in
nature, so their outputs are not usable by
the digital computer. Even if the sensor is
supposedly a "digital output" design, it is
likely that an inherently analog process is
paired with an analog -to -digital convert-
er. In Electronic Circuit Guidebook,
Volume I: Sensors, you will find infor-
mation you need about typical sensors,
along with a large amount of information

about analog sensor circuitry. Amplifier
circuits are especially well covered, along
with differential amplifiers, analog signal
processing circuits, and more.

PROMPT Pablizalions. 2647 Waterfront Parkway E. Drive.
Indianapolis, IN 46214

Electronic Circuit Guidebook,
Volume 2: IC Timers, By Joseph J. Carr,
PROMPT Publications, 256 Pages,
$24.95

Timer circuits used to be a lot of trou-
ble to build and tame for several reasons.
One major reason was the fact that DC
power supply variations would cause a
frequency shift or slow drift. Modern
timers are designed to permit a wide vari-
ation in the DC supply voltage without
affecting the output frequency or single -
pulse duration. Another reason is that the
equations determining the frequency or
timing were little more than approximate.
despite the appearance of great precision
in the textbooks. Modern timers will work
very closely to the way the textbooks say
they do. Electronic Circuit Guidebook,
Volume 2: IC Timers will show the read-
er how it is done.

Part 1 of this book is organized to
demonstrate the theory of how various
timers work. This is done by way of an
introduction to resistor -capacitor circuits,
and in-depth chapters on TTL and CMOS
digital IC timers, the LM -555 and other
IC devices, operational amplifier timer
circuits, retriggerable timers and long
duration timers. Through simplified
equations and detailed graphics, the
information presented is useful for both
technician and hobbyist.

Part 2 presents a variety of different cir-
cuits and projects. Some of the circuits
are standalone, while others are for incor-
poration into other circuits. Examples of
some of the circuits included are: touch -
plate trigger, missing pulse detector, ana-
log audio frequency meter, one -second
timer/flasher, relay and optoisolator dri-
vers, two-phase digital clock. 100k14/
crystal calibrator and many more.
Electronic Circuit Guidebook, Volume 2
IC Timers will teach you enough that you
will not only be able to rework and mod-
ify the circuits covered in the book, but
also design a few of your own.

PROMPT Publication,, 2647 Waterfront Parkway E. Drive.
Indianapolis. IN 46214

Planning
Together For

The Digital Age

You're
Cordially
Invited....

COME JOIN US FOR THE
NEW YORK STATE
FORUM & EXPO

Tuesday & Wednesday
October 14 & 15. 1997

Hol day Inn, Plainview, New York
Sponsored by: Greater NY Electronic
Service Dealers Association (Greater

NY-ESDA), Western NY Electronic Guild
(WNYEG), NY State Electronic Service

Dealers Association (NYS-ESDA)

Schedule of Events
Tuesday October 14, 1997

6-11 pm NYS Electronic Service Dealers
& Election of Officers

Wednesday October 15. 1997
8am

Registration

9am - Noon
Manufacturers & Service Dealers Forum

Noon - 1 pm
Luncheon & Installation of
New Officers of NYState

Electronic Service Dealers Association

1 pm- 4pm
Manufacturer & Service Dealers Round
Table Discussions, half hour sessions

2pm - 5pm
Cerified Service Management Lecture -

Moderator, Randy Whitehead, VP NESDA

6pm - 11pm
Annual EXPO & Distributor Showcase

FREE DOOR PRIZES,
RAFFLES & REFRESHMENTS

THROUGHOUT THE
DAY & EVENING

This is a great opportunity to meet
with Service Dealers. Manufacturers

& Distributors & Extended
Warranty companies

For Registration Information &
Exhibit Space

Contact Pat Viscardi
at 516-221-6403

49



What Do You Know About Electronics?

Digital TV
By J. A. Sam Wilson

Several ES&T readers have tried to
send me e-mail. Unfortunately, I do not
have any provision for receiving/sending
computer mail! No e-mail, no www dot,
no anything via computer. In those cases
where someone sends computer -generat-
ed mail through the ES&T office the
noble editor forwards it to me, but I can-
not answer because it has no mailing
address. So if you want to reach me,
please either send your comments via reg-
ular mail, or include a postal address if
you correspond with me through the
ES&T editorial via e-mail.

While Fm at it, I still have boxes to
unpack from my move to a new address.
So, I can't answer letters like the follow-
ing: "In the July, 1986 issue you said..."
That issue is in one of those boxes.

"My company makes widgets and we
use things that look like this ... (There is
a drawing that looks like two seagulls
fighting over a minnow.) Please explain."

I think the answer to this question may
be in one of those boxes.

I do like receiving letters from readers.
I have a stack of letters I'm going to try
to answer this week. It may take some
time, but I will answer.

Digital TV
Are you starting to collect articles on

digital TV? Here is some good news. Not
everything is going to change. For exam-
ple: high voltage and CRTs are still going
to be used - at least at first. Low -voltage
power supplies will still be based on the
same principles.

There are new terms and circuits you
should start reviewing. I'll review a few
with you here. Also, there are some old
digital terms and circuits we haven't
looked at for years. We will eventually
need to review some of them too.

If you are on a cable or satellite dish
there may be some good news. Companies
that own those systems are threatening to

Wilson is the electronics theory consultant for ES&T.

convert digital programs to analog for
your present TVs. (Sorry, there's no good
news about the programs.)

We will start this series of digital TV
articles by putting together a digital
monochrome television system and go to
color later. As we go along we will note
some differences with color.

We will divide the CRT screen into tiny
pixels. Each pixel is one of many tiny rec-
tangles. They are arranged in rows and
columns with no spaces between them in
a row, but, the rows are separated verti-
cally into lines. The only difference
between this system and the analog scan-
ning system is that each line of the pic-
ture is divided into pixels.

When you add color and more levels
of brightness for each pixel you can see
that the HDTV system would never fit
into the currently allowed 6MHz.
However, there is a statistical method that
can save the day.

Huffman coding
The statistical method is called

"Huffman coding". With this method, dif-
ferent word lengths are assigned to pixels.
The word lengths are proportional to the
number of times the pixel occurs. For
example, in a picture of a red barn there
will be a lot of red side -by -side pixels. As
another example, a picture of blue sky will
contain a lot of side by side blue pixels.
The Huffman code allows for reducing the
total number of bits required for each pixel.

We break up an analog line into pixels
and the process is called sampling. In
other words, at each pixel we will sample
the picture. At a given point the pixel can
be any shade from black to white in our
monochrome system.

Although an analog TV screen does not
actually have pixels, the screen can be
considered to be made up of slightly over
215,000 pixels. (There are 448 pixels per
line multiplied by 480 active lines.)

Each pixel has a horizontal and vertical
position on the screen, and, a brightness.

When you quantize the scanning line
you assign a number that determines the
brightness of a pixel. The greater the
range of numbers you use for pixel bright-
ness the more shades of brightness it has.
For example, you could use only two
numbers for brightness - one number for
black and one for white.

Using only two numbers for pixel
brightness would give a rather unpleasant
black and white picture with no shades of
grey. More about that later.

What's in a digitally -coded TV line?
Let's look at one line of digital coding.

Each line starts with a "header" that gives
information about the line. For example,
the header may tell you where the data
begins, the number of pixels and the num-
ber of bits per pixel.

Remember, in our monochrome system
the number of bits per pixel determines
the number of shades of white -to -grey
that are possible. The digital system may
also give the total number of bits in a line
and tell where the line ends and the next
line begins. The digital system can count
millions of bits in one line.

You can think of the header for a digi-
tal line as something that takes the place
of horizontal sync pulses.

Troubleshooting a digital TV
This is a good place to talk about trou-

bleshooting in a digital TV system. In
today's color TV receiver you may be
working down at the component level.
Digital television receivers are so com-
plex that you will spend almost all of your
time working at the IC signal level. In
other words, you will be looking at sig-
nals rather than volts, amps and ohms.

Screen aspect ratio
Of course, the aspect ratio of a frame

(two fields) is of interest. For the NTSC
(National Television Systems Com-
mittee) system it is 4 to 3. That is, a ratio
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of 4 wide to 3 high. The plan for HDTV
is to use an aspect ratio of 16 wide to 9
high. It is sort of a wide screen. (Maybe
we will be able to see all of the stuff at the
edges we have been missing?)

People are being told (in the newspa-
pers) to expect HDTV (High Definition
Television) pictures to be amazingly clear
in details. The present analog NTSC TV
system has 525 lines of video of which
480 lines are active - that is, 480 lines are
actually used to display a picture.

The proposed HDTV system will have
1125 lines of which 1080 are active. That
means there will be more than twice as
many vertically -spaced lines used to
make a picture.

No one seems to notice this, and/or, no
one seems to care - however, if you did
nothing else but increase the present 480
active lines to 1080 lines you would get
a remarkable increase in picture clarity.

Some digital TV terms

Here are some terms (related to digital
TV) that we have discussed so far. A few
new terms are added.

ASPECT RATIO - This is the ratio of
screen witdth to height. In the proposed
HDTV system the aspect ratio will be
16:9. It will show up as a wider screen so
that it will be an easier matter to convert
today's movies for television viewing.

HDTV - High Definition Television.

HEADER - An identification code - in
digital form - which is given at the begin-
ning of each line of video. It describes the
characteristics of the data stream that fol-
lows on that line.

HUFFMAN CODING - A method of
assigning digital codes to pixels. It is a
statistical method that assigns code num-
bers to pixels. The lengths of the code
numbers vary with the number of times
the pixel occurs. By using this coding
method the bandwidth of the system is
greatly reduced.

LINES - There will be more scanning
lines and more active lines in High
Definition Television pictures.

PIXEL - Although a monochrome
screen is not actually made up of pixels,
you can consider it to be so. Each rectan-
gular pixel is described by the following
features: its horizontal position on the
screen, its vertical position on the screen,
and, for monochrome TV, its brightness.

In addition to those things, pixels in
color TV must also be described by the
color. That will greatly complicate the
description of pixels.

Horizontal and vertical positions are
determined by the sweep system. In one
proposed HDTV system interlaced scan-
ning will be used. If that format is accept-
ed your biggest job in designing a mono-
chrome TV will be to describe (digitally)
the brightness and color of the pixels.

QUANTIZING - For digital television.
The characteristics of each pixel must be
converted to digital numbers. That
process is called quantizing.

SAMPLING - This is the first step in
quantizing a video signal. It involves tak-
ing readings for each pixel. Analog -to -
digital conversion is used here.

and the
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-7/V1 NEWS (from page 41 1/11

"Consumers continue to agree that
portable music players are a great value
and the best way to enjoy their favorite
music anytime, anywhere," said Mark
Viken, senior vice president, Personal
Audio/Video Division of Sony
Electronics, Inc. "This, combined with
advances in digital technology and
increased battery life are driving
increased sales volumes."

Components and aftermarket autosound
remained in negative territory, both for the
month and year to date. Component sales
slipped 12 percent in May to $117 million,
and for the January -May period were off
15 percent. Autosound products declined
in May as well, dropping ten percent to
$164 million, yet on a cumulative basis
remain within striking distance of last
year's totals.

CEMA is a sector of the Electronic
Industries Association (EIA), the 73 -
year -old Arlington, Virginia -based trade
associations representing all facets of

electronics manufacturing. CEMA repre-
sents U.S. manufacturers of audio, video,
accessories, mobile electronics, commu-
nication equipment information products
and multimedia products.

Large screen TV set sales see double
digit growth posting all-time records,

VCRs & camcorders set pace for
first-half video equipment sales

Large screen television set sales grew
12 percent and unit sales of consumer
video equipment rose two percent over-
all during the first half of the year, due in
large measure to the strength of VCR
decks and camcorders, according to data
compiled by the Consumer Electronics
Manufacturers Association (CEMA).
The trade association also reported solid
first-half performances by color
TV/VCR combinations.

In the direct -view color TV category,
despite reports to the contrary on digital
television. receivers 30 -inches and larger

H 0 TO FACTS_
ADMIRAL
GZA12312
JSJ-12303C
JSJ-12303E
JSJ-12303F
JSJ-12303G

3892
3887
3887
3887
3887

CT-27G12UV
CT-27G12V
CT -27S 20U
AEDP280
ASEDP246

3891
3891
3888
3891
3888

JSJ-12304C 3887 PHILIPS MAGNAVOX
JSJ-12304E 3887 VRX222AT21 VCR -290
JSJ-12304F 3887 VRX242AT21 VCR -290
JSJ-12304G 3887
MWL2053S 3892 QUASAR

AEDC277 3893

BELL & HOWELL SP2019DV 3893

GZA12699 3886
MWL2773S 3886 SHARP
12699-02 3886 13TH30 3885

20E-S200M 3890
MEMOREX 27G-5400 3882
MT1131 Suffix A 3884
MT1131 Suffix B 3884 SONY

KV-27S35 3883
MITSUBISHI KV-32S35 3883
CS -20201 3889 SCC-J710-A 3883
XL2 3889 SCC-J71P-G 3883

PANASONIC SYMPHONIC
CT-27G12CV 3891 ST191G 3894

grew a strong 12 percent. Six-month sales
of all TVs slipped four percent to 9.06
million units, but CEMA President Gary
Shapiro explained that "the trend within
that trend is the continuing strength of
color TV models 25 -inches and larger,
which increased a solid three percent,
including the 12 percent jump in models
30 -inches and larger. Home theater
remains the dominant force in the home
video marketplace, and we expect that
growth in the large -screen categories will
keep overall direct -view color sales on a
high plateau this year."

For the January -June period, VCR deck
sales to Unites States dealers increased
ten percent to more than 7 million units.
On a year-to-date basis, hi-fi stereo mod-
els accounted for 43 percent of total VCR
sales. First-half camcorder sales expand-
ed five percent to 1.7 million units.
TV/VCR combinations posted a 15 per-
cent growth on first-half sales of more
than a million units.

Test Your Electronics Knowledge
Answers (from page 18)

1. 480 active lines that actually make a picture.The remain-
ing lines are used for vertical blanking.

2. An isotropic radiator sends out signals equally in all direc-
tions.It is an imaginary antenna that cannot be built.However.
it is used in the mathematical analysis of antennas.

3. 106/109 = 103

4. Divide ten and a half by four and a half and get 2.33333
cents. Then, since we don't have fractions of a cent, you will
have to pay 3 cents. By multiplying the numerator and denom-
inator by 2 you find that 21 pieces cost 9 cents exactly and
you avoid paying the fractional cent.

5. The equalizing pulses on top of the blanking pedestal.

6. cladding.

7. magnetostriction.

8. Add white paint.

9. Add a bypass capacitor around R3.

10. The if frequency is equal to the oscillator frequency
minus the rf frequency: if frequency = 1555 kHz - 1100 kHz
= 455 kHz.

The image frequency is equal to the oscillator frequency plus
the if frequency.

Image frequency = 1555 + 455 = 2010 kHz
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While they slipped five percent in
June, year-to-date sales of projection
TVs were almost precisely what they
were a year ago. For the first six months
of 1997, projection TV sales totaled
some 336,000 units; the figure for
January -June 1996 was 339,000.
Shipments of DVD players continued to
impress, with cumulative unit sales of
125,000 through the end of June. Sales
of laserdisc players, by contrast, contin-
ued to plummet,falling 75 percent in
June and 63 percent during the first half
of the year.

The Fiber Optic Association to stud
fiber competitiveness in

premise cabling
The Fiber Optic Association, the pro-

fessional society of fiber optics, has ini-
tiated a study of the competitiveness of
fiber optics in premise cabling. The pur-
pose of the study is to understand wh)
fiber has been successful in many appli-
cations in the premise cabling market but
has not been accepted in others.

While fiber optics has overwhelming-
ly become the medium of choice in out-
side plant cabling with almost all telecom
networks based on fiber and most CATV
systems in the process of converting to
hybrid fiber -coax (HFC) architectures.
fiber is still limited to backbone applica-
tions in premise cabling.

The reasons for fiber's lack of success
in premise cabling are many and varied.
real and perceived. The Fiber Optic
Association, the professional society of
fiber optics, is undertaking a study to
determine the status of fiber optics and
why it has achieved the success it has in
some markets and failed in others.

The purpose of this study is to state the
reasons for fiber optic's successes and
failures, examine the validity of them.
and consider ways to improve products,
practices, standards, and perceptions
within the marketplace.

Many studies of these problems have
been made and some have been publi-
cized. Most, however, have been propri-
etary to organizations, either to set poli-
cies for their own marketing strategies or
to sell for the purpose. Several have been

done by organizations of fiber optic com-
panies to try to better understand the
issues and implement promotional or
educational institutions.

The result of the study will be a posi-
tion paper on the future of the use of fiber
optics in premise wiring systems.
Included in the paper would be recom-
mended standards that would enhance the
competitiveness of fiber with respect to
copper wire. The results of the study,

which should be finished early in 1998,
will be made public for comments.

Anyone interested in participating in
the study should contact The Fiber Optic
Association, by phone at 617-469-2F0A,
fax 617-396-6155, e-mail fao@world.
std.com. The survey questionnaire will be
available on the FOA website when ready
(http7/world.std.com/--foa/). All partici-
pants, no matter what their involvement
in fiber optics are welcome. IN
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Understanding and troubleshooting laser optical (from page 14)

HIGH FREQUENCY
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02

PHOTODIODE ARRAY
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PHOTODIODE
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EQUALIZED
BITSTREAM

TO DECODER
STAGE

Figure 12. In either a single -beam or three -beam optical pickup system, the HF data signal is processed by an AGC circuit and data equalized to
provide an equalized data bitstream to the decoding circuits of the video laser disk or CD player. Because of its appearance on the screen of an
oscilloscope, the equalized HF signal is commonly referred to as the "eye" pattern.

motion of the radial swing arm to track
the data on the disk is controlled by a radi-
al servo. The radial swing arm pivots on
an axis located at a point outside of the
diameter of the disk. While three -beam
tracking systems use both tracking and
sled servos, the single beam optical pick-
up uses only the radial servo to follow the
disk's spiral track.

The radial error signal which drives the
swing arm is derived from the photodi-
ode currents in the photodiode signal
processor stage. The radial error signal
processor controls the radial drive signal.
When the operator selects a function such
as track search, fast forward or reverse,
the microcomputer logic takes over to
control the radial servo lock and track
jumping functions.

In the single -beam radial tracking sys-
tem, the optical pickup pivots as it tracks,
thus changing the angle between the
objective lens and the disk. This results
in differences in the strength of the
reflected laser beam. This system thus
requires gain and phase compensation.

Another difference in the single -beam
system is that it requires an additional sig-
nal to achieve radial servo lock. A "wob-

ble" signal is injected into the radial servo
loop to provide radial servo lock. In the
absence of the wobble signal, the radial
system does not track properly.

Signal processing
Processing of the HF (high frequency)

signal is very much the same in both the
single -beam and the three -beam optical
pickup systems. The HF signal is
processed by an AGC circuit and data
equalized to provide an equalized data
bitstream to the decoding circuits (Figure
12). The equalized HF signal is com-
monly referred to as the "eye" pattern.
The equalized HF eye pattern signal is
applied to the decoder where the bit clock
is regenerated and the EFM (eight to four-
teen modulation) is demodulated.
Another circuit may also be included to
detect the HF signal (Figure 13).

The detection circuit detects the loss or
reduction of the HF signal, which may be
caused by dirt, or dropouts in the data
stream due to damage on the disk's sur-
face. The detection circuit develops logic
control signals to indicate the condition
of the HF signal.

If the circuitry in the player experiences

a momentary total loss of data, such as
might be caused by severe damage to the
disk, or a shock to the player, a "track
loss" logic level is used to notify the
microcomputer of this condition. If such
an event occurs, the servo loop may be
opened and the microcomputer momen-
tarily controls the tracking position of the
optical pickup.

System control
A feature of any video laser disk play-

er or CD player is a control circuit. The
microcomputer -based control circuit
controls all of the functions of the system
and provides an interface between the
user and the CD player. When the opera-
tor presses a button such as open or close
tray, play, etc., the microcomputer gener-
ates an output to perform the function.
This system control block diagram
(Figure 14) is typical for CD players.

The microcomputer controls and mon-
itors all aspects of the servo system. When
a disk is loaded into the player, for exam-
ple, the microcomputer initiates the disk
startup procedure. During startup, the
system detects and decodes the table of
contents (TOC) in the lead-in area of the
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Figure 13. The detection circuit in a video laser disk player or CD player detects any loss or serious reduction of the HF signal that may be caused
by dirt or dropouts in the data stream caused by damage on the surface of the disk, or a complete loss of data caused bya severe shock to the
player or severe damage to the surface of the disk.

disk. The TOC contains information such
as catalog number, total number of tracks,
total time and other information pertinent
to the disk that has been detected. After a
disk has been identified, player functions
are enabled.

It is a great help in troubleshooting to
recognize that some faults may be caused
by the system control or signal process-
ing circuits (Figure 15).

The system control microcomputer gen-
erally detects error conditions in the CD
processing circuits and controls the unit's
functions, such as programming the play
sequence of a disk, or tray open/close. The
CD processing functions normally include
such actions as focus, tracking, spindle,
feed, decoding. However, these functions
are monitored and controlled by the sys-
tem control block of circuitry.

The condition of the unit, and the cause
of a particular symptom, can be isolated
using the diagnostic and test modes and
by checking sensor inputs and control out-
puts between the system control micro-
computer and the processing circuits.

Startup sequence
Obviously, disk startup must occur

before the player can perform any other
functions on the disk. When the operator
places a disk in the loading tray and clos-

es the tray, the microcomputer initiates
startup. The startup procedure varies from
model to model, but this discussion of the
basic startup principles applies to all sys-
tems (Figure 16).

First, the laser diode turns on and the
objective lens moves up and down to
detect the presence of a disk. In some
products, the optical unit is first posi-
tioned to seek the rest position, and the
spindle motor begins to spin during the
focus initiation procedure.

If there is no disk in the player, the focus
search occurs more than once. If the pres-
ence of a disk is not detected, an error is
indicated by the system, and the startup
procedure is terminated.

If there is a disk in the tray, and the laser
is in good condition, focus will be estab-
lished on the first pass of the focus search.
If there is a good disk in the tray, but the
system searches for focus more than one
time, the unit may be in need of adjust-
ment, or the laser diode may be weak.

Once a disk is detected, the spindle
motor turns on to rotate the disk, and the
control circuit provides drive to position
the objective lens to the area of the lead-
in tracks to retrieve the table of contents.
The TOC is decoded and its data is sent
to the microcomputer.

If the unit is a CD player, the data from

the TOC is displayed on the front panel
display of the player. The number of
tracks and total playing time are typical-
ly displayed. The unit is now ready for the
play mode. In some players, the unit auto-
matically enters play after a CD has been
loaded and detected.

Adjustment procedures vary from one
unit to another. With some units you will
make adjustments digitally, using a com-
puter. Some of the players you will
encounter are self adjusting. Before you
attempt any adjustments, consult the man-
ufacturer's service literature for that unit.

Ordinarily, adjustment is not necessary
unless you have replaced a faulty com-
ponent. Even then, in some cases, the test
point for the adjustment procedure may
only need to be checked for verification
of the correct waveform or signal level.
In many cases, these test points may be
used when troubleshooting the unit to ver-
ify proper performance.

Troubleshooting
During troubleshooting, you may find

it helpful to conduct some preliminary
checks to get a general idea of where the
problem may originate. If the optical pick-
up system is not functioning, for example,
the problem may be in that system, or it
may be caused by a power supply fault.
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Figure 14. The microcomputer -based control circuit in a video laser disk or CD player controls
all of the functions of the unit and provides an interface for the user.

Another possible cause of failure of the
startup of the optical pickup system is a
fault in the system control circuit.

If you have no audio, but the display on
the front panel of the player is showing
elapsing time and track information, you
know that the problem is not caused by
servo faults. This condition points to a
problem in the later stages of the unit such
as the DAC or analog filters.

If you're troubleshooting a combina-
tion video laser disk/CD player, try oper-
ating the unit with different disk types
(Figure 17). If the unit operates with a
compact disk in it, even if does not work
with a video laser disk, you have deter-
mined that the optical pickup system is not
the source of the problem. This problem
may be caused by a fault in the spindle
servo circuit or signal processing circuit.

The operation of the processing circuits
differs depending on which type of disk
is loaded in the player. Diagnostic tools
are available to aid in the servicing of
these players. You will find that there are

test disks, jigs and service aids available
for performance tests and diagnostics.
The service manual will list any special
test fixtures and disks that may be useful
to the technician in servicing the product.

Test modes
The manufacturers of most compact

disk and video laser disk players have
built test modes into the products. The ser-
vice literature will include instructions for
using these test modes. In most cases, the
test modes allow the service technician to
isolate the cause of the fault to a specific
circuit. In some cases, the product has to
be in one of the test modes to perform
adjustments. This is especially true in the
case of video laser disk players. Some test
modes you may find in various players
include modes for checking the laser,
focus, tracking and spindle servos.

For example, when you implement the
focus test mode, the laser diode in the
optical pickup turns on and the objective
lens continuously moves up and down.

SYSTEM
CONTROL

KEYPAD (USER INPUTS)
DISPLAY
SENSORS (FOR MECH. FAILURE)
TRAY CONTROL

SIGNAL
PROCESSING

FOCUS
TRACKING
SPINDLE
FEED
DECODING

Figure 15. Some faults in a laser disk player or CD player may be caused by either the system
control or signal processing circuits.

This test mode allows the focus servo to
be tested while the other servo circuits are
not functioning. This mode allows trou-
bleshooting of the laser control and focus
startup, with and without a disk. The
focus signal can be monitored when trou-
bleshooting the focus servo circuit. The
technician can also check the laser output
while the player is in this test mode.

In another test mode, the spindle motor
turns on and the focus servo is locked. A
low from the TL signal indicates focus
servo lock. If focus does not lock, as indi-
cated by a high TL signal, continue to
troubleshoot the focus servo loop.

If one of the photodiodes in the photo -
diode array is defective, for example,
focus lock could not be achieved. A LF
signal has to be present at each input of
the photodiode signal processor in order
to develop the focus error signal. If the
focus test mode reveals no problems in
that system, implement the next test
mode. In this case, the next step is to go
to the spindle servo test mode.

If the spindle servo circuit is operating
properly, you have learned a lot about the
condition of the unit. For one thing, the
decoder stage for regenerating the bit
clock must be operating (Figure 18). If
the spindle servo does not lock, the cause
may actually be in the decoder stage.

Error indications
If you put a disk in the player and it does

not play, it will help in your diagnosis of
the problem if you have a knowledge of
the startup procedure. A good place to
look first for clues is the player's display.
Most players display an error condition if
a disk is not detected.

Let's say that even though there is a disk
in this player, the display indicates no
disk. There are several conditions that
may cause this condition:

 the optical pickup is not emitting a
laser beam,

 the modulated beam is not being
picked up,

 focus can't be achieved or is poor,
 startup was not initiated,
 radial error,
 some mechanical fault is preventing

positioning of the optical pickup into the
lead-in area required for reading and
detecting the TOC,

 failure to read and detect data .
The first step in isolating the cause of
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Figure 16. Once a disk has been loaded into a player, the player must go through a startup
sequence, as described in the text, before the disk can be played.

this problem is to place the player in the
service position. You may find it neces-
sary to obtain extension cables in order to
position the unit for service. Additionally,
you may find it necessary to defeat an
interlock or close the tray switch to sim-
ulate a tray -closed condition so that the
optical pickup will function.

With the CD player in the service posi-
tion, look at the objective lens without a
disk when the unit is powered. (Again,

do not look into the lens, and keep a
respectful distance from it). When the
tray is closed, the control microproces-
sor in most players initiates startup to
check for the presence of a disk.
Ordinarily, if there is no disk in the tray,
the search function will occur two or
more times. If you see the optical pick-
up perform its search function, it's safe
to assume that startup is operational.

Next, place the unit into the service

Figure 17. If you're troubleshooting a combination laser video disk/CD player, try operating the
unit with different disk types in it. If the unit operates with a CD, even though it will not work with
a laser disk, you have determined that the optical system is functioning properly.

mode that turns the laser diode on. In this
mode, focus search may occur several
times. Even though the focus search is
operating, the display indicates an error;
i.e. no focus servo lock.

The cause for this problem could be that
the focus servo is not functioning proper-
ly, or that the laser diode is not turning on.
Check the laser output with a laser power
meter or other laser detection device.

If you do not detect any laser output,
the problem may be caused by a defec-
tive laser diode or it may be a laser drive
circuit fault. The next logical step is to
check the laser drive circuit.

If the drive voltage is correct, it is most
likely that the laser diode in the optical
pickup is defective. However, double
check to make sure that there are no open-
ings in the connector or flex cables before
replacing the optical pickup.

Symptoms
Evaluating the symptoms of a video

laser disk player or CD player that is not
functioning properly can help a service
technician determine where to start in per-
forming the diagnosis/service. Following
are some typical symptoms that a techni-
cian might encounter, and some sugges-
tions as to the nature of the problem that
might be the cause of that symptom.

Poor or intermittent playability
If a player won't play, the cause of the

problem is usually fairly easy to isolate.
Some problems, however, are not quite as
easy to find. For example, if the symptom
is poor playability or intermittent playa-
bility, the technician may have to bring
all of his resources into play to solve the
problem. For example, the player may fail
to play a CD to the end, or startup may be
intermittent. Another example of this
type of problem is skipping.

Disks that are designed to test the per-
formance of the player may be helpful in
diagnosing such conditions. For example,
let's say that the player you're servicing
doesn't want to play a disk to the end. If
you load in a maximum diameter test disk
you'll be able to test playability at vari-
ous tracking positions.

Some test disks are designed for track-
ing and error correction performance
checks. These disks contain known faults
such as scratches and smudges which can
be used to test the unit's ability to correct
for such errors.
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It is also helpful to use the diagnostic
modes to help troubleshoot such condi-
tions. In addition, use an oscilloscope to
check the condition of the signals of the
servo circuits.

A look at the eye pattern on the oscil-
loscope screen will also help you to deter-
mine the condition of the laser pickup
device and servo circuits. Jitter and dis-
tortion in the eye pattern may indicate
poor tracking.

Turn the player off and inspect the opti-
cal pickup system closely. This can some-
times reveal a fault. If the objective lens
is dirty, it can reduce the laser output from
the objective lens, causing skipping or
intermittent play.

If the lens is dirty, clean it according to
the manufacturer's instructions. The
optical pickup and objective lens are sen-
sitive devices. Use only recommended
lens cleaning products, and exercise
extreme care in performing the cleaning
to prevent damage.

Close visual inspection of the tracking
mechanism may reveal a mechanical
fault. Placing the unit in the tracking servo
test mode may be helpful in locating a
mechanical problem. Moreover, moving
the tracking mechanism by hand may
reveal a mechanical fault.

Poor playability may also occur if the
angle of the laser beam with respect to the
reflective surface of the disk is incorrect.
This problem may be caused by a fault in
the tilt servo in units that employ a tilt
servo circuit. Implementing the tilt servo
test mode may reveal the fault.

CD players generally don't have a tilt
servo. If the reading angle of the laser
beam in one of these units is not correct,
you will usually find that the manufac-
turer has made some type of adjustment
provision for correcting it.

A bad laser diode
A laser diode in the optical pickup that

is weakening may be the cause of playa-
bility problems. If you suspect that this is
the case, thoroughly troubleshoot the rest
of the unit first to make absolutely sure
that the problem isn't being caused by a
fault elsewhere. If you don't do this, you
may find that you have replaced the opti-
cal pickup unnecessarily.

Moreover, if you install a new laser
diode, it may even appear that that has
restored the player to proper operation

Figure 18. If the spindle servo circuit in a player is operating properly, you have learned a lot
about the condition of the unit. For one thing, you know that the decoder stage for regenerating
the bit clock is operating, so that can't be the cause of the problem.

even though the pickup was not the cause
of the problem in the first place. A new
diode, operating at highest efficiency and
brightness may allow the player to oper-
ate even though the player is otherwise in
less than perfect condition and there are
other faults still present. If this is the case,
after just a little aging of the diode, the
unit may revert to the same symptoms it
exhibited when it was initially brought
into your service center.

Tracking faults

Poor playability or poor tracking may
also be caused by faults in the tracking
system. If poor tracking is the symptom
in a single -beam CD player, check to see
if the wobble signal is present in the radi-

al servo loop. If the wobble signal is not
present, check the radial servo circuit. In
a three -beam system, performing track-
ing servo adjustment procedures can
reveal the location of a fault.

Checking out the
system after service

After completing any service, to make
sure that the unit will operate properly
once its owner takes it home, perform all
of the adjustment check procedures to
verify the unit's performance.

Finally, after completing all repairs and
verifying the performance of the player,
complete all of the performance and safe-
ty test procedures that are contained in the
manufacturer's service manual.

Jr

V
"It

inlgs ose J w ' 5550

Better, faster, cheaper
Windows -based Service
Management software
is coming.

is worth waiting for...
Circle (74) on Reply Card
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-VV -CLASSIFIED

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 ads (replies sent to ES&T for forwarding) are $40 additional. No agency discounts are allowed for clas-
sified advertising by the word. Contact Kirstie Wickham at 516-681-2922 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" max-
imum per ad. Blind ads are $40 addition. Reader Service Number $25 additional to cover processing and handling costs. (Free to 4 -inch or largerads.) For more infor-
mation regarding classified display advertising please call 516-681-2922. Optional color (determined by magazine) $150 additional per insertion.

Send your order, materials and payments to:
Electronic Servicing & Technology, 76 N. Broadway, Hicksville, N.Y. 11801 Attn: Classified Department Ph: 516-681-2922 FAX: 516-681-2926

FOR SALE

SENCORE, TEKTRONICS, HEWLETT PACKARD (all 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 Tople.

IN -CIRCUIT CAPACITOR ESR TESTER - Find bad caps FAST and
RELIABLY with the new Capacitor Wizard in -circuit ESR Tester! Great
for monitors, switching power supplies, TVs, etc. Only $179.95.
MCNISA. Independence Electronics Inc., 800-833-1094,
www.awiz.com.

Steps To Troubleshooting Electronics Problems In Circuitry, Send
$25.00. Steps To Setting Up Your Own TV Store, Send S100.00.
Certified checks or money orders only. Arnold Burns, 425 East 51st
Street, Brooklyn, NY 11203.

Be an Expert with the Electronic, Electrical and Instrumentation
Handbook great for School and Shop work. Full of Electrical Formulas
and Graphic Symbols and much more. $20.00 per copy, includes ship-
ping and handling. Send only Money Order and Certified Check to: Rev.
Marcus Wallace, PO 53893, Indianapolis, IN 46214-54.

Over 20,000 excellent service tips from KD T -V, Nesda, ETA, and other
Professional Servicers. All brands -All types (TV, VCR, Monitor,
Microwave, Camcorder, Audio. Misc.). Diskette or e-mail file $49.95.
KDTV 514 3rd St. Aurora, IN 47001. 812-926-4321. All c/cards.
kdtv@seidata.com. Finest ORIGINAL data! - Demo disk $10.
OR....Download FREE DEMO http://www.seidata.com/--kdtv

» more than **20,000 *** TECHNICAL REPAIRS *** FREE DEMO-**
REPAIRS for TVs, VCRs, Projection TVs, CAMCORDERs, CD Players,
Audio on computer disks - The TECHNICAL TIP REPAIR Program.
Easy look -up by Model/Chassis number. PROFESSIONAL BOARD
LEVEL & COMPONENT LEVEL REPAIRS. ADD your own tech tips.
PRINT tips. BACKUP & save Your Tips. Have your own tips? Ask about
our TIP EXCHANGE policy with *** FREE Updates ***. For IBM com-
patible computers with a hard drive and some Apple Macs. Only $150.00

FREE SHIPPING **. NEW VERSION works in DOS, WINDOWS 3.1 &
WINDOWS 95. *** FREE DEMO *** HIGHER INTELLIGENCE
SOFTWARE, 60 FARMINGTON LANE, MELVILLE, NY 11747.

CALL 1-800-215-5081

FURTHER PRICE REDUCTION. Diehl Mark III $49, Diehl Mark V
Horizontal circuit tester $169. New. Conductive coating for remote con-
trol keypads $9.99 ppd. WEEC, 2411 Nob Hill Road, Madison, WI 53713.
608-238-4629, 608-273-8585.

FREE ZENITH REPAIR TIPS
SAVE $$$ Repair Zenith TV modules found in over 1,000 models, 1983-
1995. Symcure manual shows you how. $79.95 or send SASE for FREE
samples. TVPRO, 807 Queen Palm Lane, Sarasota, FL 34243.

TEST EQUIPMENT BOUGHT & SOLD: OSCILLOSCOPES, ETC.
510-706-0177. FAX: 510-706-0156.

FOR SALE

NAP Tuner 340309 RCA Tuner TCHRIA or TCCR IA. Snowy picture?
Will repair for $25.00, Free Shipping. Tip Top TV & VCR, 18441
Sherman Way, Reseda, CA 91335, 818-345-1974.

  'ATTENTION WINDOWS USERS!   'SERVICE TIPS IS NOW
AVAILABLE IN A NEW WINDOWS 95 VERSION WITH FEATURES
NOT SEEN IN ANY OTHER TECHNICAL TIPS PROGRAM PLUS
it's compatible with Windows 3.0 or 3.11. Containing 21,391
SERVICE TIPS - you can ADD, REVISE/EDIT, PRINT, or
DELETE A TIP & EXCHANGE, BACKUP & RESTORE TIPS
just like our DOS version PLUS with our new Windows version
YOU CAN remain in the ADD Mode to add several tips at a time,
cut & paste text & VIEW BOTH THE SYMPTOM & SOLUTION
FROM THE SEARCH SCREEN. This new WINDOWS VERSION is
available for ONLY $199.95 (plus s&h). Begin to cut your trou-
bleshooting time down and increase YOUR PROFITS. It is the ONLY
PROGRAM with actual technician findings and is SUPPORTED
BY ITS CREATORS & APPROVED by National Electronics
Service Dealers Association. Our DOS version of SERVICE TIPS is
still available for $169.95 (plus s&h). Electronic Software Developers
Inc. 826 S. Main St., S. Farmingdale, NY 11735 or e-mail us at
esd@pb.net or visit our Web site at: www.pb.net/vcrtips. Don't wait!

To order CALL TODAY 1-800-621-8477

TV CASE HISTORIES: Booklet with 2,825+ histories. Satisfaction assured.
Only $56 (plus $3.00 for priority mail). Mike's Repair Service, P.O. Box
217, Aberdeen Proving Ground, MD 21005. Same mailing address 33 years.
Send SASE for samples. 410 -272 -4984,1 -800 -2 -FIX TVS 11am-9pm. ( or
at http://www.netgsi.comt-mikesrs).

SERVICE DATA & HARD TO FIND PARTS previously -owned SAMs,
manufacturers data, books, FREE catalog. AG Tannenbaum, Box 386,
Ambler, PA 19002, 215- 540-8055, fax 215- 540-8327.

( ( 34,000 REPAIR TECH -TIPS ) ) As promised, another 2,000 daily
repairs have been added to our database this update. Included are the
tenacious Eprom repairs of our industry. WE ARE TECHNICIANS! TEST
our FULL DATABASE of repairs in CD FORMAT, DOS or WINDOWS for
ONE WEEK in YOUR SERVICE CENTER for $20.00. If satisfied, you may
join our membership for an additional $330.00. Our membership price has
been the same for the past 7 years and will remain the same in the
future."FREE" 48 Page member magazine "THE TIP INFORMER",
"FREE" Emergency tech -assist telephone line, "FREE" FCC -ID Cross -
Reference Manua "FREE" Service Center Forms, Semi-annual updates
with 2,000 new repairs in four - 3" Paper Manuals or Computer, CD, DOS
or True Windows. You may enter your own repairs, edit or tag any report
or press one key and printout selected or all repairs on a particular Model
or Chassis. "GET TO THE BOTTOM LINE PROFITABLY" CALL and speak
to a service center owner and technician ED Erickson, NESDA MEMBER
and past president of the (PROFESSIONAL ELECTRONICS ASSN. OF
SOUTH FLORIDA). You and your technicians will be glad you did!
Remember, labor s your largest expense. 800-474-3588 or 954-349-2455,
TV -Man Tech -Tips, Inc. 2082 Augusta, Weston, Florida 33326.
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FOR SALE

HUGE TEST EQUIPMENT SALE! NO REASONABLE OFFER
REFUSED! VIEW COMPLETE LIST AT WEB SITE "a-mall.com" or call
NOW to receive list by fax or mail. AST GLOBAL MARKETING. Voice:
888-216-7159; Fax: 814-337-7920, e-mail: astmrktg@wrench.toolcity.net.

Sencore SC3100 $1700.00, VG91 $1300.00, TVA92 $900.00, SG165
$250.00,. Leader LB0516 100Meg Scope $400.00. All 4 Tents! gauges
$900.00. Call 908-968-1145.

CRT ADAPTER KIT - Hooks your CRT tester to ALL picture tubes. Win
the "socket war". Obsolete proof! $59.00. Dandy 2323 Gibson,
Muskogee, OK 74403. 918-682-4286.

WANTED

WANTED: USED TEST EQUIPMENT. AST GLOBAL MARKETING:
Voice: 888-216-7159; Fax: 814-337-7920, e-mail: astmrktg @wrench.tool-
city.net.

BUSINESS OPPORTUNITIES

Video Repair Shop - Factory Authorized for many brands, tape dupli-
cation machines, camcorder/VCR rentals. Includes entire contents.
Asking, $18,000.00, Plymouth, MA. Scott, 508-830-0916.

TVNCR/CAMCORDER/MICPOWAVE REPAIR. S.E. MONTANA
2HRS FROM YELLOWSTONE PARK. TURNKEY. LARGE LIBRARY
AND INVENTORY. COMPUTER INVOICING AND TECH TIPS.
MAJOR BRAND WARRANTY. CONTRACTS WITH LODGENET,
AND US NET. GOOD WORKING RELATIONSHIP IN AREA. GIVE
AWAY AT S65,000.00. JOHN L. MCLEAN, 406-656-1098.

TO PLACE YOUR AD IN
ELECTRONIC SERVICING & TECHNOLOGY'S

CLASSIFIED SECTION

CALL 516-681-2922

-/W READERS' EXCHANGE
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 elec-

tronics 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, 76 North 13roath$ ay, :rlicksville, New York 11801

Phone: 516-681-2922 FAX: 516-681-2926

FOR SALE

Sencore SC3I00 oscilloscope, $1995.00.
VCR analyzer VC93, $1650.00, isolation trans-
former PR57 $400.00, and portable Super
Cricket TF46 $300.00. All equipment is three
years or less. Have original boxes. Contact: 619-
984-2144, e-mail bowers@pathwaynet.com.

Sencore CVA94 camera video analyzer,
VR940 video reference. Never been out of box,
new, make offer. Contact: Paul Smith, do
Sunray, 8371 No. Tamiami Tr. (US -41),
Sarasota, FL 34243. 941-358-9999, 941-359-
8553 (fax), e-mail: Sunray@gate.net.

Test equipment and parts used to service TV,
VCR, medical and other electronic equipment.
Excellent condition. Contact: Edward 0. Leduc,
CET after 7 PM EST 603-669-1533, 603-669-
2841 (fax), e-mail: 102764.1435@com-
puserve.com.

Sencore CR70 CRT restorer, like new with
all manuals and cables, $800.00. Sencore VC93,
VCR analyzer, like new with all manuals, tapes
and cables, $1000.00. Contact: Joe Bartel,
507-342-5564.

Sencore SC3 I 00 "Auto -Tracker" auto.
100mhz waveform/circuit analyzer, $2450.00.
Sencore SG80 AM/FM stereo analyzer,
$1780.00, PA8 I audio power analyzer.
$1450.00. All brand new in box. Contact: Jim,
888-532-8007 (toll -free). 707-259-8010.

Sencore VA62, NT64, VC63, EX231. Like
new with all manuals and cables, $1000.00. Will
ship within continental U.S. Contact: Maurice
Allen, Star Rt. Box 119, Summersville, MO
65571, 417-932-5563.

Sencore TVA92 and VG91, 1995 models with
cables, manuals and schematics. Excellent con-
dition, used less than one year, $3300.00.
Contact: 814-772-4294.

WANTED

Heathkit weather computer model ID4001.
Desperately need temp. sensors, outdoor sender.
or any parts dead or alive. Contact: Bruce
Hudler, 4712 Henshaw Lane, Pasadena. MD
21122, 410-439-3333.

NAP TV chips (used). MPU, p/n 612442-1,
IC -1000 from 25C537 chassis.Tuner prescaler,
p/n 15-31015-13, IC -1151 from E34 -C4 chassis.
same as Zenith p/n 221-160. Not over $10.00
each, please. Contact: W. Worley, 305 Hickory
Bend. Enterprise, Al 36330, 334-347-5281.3

Electronic control module (new or used), p/n
NAP TV chips (used). MPU, p/n 612442-1, IC -
1000 from 25C537 chassis.Tuner prescaler. p/n
15-31015-13, IC -1151 from E34 -C4 chassis,
same as Zenith p/n 221-160. Not over $10.00
each, please. Contact: W. Worley, 305 Hickory
Bend. Enterprise, Al 36330, 334-347-5281.

Magnavox model RX4812AK04 chassis
25N I microprocessor p/n 0061279 7003.
Toshiba, TMP47C-634N-R328 and p/n
4835-209-17042 IC, CTDA6305A. Contact:
B.W. Martin, 512-575-1366 (can call collect).

Ampex tape decks. Hickok tube tester (or
Precise 111M), Tubes, KT -88/77/66, 6550.
EL34, GZ32, 5AR4, etc. Quadraphonic gear
and 4 -channel audio scopes (Pioneer SD -1100.
JVC, CBS, Marantz, Panasonic), Sencore
Z -meter, Powerite PR57. PR570. Contact:
612-869-4963.
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TUBES TUBESTUBES
World's Largest Range

Over 2,000 Types, Domestic & Foreign

vimsr UP TO 85% OFF
Ask for
once list

International Components Corporation
Toll Free 800-645-9154N.Y. State 516-293-1500
107 Maxess Road, Melville. New York 11747

Circle (66) on Reply Card

Do You Repair Electronics?
Repair Databases for
TV, VCR, Monitor, UL
Audio. FCC, and more.

- Over 75,000 records
- Private user forums
- Dye on-line chat rooms

www.eiectronix.com
I 1,1111IN 4.11, ;I SI molu,115 11111,11'1 ,

Circle (65) on Reply Card

ERMAN
ELECTRONICS

II )1J.? 110111: P114) 11'1

hermanelectronics.com

Pita t i co 'La ICorrsputerAssociatiori
The National Computer Association

is the Professionals' Choice for securing a future in the
computer industry. We make the computer industry a better

place for our members to work by uniting together and working
to reverse the trend of high overhead and low profits.

Please See Our Ad on Page 51
or Visit Our Website at

www.nca-net.com

1-800-615-0224

INTERNET -2
::_/1311

ELES11101110
Servicing & Technology

To sign up dial 14004654636
with your computer & modem, and enter

ELECTRONIC at the signup password prompt!
You can find Electronic Servicing & Technology
in the Radio & Electronics Forum (GO RADIO).

http://www.delphi.comielectronic
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we deliver
timely solutions,

every day.

Working harder for you.
When you need help right away, call Philips smart Parts.
We're working hard to make sure your customers are
completely satisfied. Call us today for all your carts,
accessories, and service aids. Call 800-851-88135.
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