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these disturbances
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By Homer L. Davidson

The days of the turntable are
numbered. With CD’s high-fidelity,
broad dynamic range and simplicity
of use, many audiophiles are turning
to the CD and away from the
phonograph record. It’s no wonder
records are becoming hard to come
by. But non-functional CD players
aren’t particularly hard to find. and
they should become more plentiful
in the future. For some electronics
servicers, that means business

opportunity.
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Memory Devices
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When you hear the word computer,
you might think of those banks of
mainframes that keep the world
running these days, but for most of
us, the computer is just a nice, safe
place to store the things we’d rather
not forget. Here’s Part IV of the
series — the anatomy of computer

memory.
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important call in to someone, only
to be stymied by an ever-ringing
telephone or a botched message? Or,
even worse, you have an important
document you want someone 10 see,
but you don’t want to trust it to the
mail or even out of your hands. Two
scenarios. two examples of why fax
machines are becoming so popular.
If you're interested in exploring this
new servicing field, here are some
tools to get you started.
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The compact disc is becoming the audio
medium of choice for many dedicated
listeners — industry experts expect 6.5
million CD players to be sold this year. CD
servicing is, therefore, becoming the
servicing niche of choice for many servicing
professionals. However. because only about
15% of U.S. households own CD players,
servicing skills learned today should be in
even greater demand in the future.
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—— Editorial

Have you
considered
CD
servicing?

CD seems to have taken over as the
technology of choice for audio record-
ing and playback. Although the con-
sumer can'’t use it to record, its outstand-
ing fidelity, broad dynamic range,
resistance to damage and simplicity of
use makes it a popular medium.

CD also seems to be the technology
of choice for storing large amounts of
computer data. Available now are CD-
ROM disks and drives for use with per-
sonal computers such as IBM and com-
patibles. The abbreviation CD-ROM
stands for compact disc — read only
memory.

CD-ROM discs have the same disad-
vantage as music CDs: They are
manufactured with the information on
them (computer programs, data) and are
then played back. They cannot be erased
and written to by the computer opera-
tor as can magnetic discs, floppy or
rigid.

The important advantage is that they
are capable of holding huge amounts of
data — in the area of 600 million bytes.
One of the earliest demonstrations of
this data density was the storage of an
entire encyclopedia on a single disk.
Another example of this technology is
the Microsoft Bookshelf. This disc
packs a number of reference books onto
one disk.

Many other things are happening now
that can be expected to further fuel the
development of CD-ROM. There is now
a portable reader so that a reference on
CD-ROM can be read anywhere — you
don’t have to be at a computer. In fact,
this reader is a computer without a key-
board. There is a place to plug in a key-
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board, which will turn it into an 80286
computer. (The product is relatively ex-
pensive at $5,000.)

In addition to the existing CD-ROM
technology, manufacturers are working
on a number of enhancements that will
make it even more attractive. It may be
possible for consumers to buy a CD-
ROM with, say, an encyclopedia with
dictionary that will contain not only text
but pictures and voice (for correct
pronunciation, for example).

Another CD technology that is avail-
able now, although extremely expensive,
is a unit that will provide not only ani-
mation but real-motion video that is
similar to the output of a TV or VCR.

I was told recently that if you go out
to buy a music system these days, the
system will almost certainly include a
CD, but if you want a standard turnta-
ble you might have to place a special or-
der. Apparently the CD has now be-
come the standard source for recorded
music. The CD-ROM, which is similar
in construction, is becoming an impor-
tant input for computers.

It sounds as though these devices will
probably be around for a long time.
These units are complex and will need
to be serviced. If you enjoy Homer
Davidson’s articles on TV servicing,
take a look at his article in this issue,
*“Basic Compact-Disc Player Servicing
Techniques." a primer on servicing
CDs. For anyone thinking about trying
out this new servicing venture, it would
be worthwhile reading.
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More professionals in more industries  The popular 70 Series—simply put, the Your choice. For the name of your
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——— News

EIA announces VICA winners

Six winners of the Electronic
Products Servicing Contest received
awards donated by members of the con-
sumer electronics industry at the 25th
annual Vocational Industrial Clubs of
America (VICA) United Skill Olym-
pics, which was part of the VICA Na-
tional Leadership Conference held June
26-30 in Tulsa, OK. VICA is the nation-
al educational organization for students
in trade, industrial, technical and health
occupations.

The winners in the high-school divi-
sion are, in first place, Chris Osterloh
of Area Vo-Tech School, Monett, MO;
in second place, Charles Woods of Bay
Minette Area Vocational Center, Bay
Minette, AL; and in third place, Todd
Pickler of West Stanly High School,

Oakborn, NC. The winners in the post-
sccondary division are, in first place,
David Dore of Twin Lakes Vo-Tech,
Harrison, AR; in second place, Patrick
Quinn of Boise State University, Boise,
ID; and in third place, Lynn Ronneba-
um of North Central Kansas Area Vo-
Tech School, Beloit, KS.

Prizes included tool cases, test equip-
ment, VCR training tapes, consumer
electronics products and subscriptions
to ES&T magazine. First-place winners
also received 2-year scholarships from
the Texas Educational Corporation.

The Electronic Industries Associa-
tion/Consumer Electronics Group
(EIA/CEG), a major sponsor of the
contest, developed the projects in the
contest, acquired the equipment and ob-
tained qualified judges. |

Winners in the high-school division: first place, Chris Osterloh (center); second place, Charles
Woods (left); and third place, Todd Pickler (right).
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Winners in the post-secondary division: first place, David Dore (center); second place, Patrick
Quinn (left), and third place, Lynn Ronnebaum (right).
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THERE ISNO SMARTER ,_
CHOICE THAN PHILIPS ECG:

ECG PR200A OR PR60;
FOR THE RIGHT ANSWER T0 YOUR
SCOPE PROBE NEEDS.

ECG™ scope probes come packed with features and packed
with value. Features on the PR200A include:

0 200 Mhz bandwidth capability

0 X1, X10 attenuation and
reference switch

O Low input capacitance

O Large thumb switch with positive
detents, for easy switching between
X1 and X10 and ground reference

0 Comes with an IC tip, BNC adaptor, insulating tip and a
retractable hook

The PR6O features:

0O 60 Mhz bandwidth capability
O X1, X10 attenuation and reference switch
O Retractable hook

ECG scope probes: the smart choice.
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ECG VCR MECHANICAL
REPLACEMENT PARTS CATALOG:
THE SMART PLACE T0 LOOK FOR

YOUR REPLACEMENT PARTS.

The ECG VCR mechanical replacement parts catalog has
the industry’s most comprehensive cross-references to
make sure you get the correct part:

Complete product line includes:
13 pinch rollers, 42 idler wheels
and assemblies, 4 idler tires and
48 belt kits
O 55 individual belts also available

ECG VCR replacement parts: the
smart choice.
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Contact one of more than 900 distributors or call
1-800-233-8767 for the name of the distributor nearest
you. It just might be the smartest call you make all week.

PHILIPS

ECG DM-26 AND DM-27 FuLL
FUNCTION GENERAL PURPOSE
MULTIMETERS.

The ECG DM-26 and DM-27 multimeters are loaded with
features and loaded with value. Just check out the array
of capabilities:

Diode test

Rotary range switch

Tilt stand

0.8% basic DC accuracy

3%" digit LCD display, 0.5” high
20 MQ2 full scale

10 MQ input resistance, DC
Low power Ohms

Overload protected .

The DM-27 also includes an audible continuity test
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ECG TV-1100 CABLE CONVERTER:
THE SMART WAY To MAKE ANY TV
Converter adapts any TV
to receive cable channels.
O Remote control features on/off, channel selection, and
plcture fine tuning. Operates from up to 25 feet away
O Remote control features last channel recall and memory
to store up to 10 favorite channels
ECG cable converter: the smart choice.
Circle (31) on Reply Card

ECG multimeters: the smart choice.
CABLE-READY.
And the added features
Converts VHF and cable channels to a switch-selectable
O Features a sleep timer that automatically turns TV off
Philips ECG Company

Circle (30) on Reply Card
! q The ECG TV-1100 Catle
give added value:
output, channel 2 or 3
after pre-determined time (up to 90 minutes)
A Division of North American Philips Corporation



Here is a review of the basic rules
for Boolean algebra. The rules are
represented by logic circuits. In each
case, write the rule in the space
provided using the letters given in the
drawing.

One good method of arriving at the

Wilson is the electronics theory consultant for ES&T.

|

Test your

By Sam Wilson, CET

solutions is the use of truth tables.
In the next two months, we’ll con-
tinue our discussion of this subject
in “What Do You Know About Elec-
tronics.” In November, we’ll discuss
logic circuits and Boolean algebra.
In December, we’ll discuss the solu-
tions to the questions in this quiz.

Answers are on page 37.

electronics knowledge
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electronics careers.
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Basic compact-disc player
servicing techniques

By Homer L. Davidson

If you've becn in a record store lately,
you've probably noticed that “‘record”
stores are quickly becoming compact
disc (CD) stores. In fact, with a mod-
est average price of about $250, it’s no
wonder 6.5 million CD players will be
sold this year. Of course. the upsurge
of CD sales can be a boon to the elec-
tronics servicer who wants to branch out
in new directions, and because CD play-
ers are only owned by about 15% of
American households, the situation can
only get better.

If you’re interested in CD servicing,
there are a few CD basics and princi-
ples with which you should become fa-

Davidson is the TV SCI'VAlCing coalianl EOI: ES&TT

miliar. For openers, just knowing how
to operate the CD player may save a few
unnecessary repairs and wasted time.
Basic CD player circuit operation is fair-
ly straightforward, but a knowledge of
how to handle IC chips and surface-
mount components may save a few dam-
aged parts and a lot of frustration on the
part of the servicer.

Basic CD players

CD players come in several forms:
home, auto, portable and combination
players. The home CD player operates
from the power line and is connected as
part of the stereo system, usually along
with, or in place of, the turntable or
changer. These home CD players may

10 Electronic Servicing & Technology October 1989

be front- or top-loading machines. An
automatic disc changer can play sever-
al discs in succession.

A car stereo player may be part of the
audio system that comes with a new car,
or it can be added to an existing stereo
audio system. Most of these players are
front loading, but an automatic disc
changer may be placed in the trunk area.
The basic auto CD circuits are the same
as the home units, except they are
powered by the auto battery and may in-
clude a dc-to-dc converter in the power
supply. The auto CD player may be con-
tained in two different units, one a
hideaway unit.

Most portable CD players are battery-
powered and used with earphones, like




the portable stereo cassette player. Many
people also use portable units just as
they would one that was designed for
use in the home, plugging them direct-
ly into a stereo amp and operating them
from the power line.

Safety precautions

There are several safety factors you
should observe before and during serv-
ice procedures:
® Always keep a CD disc on the turnta-
ble or cover the laser while servicing the
disc player.
* Do not look directly at the laser beam
when servicing the CD player. It may
damage your eyes. Remember, you can-
not see this beam with the naked eye.
® Wear a grounding wrist strap to pre-
vent electrostatic discharge (ESD) dam-
age to those delicate chips and proces-
sors. Keep a conductive mat under test
equipment and the CD player while
servicing.

¢ Use extreme care when handling the
laser beam assembly. Follow the
manufacturer’s procedures.
¢ Replace all parts with exact manufac-
turer's replacement units, especially
those marked with a safety symbol. Be
careful when removing and installing
ICs and processor components.
¢ After you complete a repair, don't for-
get to remove test clips and shorting
devices that you might have placed
across interlocks in performing diagnos-
tic tests.
* Always perform leakage current
checks after repairs are completed.
The resistance insulation, lcakage
current and hot current tests should be
made after all repairs are done and be-
fore you clean up the CD cabinet. For
resistance checks, turn the power switch
on with the unit not plugged into the ac
power. Measure the resistance between
both ac plug terminals and exposed met-
al parts of the CD player. (See Figure

COMPACT
DISC PLAYER
METAL ac
PLUG
3IMQ
DMM
ac
COMPACT PLUG
DISC PLAYER
METAL
RECEPTACLE
0.01mA
DMM ,
GROUNDED
PIPE,
CONDUIT,
ETC.

Figure 1. To prevent shock hazard, either a
resistance or hot current check should be
made.
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Figure 2. Use a block diagram, such as this diagram of the Cannon CD player, to locate the possible defective section.

October 1989 Electronic Servicing & Technology

1



1.) The resistance reading should be
higher than IM. If the resistance is less
than IMQ, check the reassembly of the
CD player for possible shorts.

For the hot current test, plug the play-
er into the power receptacle and turn the
switch on. Take a current leakage test
between the player and a good ground,
such as a water pipe or wiring conduit.
The current should not exceed 0.5mA.
If the measurement is outside these
limits, there is a possibility of a shock
hazard.

Test equipment for CI) servicing

The digital multimeter and dual-trace
oscilloscope are the two most important
pieces of test equipment for servicing
CD circuits. Most of these test instru-
ments are already found on the electron-

ics technician’s service bench. Here is
a list of the basic test equipment and
tools:

e digital multimeter or VOM

¢ duai-trace oscilloscope

* optical power meter

AF oscillator

capacitance meter

signal generator

frequency counter

test discs

special tools, manufacturer’s special
test jigs, wrist strap.

The oscilloscope may be used to
troubleshoot the various waveforms
found throughout the signal, servo and
motor circuits. In fact, the scope wave-
form can be used to signal-trace right
up to the motor terminals. The oscillo-
scope is used to make critical adjust-

/
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The portable CD player may be plugged directly into a stereo amp and operated from the

power line.

The two most important test instruments required to service the CD player are the digital
multimeter (DMM) and the oscilloscope.
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ments of the RF, focus gain. tracking
gain, tracking balance and PLL circuits.

Many of the special test instruments
and jigs are purchased from the man-
ufacturer. The optical power meter is
used to check the condition of the laser
beam diode. Test discs may be used for
troubleshooting and critical adjust-
ments. Special test-jigs and harnesses
may be required for certain tests that are
recommended or specified by the
manufacturer.

CD player operation
Knowing how the CD player operates
may save a lot of time and trouble. Read
the owner’s or manufacturer’s service
manual. If that’s not handy, remember
they all operate in about the same man-

| ner. Improper operation of the front

controls may cause you to take a little
longer to service the unit.

The Open/Close switch controls the
loading tray. This button opens the load-
ing tray so the disc can be loaded. Once
you have placed the disc in the tray (la-
bel side up), press the button again to
close the tray and begin play. The other
front-panel operating keys arc fairly
self-explanatory: the Play key begins
playback; the Pause key temporarily in-
terrupts playback; the Stop key stops all
operations; the Track Search key
searches for a desired track; the Reverse
key returns the pickup to the beginning
of the track. When the player is in the
Play or Pause mode, the Index Search
keys are used to search for index num-
bers within individual tracks. Although
there are many other time and memory
keys found on other CD players, the ba-
sic CD functions may be applied to any
CD player.

The block diagram

When a malfunction occurs in a CD
player, a glance at the block diagram
will help you quickly locate the stage or
section in which the breakdown occurs.
You may check the signal path from
stage to stage. (Sec Figure 2.) After
locating the section or stage in which the
defect has most likely occurred. you can
locate that section on the large schemat-
ic diagram. The servicing literature may
include several different schematics of
the various sections in the CD player.

Basic circuits
The signal path starts at the laser
pickup head where the pits on the disc
are converted into a digital electrical sig-
nal. This signal is amplified by the RF
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Figure 3. Many circuits will not function with-
out this RF signal eye waveform found at the
RF amplifier.

signal amplifiers. (See Figure 3.) This
digitally encoded signal (known as EFM
for 8-to-14 modulation because of the
method of encoding) passes through the
servo controller, the LSI signal proces-
sor, and the left and right sample/hold
circuits. When the signal reaches the
digital-to-analog (D/A) converter, it is
changed from a digital signal to a stereo
audio signal.

The stereo audio signal passes
through a low-pass filter (LPF) network
and the amplifiers, then to each left and
right channel output jack. Some CD
players have built-in stereo headphone
amplifiers for quiet listening.

The focus amp, focus error amp and
auto focus ensure that the laser beam is
focused on the right pits. Keeping the
laser bcam on track is controlled by the
tracking amp and tracking error amp.
Most of the CD player operations are
controlled by the operations-control LSI
processor. The loading and transverse
or sled motor operations are controlled
by the same IC chip.

The servo control IC provides signal
and power to the focus and tracking coil
drives, the slide or sled motor drive, the
spindle servo, the tray motor drive, and
the track jump and search circuits. Of-
ten, onc large LSI or two ICs may con-
trol most CD operations. The spindle
motor, which rotates the CD, may be
operated by the servo IC.

The low-voltage power supply pro-
vides different voltages to the various
circuits. You may find separate positive
and negative 5V, 10V, 12V and 15V
sources in the power circuits. A scpa-
rate —28V source powers the tluores-
cent tube indicator. Remember, one
defective voltage source may disable
more than one circuit in the CD player.

The compact disc
The CD may have up to 74 minutes

OPTICAL
LENSVA[::::\

PHOTO DETECIOR
DIODES

TRACKING TRACKING
CoIL

FOCUS

DIODES ColL

BT b R

SERVO RF
IC APC IC PRE-AMP

Figure 4. The laser pickup assembly may contain the photodetector diodes, two tracking
photodetectors, focus and tracking coils, a monitor diode and APC circuits.

Figure 5. The laser pickup assembly is operated by the sled motor. The disc turntable ro-
tates the spindle motor.

of music on a disc less than five inches |

| up travels from the center to the outside
in diameter.

edge of the disc. This reduction in rota-
tional speed occurs because it is neces-
sary that the linear velocity of the disc
pits past the laser pickup remain con-
stant. The spindle motor rotates the disc
turntable. A slide, transverse or sled
motor moves the laser beam assembly
from the center to the outside edge as
the disc rotates. You may find that each
manufacturer has a different name for
the various CD motors.

The disc contains
microscopic indentations called pits,
with non-indented areas (spaces) be-
tween them. These pits and the spaces
between pits are the digitally encoded
representation of the analog audio infor-
mation. The high-density information
on these tracks is read by a laser pick-
up with no physical contact between the
pickup and the disc surface. This mu-
sic information is recorded on the bot-
tom of the disc; the opposite side
contains the disc identification infor-
mation.

Unlike analog discs, compact discs
are recorded and read from the center
of the disc to the outside edge. The disc
starts out at a speed of 500rpm and
slows down to 200rpm as the laser pick-

The laser beam
The laser pickup assembly consists of
photodetector diodes that sense the
EFM signal from the disc. The output
of this assembly connects to the RF am-
plifier. The RF signal is weak and must
be amplificd by the RF pre-amplifier

14 Electronic Servicing & Technology October 1989



Now electronics technicians can get into VCR Servicing quickly and easily
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Today. there are more than 10 million
VCRs in use. with people standing in
line to have them serviced. You can
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VCR servicing. This top-level training
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the best technicians today are thosc
who service VCRs.
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your shop. you'll cover all the basic
concepts of video recording. mechani-
cal and electronic systems analyses,
and the latest troubleshooting tech-
niques. Your workbook and instruction-
al units also contain an abundance of
diagrams, data, and supplementary
material that makes them valuable addi
tions to your servicing library.

The “How-To”’ Videotape

Your NRI Action Videocassette uses
every modern communications tech-
nique to make learning fast and easy.
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processor control faults.
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circuit. Besides supplying the EFM sig-
nal, the photodetector diodes provide a
tracking crror signal to keep the beam
on track. (See Figure 4.)

The focus and tracking coils are lo-
cated close to the optical lens. The fo-
cus coil keeps the beam focus on the
correct disc surface while the tracking
coils provide precise tracking as the disc
rotates. (Sec Figure 5.)

You can check the continuity of the
focus and tracking coils with an ohm-
meter. The focus coil may measure be-
tween 20Q and 309; the tracking coil
may measure 41 to 10Q.

Where to begin

Before digging into a malfunctioning
CD player, make sure the transport
screws are loosened or removed from
underneath the player. These screws
hold the laser assembly in place while
the player is in transit. If these screws
are not removed, the player may shut off
and not operate. A lot of CD players are
brought in for repairs when the only
problem is that the transit screws are
still in place.

Check for the presence of interlock
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~ ’%# Al s 24
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switches or interlock protection laser
circuits before servicing the unit. In
many units, if the disc is not in place,
the LED shuts down the laser beam. In
top-loading disc players, the cover may
shut off the player if it is not closed for
operation. These interlocks may be dis-
abled by shunting clip leads across the
interlock switch terminals. CAUTION:
If you must disable the laser interlock,
DO NOT look at the laser beam assem-
bly while servicing the player with pow-
er on.

Locate the suspected defective stages
on the block diagram. Check the low
voltage supplied to the defective circuit.
You may find both a negative and posi-
tive voltage in each circuit. Improper
voltage within the low-voltage power
supply may cause more than one circuit
to malfunction.

Scope the various circuits for miss-
ing waveforms. The focus and tracking
waveforms can be traced right to the coil
windings. The servo motor signals may
be scoped from the servo control pro-
cessor to the drive motor IC or transis-
tor, then right to the motor terminals.
Voltage measurements at the motor and

Surtace-mount components may be found throughout the CD player. These parts may be
found on each side of double-sided wiring boards.
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continuity coil winding may identify a
defective motor.

How to handle chips

There are many ICs in the CD play-
er. In fact, there are very few transis-
tors scattered throughout the chassis.
These components should be handled
with care. Removing the part is no prob-
lem because it is never used again. Ex-
treme care should be exercised,
however, not to damage the printed cir-
cuit wiring under and around the IC.
Some ICs have up to 80 terminal con-
nections.

One method of removing multilead
ICs is to remove the solder around the
terminals with solder wick or a desol-
dering tool. Suck up the excess solder
from all terminals before attempting to
lift the chip from the board. Lay the
wick mesh over the row of terminals.
Heat the wick and pick up excess sol-
der. Be careful not to apply too much
heat in one area or the wiring may lift
from the phenolic board. Remember,
some of these boards are double-sided,
with wiring and parts on both sides of
the board.

ICs and LSI processors are sensitive
to static electricity. Some come pack-
aged inside foil or static bags. Do not
remove these components from their
packing until you are ready to replace
the component. Keep the static wrist
strap grounded to the CD player metal
chassis. Keep all tools away from sen-
sitive components until they are
mounted. Solder terminals with a 20W
to 35W soldering iron, preferably one
that has a grounded tip so it will not in-
troduce ESD damage.

Surface-mount components

Surface-mount parts are found
throughout the CD player. These com-
ponents are mounted on the same side
of the board as the etched wiring. The
IC terminal connections come out of the
side of the package and lie flat on the
wiring. With surface-mount capacitors
and resistors, each solid end is soldered
directly to the wiring.

In order to remove a surface-mount
device, start by reducing the amount of
solder on each pin of the IC processor
with a solder sucker or solder wick. Do
not apply heat to one area for a long
time. Once the excess solder has been
removed from all of the pins, use a
sharp. pencil-type iron to melt the sol-
der around one pin at a time. While the
solder is melted, lift up the pin with a



pair of long-nose pliers or some other
fine-tipped device. Do not pry up the
component when the solder is cold. Part
of the printed circuit wiring may come
up with the component.

Clean up around the area where the
defective part was mounted. A clean sol-
dering iron tip may be all you need.
Make sure all excess solder is removed
from each terminal end of the printed
circuit wiring before replacement. Re-
move the component from the package
and place correctly over the etched wir-
ing. Observe the identification dot or
terminal one of the processor. Make a
good soldering joint, but do it quickly
to avoid damage to the printed circuit
wiring and the surface-mount device.

Op-amps

There are many IC operational am-
plifiers (op-amps) found in a CD play-
er. This component is a high-gain,
directly coupled differential amplifier
with two separate inputs. When a sig-
nal is applied to the non-inverting (posi-
tive) terminal, the phase or polarity of
the output is the same as the input. The
output signal is shifted 180° when the

When servicing CD players,
always replace the defective
component with the original
part number. The original
part will line up perfectly
with the printed circuit
wiring, and you can save
yourself from wasting a lot
of time and money trying to
make non-standard parts fit.

signal is applied to the inverting (nega-
tive) terminals.

These op-amps are found in tracking
error, servo loop, focus error, audio and
motor circuits as well as many other cir-
cuits in the CD player. Op-amps may
operate in inverter, non-inverter, com-
parator, add, feedback and amplifier cir-
cuits. You can identify op-amps by their
positive and negative inputs and the sep-
arate positive and negative supply vol-
tages applied to them.

Parts replacement

When servicing CD players. always
replace the defective component with
the original part number. The original
part will line up perfectly with the print-
ed circuit wiring, and you can save your-
self from wasting a lot of time and
money trying to make non-standard
parts fit. As with other consumer elec-
tronic products, the manufacturer may
produce one unit under several differ-
ent brand names. Of course, the com-
ponents in these units are identical and
may be interchanged for replacement.
Replace all large components, such as
laser pickup heads, mechanical gears,
plastic pieces, LSI processors, motors
and special moving components, with
the original part number.

Editor’s note: This article was adapted
by the author courtesy of TAB Books.
For more detailed information on serv-
icing CDs, consult “‘Troubleshooting
and Repairing Compact Disc Players,”’
bv Homer Davidson, #3107 (paperback,
$17.95, hardbound, 326.95), published
bv TAB Books, Blue Ridge Summit, PA
17294-0850; 800-822-8138. |
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Soldering tool catalog
Ungar has published a catalog
describing its updated line of soldering

and desoldering equipment for the elec- |

tronics industry. The 28-page illustrat-
ed catalog describes the company’s
surface-mount rework systems, desol-
dering service centers, soldering sys-

Buy, Use and Care for VCRs, Camcord-
ers and Tape” and *“Consumers Should
Know: About Service Contracts; About
Repair Service’" have been produced to
provide Spanish-spcaking consumers

{ with information on the purchase, care

and service of home electronics. For a
list of available pamphlets or for a copy

of these pamphlets, send a self-
addressed, stamped envelope with a 25-
cent stamp for each pamphlet. On the
envelope, request “VCR — Spanish,”
“Service Contracts — Spanish™ or
“Pamphlet listing.”" The address is PO.
Box 19100, Washington, DC 20036.
Circle (128) on Reply Card [ |

Literature =——

tems, soldering/desoldering irons, tips
and accessories, heat guns and
rechargeable cordless tools. Included in
the catalog are construction features,
specifications, MIL-SPEC compliance,
ordering information and tip-selection
guidelines.
Circle (125) on Reply Card

Instrumentation.
Cover to Cover.

1LS. INSTRUMENT RENTALS. INC.

Semiconductor replacement guide
Philips ECG has published a 24-page
supplement to its “ECG Semiconduc-
tor Master Replacement Guide.” The
supplement contains electrical and me-
chanical specifications for 77 new ECG
types, including transistors, industrial
rectifiers, silicon-controlled rectifiers,
ICs and IC accessorics. It also features
a cross-reference section listing more
than 7,600 additional industry part |

numbers.
Circle (126) on Reply Card
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800-824-2873

RENT-LEASE-PURCHASE

With the new 1989/90 Product Guide from U.S. Instrument Rentals that's exactly
what you get. This hardbound guide is packed with over 5000 products from more
than 170 major manufacturers. Browse through our comprehensive product sec-
tions—analyzers, counters, oscilloscopes, microprocessor development systems,
computer products, power sources, generators, telecommunications products—
and more!

The detailed product descriptions, product photos, and unbiased, thorough product
comparison charts help speed your product decisions, and provide you with a
valuable reference tool you'll come to rely on. We're sure you'll find this to be the
most complete, authoritative guide to instrumentation available.

Call or write for your free copy, and let our 1989/90 Product Guide begin working
for you.

Test equipment catalog

AW. Sperrv Instruments is offering
the MC-600 Issuc C catalog, a 35-page
catalog that lists the company’s complete
line of products. All specifications and
accessories arc included. Featured in the
catalog are three additions to the Digi-
snap Digital Snap-Around Volt-Ohm-
Ammeters, the DSA-2007, the DSA-
2002P with peak hold, and the DSA-
2009 true rms ac/dc meter. Also de-
scribed is the TACH-1 Photo/Contact
digital tachometer, the SMW-]
Microcheck non-contact microwave
leakage detector, the DM-4000A 31/2-
digit DMM, the SMA-IA ac milliam-
meter, and the SVM-IA ac voltage
monitor.
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Spanish pamphlets

The third and fourth pamphlets in a
5-part consumer education series writ-
ten in Spanish have been released by the
Consumer Affairs Department of the
Electronic Industries Association’s Con-
sumer Electronics Group (EIA/CEG). |

“Consumers Should Know: How to
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United States Instrument Rentals, Inc.
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Servicing Zenith microcomputers

Part IV: Semiconductor memory devices

By John A. Ross

One of the essential components in ev-
ery computer is a place to store instruc-
tions and data. The standard term for
this portion of a computer is memory.
Memory devices store numerical data
(unprocessed numbers, calculations and
flag bits), alphabetic information (words
or messages) and sequential instruc-

|
|
Ross is a technical writer and a microcomputer consult- |

tions, called programs, for computer op-
eration. Some variables affect the type
of memory operation that the micro-
computer requires. Different applica-
tions cause differing degrees of infor-
mation usage and length. For example,
a processor used for simple motor con-
trol will not require the amount of mem-
ory that a microcomputer will need.
The type of microprocessor or mem-
ory IC obviously also affects the type

and length of the operations. In memo-
ry devices, a variable called access time,
which can vary from 100ns to 250ns,
changes the type of operation. Each
memory device, therefore, must have an
access time that matches the access time
of the system processor. For the techni-
| cian, this rule becomes important when
you add memory to the user’s system.
Aside from the access-time rule, the
k technician should also remember that
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Figure 1. The static RAM, shown in Figure 1A, uses a flip-flop for a storage mechanism. Modern computers use the dynamic RAM, or
DRAM (Figure 1B). One bit of a dynamic RAM consists of a single transistor and a capacitor constructed on the IC die, which allows it
to store more memory and use less power than the static RAM.
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memory ICs are available in 16K, 64K
and 256K increments.

When performing a system memory
upgrade for a customer, the technician
will also discover that he must configure
several switches, contained on either the
central processing unit (CPU) card or
the memory card, to match the size of
the system memory. Most memory
cards contain five banks of nine memo-
ry IC sockets with banks zero and one
containing the system base memory. Of
the nine identical ICs, eight function as
RAM devices; the other acts as a pari-
ty device. Most users will need added
memory for such applications as large
spreadsheet programs. Filling the re-
maining banks will let the user access
the added memory. Forgetting to set the
proper switches or jumpers will not let
the microprocessor *‘see” that it can ac-
cess the added memory.

The anatomy of memory
In Parts I through III of this series,
we compared by analogy the backplane

f
|
|
!

of the microcomputer to the blood- |

stream of a human and the actions of the
CPU to the actions of a human brain.
As with a human brain, the computer
also requires a memory. The microproc-
essor breaks down into the three distinct
sections — control, address and mem-
ory — and forms a minuscule comput-
er. In the previous descriptions of the
circuitry involved in microcomputer op-
eration, we have looked at several sin-
gular uses of both random-access
memory (RAM) and read-only memo-
ry (ROM) devices.

Technically, we could classify both
types of devices as random-access
devices. However, we will always refer

to devices that feature permanent data |

storage as ROMs. We will call devices
that feature temporary data storage
RAMs. RAM devices temporarily hold
data, such as word processing software,
for the microprocessor. During a typi-
cal work day, the microcomputer user
may load many different types of soft-
ware into the RAM with no problems.

RAM is called volatile memory: Any
loss of electrical power to the RAM will

result in a loss of data. Read-only
devices, such as the monitor ROMs on
the CPU card, permanently contain
data, such as the boot firmware, re-
quired for the preliminary operations of
the microcomputer.

One type, called static RAM, shown
in Figure 1A, features simplified oper-
ating characteristics. Modern com-
puters, however, use another type of
RAM called the dynamic RAM or
DRAM (Figure 1B). You might ask, “If
static RAMs require little circuitry and
have such an easily understood design,
why not use those devices for larger
scale applications?”” Simplicity does
have a few faults, however.

First, the static RAM, because of its
design, cannot offer the memory capac-
ity needed in the microcomputers of to-
day. Seeing that the static RAM uses
flip-flops to store each bit sheds some
light on the dilemma. Each flip-flop re-
quires six transistors to store one bit of
memory. Realistically, design con-
straints limit the number of reliable tran-
sistors easily manufactured on an IC.

REFRESH CYCLE FOR ROW ADDRESS STROBE

ROW
ADDRESS
PRE-CHARGE
\I/-ggfgé 1‘|MER ra——— READ CYCLE TIME —— ¢
LOGIC 0 \— 1
VOLTAGE ROW ADDRESS
STROBE
ROW ADDRESS ROW
STROBE ADDRESS
ROW PRE-CHARGE
ROW ADDRESS LD e
LOGIC 1 _t a— HOLD —
VOLTAGE SETUP TIME
ADDRESSES ROW
A0-A6 ADDRESS
LOGIC 0
VOLTAGE

Figure 2. To compensate for the small amount of leakage current that a transistor switch would have and for the constant current drain
that a capacitor features, a dynamic RAM constantly recharges the bit locations to keep the memory locations from losing their stored
contents. By activating every location through the use of special signal lines, the inputs of the dynamic RAM refreshes the bit locations

every few milliseconds.
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Other, more effective methods exist.

ELECTROLYT!C 1
el 1 2 Another problem occurs.wnh the use
of large numbers of transistors to ac-
] [ commodate the flip-flop operations. As
to! +0! 5 the static .RAM gains. size, the power
T P T o consumption also begins to grow. Hg:at
MEMORY |:] MEMORY c] MEMORY memory @ L 17 dissipation and the problem of provid-

U441 U431 U421 U401

ing the necessary power begin to affect
1 the operation of the circuit.

The operation of dynamic RAMs is
similar to that of static RAMs. If you
look at the design of the dynamic RAM,
simplified in Figure 1B, the real differ-
- ence between the two devices becomes
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U465 QUAD
uULTI b MULT- ¢ ¢ U412 ¢
PLEXER PLEXER INVERTE
U474 U4ss S . .
MULTI- M MEMORY 1 O v i[j pacitor constructed on the IC die. This
PLEXER DECODER 4

ELECTROLYTIC
CAPACITOR

use of fewer components per bit of
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OCTAL . o
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PRINTER PORT capacitor, which converts the stored bit

to the logic high or low state. In turn,
other circuit action reads the state of the

Figure 3. Although different configurations of memory cards or combination CPU/memory ~ C€apacitor back onto the data lines.
cards are used, the same transaction procedures exist. To compensate for the small amount
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Figure 4. A typical flow chart of memory-access operation shows that many signals must be generated to access memory.
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of leakage current that a transistor
switch would have and for the constant
current drain that a capacitor features,

a dynamic RAM device must have some i

way to refresh its memory locations ev-
ery few milliseconds. Without the con-
stant recharging of the bit locations, the
memory locations would lose their
stored contents. By activating every lo-
cation through the use of special signal
lines, the inputs of the dynamic RAM
refresh the bit locations.

This may seem trivial, but for the
technician, it is important. Because the
bit locations are constantly refreshed,
the values found at the inputs will not
remain constant indefinitely. If you look
at these points with an oscilloscope or
a logic probe, you’ll find signal activity
associated with these refresh cycles even
if the processor has not enabled the
writing or reading process. The refresh
signal happens on-chip and automatical-

On the surface, the process
of accessing memory seems
overwhelming because of the
many signals that are
generated during the
operation.

ly every 16.4 microseconds. (See Fig-
ure 2.) If a memory read or write
operation occurs at the same time as the
refresh cycle, the read or write opera-
tion will receive priority.

Read/write operation

A transaction begins when the proces-
sor indicates the address of the desig-
nated bit group on the address line and
announces that it will read from or write
to the specific memory location by us-
ing a read-write line called write-enable.
Although the memory forms the basis
for the circuitry, other support circuitry,
uscd for timing and control access, plays
an important role in the transaction. Ev-
en though Zenith relies on different
configurations of memory cards (shown
in Figure 3) or the combination CPU/
memory card (shown in Part III in the
September issue), the same transaction
procedures exist. Looking at the signals
on the Zenith backplane and on the con-
trol bus, you’ll find that only the three
signals called MEMW (memory write),
MEMR (memory read) and IRQO (re-

fresh request) can initiate the memory-
access cycle. Another signal, the ad-
dress-enable or AEN signal, must also
exist for the other signals to start the
cycle.

On the surface, the process of access-
ing memory seems overwhelming be-
cause of the many signals that are
generated during the operation. Figure
4 shows a typical flow chart of memory-
access operation. Aside from the
MEMW, MEMR and IRQO signals
found on the backplane. the operation
also requires the timer/encoder section,
which generates the row-address strobe-
timing (RASTIM) signals, the
multiplex-timing (MUXTIM) signals
and the column-address strobe-timing
(CASTIM) signals. Each of these sig-
nals provides timing relationships for
selecting the correct memory address.
Also, another signal, the RAM-select
(RAMSEL) signal, allows parity error
generation and data transfer. The bank-
select signal (RAS) and the column-
address signal (CAS) are generated dur-
ing the column-address and row-address
sequence. ROWADRS?, the row-address
signal, is generated during the memory-
refresh cycle. This signal designates the
eight least-significant address bits as the
refresh address for the RAMs. During
the multiplexing sequence, the
ROWADRS* signal also provides the
column address for the RAM.

The bus memory-read (BMEMR) and
bus memory-write (BMEMW) signals
appear during the respective read or
write operations. With the action of
these signals, data is transferred between
the input/output bus and the memory.
A signal called DIROUT* (direction
in/out) establishes the direction that the
data travels. Interaction between the
user, the microcomputer and any at-
tached peripheral devices affects the
transfer. The memory section supplies
parallel data from the microcomputer to
a parallel device, such as a printer. The
printer then sends status signals back to
the microcomputer.

Because of the complexity found in
the memory section, we will take a
more probing look at the actual signal
functions and operations in Part V of
this series. We will look at the individu-
al ICs that Zenith uses in its 150 series
of microcomputers, and we’ll examine
the evolution of memory circuitry
throughout the series. Finally, we will
explore the problems and solutions that
occur in the memory sections of the Ze-
nith microcomputers. |
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Finding replacement parts

My compliments to you and your staff
on the August 1989 issue. Your articles
show that you do hear and understand
the problems of the electronics servic-
ing professional. I was pleased to see the
“Replacement Parts Showcase.™ It is a
start at addressing our number one
problem — finding a parts supplier for
the many brands we service. I would
like to see the western suppliers take ad-
vantage of this special format.

I was interested in the information in
the article, “New-Technology Survival
Guide.” I recently received, for repair,
a VCR with bar code programming. To
say the least, I was totally lost on the
circuit and so were the technicians in
shops in the area. Even after [ procured
a service manual, I still did not under-
stand the circuit. I have now purchased
abook by John D. Lenk, which does ex-
plain the circuit and troubleshooting
tricks. The point is, as long as the en-
gineers and designers keep throwing
new circuits at us even before we learn
to service the old one, we will have to
have a continuing education program.
I suppose we will all survive as long as
there are technical writers who under-
stand the circuits and magazines like
ES&T.

Your letter reflects the comments we
get most often from our readers — 1wo
major problems faced bv electronics
servicers ure finding parts and servic-
ing information, and keeping up with
new technologies. We hope the replace-
ment parts showcase will continue to
grow and improve, offering our readers
a handy comparison of paris suppliers
and the special features they offer to
help our readers choose the right sup-
plier. (If you're stumped on finding any
supplier of parts for a particular brand
of consumer electronics product, write
10 us and we’ll see if the new Informa-
tion Exchange departinent can help.)

Keeping up with technology is imper-
ative, and it isn't going to get uny easi-
er. With new advances looming on the
horizon — such as HDTV, home auto-
mation, DAT recorders and the latest TV
designs — electronics servicing will
continue to require a real dedication to
learning your business, and relearning
it when new information is developed.
Technicians who have the dedication 10
keep up should do just fine in surviving
the new technologies. — Editor
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Product safety should be considered when
component replacement is made in any area
of a receiver. Components marked with a !
and shaded areas of the schematic diagram
designate sites where safety is of special sig-
nificance. It is recommended that only exact
cataloged parts be used for replacement of
these components.

Use of substitute replacement parts that do

asty..
Manufacturers
schematics

HITACHI CT2086 B/W
CHASSIS G7NU3 COLOR TV
BASIC CIRCUIT DIAGRAM

not have the same safety characteristics as
recommended in factory service information
may create shock, fire, excessive x-radiation
or other hazards.

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

The other portions of this schematic may be

found on other Profax pages.

* Because this is a basic circuit diagram, the
value of the parts is subject to be altered for
improvement.

* All dc voltage to be measured with a tester
(100kR/V).

o If R974, R975 or R976 opens, replace all
three resistors.
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Product safety should be considered when
component replacement is made in any area
of a receiver. Components marked with a !
and shaded areas of the schematic diagram
designate sites where safety is of special sig-
nificance. It is recommended that only exact
cataloged parts be used for replacement of
these components.

Use of substitute replacement parts that do

CIRCUIT DIAGRAM

not have the same safety characteristics as
recommended in factory service information
may create shock, fire, excessive x-radiation
or other hazards.

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

The other portions of this schematic may be

found on other Profax pages.

» Because this is a basic circuit diagram, the
value of the parts is subject to be altered for
improvement.

¢ All dc voltage to be measured with a tester
(100kQ/V).

e if R974, R975 or R976 opens, replace all
three resistors.
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Answers fo the quiz

Questions are on page 8.

These answers illustrate some of
the basic, important rules of Boolean
algebra. Also, some of the circuits
are used in logic systems.
¢ Circuit number two is used as a
buffer. An OR gate can be used in-
stead of the AND gate to get the
same result because A+A=A.

T

¢ Circuit number four can be used
as an ENABLE if a switch is con-
nected into the + line. A signal pass-
es through only when the switch is
closed.

e Circuits number eight and nine are
examples of the use of De Morgan’s
rules.

A -4>LD_

Express

international Inc

VCR ALIGNMENT TAPE

This professionally mastered 15

minute alignment tape will prove 3
to be an important addition to
your repair equipment inventory
It will assist in the adjustment of ‘

the tape path and audio/control

head alignment, head switching i
point, luminance and chroma cir-

cuit, and tracking fix. 30 Hz audio

tone, gray raster, NTSC color bars, convergence grid
and convergence dots. Great for TV alignment also

#505-030 $24°%5

BATTERY ELIMINATOR
tor eliminates the

need for batteries

when using your

automobile. Sim- -

ply insert the "dummy” battery pack into the camcor-
der and the lighter plug into the cigarette lighter jack

This handy adap- E
camcorder in your
of the vehicle. Your camcorder then draws it's power

1- A + A =1 6' (A + B)(A +C)= A + BC from the car's electrical system. The lighter plug has a
built-in 7 amp fuse to protect your camcorder from
harmtul current surges. Wil replace our battery # 140-
541. Call for more detalils
= 90
A #090-920 $14
A L
L VCR IDLER KIT
Make VCR tire repairs
quickly by having the L remmne
tire you need in stock P
when you neec it. This
2. AxA=A 7. A+0=A comprehensive kit W'
contalns 170 of the
most commonly used
tires in an easy-10-use case and a cross reference with
over 80 manufacturer assembly numbers crossing to
+ over 200 VCR model numbers. A $400.00 retail
A value
| 00
#400-900 $55
L ‘ L
2 VCR REPAIR PARTS KIT
B Now you can do most
of your VCR repair jobs e
the same day. Parts 9
i cmmm— Express’ VCR Parts .
3. A+1=1 8. AB=A+B Kit makes this possible —— -

It contains over 45 of s

the most commonly

used parts to repair RCA, Hitachi, Fisher, Sanyo,
4+ Lioyds, Panasonic, Sony, Sharp, JVC, Samsung, TMK,
GE, Magnavox and more. ldler assemblies, pinch
roller, sensing transistors, switches, and lamps are
included in this comprehensive kit. You aiso save over
$20.00 (wholesale pricing). Call tor more details.

#400-950 $89°%

B

>

-

1
re
>

9. A+B=AB FREE
CATALOG . 7%

4. Ax1=A

CALL TOLL FREE
1-800-338-0531

340 E. First St., Dayton, OH 45402
Local: 1-513-222-0173

10. AA=0

5. Ax0=0

Circle (15) on Reply Card
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—— Books/Photofact

VCR Model Cross Reference and
Parts Cross Reference; ISCET; 256
pages; $33 plus $3 postage and
shipping (update: $5 plus shipping).
This cross-reference guide, available
from the International Society of Certi-
fied Electronics Technicians (ISCET),
allows servicers to match service liter-
ature or parts presently in inventory.
Brands covered by the cross-reference
include Panasonic, Quasar, GE, Mag-
navox, Philco, Canon, Sylvania, Curtis
Mathes, JCPenney and RCA. A 15-page

update is also available. The update lists |

newer models of the brands listed in the
cross-reference guide, plus it includes
a few models from Hitachi, JVC, Tekni-
ka and Goldstar.

ISCET. 2708 W. Berry St.. Fort Worth, TX 76109;

817-921-9101.

1989 IC Master, 16th edition;
Hearst Business Communications;
$140 plus $10 shipping and handling.
This updated, 3-volume reference set
includes 12,000 new ICs and more than
150,000 alternate source devices. Vol-
ume one is a guide to more than 80,000
standard ICs, including 12000 new
devices, plus an application note direc-
tory and a military section. Volume two
covers technical data, with more than
1,200 manufacturer data pages and a
manufacturer and distributor directory.
Volume three is a systems level volume
that describes custom and semicustom
ICs, CAE and CAD design tools and
microprocessor boards.

Hearst Business Communications, 645 Stewart
Ave., Garden City, NY 11530; 516-227-1300.

IBM Personal Computer Trouble-
shooting & Repair for the IBM
PC, PC/XT and PC AT, by Robert
C. Brenner; Howard W. Sams; 400
pages; $24.95.

This manual, intended as a combina-
tion tutorial and reference book, uses
block diagrams, charts, photographs and
tables to explain what the computer does
and how it works. Instructions on how
to specify, isolate and correct most PC-
XT-AT failures are provided. The book
describes system operation of the three
models; basic and advanced trouble-
shooting techniques, including specific
procedures for the PC, PC/XT and PC
AT; and error indicators.

Howard W. Sams. 4300 W. 62nd St.. Indianapo-
lis, IN 46268, 317-298-5604.

PHOTOFACT
AOC
26[82157 s a'vin g mrwion AC2034C/CA
(CH. M9CS-8D/-8D3)
2680-1 .......... .. .. ACl1434C/CA
(CH. M3C5-8D/-8D3)
Hitachi
D641 o de VB Con s CTI386B/W
[ 126751 ivar siaenr CT2085B/W
26T T=1N e 084 T s g oot e M CT2079
[ 26701 R s o s 2+ CT2075W
| 2686-1...... CT7880B/K, CT7886K,
: CT7890K
JCPenney
| 2659-1 ..... 685-2288-00 (855-3893)
2666-1. ... .. 685-4120-00(855-9866),
; 685-4130-00(855-3695)
; 2684-1 ... .. 685-2299-00 (855-3679)
|
| JVC
RO62Ere T A Y ik ilainin s i e e AV2058S
RO0BCLE crrTmavdaks san: i AeL 4 C-1328
i Magnavox
26602 | L iwven i CJ4146WAO01/21,
EMX852PE01/02/21,
EMX862A01/02/21,
EMX862MY01/02/21,
EMX862PE01/02/21,
RJ4250WA01/02/21
(CH. 19E101/02/05/09.
19E401/02/05/09)
2O68-liisasmb ettt «iLjmaen CJ4130WAQI
PR Iy EMKS872AKO0!1/
872BK01/872M Y01/
872PE01/882BK01/
882BK02/882PE0!1/
882PE02, RJ4320WAQl/
4324CHO01/4330WA01/
4330WA02/4334CHOI/
4340WAO01/4344CHOI/
4348CHO01/4349WAQI1
(CH. 20F101/102/104/
105/108/109)
2012- st i otit o bai CJ3922CHO1/02
2676-1:% % v iRt i CI4712AKO1/
4714HPO1/R716PEQ!,
RH4558AK01, RJ4484 AKOI/
4488CHO01/4812AK01/
4814HP01/4816 PEO1/
5540AK01/5542CHO1/
6020AK01/6024 AKOI/
6026PEOI (CH. 25G102/
103/105. 26Gl01, 27G101)
2083=1: ywidaraunme va 5 CJ3922CHO3
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Mitsubishi
2669-1 .. ... .. CK-2602R, CS-2656R
Panasonic
260228 e WIS E w WT5931WH
26682 siier s e ke rasd s CTK-2085S,
PC-21S85S (CH. AEDPI67,
YAEDPI167)
267105], 3y one 16 B2 e R 4 bk CTK-2052R.
CTK-2053R, PC-2IS54R
(CH. ADPI65/GL7H,
YADPI65/GL7H)
2071-2 .. CTG-2085
(CH. NMX-GZ))
26735, o g auts binre R P e CTK-2780S
(CH. AEDPI50)
26901 4 2 68 fu e oS R e B CTK-2063S,

CTK2068S, CTK2073S,
PC-21564S (CH. AEDPI6S5,
ALEDPI6S, YEDPI65)

Philco
2657-2 . .25C802-00AA/CC/GG/HH,
25C803-00AA/BB/CC,
25C805-00AA/BB/CC,
25C819-00AA/BB/CC,
26C801-00AA/CC/EE/FF/KK,
26C802-00AA/BB/CC,
26C803-00AA/BB/CC,
26C810-00AA/BB/CC,
26C811-00AA/BB/CC,
26C812-00AA/BB/CC,
26C813-00AA/BB/CC/DD,
26C815-00AA/BB/CC/EE/FF,
26C818-00AA/BB/CC

Quasar
65610 7 ey e Aa o e TU9880CW
(CH. ADCI48/GL7S)
............ WT5931W/BW-1
(CH. MCI51/81, LCI51/S1)
................ TU98IICU,
TU98I8CP, TL9839CP

(CH. ADCI142/GL7S)

2665-2 ... ... TL997ICK, TL9978CK
2682-1... . WPI1310DW (CH. CI91/S1)

RCA
2658215 Sne Butne e dmnss s FPR47IT-I,
FPR473B-1/B-2, FPR477E-l,
FPR500W-1/W-2/W-3,
FPR505W-1/W-2/W-3,
FPR5I0WR-3, FPR5ISWR-3,
FXR425E-1/E-2,
FXR469ER-I/ER-2,
FXR469WR-1/WR-2,
820515AK-1, AK-2
(CH. CTCI36D/E/F/)/
P/R/T/AA/AB/AC/AD)
26052 ¢ ¢ x w4 VNe e A7 FPR520WR-1,



FPR7I0TR-1, FX620WR-1,
GPR790T-1, GPR9IT-1,
GPR794-1, GPR795FR-1,
GPR798P-1, GPR799PR-1,
GPR82ITR-1, GPR823TR-I,
GPR825TR-1, GPR84IPR-1,
GPR845H-1, GPR849PR-1,
GXR640T-1, GXR648P-1,
GXR651TR-1, GXR659PR-1,
JPR920ER-1/DR-1/HR-1/WR-1,
JPR922WR-2, JPRI8OWR-]
(CH. CTCI30A)

266952, «xniiristan b FPRSSOWR-],

25NV68(BK)/(GY)

.............. 20NV68(BK)
.................. 25NC168
................... 25NTI8

.................. I9NVS88 | 2667-2.....
Sylvania
2656-2 .. ...
KV-20TX10/11/12
(CH. SCC-B55D-A,

SCC-ASOK-A, SCC-BS5SE-A/J-A)
........ KV-27SXR10/11

(CH. SCC-595I-A,

SCC-607H-A, SCC-595J)

......... CL8I122AKO01,
CL8124HP01, CL8I26AK0I,

Continued on page 43.

FPRS555WR-1, FPRS60ER-],
FPR566TR-1, FPR570TR-1,
FPRS77ER-1, FPR722WR-],
FPR722TR-1, FPR725ER-]
(CH. CTCI130B/C)

26810 s rg v A s FMRS20WR/
535WR/S36ER/552ER/
618E/620WR/622TR/623ER/7I0TR, |
GMR640T/641TR/644H/ |
645HR/648P/649PR/ |
|

651TR/655HR/659PR/810P/
811PR/814H/814L/81SHR/
815LR/818P/819PR/820T/
821TR/822T/823TR/825TR/
830P/831PR/833PR/84ITR/
843ER/845FR/849PR,
JMR920DR/920ER/920NR/
920TR/920WR/920YR/922WR/
926WR/980WR/984WR
(CH. CTI130A)
2687dig, « suvetoE e JPRIOSOW-1/2/3,
JPR960HR-3/WR-1/WR-2/
WR-3/YR-1, JPRI62WR-1/2/3,
JPR966WR-1/2/3, JPR966YR-2,
JPR968AR-1/BR-2/ER-2/HR-2/
R-l/TR-1/WR-1/WR-2/WR-3
(CH. 136M/N/U/W)

Sears

26582 ... ..., 564.40432850
2659-2 ... ........564.48208850/51
26672 ='vevassenaven s 580.42031850
683 Jigr aeeiiia s niai 564.42353850/51
2686 2 ma nalts 2 5ahirs g 580.42003750
26881 | vaeasTosaiiid 564.42312850
2690-2 . ... ... .. 564.48892850
Sharp

2664-1 . ...... .. 13NV68 (BK)/(GY)
26732 . 19NP48
DETOD o oot v e o b 25NV88
DOTA=2) 35 hg g8 I9NV68(BK)/(GY)
2678 e A L s i AR 25NCI178
2079 s e su ads 20NV78(BK)
2680-2 e e\ banaws oustssd 25NC288
DERIED By s Chd it SA N ™ I A 25NTS8
26822 wud e Tl L O D ety 13NM48

16v0V

av

-l600V

333V
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-333V

Power Disturbances?

BMI PowerScopes help you solve them.

e *ﬁr\/’\-"v“ s

8098 VU /div vertical

12.8 uss/div horiz.

166.5 Usdiv vertical 5.8 ms/div horiz.
LINE-NEUT IMFULSE
LRAB TEST SITE

BMI

Aus 10 1989 3:30 PM

A Complete Power Line Monitor.

BMI's PowerScopes graph your power problems. Problems such as sags.
surges, impulses. and waveshape faults. And, PowerScopes monitor DC, single-, and
three-phase power at a range of 45 to 450 Hz.

PowerScopes can also monitor and report on harmonics and environmental
factors. store your data on disk, and send/receive data via modem. Harmonic reports
include both THD and a complete spectral analysis.

The PowerScope from BMI is designed for accuraie measuring, clear
reporting, fast response, and ease of use. It provides you with clear, easy to read
graphs of the measurements take. These graphs make it easy to pinpoint problems
and make reliable decisions 10 improve your power quality.

Call today for a brochure, or to set up a demonstration.

Basic Measuring Instruments
335 Lakeside Drive

Foster City, CA 94404

Tel. 415 570-5355

Fax 415 574-2176

1-800 876-5355
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Focus on facsimile

By Roger McCarty

Allhough facsimile (fax) machines
have been around for many years, they
have just recently generated a surge of
interest among owners of business and
personal users alike. Why this sudden
rise in popularity?

The primary reason for this surge of
interest is that the user has direct con-
trol over the communication process.
Fax communication is efficient — it
eliminates mail delays, such as delivery
lag-times associated with regular mail
and even express services, or telephone
time wasters, such as being placed on

free, unless there are difficulties in the
transmission or defects in the transceiver
itself, of course.

For companies that depend heavily on
fax communication, a malfunction must
be repaired immediately, but that can be
a problem. After all, do you know a fax
technician? And who's qualified to per-
form these repairs? Now is a good time
to strongly consider present and future
fax servicing opportunities.

The fundamentals of fax
Initially, fax technology may appecar

SENDING

RECEIVING

FAX
TRANSCEIVER

FAX
TRANSCEIVER

)

DOCUMENT DOCUMENT
SCANNER PRINTER
1 |
TRANSMISSION DATA e RECEPTION
IMAGE TRANSMISSION IMAGE
PROCESSOR SYSTEM PROCESSOR

Figure 1. To get the information from one fax machine to another, the transmission goes

through five functional blocks.

hold or playing endless games of tele-
phone tag. What’s more, fax virtually
eliminates misunderstandings and mis-
interpretations by instantly delivering to
the receiving fax machine a duplicate
copy (facsimile) of the original commu-
nication.

Fax transmission is direct, ignoring
differences in time zones or absent
recipients, and it completely bypasses
the middle man commonly associated
with all other types of written commu-
nications. In short, fax communication
is fast, reliable, inexpensive and error-

McCa;ny is a technical adviser in the Technical Servic
es Division at Mitsubishi Electric Sales America.

to be intimidating. After all, the cir-
cuitry seems to bear little resemblance
to the more familiar consumer electron-
ics circuitry. The components are simi-
lar, nonctheless. The primary difference
is that the circuits are configured differ-
ently to conform to the processing re-
quirements of signals that are peculiar
to fax transmission and reception. Di-
agnosis and troubleshooting can be eas-
ily accomplished using conventional test
equipment and the “divide and con-
quer” technique, once the technician has
become fully familiar with the fax
equipment and methods of transmission.

A fax transceiver can be divided into
five functional blocks (plus the power
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| supply) that must be understood to ef-
fectively service the machine. (See Fig-
ure 1)

® The document scanner is responsible
for scanning the document to be trans-
mitted and creating an electrical signal
that represents the information on the
document.

The document is scanned in a precise,
line-by-line process using three major
sub-assemblies located in the document
scanner. (See Figure 2.) The light
source floods the printed line with light.
The light reflected from the paper will
vary with intensity in direct proportion
to the print density: a high-intensity
reflected light for those areas that are
white, a low reflected intensity from
areas containing print. A fiber-optics as-
sembly captures this modulated light
and then transfers it to an optical trans-
ducer, in this case a CCD (charge-
coupled device), which ultimately cre-
ates the signal to be processed by the
| next functional block: the transmission
image processor.
® The transmission image processor
manipulates the signal from the docu-
ment scanner into a form that is univer-
sally compatible with any other fax
transceiver. One example of signals that
are necessary in assuring compatibility
is the addition of motor control signals
necessary to synchronize the motors and
other mechanical functions within the
| transceiver. This circuitry also ensures
that the transmitted data will adhere to
standards established by the Consulta-
| tive Committee of International Tele-
phone and Telegraph (CCITT) for
Group 3 fax standards. (See the sidebar,
“Basic CCITT Specifications.”)
® The dara transmission system receives
the signal from the transmission image
processor. The data transmission system
may also be referred to as a modem
(modulator/demodulator). The purpose
of the modem is to modulate the data
from the transmission image processor
into a form that can be contained with-
in the bandwidth limits of 300Hz to
3.1kHz imposed by the standard tele-
phone line. In the receive mode, the




Basic CCITT
specifications -
G2 and G3
fax transceivers

International standards for fax are for-
mulated by the Consultative Committee
on International Telephone and Tele-
graph, the CCITT. This agency is part
of the International Telecommunications
Union (ITU), a United Nations agency.

G2 (Group 2)*

Input document size .. ... ISO A4
size (8.25”x11.7")

Scan line length ...... ... 205mm
(8.1 inch)

Pixels per line ... .. not applicable
(analog system)

Scanning density ...3.85 lines/mm
(98 lines/inch)

Transmission rate ...... 360 lines/
minute

Transmission system . ..... analog:
amplitude modulation

Document transfer . . . ... A-4 sized

document in three minutes

*Standard established in 1976,
Amended in 1980

(Complete specifications may be found
in “CCITT Recommendation T.3 —
Standardization of Group 2 Facsimile
Apparatus for Document Transmission —
Orange Book,” Volume 7, Rec. T.3: ITU,
Geneva, 1980.)

G3 (Group 3)*

Input document size . .. .. ISO A4
size (8.25”%11.7”); (optional):

ISO B4 size (10.1”x14.0)

ISO A-3 size (11.77°X16.6”)

Scan line length . ... ..... 205mm
(8.1 inches)
Pixels per line ....... 1,728 pixels

on an 8.25-inch line

optional: 2,048 pixels on a 10.1-inch
line; 2,432 pixels on a 11.7-inch line
Scanning density ... ... ... normal:
3.85 lines/mm (98 lines/inch)

fine (optional): 7.7 lines/mm

(196 lines/inch)

Transmission rate ..., ... variable,
depends on image density
Digital coding . .. ........... MH

(modified Hoffman, line length);
MR (modified read, page length)

Sidebar continued on page 42.

ADSOLELY
positively
Overniont.

All Makes/All Models.
kixact Replacement
Parts Overnight!

P> Thousands of quality brand name modules, tuners, and V(R exact replacement parts are in
stock at PTS. Call toll free before 2:00 pm and we'll ship today! And PTS saves you up to 30% off
manufacturer’s list price. Order today and have your part tomorrow! Just say “Charge it!”

7 <
4} 1-800-333-PTS-

PTS Corporate Headquarters [

PO. Box 272, Bloomington, IN 47402 P asmam
,“:;’ Arvada (0 ® Bloomington IN ® Longview TX ® Tampa FL ® Schenectady NY

listing and cross reference guide. Plus defails on VCR, Camcorder,
= l TVRO, SMATV and Microwave rebuilding services. More!
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Transmission system ......... digital:
quad phase modulation
Document transfer......... A-4 sized

document in one minute
*Standard established in 1980.

(Complete specifications may be found
in “CCITT Recommendation T.4 —
Standardization of Group 3 Facsimile
Apparatus for Document Transmission —
Orange Book,” Volume 7.2, Rec. T.4:
ITU, Geneva, 1982.)

Here is a rough, non-technical trans-
lation of the major provisions of the
CCITT standards for fax.

The Consultative Committee of Inter-
national Telephone and Telegraph

Basic CCITT specifications
(continued from page 41.)

(CCITT) has established standards to
which all manufacturers of fax machines
must adhere. Currently, Group 3 stan-
dards represent the current technology
available for use on the standard public
telephone line. To achieve communica-
tion between two separate fax machines.
both machines must support the same
group of standards. Some Group 3 ma-
chines do possess the capability of fall-
ing back to Group 2 standards.

Group 2

* AM analog process

® transmission speed fixed to two to three
minutes per page

* AM signals are sensitive to line
conditions

* fair to poor copy quality is now
uncommon (copy quality limited by
scanning resolution; low speed limits
usage to medium volume)

Group 3

* digital technology permits high image
quality

* high-quality documents in 20 to 40
seconds per page

* high-speed facilitates use in high-
volume locations

* digital technology best for error-free,
long-distance transmissions

® additional features: time/day/date
stamp, transmitter identification stamp,
transmission verification, auto speed
select

CONTACT
IMAGE

SENSOR
{LED ARRAY  CCD SENSOR!
| < > :
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! FIBER !
: OPTICS !
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READ

ORIGINAL
DOCUMENT \ROLLER

Figure 2. The light source floods the print-
ed line with light, which is then captured by
a fiber optics assembly and transferred to an
optical transducer.

modem demodulates the information
detected from the telephone line back
to the original data form.

* The reception image processor
receives the signal from the data trans-
mission system. This functional block
1s charged with the task of returning the
data signal to the original document
form before manipulation by the trans-
mission image processor. Part of this
process includes the extraction of the
control signals used to drive the motors
in the receiving fax machine. The result-

\ PAPER

THERMAL

THERMAL PRINT

HEAD l

f

PRINTER
PRESSURE
ROLLER

N

DIRECTION OF PAPER MOVEMENT

Figure 3. A thermal printer supplies a current, modulated by the information to be printed
on the document, to individual resistor elements that are in contact with the paper. As the
resistor elements heat up, the chemically treated paper turns black at the point of contact.

ing document information signal is then
coupled to the document printer.

® The document printer used by most
fax machine manufacturers is a thermal
printer. A thermal printer operates by
supplying a current, modulated by the
information to be printed on the docu-
ment, to individual resistor elements
that are in contact with the paper. As
thesc resistor clements heat up, the
chemically treated paper will turn black
at the point of contact. This process oc-
| curs using the same line-by-line format
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as the document scanner. (See Figure 3.)

To efficiently diagnose and repair fax
problems, you need to understand the
concepts of operation as presented here.
You should also understand the commu-
nication process and telecommunication
equipment problems.

Hands-on fax seminars are available
to teach the principles of fax and the
methods of transmission, along with
specialized diagnosis and troubleshoot-
ing techniques. This training is also
available on videotape. ]



Books (Continued from page 39.)

CL8I129PEQ1, CLD206WAQI, RPFS98PEOI. RPF702AKOI 27/28/30/37/44/45/57/59)
CLD251AKOl, CLD253AKOlI, (CH. 25C604/05/08. | 2687-2 ............ CLF235PEQ1/2,
CLD255PEQl, CLD257PEOQ1/02, 26C604/05/09/10/11/16/18, CLF242AK01/2 (CH. 25C8I11/813)
CLES822AKO01, CLE824HPOI, 27C602/03) | 2689-2 ... ... .. RLF308WAQ1/2/3,
CLE826AKOI, CLS251AK0/02/03/04, | 2664-2 .. ... ... ..... RL9122AKOI. RLF335PEQI/2, RNF337PE01/2/3,
CLS253AKO01/02/03/04, RL9124HPO1, RL9126AKO01. | RNF338AK01/2/3. RNF352AK01/2/3,
CLS255PEQ1/02/03/04, RLOI29PEOI, RLD308WAOI, | RNF354HPO01/2/3, RNF356PE01/2/3.
CLS262AK01/02/03/04, RLD335PEQ1/02, RLD338AK01/02, RNF60IWAO1/2, RNF921AKO01/2/3,
CLS268PEQ1/02/03/04 RLD342AK01/02. RLD344HP01/02, | RNF922PE01/2/3, RNF924HP01/2/3,
(CH. 25C502/05/12/29/38/58) RLD346PEQ1/02. RLD351AKOI, RNF926AK01/2/3
2660-2 .. ... .. CLE251AKO01/02/03. RLD352AK01, RLD353AKO0I, (CH. 25C809/818, 26C807/817)
CLE253PN01/02/03, RLD354AKOI. |
CLE255PE01/02/03, RLD355PE01/02/03/04. | Toshiba
CNE272AKO01/02, RLE351AKOI. RLD356PEOI, RLD357PE01/02, PN26702 sanvenvis CF2758, CX2958C
RLE353PNOI, RLE355PEOI. RLD359PE01/02/03/04, (CH. TAC8820, TAC8825)
RLE357PEOI, RLE358AKO01/02. RLE305WAQ1/02/03/04. | 2672-2 ......... CX2778, CX2978C
RLE362AK01/02, RLE308WAO1, RLE335PEOI/02. (CH. TAC8823/27)
RLE368PE01/02/03. RLE338AKO1, RLE342AKOL, | 2674-2 .. .. ... .. CX2788, CX2988C
RNE372AK01/02, RLE344AKOl1, RLE346PEOI, | (CH. TAC8824/28)
RNE375PNO01/02. RNE378PE01/02, RLE650WAO1, RLE652PEOI, | 2675-2 ....... .. CF2678, CX2968C
RNES90SLOI, RNES92BKOI, RLE922AKO01, RLE924HPOI, | (CH. TAC8821/26)
RNES95AKO01, RNE602CH02/03/04, RLE926AKO01, RLF335PC0I
RNE602SL.01/02/03/04, RLF650PC0l, RLF652PCOI, | Zenith
RNE980AKOI, RNE982PEOI. RLS351AKO01/02. RLS355PEO1/02, | 2661-2 ... ... ... .DI308S, V3309w
PNF480AK01/02. RNF482AK01/02, 1 RLS362AK01/02/03/04, | 2663-2"...< it £ At wm @ DI1312W/82W,
RNF486PE01/02, RNF612CHOI, | RLS368PE01/02/03/04 SDI327W/W3/Y/Y3,
RPF590AK01, RPF592BKOI. (CH. 25C501/04/07/10/26/ SD33218/378/61S N

A Special Offer from MSC!

The Compact Disc Theory & Servicing
4_ Program at a Compact Price!

stv?:itg:::., L ”.”“‘d Regularly a $99.95 value, The Compact Disc Theory
- T'mel and Servicing Program is available for a limited time
Compact Disc Offer! at the special price of $89.95. Housed in an
Theory & Servicing Program $89_95 attractive binder, it includes a 107-minute training
Plus shipping videotape featuring The Basics of Compact Disc and

and handling a 148-page book, titled Compact Disc Trouble-

shooting and Repair. It is a comprehensive training

tool, covering both the operation and troubleshooting
of CD players, and will be a valuable addition to your
technical library.

Available in VHS NTSC format only.

[ ——————————m e ————— 1
p— I [ Yes. ! wish to order the PR-04 Compact Disc Theory |

1 Tvoybsléshqoling and Repair Manual & Servicing Program at this special price! | have
1 Training Videolape | enclosed a check or money order for $93.95 to cover !
- : the cost of the program plus shipping and handiing. i
" |
MatSUShlta | [ Please send me a free copy of your latest Training I
Services company I Materials Catalog. . I

. . ] Name ompan
... Service is our middle name! : P :
Matsushita Services Company TAS/Publications 2B-6 Address |
50 M_eadowland Parkway‘Secaucug N.J. 07094 I City State Zip i
Division of Matsushita Electric Corporation ol America o ——

R . \ Hurry! Sale ends November 30, 1989 |
Panasonic Technics Quasar L New Jersey residents please add $5.40 N.J. stale sales tax. 1
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ADVERTISING SUPPLEMENT

PRODUCT PREVIEW

Current and open tracers

Identifying, locating or tracing com-
puter cables can consume many frustrat-
ing and costly manhours. Amprobe Pa-
sar’s Current Tracer and Open Tracer are
two effective and efficient solutions to this
problem. The tracers allow the electri-
cian to trace computer cables quickly,
safely, easily, whether they are con-
nected, within bundles, under raised
computer floors, inside metal conduit or
cable trays or behind concrete walls.

Circle (75) on Reply Card

Introducing the PowerProfiler

The 3030 PowerProfiler from BMI is
a simple yet powerful instrument capa-
ble of measuring and describing all
aspects of your power consumption. It
can report on the power in use for a sin-
gle load or an entire facility. Use it to
trace and eliminate power guzzlers or
track down potentially harmful harmon-
ic problems.

Circle (76) on Reply Card

Environmentally safe chemicals

Chemtronics has introduced a line of
E-Series chemicals that outperform con-
ventional ozone-depleting CFCs (chlo-
rofluorocarbons). Ultrajet is a high-
powered precision duster; Freez-it locates
thermal intermittents faster; Flux-Off
Plus removes flux more effectively than
other leading brands; and TF Plus is en-
vironmentally safer and stronger than
conventional TF solvents. For more in-
formation: Chemtronics, 68! Old Willets
Path, Hauppauge, NY 11788; 800-645-
5244; 516-582-3322.

|
1

|

Scope 31/2-digit LCD meter

The DVM 630 measures dc and ac
voltage and resistance, performs battery
and diode testing with £0.5% accuracy,
and has automatic negative polarity and
zero adjustment. The meter is overload
protected and includes test leads. Regu-
larly $50, now $32.50 (deluxe carry case
only $4.50). FREE catalog with your or-
der. Call Fordham at 800-645-9518 (NYS
800-832-1446).

Circle (78) on Reply Card

Oscilloscopes

Heath's SO-4552 ($599.95) and SO-
4554 ($399.95) oscilloscopes are depend-
able and versatile tools that feature dual
trace, ImV/cm maximum sensitivity, al-
gebraic add function, beam finder, built-
in component tester, and high-brightness
mesh CRT with internal graticule. The
SO-4554 includes a 40MHz bandwith
and fast 9ns vertical rise time. The SO-
4552 has a 25MHz bandwidth and an
18ns vertical rise time.
Circle (79) on Reply Card

Multiformat video/all
RF channel generator
The new model 408 from Leader In-
struments is a gen-lockable NTSC vid-
€o test signal generator that provides
more than 80 test patterns. Test signals
are output in composite, component, su-
per VHS and RGB formats. Up to 100
sets of video level specifications and
channel frequencies can be stored. On-
screen programming and a menu-driven
format make setup fast and easy.

i
|
i

Training materials for Panasonic,
Technics and Quasar

Matsushita Services Company offers
many training manuals, videotapes and
video-based programs for various audio,
video, home appliance products and
more. Although they are produced main-
ly for Panasonic, Technics and Quasar
products, they are also useful for learn-
ing theory and troubleshooting for other
brands.

Circle (81) on Reply Card

Computer programming training
from NRI

Build a high-paying career, even a
profitable business of your own, in com-
puter programming. NRI’s new at-home
training includes a powerful IBM-
compatible computer, modem and profes-
sional software in BASIC, Pascal, C and
COBOL, yours to keep. FREE full-color
catalog tells more. NRI School of Com-
puter Programming, 4401 Connecticut
Ave. NW., Washington, DC 20008.

Circle (82) on Reply Card

Tools and accyang
Ceinorre

Catalog of hand tools
and accessories
A new, 4-color catalog is being offered
by Paladin, the leader in hand tools and
accessories. This 152-page catalog dis-
plays state-of-the-art products required
for any application. From wire strippers,

| crimpers and cutters to coax connectors,

screwdrivers and wire ferrules, Paladin
provides it all. Quality products backed
up by quality service...Paladin is *‘at
work with professionals every day.”

Circle (77) on Reply Card | Circle (80) on Reply Card Circle (83) on Reply Card
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Portable PanaVise

The weighted base mount (five pounds)
means you can move this PanaVise with
ease! The self-centering, extra-wide
opening head (opens a full nine inches)
and full (ult, turn and rotate) capabili-
ties make this a truly portable, versatile
addition to any workbench. PanaVise
model 334. Available through electron-
ics suppliers or PanaVise Products, Inc.,
2850 E. 29th St., Long Beach, CA
90806.

Circle (84) on Reply Card

A truly universal computerized
remote

Parts Express introduces a programma-
ble, hand-held IR remote control to re-
place all others. Imagine. one remote to
operate your CD player, laser disc, DAT,
TV. VCR. tape deck, amplifier and sur-
round sound amp. Controls up to eight
devices. “Learns” and reproduces up to
126 commands. Call 800-338-0531 for
more information.
Circle (85) on Reply Card

Surge suppressors
Philips ECG offers a complete line of
surge suppressors that protect valuable
equipment against damaging transient
voltage spikes in a variety of industrial,
commercial and residential applications.
The line includes power outlet strips,

general-purpose -, 2- and 3-outlet
models, and a master power control with
four auxiliary outlets. Shown here (left
to right) are the EMF-5I5MC Master
Power Control and the EMF6ISRF and
EMF615 power outlet strips.

Circle (86) on Reply Card

PRODUCT PREVIEW

ADVERTISING SUPPLEMENT

' PC diagnostics made easy!
PC-Technician from Windsor Technol-
ogies, Inc., is a complete family of

' products for faster, easier troubleshoot-

| ing of all types of IBM-compatible PCs.

| It’s an easy-to-use yet professional level

system that gives you an extremely wide
| range of specific tests for each PC com-
| ponent.

[ Find out why the number of PC-
Technician users is growing so fast. Send
for your FREE evaluation diskette.

Circle (90) on Reply Card

Free replacement parts catalog

The new catalog from PTS is the most
comprehensive inventory of TV and VCR
exact replacement parts. All makes of
tuners, modules, plus motherboards are
listed. Order direct and save! New serv-
ices: disc drive, VCR and camcorder re-
pair. More! Overnight delivery.
800-333-7871.

Circle (87) on Reply Card

Audio troubleshooter

The PA8! from Sencore is an audio
troubleshooter that replaces homemade
test centers with certified tests. Non-
reactive loads test power to 250W/chan-
nel. Filters isolate interference. Finds in-
termittents while protecting circuits. Ex-
clusive 3-way tracer pinpoints trouble,
even in low-level stages. Battery oper-
ated, too. |
Circle (88) on Reply Card |

Spark Gap surge suppressor

Zenith’s new surge suppressor features
the patented Spark Gap design for extra
protection of TVs, VCRs. stereos, com-
puters and modems from the damaging
effects of high-voltage power surges. Also
available as part of the Allegro audio/vid-
eo accessory line. Zenith Parts and Ac-
cessories, 11000 Seymour Ave., Frank-
lin Park, IL 60I31.

Circle (91) on Reply Card

|

REPRINTS

Interested in ordering
article reprints out of
this or another issue?*
Reprints can be excel-
lent learning tools for
your technical staff and
great marketing tools
for your sales staff. Call
or write Kelly Hawthorne
at Intertec Publishing
Corp., P.O. Box 12901,
Overland Park, KS
66212; (913) 888-4664.

*Minimum order 500 copies.

FREE 1990-91 catalog
NEW EDITION ON PRESS' Com-
prehensive 384-page guide packed with
more than 5000 products from 170
manufacturers. with photos and unbiased
comparison charts. Free! U.S. Instrument
Rentals, 1830 W. Airfield Drive, DFW
Airport, TX 75261; 800-USIR-123.
Circle (89) on Reply Card
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What do you know about electronics?

The turbo tweaker

By Sam Wilson, CET

Recently I looked in my references to
review some casy methods of designing
a transistor amplifier. I haven’t needed
to do that for more than a year, so I
thought I'd see if there might be a new
(better) method.

I found many quick methods, but
none were turbo, as mine is. (Why do
I call it turbo? Haven’t you noticed? No
one uses terms like “‘quick” and “fast”
these days; everything is turbo.) I didn’t
feel that any of those methods were any
better (or worse) than mine, so we might
as well use mine.

With my method, you only need a few
basics (such as Ohm’s law), and you
have to tweak the calculated result. Keep
in mind that this is only one method of
estimating values for an amplifier. What
you do to improve it will complicate it.

You have to start with basic ideas.
(The entries are for my example design.)
Refer to Figure 1.

Wilson is the electronics theory consultant for ES&T.

|
|
[
a
|
o
|
|
l
|
I
|
|

* What power supply voltage

do you have? V.=24
* What transistor are you
going to use? 2N2222

These aren't listed in the order of
selection. I bought 15 transistors in a
pack for $2. That’s how I decided on the
2N2222. The specifications that came
with my pack of transistors are given in
Table 1.

Note that the collector-to-cmitter volt-
age 1s given in Table 1 as 30V. I used
a value lower than that because I am go-
ing to use a 24V supply that is made
with four 6V lithium batteries.

The specifications show that the tran-
sistor is capable of a collector current
of 0.8A. I don't need that much current

for my design, and I have to consider |
the life of the batteries, so I'm going to |

go for a current of S0mA. Therefore,
I.=005A.

Here is an important difference be-
tween these quick designs and the kind

POWER SUPPLY

= 1
| A

7

Figure 1. With this easy method of design-
ing a transistor amplifier, you only need a few
basics, such as Ohm’s law. You have to tweak
the calculated result.

Figure 2. The voltage across R, equals the
voltage across Rg plus the traditional drop
from emitter to base: V,=Ve+V g 5 . By Ohm's
law, R,=V, /l,.
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that engineers use. For the current I
need, the 2N2222 is not the best choice.
Because I want to use the inexpensive
device that’s available, however, I'm go-
ing with what I have on hand rather than
with what [ need.

The value of R, can now be calculat-
ed using Ohm’s law. Remember that in
a Class A amplifier, the collector volt-
age (V) should be half the supply volt-
age (Veo)-

R.=V¢/1c=12/0.05=2409

I'll use a standard 2702 resistor. The
power rating of this resistor is

P, =(Ic)> xR, =(0.05)*%270=
about 0.7W

I have some 1W resistors. I'll use one
of those.

The emitter voltage (V¢) should be a
convenient value between one-fifth and
one-fourth the collector voltage. The
collector and emitter currents are about
the same. The emitter resistor value is
easy to calculate:

R, =V /1:=2.5/0.05=50%

I'll use a 4712 resistor. Its power rat-
ing is:

P=(Ic)*XR=(005)>x47=0.1IW
(approximately)

A 0.25W resistor will do the job.

I always make I,. the current through
R,, equal to at least one-tenth the value
of the current that runs through Rg:
[,=0.05/10=0.005A.

As shown in Figure 2, the voltage
across R, equals the voltage across Rg
plus the traditional drop from emitter to
base: V,=V AV, z=2.5V+0.7V=3.2V.
By Ohm’s law:

R»=V/1,=3.2/0005=640Q

A standard resistor of 62092 will do



here. The power dissipation is:
P,=(I,)*XR,=(0.005)*x(620)=0015W

Use whatever you have. Note that |
used the calculated value for R,. Fig-
ure 3 shows that the current through R,
is equal to the sum of the base current
and I,.

Although the spec sheet gives 200 for
beta (hgg). a more realistic value is 150.
Because hx=I./I, you can calculate I,:

Is=Ic/hpe=005A/150=0.00033A

1,, the current through R,, can be
found by adding the base current and the
current through R, (I,):

I, =1,+1,=0.005+0.00033=0.0053A

The voltage across R, equals the pow-
er supply voltage minus the base volt-
age (V,):

V =Ve—V,=24-3.2=208V

The value of R, is found by Ohm’s
law:

Table 1
Transistor specitications

calculated and assumed values, it would
have the values shown in Figure 4.
You should not expect this design to
give perfect results the first time out of
the barn. Here are a few reasons why:
* The manufacturers say the beta (hz)
is somewhere between 150 and 300.
That is the average according to four
different sources. That can make a
difference.
® The resistors have a tolerance of

* Some of the values were rounded off.
* Some of the resistor values were ob-
tained by taking the closest off-the-shelf

* There was some guessing going on.

276-1617 2N2222

silicon ... ... NPN || T10%.
typical hegg . ........... ... 200

max. ratings:

Ve e R s d de e s 35058 006 1 30v value.
I8 Eiomie s man s ik 800mA
dissipation .. ... ... . .. 1.8W

R,=V,/1,=20.8/00053=3.9kQ
(approximately)

If you connected the circuit with the

So, we now enter into the tweaker part
of the design. The value of R, is divid-
ed into two separate values as shown in
Figure 5. As a rule, the middle-
resistance value of the pot should be
somewhere near to a resistance that adds
to R, to give the calculated resistance
of R,. I am using a linear pot in my de-
sign, so I’'m about halfway between the
ends and my starting point.

Adjust the resistor so that the volt-
meter reads half the supply voltage. If

.| HE HEST OFUS

STARTER KIT—The perfect in-
troduction to PanaVise! Two heads
(Standard and Wide Opening)
interchange with our “tilt, turn
and rotate” Standard Base. Versa-
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projects. Ask for Model #302.

CIRCUIT BOARD HOLDER—Tilt,
turn and rotate circuit boards to
the exact position you want, then
lock them into place with a single
control knob! Moves work in ver-

(perfect for front/back examina-
tion). Spring-loaded arm holds
boards up to 12" wide. Ask for
Model #372.
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PORTABLE PANAVISE WITH
EXTRA-WIDE OPENING HEAD—
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Ibs.) means you can move this
PanaVise with ease! The Self-
Centering Extra-Wide Opening
Head (opens a full 9”) and full
“tilt, turn and rotate” capabilities
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2850 E. 29th Street
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Figure 3. The current through R, is equal to the sum of the base

current and |,.

Figure 5. The value of R, is divided into two
separate values. As a rule, the middle-
resistance value of the pot should be some-
where near to a resistance that adds to R,
to give the calculated resistance of R, in Fig-
ure 4. Adjust the resistor so that the voltmeter
reads half the supply voltage. Measure the
total value of R, plus R, with an ohmmeter.
Replace this total resistance with a standard
resistor that has the closest value to this
measurement for R,.

Figure 4. If you connected the circuit with the calculated and as-

sumed values, it would have these values. However, this design

will not give perfect

| it 1s below that value, you need more re-

sistance. (The transistor is conducting
too much collector current, so you want
to decrcase the base current. That
means a higher resistance.)

If the collector voltage is above the
value of V¢ /2, the transistor isn’t con-
ducting hard enough (there isn’t enough
voltage drop across R, and R,). There-
fore, you need to reduce the setting of
R to get more base current. That, in
turn, will raise the collector current and
lower the collector voltage.

If you can’t get the right value, ana- |

lyze the situation. You will need either
more or less base resistance for R,. Re-
turn R, to the center value and change
R.. Don’t change it more than about a
quarter of your starting value.

After you have tweaked the setting for
R., measure the total value of R, plus
R, with an ohmmeter. Replace this to-
tal resistance with a standard resistor
that has the closest value to this meas-
urement for R, (in Figure 4).

If you are not satisfied with the
amount of gain, increase it by bypass-
ing the emitter resistor with an electro-
lytic capacitor. Keep in mind that

48 Electronic Servicing & Technology October 1989

results, so some tweaking is required.

increasing the gain will produce two ef-
fects that may be undesirable:

e The bandwidth will be decreased.
e The distortion will be increased.

I built the circuit and did some first-
class tweaking. I couldn’t quite get the
right collector voltage because the beta
of my transistor was less than 