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Here’s a line of electronic accessories
so big, so broad it's a sure-fire cinch
to help you capitalize on the TV
after-market — the 84,900,000 TV
households in the U.S. switching
their television receivers into home
entertainment and information
cenlers.

Look and see for yourself why
industry forecasters point to 1985 as
the year the market for electronic
accessories really comes of age.

By early this year, 1985, estimates

are that 42.9% of some 85,000,000
householders will have their TVs
hooked up to cable service...about
28% to electronic games...and even
a good-sized number to either home
computers, satellite antennas or to TV
component systems.

And the estimated 17,000,000
videophiles who have tied their TVs to
video cassette recorders during the
past three years, don’t forget them.
They represent another segment of
this : gigantic market for electronic
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accessories that's so rapidly growing
in size to the double-digit millions.

Now’s the time to call your Zenith
distributor’s Parts & Accessories Sales
Manager!

The next thing you know you’ll be
turning some 0, 7, or 8 feet of floor
space into a profit center with acces-
sories backed by a name renowned for
product performance and reliability.

Call now! Your Zenith distributor’s
Parts & Accessories Sales Manager is
waiting to hear from you!
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An analysis of the
Sylvania Superset Two,
part two

By Carl Babcoke, CET

The complex circuitry of the
sophisticated Sylvania
model RXS198WA is
reported this month from
our test lab as the author
continues his probe of a
television/monitor that also
has stereo TV sound
capabilities, and jack-panel
provisions for VCRs and
other video/audio devices.

20

VCR troubleshooting

An overall understanding of
this relatively new home
video equipment will make it
easier to diagnose and
service malfunctioning
subsystems. ES&T presents
the VCR operation from a
functional block point of
view, in an article adapted
from General Electric
servicing manuals.

Departments:

5 Technology

6 News

37 Photofact

43 Troubleshooting Tips
50 New Products

56 Symcure
57 Literature
58 Books

61 Reader's Exchange

38

What do you know about
electronics? —

Tuned circuits

By Sam Wilson

How does resistance affect
a parallel-tuned circuit, and
what is its effect on
resonant frequency? Sam
Wilson presents answers to
what, apparently, is an
electronics argument in
perpetuum.

44

The video connection,
part three

By Martin Clifford

An almost incredible
flexibility is expected from
today’s television set;
today’s technician must
understand, and practice,
optimum hook-up
technology. In simple
language, with easy-to-
follow diagrams, the author
ends this series about the
“connections” video
audiences now demand.

54

Test your electronic
knowledge

By Sam Wilson

Attention Supertech: this
one’s for you. Our
continuing series brings
brain-cudgeling questions in
May, so go for it and be
proud if you have the
answers!
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Troubleshooting the VCR, page 20.
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to make the soldering
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heat sensing tips, the Weller WTCPR
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Editorial

It aﬁ happened so fast

It all started just a few years ago. A videocassette
recorder (VCR) inexpensive enough and easy
enough to operate for home use was introduced.
Then a trickle of video products began showing up
on the shelves of a few higher-priced electronics
stores. Then a short time later the floodgates
opened and millions of people in the United States
were buying VCRs.

At the same time, the manufacturers were busily
improving the products even as they were shipping
them out the door by the truckload. A list of the in-
novations that have taken place in video products is
impressive. A few of them in no particular order are:
¢ Stereo hi-fi sound.

Remote control electronic tuning.
Freeze-frame/slow motion.

High-speed search.

Multi-day/multi-event programming (as far in ad-
vance as one year).

Much of the circuitry to achieve the performance
exhibited by these wonderful machines represents a
major change in the circuitry encountered in home
entertainment electronic systems. Open one of these
up and you find servo motors, microcomputers and
other unfamiliar components and circuits.

All of this new circuitry represents something of a
challenge to someone whose experience is limited to
television and audio. An entirely new approach to
servicing is required. In many cases, when one of
these VCRs quits working, you check out the logic
circuits first. The article “VCR Troubleshooting” in
this issue deals with some of this new VCR circuitry,
suggesting a logical, methodical approach to
isolating problem areas.

And more to come

New technologies are “building blocks” whose
eventual impact will depend upon what subsequent-
ly is designed and constructed with them. According
to Professor Nathan Rosenberg of the Economics
Department of Stanford University, what happens
with new technology is not simply a matter of im-
proved technical performance, but rather how they
are put to use. There are a number of difficulties in
predicting what the impact of such technological
changes will be, he added. For example, Rosenberg
said to nearly 200 people at a symposium on
Economics and Technology sponsored by the Na-
tional Academy of Engineering, the Stanford Cen-
ter for Economic Policy Research and the Stanford
Departments of Chemistry and Chemical Engineer-
ing, “Marconi understood the basis for wireless com-
munication, but never foresaw the possibilities for a
vast new entertainment broadcasting industry,
reaching into every household and automobile.”

The difficulty in predicting the future impact of
technology being developed today can indeed be con-
sidered a problem if so august a body as this ex-
presses concern with it. But people involved in elec-
tronics technology are well aware of it; they face it
every day. We may be unable to predict what impact
a given technology will have in the future, but
ES&T will continue to keep readers alert to
developments in electronics technology so that you
can make your own evaluations.
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Recently developed transmitting
and receiving equipment for the
high-definition color television
(HDTV) system can produce pic-
tures better than those projected
on motion picture theater screens
from 35-millimeter film.

The equipment, developed by
Toshiba Corporation in coopera-
tion with the Japan Broadcasting
Corporation (NHK), consists of: a
high-definition color TV camera, a
high-definition videotape recorder
(VTR), and high-definition MUSE
transmitting equipment, all of
which are to be used at broad-
casting stations. Home-use equip-
ment developed for the same sys-
tem includes a high-definition
40-inch color display and a high-
definition MUSE receiver.

HDTYV is expected to be a key
element in a next-generation
broadcasting system that will
make possible much finer pictures
on a wide screen and better sounds

LEC UL B8 Development of high-definition

TV continues in Japan

than those on a conventional TV
system, through utilizing a broad-
casting satellite or a cable televi-
sion system with large-capacity
optical fiber. Conventional equip-
ment, including TV cameras,
VTRs, TV sets, and transmitting
equipment, cannot be used for the
HDTV system.

NHK has been developing a sys-
tem that uses 1125 scanning lines
per frame because the higher the
number, the better the picture
resolution. In contrast, current TV
systems use 525 or 625 lines.
Moreover, the system has the ex-
panded aspect ratio (the ratio be-
tween screen width and height) of
5 to 3 from the conventional 4 to 3.

NHK plans to start high-def-
inition broadcasting by using
Japan’s BS-3 broadcasting satellite
scheduled to be launched in 1989.
Japanese manufacturers have long
been developing necessary equip-
ment for the HDTV system.

Details of the new Toshiba
Equipment follow:

High-definition color TV camera

The new color TV camera for
HDTYV incorporates small, %s-inch,
pick-up tubes (“Saticon”) and is
very compact (46cm long, l4cm
wide and 28cm high). It is suitable
for outdoor picture-taking because
it operates on only 12V of battery
power. It adopts a high quality
zoom lens and a new circuit that
corrects color mis-registration and
nonuniformity.

High-definition VTR

A 1-inch high-definition VTR for
studio use can record and replay
90-minute HDTV programs by
utilizing four recording heads.
Equipped with a high performance
tape transport and micro-
processors, it easily can edit a pro-
gram. It can use both barium fer-
rite perpendicular magnetic tapes

premm—— Satellite Broadcasting

Broadcasting Station

Color
Camera

Modulator

MUSE Transmitting
Equipment

= MUSE Encoder
(PCM Sound Encoder)

M Broadcasting Satellite

Receiving Antenna
‘y‘Outdoor Unit
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Transmitter

MUSE Decoder HDTV CRT

PCM Sound
Decoder
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i
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for high-density recording, as well
as conventional (cobalt gamma fer-
ric oxide) tapes.

High-definition 40-inch
color display

A 40-inch screen display has
1125 scanning lines per frame and
an aspect ratio of 5 to 3, as
previously mentioned, so that it
can produce picture images sur-
passing 35mm movie films in viv-
idness, brilliance and clarity.

New developments for the
display include: a new dynamic
focusing circuit that ensures sharp
focusing on the entire screen; and
a digital convergence circuit to
automatically adjust the color
registration.

To create a picture tube for such
a large-screen color TV display,
Toshiba developed a new large-
caliber (12mm) electronic gun that
reduces the diameter of electronic
beams to approximately one-half
the size of those produced by con-
ventional (9.5mm) guns-thereby

considerably improving TV image
focus.

High-definition MUSE
transmitting equipment

NHK has developed a new
method of band compression called
MUSE (Multiple Subnyquist Sam-
pling Encoding). In the system, a
picture is divided into some two
million picture elements. One-
fourth of these are transmitted to
the satellite at one time, therefore
four transmissions produce one
picture. Image memory devices in-
torporated in the receiving equip-
ment recombine the four parts to
constitute a picture.

The information volume at a
single transmission is relatively
small, and signal bandwidth can be
limited to be within one satellite
TV channel. (The larger the infor-
mation volume, the wider the sig-
nal bandwidth.) It was previously
thought that more than two chan-
nels would be required for HDTV
satellite broadcasting because of

the huge, overall volume of infor-
mation. The advance represented
by the MUSE system is said to
have opened the way to practical
HDTYV broadcasting.

Toshiba has developed the
HDTV transmission equipment,
which includes: a MUSE encoder
that compresses the bandwidth to
a single satellite TV channel; a
PCM (pulse code modulation) en-
coder to transmit high-quality
sound; and a modulator. The com-
pany has delivered the equipment
to NHK, to be used for experimen-
tal HDTV transmission utilizing
the BS-2 broadcasting satellite.

High-definition MUSE receiver

The receiver consists of. a
parabolic antenna and an outdoor
unit of a satellite receiver; a
satellite receiver indoor unit; a
MUSE decoder to reconstitute the
high definition picture; and a PCM
decoder to reproduce high-quality

sound.
asy..

Power co-ops compete
with satellite retailers

The entry of public electric com-
panies into the sales of satellite
dishes is strongly opposed by the
National Electronics Sales and
Service Dealers Association’s
(NESDA) Legislative Committee
and the Georgia Electronics Sales
and Service Dealers Association
(GESDA).

According to Cliff Shaw, chair-
man of NESDA’s Legislative Com-
mittee, “If a bill prohibiting public
utility companies from selling and
installing satellite stations is not
passed, the situation would con-
stitute a killing blow to indepen-
dent dealers. There is no way they
could compete successfully.”

“Public electric companies are
subsidized by the government
through federally guaranteed
loans and were originally created
as non-profit companies formed
for the distribution of electricity.
The electric companies involved in
selling satellite stations arrange

bank financing for buyers and add
the charge to their monthly elec-
tric bill,” according to Dan Mundy,
president of GESDA.

For more information, contact
Wallace Harrison, Director of
Communications for NESDA,
2708 West Berry Street, Fort
Worth, TX 76109; 817-921-9061.

Servicers to receive
5 percent parts discount

Members of NASD (National
Association of Service Dealers)
will be able to cut parts cost by 5
percent when buying qualified
parts from participating
wholesalers through a new
association program.

The Parts Discount Program
(PDP) will be initially available on-
ly in the Midwest through Garron’s
Distributing, which has two
outlets in Milwaukee, WI, two in
Towa and one in Chicago.

To qualify for the 5 percent parts
discount from participating
wholesalers, service dealers must
be members of NASD or NARDA
and meet simple conditions on
ordering required by authorized
parts dealer.

For more information on PDP
and NASD membership, contact
NASD, 2 N. Riverside Plaza,
Chicago, IL 60606.
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CEG announces formation
of Telephone Subdivision

The Electronic Industries
Association’s Consumer Elec-
tronics Group (EIA/CEG),
Washington, DC, has formed a
Telephone Subdivision that held
its first meeting during the EIA
Spring Conference in Washington.

Under an agreement reached pe-
tween CEG and EIA’s Information
and Telecommunications Group
(ITG), and approved by the EIA
Board of Governors, CEG will
coordinate state legislative activi-
ty, conduct consumer affairs pro-
grams, gather and disseminate
certain sales data on the retail
telephone market, and continue to
provide what has become the
essential marketplace for the in-
dustry, the International Winter
and Summer Consumer Elec-
tronics Shows (CES). ITG, for
its part, will have responsibility for
engineering standards, relations
with the Federal Communications
Commission (FCC), liaison with
Underwriters Laboratories, and
marketing services related to the
EIA statistical program covering
telephones.

To ensure that EIA telephone
members are most effectively
served, a Telephone Coordinating
Committee has been established.



=lectricity and water don’t mix. At
east not in our Heavy Duty Digital
Multimeters. Because these Oops
“roof” instruments are protected
2y a system of seals to ensure
contamination-free dependability
n even the cruddiest conditions.
Other abuse-proof features
nclude the best mechanical pro-
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General layout, unusual fea-
tures, adjustments and precau-
tions for the Sylvania model RX-
S198WA TV receiver with its
19C4-03AA chassis were given in
our February issue. A few of the
many interesting features include
a sophisticated decoder that pro-
duces two stereo audio channels
when the TV program audio is in
stereo, and a jack panel for con-
necting stereo audio inputs and
outputs plus a video input and out-
put. Direct video connections pro-
duce sharper pictures than RF
modulators do. Twin audio ampli-
fiers with tone controls and two
external speaker cabinets com-
plete the stereo system. This
receiver can be called a TV
receiver/monitor.

Before these circuits can be ex-
plored, it is necessary to describe
many details of the power supplies
and TV circuits. TV power sys-
tems no longer are simple brute-
force rectifier/filter circuits with
high-wattage voltage dividers to
supply lower voltages. Many of
these new dc-power supplies equal
the horizontal-sweep systems in
circuit complexity. Start-up and

By Carl Babcoke, CET

shut-down systems add to the com-
plications and make troubleshoot-
ing more difficult. If you're plan-
ning on tackling a set such as this,
you must have a working
knowledge of all these circuits and
how to troubleshoot them, unless
you are content to limit your ser-
vicing to changing entire circuit
boards. General knowledge no
longer is sufficient because of ma-
jor differences in circuitry be-
tween various models and brands.

General information

Figure 1 shows the Sylvania
19C4 chassis, picture tube and
cabinet from the rear with the
back removed. Notice the white
plastic framework at the bottom.
This is the frame that holds the
two large circuit boards in place.
The frame also acts as a base for
metal brackets that support the
tuners, tuner-control board,
stereo-audio decoder board and
other circuit boards.

In general, there are three sec-
tions. The power-supply/hori-
zontal-deflection and high-voltage
board is at the extreme lower right
(Figure 2). Near the center and

8 Electronic Servicing & Technology May 1985

Analyzing
the Sylvania Superset Two

below (Figure 1) is a large board
for the IF's, horiz/vert oscillators
and the vertical-deflection system.
At the extreme left are the boxes
for RF switching, tuners, tuner-
control and stereo decoder. Any of
these three sections can be re-
moved completely, but with some
difficulty because of the many
plugs and cables.

The white-plastic framework can
be removed from the cabinet
(along with all attached boards and
shielded boxes) by removing one
metal screw at the extreme right
and another at the extreme left
side. Then the whole thing can be
slid backward an inch or so (to dis-
engage the three plastic hooks that
slide under and grasp metal
brackets in three shallow holes)
before lifting up the assembly and
sliding it backward to remove it.
Some cables must be unplugged to
remove the assembly. Or, the as-
sembly can be moved backward a
couple of inches, allowing Q601
horiz output to be removed,
without unplugging any cables.

Reinstallation of the chassis
assembly is done in reverse,
however be careful to place the
three hooks (at the lower front
edge) inside the shallow holes
before the assembly is moved
toward the receiver’s front. Other-
wise, the hooks will not engage
and the plastic frame can be left
warped without proper support at
the front, even when the side
screws are installed.

There is no metal chassis as used
in older models.

A single diode (D500 in the
schematic titled “Basic Rectifica-
tion”) rectifies the 120Vac line
power in the 19C4. (A 4-diode
bridge is used in the 25C4 version
to provide slightly higher dc

Figure 1. Little unused space is found in-
side a Sylvania TV model RXS198WA
with a 19C4-03AA chassis. In this rear
view with the back removed, the two
horizontally mounted boards are visible
at the bottom inside a white plastic
frame. At the right, arrows indicate the
power-supply/horiz-sweep board that in-
cludes the voltage-regulator circuit.



voltage.) Notice that the current
flows from D500 through surge
resistor R501 and the primary
winding of T500 start-up
transformer before reaching the
input filter capacitor C502. See
photographs in Figure 3, Figure 4
and Figure 5 for location and ap-
pearance of these components.
The unregulated source at C502
measures between +149V and
+150V  according to picture
brightness, which changes the load
current. The ripple is 60Hz
sawteeth of slightly more than
8VPP.

Also, the schematic in Basic Rec-
tification includes part of the start-
up circuit, including T500 (Figure
5), D503 and C503. Partial wiring
is shown for the distribution of
start-up de voltage to the oscillator
IC, the horizontal-predriver tran-
sistor and the horizontal-driver
transistor. Output Q601 (not
shown) receives dc power from the
+110V regulated source. During
start-up, a pulse of dc voltage from
D503 (stored briefly in C503)
allows the oscillator, predriver and
driver stages to operate weakly
and drive the Q601 input. The
horizontal-deflection system in-
creases in power rapidly until it
reaches maximum and the +24V
scan-rectified supply takes over
the load as D503 is reverse biased
to disconnect the start-up circuit.

Hot and cold grounds

Two completely separate
grounds are employed in the
Sylvania 19C4 chassis. As shown
on page 14, one side of the input
power goes through a winding of
L500 to the hot ground, which
serves as a common ground for the
+150V and +110V supplies.
Notice the cold ground symbol at
the secondary winding of T500
start-up transformer. This cold
ground must be connected to other
cold grounds of several voltage
sources that are produced by rec-
tification of horizontal-deflection
power from the flyback.

Figure 3 identifies two metal
panels that can be used conven-
lently for most waveform and de-
voltage tests involving hot or cold
grounds. Although the ac plug on
the power cable has one wide
prong that theoretically connects
hot grounds to the line-power ex-
ternal ground, do not depend on
this partial safeguard when con-

necting test equipment to the
receiver. Always use an isolation
transformer to eliminate possible
damage to the receiver or the test
equipment, and to prevent shocks.

In summary, the hot ground is

used for the +150V and +110V
power supplies, the Q601 hori-
zontal-output stage, the flyback
primary’s ac ground and the hori-
zontal yoke’s ac ground. All other
stages are referenced to cold

Figure 2. The power/regulator/horizontal
board; the large white mass on the board
is the T700 flyback. Two variable con-
trols at the left are the screen (or G2)
control and the focus control.

Figure 3. Arrows point to two metal
panels that serve as hot and cold ground
for the power/horizontal board (shown in
the receiver as viewed from the rear).
Other arrows point to locations of other
important components.

Figure 4. Important power-supply com-
ponents are identified by three arrows.
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ground that has no continuity to
hot ground or the 120Vac input
voltage.

Regulation
by integrating dc pulses

Regulation of the + 110V source
that powers the horizontal-output
stage is effected by varying the du-
ty cycle of de-voltage pulses. These
pulses are subsequently smoothed
by a low-pass filter into pure de
voltage of a value equal to the
average voltage of the pulses
before filtering.

Before the circuitry is examined,
several proofs that this is a valid
method are described and il-
lustrated in “Proving de pulse in-
tegration,” page 16.

A highly simplified schematic of
the 19C4 basic regulator is given in
Figure 6A which shows SCR500 as
a manually operated switch. (In
the actual circuit, the SCR switch
is placed after R513 and L501. But
placing them as shown makes the
low-pass-filter action clear, with-
out compromising the operation.)

The block diagram of the entire
rectifier-and-regulator system
(Figure 6B) shows the purposes of
various major components and
how they are connected. Study this
diagram and the explanation until
the operation becomes clear. That
knowledge will help you under-
stand the complete circuit pre-
sented next.

Figure 5. T500 start-up transformer is
almost hidden behind the flyback in a
corner of the power/horizontal board be-
tween hot- and cold-ground panels.

19C4 SCR regulation

Briefly stated, the +110V
regulated source is monitored by
three transistors that adjust the
exact time during each horizontal
cycle that the SCR500 regulator is
gated into conduction. “The SCR-
Regulator Circuit,” page 19.
This conduction applies some of
the + 150V source to C512 and the
horizontal-output stage, and the
conduction continues until stopped
by the next negative-going
horizontal pulse (from a separate
winding on the flyback) that
reaches the SCR anode. Shorter
conduction times during each
horizontal cycle decrease the
regulated voltage, while a longer
conduction time increases the
regulated +110V source. There-
fore, the circuit compensates for
line-voltage variations as well as
for changes of load on the hori-
zontal-deflection system.

Details of the regulator circuit
are provided on page 19, along
with waveforms and circuit opera-
tions. Voltage variations of the
+110V source change the conduc-
tion current of Q500, thus varying
the C507 voltage charge. When
the C507 voltage increases to a
critical value, it triggers Q501 and
Q502 into a regenerative latching
mode where each forward biases
the other until both are saturated
and C507 is discharged by one
large pulse of current through
Q502. This Q502 collector current
flows through switching diode
D504 and the T501 primary, with
the T501 secondary winding induc-
ing a single positive voltage pulse
at the SCR500 gate. This, in turn,
triggers the SCR into conduction
to replenish the +110V source at
C512. SCR conduction and the re-
sulting gradual increase of C512
voltage continue until the next
horizontal pulse arrives at the
SCR500 anode to stop the conduc-
tion. A detailed explanation is
given on page 12, while Figure 7
identifies many regulator and
safety-circuit components.

Regulation efficiency

Regulation in the Sylvania 19C4
chassis operated very well, as
shown by the following measure-
ments taken at different line
voltages of the + 150V TP9 source
vs. the TP24 +110V regulated
source:
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LINE TP9 TP24
125.2Vac + 156V +111.3v
120.3Vac  +149.2v  +111.0V
110.2Vac +134.2V +109.7V
100.2Vac +119.1V +107.6V
90.6Vac +105.5V +103.8V
85.0Vac + 97.1V. + 927V
80.4Vac + 90.6V + 86.3V
When the line voltage was

varied, the picture size changed
slightly, although the picture
covered the entire screen down to
about 90Vac. Reliable start-up was
possible down to 9QVac, also.
When the ac voltage was slowly
reduced to less than 85Vac, the
picture began to brighten notice-
ably. Unless the brightness control
was turned down to darken the
screen, the brightness and the
CRT current became excessive,
triggering the CRT-current sec-
tion of the shut-down safety circuit
so the on/off relay clicked and all
power to the receiver was lost (ex-
cept for the remote-control
receiver).

Is the theory correct?

Waveforms of the SCR500
anode voltage and current (Figure
8) show changes of the SCR con-
duction times to be totally inade-
quate for good regulation, yet the
de voltage readings prove the
regulation is good. At the normal
120.8Vac line voltage, for exam-
ple, the waveforms showed
SCR500 conduction for 31 percent
of each horizontal cycle. But 31
percent of +150V is only +46.5V,
although the 31 percent conduc-
tion produced +111V. Calculated
the other way, +111V divided by
+ 1560V yields 74 percent conduc-
tion. Why is the conduction time so
short, and what accounts for the
extra 64.5V?

When the brightness was in-
creased to maximum and the line
voltage reduced to 100.3Vac,
waveforms in Figure 8B showed
conduction of slightly more than
49 percent of each cycle with a
supply voltage of +119.1V and a
regulated voltage of +107.6V. But
49 percent of +119.1V is only
+58.4V, although the measured
voltage was +107.6V. Also,
107.6V divided by 119.1V equals
an expected conduction time of 90
percent. How can the short con-
duction time produce such a high
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Figure 6. Regulation of the + 110V
source in the Sylvania 19C4 is accom-
plished by changing the amount of time
(during each horizontal cycle) that the
+ 150V supply replenishes the + 110V
supply. The theory is identical to the
filtering of variable-duty-cycle dc-
voltage pulses previously discussed. (A)
Greatly simplified, the + 150V supply
(shown as batteries) is switched by
SCR500, while R513 and L501 prevent
the current from increasing too rapidly
into C512, the smoothing filter ca-
pacitor. Without R513 and L501, the cir-
cuit would have been peak reading, and
different duty cycles of SCR500 current
would produce the same + 150V output.
In other words, there would be no regula-
tion. Notice that R513 and L501 together
form the resistive leg of a low-pass filter,
with C512 as the capacitive leg. (SCR500
was drawn on the opposite side of R513
and L501 to make clear the filter con-
figuration) (B) This block diagram
shows the major components and the
general connections of the + 150V
unregulated supply and the + 110V
regulated source. Three transistors

determine when SCR500 conducts, with
two of them operating in a type of relaxa-
tion oscillator that gates on SCR500.
Notice that a sample of horizontal
sweep also is sent to this oscillator to
discharge the C507 oscillator during
horizontal retrace, also.

RS13 ——
SCR500 20

regulated voltage? Where did the
additional +49.2V come from?

These figures do mot prove the
principle of integrated de pulses is
wm error. Instead, the additional
voltage comes from a second
source: rectification of the pulse
waveform at the SCR500 anode.
You may disagree at first with that
statement. They will reply that the
pulses are negative-going, and a
diode (such as SCR500 when con-
ducting) cannot rectify or conduct
when its anode is negative relative
to its own cathode. That statement
certainly is true, but notice that
the +150V unregulated supply is
added to those negative-going
pulses, moving the zero-voltage
line far down on the pulses. All
areas of the waveform that are
above the zero line are positive.
Therefore, they are rectified and
their de voltage added to the
pulses of de voltage from the
+150V supply. Both sjgnals are
filtered by the L501/R513 vs. C512
low-pass filter, and both contribute
to the +110V regulated-supply
voltage.

Most of the regulator circuit
operations can be viewed and
analyzed by scope waveforms, par-
ticularly when the various impor-
tant dec levels are added to the
waveforms by the scope. But some
vital areas are hidden by the SCR
conduction itself. When an SCR
conducts, there is only a small
voltage drop (about 1V) between
anode and cathode; for most prac-
tical purposes, the SCR is a dead
short when conducting. Therefore,
during conduction times, the
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Figure 7. Regulator components and
test points are identified on the power/
horizontal circuit board.

anode dc and ac voltages are iden-
tical to the cathode dec and ac
voltages. In other words, the bot-
tom of the notch in the SCR500
anode waveform is the +110V
source during the same time
period.

Rectifying the waveform

Previously, it was stated that
L501 and R513 were added in
series between the ac/de input
signals and the SCR500 anode as
current limiters. That is only one
of their three functions. First,
without them, SCR500 and C512
would produce peak-reading rec-
tification that would prevent
pulse-width regulation. Second,
without L501 and R513, the
460VPP pulses from the flyback
winding would be connected
directly to C512 during SCR con-
duction. At the horizontal frequen-
cy, C512 is nearly a dead short, so
the flyback winding would be
excessively loaded with an ac dead
short. Obviously, the horizontal-
deflection system cannot operate
with such an overload. Finally,
L501 and R513 act as the resistive
leg and C512 acts as the capacitive
leg of a low-pass filter that is re-
quired to integrate the dc pulses,
giving an average reading.

During SCR500 conduction,
however, this low-pass filter ap-
pears to remove all the pulse
waveform from the SCR500
anode. It is easy to mistakenly
assume that the pulse waveform
has been eliminated, while the
+ 150V de voltage is unchanged by
the low-pass filter, and that the
pulse waveform cannot play any
part in increasing the de voltage at
C512 or reducing the conduction
time. It seems logical to assume
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Basic Rectification—One diode (D500) rec-
tifies the 120Vac line voltage, while C502 is the
peak-reading input filter capacitor. R501 limits
the inrush of current when power is switched
on. Start-up transformer T500 is left connected
at all times, but it only does something useful
immediately after power is switched on and
during the time when C502 is acquiring its
voltage charge.

Remember, an uncharged capacitor is much
like a short circuit (it accepts a high current
and has virtually zero voltage drop across it).
Therefore, if the power is switched on when
the incoming line voltage is at the tip of the
first positive peak, a huge current (limited
mostly by R501) flows into C502, beginning to
charge C502.

The next few rectified positive peaks pro-
duce progressively smaller currents as C502
begins to build up a voltage charge. These
pulses of dc current flow through the primary
winding of start-up transformer T500. Conse-
quently, the large current pulses at first pro-
duce large voltage pulses in the secondary
winding.

These voltage puises are rectified by diode
D503 and stored in filter C503 before the
resulting dc voltage is sent to the horizontal
oscillator, predriver and driver stages. The
fourth stage (Q601 output) already has dc
voltage from the +110V supply, so the
horizontal system begins to operate but at this
time it only operates weakly. Now, it operates
at a fraction of its full output.

When the scan-rectified supplies build up,
the horizontal system gradually but rapidly ac-
quires stronger operation and in a fraction of a
second, the horizontal system has full power.
The +24V scan-rectified source is increasing
in voltage while the start-up voltage is decreas-
ing. When the + 24V supply voltage exceeds
the start-up voltage, diode D503 Is reverse-
biased, and it becomes an open circuit, dis-
connecting the start-up dc voltage from the
+ 24V supply. At this time of normal operation
of the receiver, T500 continues to develop
voltages from the pulses of + 150V-supply cur-
rent, but the amplitude is low enough so only a
small conduction at the tip of the pulses
(Waveform 3) causes minor clipping of the
pulse waveform.
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two new learn at home
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Senior Pal'tner Tl‘aining Progl‘am = This self-contained program includes

videotape titles “Senior Partner Diagnostic and Repair Techniques” and “Installation of the Hard Disk Drive
Kit” along with the Senior Partner Service Manual. Price $69.95

Cellular Mobile Telephone Tl‘aining Progl‘am = This service training

program is designed to give the technician a firm working knowledge of the functional operation of the Ad-
vanced Mobile Phone System. (AMPS).

Included in the program is a self-teaching laboratory textbook, service manual excerpts, troubleshooting
flowcharts, and self-teaching tests to measure your comprehension of the material.

Also included are videotape titles “Introduction to the Panasonic EB-6103EA and EF-6104EA" Board Level
Repair and Troubleshooting” and “Operation of the NAM Writer Package” Price $149.95

To order any of these training programs send check or money order payable to “Engineering
Support Division” Allow 3-4 weeks for delivery. All packages are shipped UPS.

Matsushita Service Company
Division of Matsushita Electric Corporation of America
ESD/Publications Department
50 Meadowland Parkway ® Secaucus ® New Jersey ® 07094

Please send me OJ Sr. Partner Training Program  Enclosedis my $ check or money order
[J Cellular Mobile Training Program (Add $2.00 shipping and handling per item)
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Proving dc-pulse integration—The theory of in-
tegration of dc puises can be proved by a pulse
generator, a good dc scope, a DMM and a few
components. (1) Check the generator by using
dc coupling in the scope. When the desired
pulses are obtained, move the ac/ground/dc
switch from dc to ground. The resuiting hori-
zontal scope line will be located exactly where
the pulse’s base line previousty had been, if
the pulses are dc. This line marks OV. However,
if the pulses are ac type (without any dc com-
ponent), the line will be at the average-voltage
polnt (which moves up and down with the duty
cycle). If the pulses are ac, add positive dc
voltage from a variable supply through a large
value resistor to the pulse waveform and ad-
just the dc voltage so changing from dc to
ground places the 0O-voltage line on the base
line. When the same pulse pattern is displayed
using the scope’'s ac-coupling mode and the
switch then changed to ground, the resulting
horizontal line will mark the average voltage
(top trace).

Measure with the scope’s calibrations the
voltage from the zero base line to the average-
voltage line and compare it with the total
height. Alternatively, measure the duty cycle
(time of one complete cycle vs. the time of one
pulse). With the toptrace in Figure A, about 15
percent is obtained in both cases. If the scope
doesn't drift, and the scoping is done carefully,
the answer should be the same as that given
by a DMM'’s dc-voltage function. You will find,
of course, the meter reading is more accurate.
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And remember that a good DMM integrates
all pure-dc and pulsed-dc components, thus
giving accurate voltage readings with dc
pulses. An average-voltage line just slightly
below half the pulse height (center scope
trace) indicates a duty cycle of about 48 per-
cent (to verify: measure one cycle vs. one
pulse).

As shown by the bottom scope trace, higher-
duty cycles have the average-voitage line (the
voltage between it and zero at the baseline is
the average positlve voltage of the waveform)
nearer the maximum pulse amplitude. This one
measured about 83 percent by average-voitage-
line and duty-cycle methods, and the DMM
verified the figure. (B1) Scope and DMM
measurements both prove the dc voltage of the
top waveform (40 percent duty cycle approx-
imately) Is the same before the filter or after
passing through an R/C low-pass filter. The
DMM readout was + 5.45V for input and output
waveforms (top photograph). Simllarly, the
shorter duty-cycle waveforms in photograph
(B2) measured the same + 1.72V filtered and
unfiltered (that is, the fliter did not change the
average dc voltage). Note: The unfiltered
pulses have average-voltage lines added by
the scope, while the filtered waveforms have
an average-voltage line through the waveform
and a true 0-voitage line below. Notice that the
distance between the base line and the aver-
age voltage Hne of the unfiltered (top) wave-
form is equal to the distance from the fiitered
waveform’s average-voltage line and the true
O-voltage line below. This indicates the dc
voltages are equal. (C) The results are vastly
different when the dc pulses of various duty
cycles are peak rectified. When all test condi-
tions remain the same, variations of pulse
width do not change the dc-voltage output.

Average dc-voltage lines have been added
by the scope to the unfiltered waveforms in
photograph C1,showing the pulses’ average dc
voltages were very different. Arrows point be-
tween the ripple waveforms and each rectified
waveform’s O-voltage line a long distance
below. The dc voltage is between the average-
voltage line of the ripple (not shown because
of crowding) and the 0-voitage line. Notice that
the distance between those lines is approx-
imately the same (indicating nearly equal rec-
tified voltages), although the originating
pulses had greatly different duty cycles and
measured average dc voitages. (The 40 percent
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duty-cycle pulses had a rectified output of
+7.95V, and the short duty-cycle pulses pro-
duced +7.29V. As explained before, these
voltages would have been identical if the
repetition rates had been identical.)
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ADVERTISEMENT

ATTENTION
TV TECHNICIANS

Dieht Engineering, the same people who conceived, designed and now
manufacture Super Tech diagnostic computers for analyzing start up,
shut down, flyback and fliyback related circuits, now has something
else that will make your job faster, easier and much more profitable.

A NEW
PUBLICATION

You might say that our monthly Technician / Shopowner newsiletter is
an ali out training program for those who are already working in the TV
service industry, as well as for those who soon plan to be doing so.

Each month we take at least one concept, circuit or function and totally
disect it. We then explain every conceivable aspect in plain and simple
English. When we are finished, you not only understand the operation,
you also understand how the operation, “‘inter-reacts’ with all of the
other circuits that it is related to.

Once every aspect of operation has been explained, we show you how
to break the subject down into sections. Then, show you how to
troubleshoot each section on an individual basis.

Because of the manner in which our pulication is written, the subject
knowledge that is gained in each monthly issue is SO broad, that it
“spills over'' into your every day troubleshooting routine.

Our Technician/Shop owner monthly newsletter is 100% devoted to
the TV technician. It contains nothing but pertinant information on TV
repair. We do not sell advertising space. Those who subscribe, do so
because of its technical content, which we pledge to be far superior to
anything else that you can obtain.

Each monthly issue (manual) contains up to 68 pages filed with
schematics, diagrams and illustrations that relate to the very circuits
that you are seeing today. We do not teach this year's chassis, we
realize that you are seeing sets that are five, ten or even fifteen years
old.

Qur newsletter is not a collection of part numbers that cause specific
problems in specific chassis when they fail. Instead, we explain what
each indiviua! component in a given circuit does, what purpose it
serves, and what effect it will have if and when it fails.

Our subscribers can look at any resistor, any capacitor, any diode, any
transformer, etc., in any circuit, and know exactly what purpose it
serves. They will know wnat turns the circuit on, what turns it off, why
and when such action occurs, and what happens if a specific action
does not occur.

Qur subscribers will no longer have to be content to know that R421
causes a particular chassis to shut down if it becomes open, they will
know why it does.

Our subscribers will no longer run around in circles hoping to stumble
over a ‘‘bad’’ component, they will know exactly what they are looking
for, and - - - how to find it!

When it comes to troubleshooting color TV sets, we have introduced
more, innovative techniques than any other firm in the world (including
manufacturers).

In case that amuses you, consider this:

Everyone else in the industry is telling you to probe here and there in
this chassis, there and somewhere else in another chassis, in hopes of
isolating the actual circuit that has failed. Conventionally, one specific
technigue that works for one chassis may do nothing but smoke com-
ponents in the next.

Yet, while others have been teaching ‘‘conventional’’ techniques
(usually a different one for each chassis), we at Diehl Engineering

designed a computer that will isolate the defective stage in any hi-
voltage circuit that employs a horiz output transistor (including Sony).
With our Super Tech computer, you push the same four buttons no
matter which set you are working on. Any brand, any age any chassis,
SuperTech willgive you an accurate answer. (see our ad on pg. 23)

We are not implying that those who teach *'conventional’’ technigues
are technicaily incompetant. Far from it, some of them are brilliant! We
simply have a new and much easier way of looking at things. Ours is
easier to understand and far more versatile. Because of the manner in
which we present it, the retention level is also higher (according to
those who are now using our literature).

Any staff that can design a computer that can analyze any hi-voltage
circuit (except for those which use a trace and retrace SCR i.e. RCA
CTC 40-81) must surely have a thorough knowledge of all circuits.
Soon we will release similiar computers for vertical and audio circuits,
another for tuner, IF, AGC, video, blanking, ABL, Chroma, matrix and
CRT, and still another for troubleshooting VCR!

The point is, we at Diehl engineering understand circuitry. We also
know how to explian circuitry in such a way that it is easily understood.

Each month's issue is printed in the form of a manual. Each manual is
pre-drilled so that it can be filed in a 3 ring binder for instant reference
(the 3 ring binder is not provided).

The First Issue covers resistors, capacitors, diodes, inductors, tran-
sistors, IC chips and time constant circuitry. It explains how each com-
ponent works, why it works, why it fails, and how each component
relates to the overall circuit, all in plain and simple, down to earth,
everyday English, without the use of mathmatical formulas. After
reading this issue, you can look at any component in any circuit and
truly understand what it does, why it does it and what will happen if it
doesn't do it; right down to each individual resistor, capacitor, and
diode.

The Second Issue covers SCRdriven hi-voltage circuits such as those
used in RCA CTC 40-81, Philco, Coronado, Bradford, etc. After reading
this issue, this circuit will become no more complex than simple
amplifier. Over 30 illustrated schematics are used to teach this circuit
in absolute detail. Such things as HV regulator functions, shut down
features, etc. are thoroughly explained.

The Third Issue covers RCA LV regulator circuits (CTC 85 and up). it
explains how each individual component operates, what it does, when
it does it and, how to effectively troubleshoot the overall circuit.

Qur no paid advertising policy makes our newsletter a little more ex-
pensive, but it also gives us '‘cover to cover’’ space for nothing but per-
tinant technical information on TV service. At $9.95 per issue, a twelve
month subscription costs only $119.40. Very economical, considering
that its technical content is equal to a **full blown"’ study course on TV
repair. [f you wish, you may try the first three issues for only $21.00
(just seven dollars per issue, a savings of $8.85 off the regular price).

For immediate service on C.0.D., Visa, or Master Charge orders:

Phone (806) 359-1824 or (806) 359-0329.

1f you are looking for help - - - we have it!
Dieh! Engineering, 6004 Estacado Lane, Amarillo, Texas 79109.

Circle ( 11 ) on Reader Service Card.
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Figure 8. Rectification by SCR500 of all
positive parts of the anode waveform
during the conduction time produces
dc voltage that is added to the gated
+ 150V dc pulses, and both dc voltages
are averaged by C512, becoming the
+ 110V source at TP24. (See text.)

that the pulse waveform does
nothing useful except turn off the
SCR. It’s logical, but incorrect.
The important missing point is
that the regulation actually
operates by varying the dec current
wnto the C512 capacitor. Then the
load pulls de current from C512 as
needed. As shown in the Figure 8
waveforms, the SCR current flows
for a longer time and with in-
creased amplitude (more
milliamperes) when the +110V
regulated-source voltage drops
and the SCR current replenishes
the voltage in C512. Notice the
sawtooth or ramp waveform of the
current flow in all cases. (Perhaps
we should state one fundamental
about capacitors: an uncharged
capacitor has zero current and
zero voltage. When current flows
into the capacitor, the voltage
starts at zero and increases as the
current decreases until a fully
charged capacitor will have max-
imum voltage and zero current.

Disconnect the input voltage and
connect a resistor across the
charged capacitor. The capacitor
voltage goes down as the current
from the capacitor flows into the
resistor, beginning with maximum
current and ending with zero cur-
rent and zero voltage.) So C512
acts as a storage device, receiving
cutrrent to increase its voltage and
delivering current to decrease its
voltage.

Notice that the amplitude of the
nput waveform in any R/C type of
low-pass filter determines the cur-
rent flow into the filter’s capacitor.
The ac voltage or signal ripple
across the capacitor does not
determine the capacitor’s current
flow. Essentially the same thing is
true for a series rectifier circuit.
When the rectifier is a silicon
diode, the voltage drop across the
diode is only about 1V. So the
diode will have almost zero voltage
(about 1V) between anode and
cathode during diode conduction,
because of the low internal voltage
drop and the large-capacitance
filter capacitor at the cathode.
Therefore, the tnput ac voltage is
connected to the filter capacitor
during times of diode conduction.
A current-limiting surge resistor
or the winding of a power trans-
former must be used to supply the
anode voltage to limit the peak
currents that can damage some
components. There is a noticeable
resemblance to the SCR500 cir-
cuit.

During SCR500 conduction
time, there will be virtually no ac
from the pulse waveform or dc
voltage from the + 150V supply at
the SCR anode. That is not impor-
tant to the regulation. Remember
it is the input voltage during SCR
conduction that is important.

Until SCR500 begins to conduct
during each horizontal cycle, the
SCR anode waveform is identical
to the incoming pulse waveform
from the flyback. Notice in Figure
9 that this base line (at top of
pulse, because the pulse is
negative-going) is not 0V of the
waveform. If the +150V source
had not been connected, the
average-voltage line (top horizon-
tal line) of the pulse waveform
would have been 0V. Because the
+150V source 4s connected, the
waveform's average-voltage line
represents +150V. And the base
line is 50VPP more positive, so it is
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at +200V above the true zero line
(the bottom horizontal line).

Therefore, when SCR500 con-
ducts previous to the negative
pulse, the SCR is gating +200V
and not merely the +150V supply,
as we might otherwise assume.
That fact illustrates the major
reason why actual conduction
times are shorter than calculated
conduction times: Rectification of
the waveform was not considered
before. Dc power from waveform
rectification by SCR500 is added
to the +150V source, making the
actual input voltage much higher
than it originally appeared. Ac-
cording to scope measurements,
the addition of the +150V supply
to the voltage from the waveform’s
base line produces +200V, which
is the basic supply voltage avail-
able between the beginning of con-
duction and the start of the next
negative-going pulse.

The Figure 9 waveforms show
other important facts about the
SCR current. Notice that the cur-
rent increased linearly from the
point where SCR conduction
began, and it reached maximum at
the start of the input’s negative
pulse. During this time, the
+150V supply voltage and the

SCR CURRENT " ~

+ 150V
SOURCE

ZERO

PULSE
WAVEFORM

Figure 9. The top waveform is the SCR
anode current, and the negative-going
input pulses below have had the O-
voltage line added by the dc scope. Dur-
ing the ascending-ramp current
waveform, the input at SCR500’s anode
consists of the + 150V supply and the
negative-going-pulse waveform. There-
fore, the input is not merely + 150V but
+ 150V plus the positive peak of the
wavefqrm (a sum of about +200V).
When the input waveform (shown here)
begins its negative plunge, the current
decreases in step, with zero current oc-
curring at approximately the time of
each pulse’s tip. (The slight discrepancy
will be explained later.) Remember that
all parts of the waveform above the zero
line are positive, and all below are
negative. Also, the gradual current
changes are produced by inductance
L501, and to a lesser degree, by R513.



The SCR-megulator circuit—Q500 continuously
monitors “he + 110V source voltage through a
fixed voltage divider (R523/R521/R519/R517 for
the high sde and R522/R520/R518/R516 for the
low resistance). Several resistors are arranged
in paralle so one or more of the high-value
resistors zan be cut out of the circuit If it
becomes 1ecessary In the future to change the
regulated output voltage. Output of this fixed
voltage divider determines the forward bias of
Q500 (PNP) because its emitter Is stabilized by
zener dicde Z500. Q500's collector current
flows thmough |imiting resistor R509 and
charges capacltor C507. Therefore, the exact
voltage at the + 110V source determines how
repldly C507 Is chargad to a critical voltage
where a ralaxation-type of osclliation occurs
between 2501 and Q502. Consider that the
receiver has been In normal operation for
some tire, and at this time, SCR500 is
conducting (allowing some + 150V-supply cur-
rent to flow through the flyback winding, L501
and R513 to the SCR and on to C512 and the
+ 110V saurce). Two kinds of horizontal puises
from the flyback are required during horl-
zontal-retsace time. The pin-5 end of one
flyback winding produces a negative-going
horizontal pulse of 460VPP which eventually
reaches the SCR500 anode where it stops the
SCR from conducting. This will be covered in

detall later. At the same time, a 1040VPP
positive ptise from the Q601 output device is
reduced Iin amplitude by two 56K resistors, and
is coupled through C508 and R510 to the Q502
base, forcing Q502 into saturated C/E conduc-
tion. Positive voltage from C507 passes
through the primary of T501 triggering
transformer, through diode D504 (now forward
biased) and through Q502 to its grounded emit-
ter. (Note: This Is not electron flow.) Therefore,
the voltage charge in C507 is reduced nearly to
zero, thus zhe circult Is reset and ready for the
next step. Q500 collector current again begins
to charge C507. Notlce that the C507 voitage is
coupled through a smali RF choke to the Q501
emitter. Also, when D504 I8 forward blased, the
C507 voltage passes through the T501 primary
and D504 directly to the Q502 coliector and
through R515 to the Q501 base. If D504 is
shorted, the circult will not osclilate because
essentlally the same voitage (from C507)
would be epplied to Q501 base and emitter.
As the C507 voltage rises, the PNP Q501 B/E
b.as is Increased (base voltage is unchanged,
emitter voltage Is more positive) from reversed
bias to a small amount of forward bias. Re-
member that reversed blas permits no C/E cur-
rent, while a small bias allows only a smali col-
jector current. Eventually, the rising emitter
voltage craates enough forward bias to pro-

duce significant coltector current. Because
the Q501 collector is connected to the Q502
base, this means Q502 iIs given some forward
blas. When Q502 begins to draw cotiector cur-
rent, the current reduces the Q501 base
voitage (R515 connects the Q502 collector and
the Q501 base), which further increases the
forward bias. This Is a regenerative condition
that almost instantly ends with both Q501 and
Q502 drawing saturation current. The Q501
emitter takes current from C507 and applies it
to the Q502 base. However, most of the C507
current goes through the T501 primary wind-
Ing, D504 (which now is forward blased) and
the C/E path of Q502 to ground. The short in-
tense burst of current through T501 produces a
secondary positive pulse at the SCR500 gate
(relative to its cathode) that starts the SCR
conduction {(which will continue until turned
off by a negative puise at the anode). When the
- 110V source voltage drops too iow, the cir-
cuit gates-on SCR500 earlier in each horlzontal
cycle until the shortage Is relleved. When the
- 110V source voltage becomes too high, the
clroult gates-on SCR500 later In each horizon-
tal cycte untit the excess is relleved. Correc-
tion for the + 110V source variation is extrems-
ly rapid, because It occurs at the horizontal-
sweep frequency.
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continued on page 60
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VCR Troubleshooting

Use new information,
established techniques to
diagnose video equipment

One of the most valuable tools
someone can have when trouble-
shooting a product is a good fun-
damental knowledge of the unit’s
operation, and how the functional
subsystems operate and interact.
Televisions, radios and stereos
have been around for enough years
now that almost anyone with an in-
terest in home entertainment elec-
tronics equipment has a pretty
good idea of how they work and
how to approach a diagnosis in the
case of a malfunctioning unit.

Home video equipment is a dif-
ferent story. Products such as
VCRs represent a giant leap ahead
in technology, and introduce
components and circuits not seen
before in home entertainment
products. Lack of familiarity with
these innovations can make
diagnosis difficult.

In recent issues, ES&T has pre-
sented articles that examine in-
depth operation of some of the cir-
cuits in VCRs. Such articles will
continue in the future. This article,
adapted from the Technical Train-
ing Manual for VCRs and video
cameras, published by General
Electric Company, Television
Business Division, Portsmouth,
VA, will examine VCR operation
from a functional block point of
view, and discuss troubleshooting
of the overall system, as well as
focusing on the system control
stages in particular.

The overall functional diagram

Figure 1 is the overall block
diagram of a basic, theoretical
VCR. A first step in diagnosing
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Figure 1. A glance at the block diagram of a table-model VCR suggests that troubleshooting a maifunctioning unit requires a new
fund of knowledge, assumptions and approaches. (Chart, courtesy of General Electric)

the problems with a faulty unit is
to go through the steps in Figure 2
to isolate the problem to a specific
block or set of blocks. As you gain
familiarity and experience with
VCR troubleshooting, you'll find
shortcuts and higher level logic
processes that can be applied to
the troubleshooting chart. For ex-
ample, the confirmation of proper
Tuner, IF and RF converter opera-
tion can be determined by using
the signal input/output jacks to
bypass these stages in most VCRs.

As a rule, the servo system also
can be analyzed further before dy-
namic troubleshooting begins.
Malfunctions in the cylinder servo

system will affect only the picture,
while the capstan servo stages
(which pull the tape through its
transport path) will affect both pic-
ture and sound. An exception to
this rule might be a recorder that
has helical scan recorded audio
capability. Also, it is possible for
both servo systems to fail or lose a
common reference input at the
same time.

Troubleshooting equipment
required
Equipment necessary to
troubleshoot VCRs includes a good
quality signal generator, dual
trace (at least 20MHz) oscillo-

scope, digital voltmeter, and a fre-
quency counter (at least 20 MHz).
And don’t forget that an isolation
transformer (preferably with
variable ac input) is essential for
many VCRs.

Servicing
the system control stages

The system control stages of
table model VCRs present special
challenges to the servicing tech-
nician, especially when dealing
with the “time shared” inputs to
the microprocessors. Voltmeter
readings and oscilloscope wave-
forms can be particularly confus-
ing in this area of system control.
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ADVERTISEMENT

SUPER TECH’S

$10,000°°
RCA CHALLENGE

JUST ONE SUPER TECH MARK IV
— AGAINST —
ANY FIFTEEN RCA FACTORY ENGINEERS

Who understands RCA TV sets better than the engineering team that designed them? The answer is no one. Who has the finest, most qualified engineer-
ing staff in the TV industry? We think RCA does. If we thought otherwise, we would have selected someone else to challenge!

Yet the fact is, we are thoroughly convinced that just one *'average’ technician using a Super Tech computer can diagnose nine RCA color TV sets (CTC
85 thru CTC 118) down to circuit level, before any fifteen RCA factory design engineers can do likewise to just three.

SUPER TECH WILL GIVE THE RCA ENGINEERS
THREE TO ONE ODDS

AND STILL WIN

We're willing to start out with twelve RCA color sets. Let RCA “'install’’ two major flyback, start up, shut down related problems of any type in each, so as
to make each set as difficult to diagnose as possible, without mis-wiring the set. Let Diehl Engineering do likewise, so that each set will now have four
major problems.

By drawing straws, Diehl Engineering will “‘select” nine sets and, RCA will inherit the other three to diagnose.

All four problems in a given set must be accurately diagnosed before the next set can be looked at. All sets may be "*modified"” to employ a "'bolted in”
horiz output transistor prior to the contest, which will be held at Diehl's facilities in Amarillo, Texas. RCA may use any amount of “"other’’ test equipment
that is presently available to any independent TV shop. Diehl Engineering agrees to use nothing more than a Mark IV Super Tech, an / HV probe and an
RCA senior volt ohmist (what else)!

If we fail to accurately diagnose all NINE of our sets
before RCA can diagnose their THREE

We will hand the RCA team $10,000 in cash.

Diehl Engineering reserves the right to publicize the results.

With Super Tech, all we have to do is remove the horiz output transistor, plug in Super Tech’s interface plug, make one
ground connection then, push four buttons. Within sixty seconds (per set), including hook up time, we will accurately
diagnose all four problems down to circuit level. Sixty seconds X nine sets = nine minutes! Lord only knows what fifteen
RCA engineers can do!

Shouldn’t you be using a Super Tech Computer?
At only $995% can you afford NOT to be using one!

(Also notice our ad on service literature. See our ad on page 17.)

Nothing Can Compete With A Super Tech
No Matter How Good It Is - - - No Matter Who Is Using It!
Visa, Master Charge and C.O.D. orders welcome.

Phone (806) 359-1824 or (806) 359-0329
DIEHL ENGINEERING + 6004 Estacado Lane ¢ Amarillo, TX 79109

Or circle ( 12 ) on Reader Service Card.
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DOES THE VCR RESPOND CORRECT-

LY TO INPUT COMMANDS?

(POWER ON, PLAY, FF/REW, ETC.)
YES NO

Y

1. POWER SUPPLY

2. SYSTEM CONTROL
CONTROLLING OUTPUTS
MOTORS
OPERATIONAL INPUTS
TROUBLE LINE INPUTS

3. MECHANICAL SYSTEMS
MECHANICAL STATE SWITCH
RODS, GEARS, LINKAGES

y

IS THE PICTURE NORMAL IN THE E-E
MODE OF OPERATION?
YES NO

v

1. TUNER/IF
2. RF CONVERTER
3. SYSTEM CONTROL
MODE SWITCHING SIGNALS

IS THE PICTURE NORMAL WHEN PLAY-
ING BACK A KNOWN GOOD TAPE?
YES NO

LUMA/CHROMA PROCESSING
VIDEO HEADS
SYSTEM CONTROL

MODE SWITCHING SIGNALS
SERVO

W=

o

IS THE PICTURE NORMAL AFTER MAK-
ING A RECORDING?
YES NO

1. LUMA/CHROMA PROCESSING
2. SYSTEM CONTROL

MODE SWITCHING SIGNALS
3. SERVO

IS THE AUDIO NORMAL?
YES NO

1. AUDIO PROCESSING
2. SYSTEM CONTROL
7 MODE SWITCHING SIGNALS

IS THE CLOCK/TIMER/TUNER OPERA-
TION NORMAL?
YES NO

CHANNEL SELECTION
TIMER

SYSTEM CONTROL
CONTROLLING OUTPUTS
OPERATIONAL INPUTS

1.
2.
3

TROUBLESHOOTING
SYSTEM CONTROL

CHECK THE OUTPUT LOGIC STATES FROM
THE SYSTEM CONTROL MICROPROCES-
SOR. DO THEY RESPOND CORRECTLY TO
OPERATIONAL INPUT COMMANDS?

a

CHECK THE CIRCUITRY THAT
TRANSFORMS THESE OUTPUT COM-
MANDS INTO DRIVE VOLTAGES (FOR
MOTOR) AND LOGIC LEVELS (FOR
ELECTRICAL CIRCUIT SWITCHING).

¢

CHECK THE TROUBLE LINE INPUTS AND
MECHANICAL STATE SWITCH INPUTS AT
THEIR SOURCE (AS FAR AWAY FROM
THE MICROPROCESSOR INPUT PINS AS
POSSIBLE). ARE THESE CIRCUITS
OPERATING CORRECTLY?

L
\

'TROUBLESHOOT THE DEFECTIVE
' CIRCUIT.

USE THE OSCILLOSCOPE TO CHECK THE
OPERATIONAL INPUT KEY MATRIX. ARE
OPERATIONAL INPUT PULSES BEING
RETURNED TO THE MICROPROCESSOR
WHEN COMMAND BUTTONS (PLAY,
RECORD, FF, ETC.) ARE PUSHED?

4

TROUBLESHOOT THE OPERATIONAL
INPUT KEY MATRIX STAGE.

USE THE OSCILLOSCOPE TO CHECK THE
TROUBLE LINE, MECHANICAL STATE, AND
OTHER “TiME SHARED" iNPUTS TO THE
MICROPROCESSOR, ARE THESE INPUTS
CORRECT?

_@

{

TROUBLESHOOT THE DEFECTIVE
CIRCUIT.

SUSPECT A DEFECTIVE MICROPRO-
CESSOR.

h@

Figure 2. The cause of a VCR malfunction can be isolated to

a functional block by using a system of logic such as this.

Figure 3. When the problem has been isolated to the system

control block, follow a procedure like this

(Chart, courtesy of General Electric)
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ECG° LED Lamps

Philips ECG has LED lamps in
shapes and sizes for virtually any
application. They're available in
round, rectangular, triangular and
square shapes. They come in red,
yellow, green, or even in two col-
ors. And there’s a choice of clear
and diffused reds. Some have jew-
elled lenses. And some are even
available as flashing LEDs with the
flasher circuit built in.

In addition, long-life, shock-
resistant, vibration-resistant, LED
replacements for incandescent
cartridge indicator lamps are also
available in red, yellow or green.
Common applications: All LED
indicator applications. LED car-
tridges are ideal replacements for
cartridge-type incandescent lamps.

Circle (13) on Reply Card

ECG® High-Voltage
Rectifier and Voitage
Divider Network

Philips ECG’s ECG568 is a high-
voltage rectifier used in Sanyo and
Sears TV sets to supply high volt-
age to the picture tube. It also
contains a voltage divider network
which supplies focus voltage to the
picture tube.

Common applications: For use in

television service and repair.
Circle (14) on Reply Card

EMF° Transient Voltage
and RF Interference
Suppressors

EMF transient voltage surge sup-
pressors by Philips ECG clamp
voltage spikes on 120 VAC line to
levels safe for all electronic equip-
ment. They can handle up to 40%
greater surge current than other
suppressors. Single outlet sup-
pressors are available in both two-
and three-prong versions.

The multiple outlet EMF315
incorporates both a spike suppres-
sor and a Pl filter to suppress
RF interference on the AC line.
RF interference causes audio and
video degradation and causes
digital equipment to function
imperfectly.

Common applications: Electronic
equipment such as hi-fi and tele-
vision, stereo, computers or other
line-operated electronic equipment
subject to voltage surges and radio
frequency interference from the
AC line.

Circle (15) on Reply Card

ADVERTISEMENTS.

ECG° A-STAT Material
Philips ECG has two sizes of
anti-static foam that will prevent
damage to semiconductors from
static electricity. The A-STAT 12
measures 12" x 12" and is perfect
for bench use. The A-STAT 2
measures 3” x 5” and can be car-
ried in the tool box. When semi-
conductors are kept in A-STAT
foam, static electricity is shunted
through the foam instead of into
the semiconductor, where it could
have caused damage.

Common applications: Essential
for semiconductor protection on

the workbench or in the field.
Circle (16) on Reply Card

The one thing we make
that you have to
replace every year.

Your new Master Guide will be looking
as dog-eared as the old one before long.
Because this year the Master Guide has
been expanded to include more than
400 new products and almost 25,000
new cross references. The Master

Replacement Guide for 1985. 656 pages.

Over 3,500 different ECG devices that
provide replacement coverage for more
than 227,000 industry types. And every:
thing in the book is cross-referenced

so you can find what you’re looking for
fast, and be sure it fits. Plus, everything
we make meets or exceeds the original

JEDEC or application specs. So it

The new and expanded ECG® Semiconductors Master Guide.

works. It’s the only book you'll need.
But you’ll need a new one every year.

To get a copy of the new Master
Guide, go to your nearest Philips ECG
distributor. For his name and location,
just call: 1-800-225-8326 (in Mass.
617-890-6107).

If it's ECG, it fits. And it works.

PhilipsECG

A North American Philips Company
Dedicated (¢ Excellerce.

Circle—(1 7):n Reply Card
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To isolate
problems, check
microprocessors
first

This block diagram shows the
complex interrelationship among
the three microprocessors used to
control the functions of GE’s
videocassette recorder model
1VCR5018; ICs 5601, 6001, 7502.
The Input/Qutput (I/0) pin matrix

Circuit IC is also shown. This
circuit produces the logic levels
that control the motors and switch
the electrical modes of the VCR. It
also receives mechanism-position
data from the mechanical state
switch, and scans the trouble line

for IC 6001, the System Control inputs.
PIN ‘{' Vo i NAME/OPERATION PIN Vo NAME/OPERATION
— s P R e W) s =
1 | | vss(GND) 33 o INDEX REC (L)
e e e ) = | B it N
2 i S.TAB, POS 34 o +12VON(L)
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In the 1/0 diagram, the pin numbers
of IC6001 are identified in the
leftmost column. The second
column, marked /O, indicates
whether that pin has an input
applied to it, or if it is used as an
output to control some function. At
the risk of stating the obvious, an

“I” in the “I/O” column indicates an
input, and an “O” indicates an
output.

As explained in the text, isolation

of a problem can be accomplished
by checking the static dc outputs

from the microprocessors. If a

problem exists and these voltages
check out, the problem is in the
motor drive of electrical switching
circuitry. Absence of one or more
outputs indicates a need for
further checking, as described in
the text.

(Diagram, courtesy of General Electric)
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1C6001

SERVO PIN 43 ~ PIN 50
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Figure 4. The system-control section of the VCR includes safeguards such that certain undesirable conditions shut down some
or all functions. These “trouble lines,” such as the dew sensor and safety tab switch should be checked if a microprocessor out-

put is incorrect or absent.

Therefore, when a symptom has
been determined to be caused by
system control, a logical trouble-
shooting procedure like that
shown in Figure 3 will leave these
measurements for last; and easier,
more meaningful steps will be
taken first.

The easiest measurements to
make on the system control stages
are the static dc outputs from the
microprocessors. If these respond
correctly to operational inputs,
then the microprocessor and all of
its inputs, trouble lines, and
mechanical state data are correct
and troubleshooting can advance
into the motor drive and electrical
switching circuitry.

If no output, or an incorrect out-
put is found, then the trouble lines
(see Figure 4) and mechanical
state switch can be checked at

(Diagram, courtesy of General Electric)

their sources; as far away from the
microprocessor’s inputs as possible
and while they are still de levels
and have not yet been integrated
into a “time shared” input circuit.
(Note: trouble lines are inputs into
the microprocessor that cause
system shutdown when problems
occur.) If these circuits are nor-
mal, then use the oscilloscope to
see that scan pulse outputs are be-
ing returned to data inputs when
an operational command button
(play, record, FF) is pushed.

If the problem still has not been
located, the inputs to the micro-
processor should be scoped. If
there is doubt about a reading or
waveform, then it usually will be
helpful to make something happen
that will confirm or deny the cor-
rectness of circuit operation. For
example, the tape and sensors can

be observed in active and inactive
conditions by inserting a tape and
alternately raising and lowering
the cassette tray. Other circuits
usually can be activated and deac-
tivated by similar methods, in-
cluding disconnection of the
numerous plugs in the VCR.

Finally, only after carefully
eliminating all peripheral circuits,
suspect the microprocessor itself
of malfunction.

A new troubleshooting approach

The new crop of digitally con-
trolled electronic products is very
different from an older generation
of equipment. Only by studying
how the new equipment operates
and by developing new
troubleshooting methods will it be

possible to diagnose
and service it. ESQI "
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Photofact
These Photofact folders for TV receivers have been

released by Howard W. Sams since the last report in
ES&T.

CAPEHART

BSOS TR st i 16 o 7 Lo o e 545 hgelmine) it Hlee ' 2323-1

S320AENE gE mn Wi ColE_ gee T W ol et . 2325-1
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GBS SIS T 2NN o Ty o b - N 2321-1

KMC

UL R G By B o 8 S s e L S ey 2324-1

PHILCO

ChassisE32-36,E32-37 . ................ ... 2322-1

SEARS

564.42440451, 564.42460450, 564.42460451 . ..2322-2

564540540 MRS SRl St EE T et 2323-2

SHARP

207 58 T B N LR MR ko el s A o 3 B 2320-1

SONY

Chassis SCC-470T-A .................... .2320-2

Chassis SCC-470R-AS-A ................ .2321-2

QUASAR

ChassisTAND GO RS L o o S - s .2325-2

G hasSISEAER At e i s s oE & e kg 2326-1

ZENITH

V4552NK3, Z2500W/W3/4K/4K3/8P/8P3/10PN,10PN3/

AN a2 (8 P = Py o L e e ST R e 2324-2

SISO C TN L o R N, S e 2325-3

Z1908W2,Z1926W .. ... ... . ... 2326-2
See

Troubleshooting Tips
on page 56

Do you miss the Troubleshooting Tips column
when it doesn’t appear? In those months, we
miss bringing it to you. We need more
Troubleshooting Tips —if you have any tips for
our readers, please send them in! For writing
guidelines to submit T-Tips, write to:

Conrad Persson, Editor

Electronic Servicing & Technology

P.O. Box 12901

Overland Park, KS 66212

REPLACEMENT FOR

ECG®/GE®/SK®
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GES’:‘;N- 3 PC/TYPE MIN. 5 PC. PER TYPE
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GE528
523/5K3306. . ....conn... 995 | 238 2.25
526A/CES21....uunn.... 995 | T ) 4\3-
528/5K3906 . .......... nzs | 283........... 2.75 Ve
529/9K3907. . e vnennnn. 10.75 | 25C1308K ....2.45
556/5K3905. . v oeunuinn.n 1495 | 2sD1341P....2.25
557/5k3908. .o eiuvnnnn. 14.95
T SE5020 3s5¢ ea. 712/LA1365 75¢ea. m
RF/IiiSSCILATOR. MIN. 10 PC_ W_Sc:l:Angl‘llFO/;g /Det
?f&BES AUDIO POWER
TRANSISTORS

MIN. 100 PC. PER TYPE

153...30¢

125 1000v/25A ...... .. 7¢ea | 196...49¢

156 1000v/3.08 ........ 18¢Cea | 197 ...59¢

177 FASTSW./DET ...... 9¢Cea. | 291...49 T
506 PAST RECOVERY. . . ... 29¢ea | 292...49¢C prervee

SPECIAL OF THE MONTH
152...25€ i 10ec

SPECTACULAR SAVINGSI

®
REPLACEMENT FOR ECG TYPES MIN. 10 PC. PER TYPE
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191 ..
198 ..
199 ..

157 ...... .49

JAPANESE TYPES

MIN. S PC. PER TYPE MIN. 3 PC. PER TYPE MiN. S PC. PER TYPE

2SB633 .49 STKO80 6.62 HA1338A  cailfor price
2SC515A 1.15 STKO82 7.95 HA1370 Call for Price
2$C829 19 STKA33 4.42 HA1377A  carfor price
2SC867A 2.95 STKA35 4.86 HA1388 call for Price
28C1114 395 STKA36 5.63 HA1389 Call for Price
28D613 .49 STK437 6.68 MB3712  caifor Price
25D1398 245 STK439 6.56 MB3713  caiifor Price
AN239A 495 STK4S7 5.42 MB3730 call for Price
LA1357 2.36 STK459 694 MB3731 Call for Price
LA1365 .79 $TKA61 8.16 MB3756  caifor price
LA1368 2.19 STKA65 10.44 TA7203P....... 2.25
LA4126 1.79 STKO025 3.38 TA7204P....... 1.95
LA4250 245 STKOO39 4.34 TA7205P....... 1.75
LA4420 1.45 STKOO50 5.24 TA7222P....... 2.50
LA4430 99 STKOO80 8.75 UPC1156....... 1.95
LA4440 2.46 STK2250 9.78 UPC1181H ..... 195
LAA460 212 STK3041 3.78 UPC1182H ..... 1.95
LA4461 1.99 STK3042 452 UPC1185H ... .. 3.50
LA7506 199 STK3082 5.62 NUE1100....... 2.25
LA7806 1.77 STKA773 7.54 MIJE3055....... 2.75
M51515BL 3.48 STK8270 9.92 2N3055 ........ .60
STK8280 10.78

|

FOR A COMPLETE LIST CALL OR WRITE 4
C.0.D. Oorders Welcome (Min. Order $25.00)

DIGITRON ELECTRONICS
110 HILLSIDE AVE., SPRINGFIELD, NJ 07081
Toll Free 800-526-4928  in NJ201-379-9016
Telex 138441

PRICES SUBJECT TO CHANGE WITHOUT NOTICE OFFER GOOD WHILE SUPPLY LASTS.

€CG is a Trade Mark of Philips ECG
Digitron Electronics is not assoctated in any way with Philips ECG.
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What do you know
about electronics?

A surprising number of techni-
cians have difficulty understand-
ing how resistance affects a
parallel-tuned circuit. This confu-
sion precipitated the second
greatest amount of mail 1 have
received, representing one of the
most prolonged arguments in
which I have become embroiled in
the electronics field.

Figure 1 shows two sets of
parallel-tuned circuits. The reso-
nant frequency of the circuit in
Figure 1A is given by the equation:

f, = 1/27VL.C

This is the same equation as used
for series-tuned circuits.

When there is resistance in
either (or both) of the branches—
as shown in Figure 1B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>