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LOOK!
8 NEW
DIGITALS
FROM VIZ

They can make your job a lot easier.

NEW ... DUAL INPUT, AUTORANGING 3% DMM

It does the job of two autoranging DMMs
but costs about 30% LESS. Talk about con-
venience. You can measure or monitor volt-
age, current or resistance from two points
in a circuit. Extra bright digital LED display.
Accurate to 0.1% DCV, £ 1 digit. Auto-zero,
auto-polarity, autoranging. Just push panel
buttons to preprogram the instrument to

perform the function you want. Measure
any value from 1 millivolt to 1000V DC
(750V AC). Measure audio frequencies to
20kHz (up to 10V). From 1 microamp to 2A
DC or AC. High or low power ohms from
1 ohm to 20 MQ. You'll soon find it to be

the most used instrument
you own! WD-753 S384.95.

NEW ...
MULTI-COUNTER

A dual input counter with frequency range
from 5 Hz to 125 MHz. For audio, video
CB and other high-frequency applications.
Four gate times from .01 to 10 sec. Sensi-
tivity 15mV. Accuracy 3 ppm =+ 1count.

WD-755
$279.95

NEW ...

DIGITAL POWER LINE MONITOR
Easy-to-read 3 digit LED display has large
bright 0.8-in. digits. Indicates brown-out
condition. Instantly shows line voltage
fluctuations. Range from 0O to 500 VAC.
Freq. 50 Hz to 60 Hz. Current limit 8A.
Compact—approximatety
4x5x3in. WD-121 $89.95

NEW ...

DOUBLE SLOT SUPPLYST

POWER SUPPLY
Outputs at 5V or 13VDC, precision ad-
justable *1%V, O to 7.5A, current limiting.
Lab quality test logic or mobile equipment.
Read digitally volts and amps or use as
0 to 99V DC external voltmeters on two

large 3-digit LED
displays. WP-709 $299.75

NEW SUPPLYST™
40W POWER SUPPLIES

Laboratory quality power sources, each with two built-in
3 digit meters to measure or monitor voltage or current.

Adjustable current limiting. Choice of four supplies: _

: e ek

VIZ RELIABILITY
VIZ is a 50 year-old company. Our instruments are
fully warranted, parts and labor, for a year.

All items tested to NBS standards. We offer
service and parts availability for a minimum of
ten years. Over 15 repair depots in U.S.A.

-

[, e a2
Single output Single output Dual output Triple output 0-20V, 750mA.
0-20V, 0-2A 0-40V, 0-1A 0-20V, 0-1A. 0-20V. O-1A. 0-20V, 750mA. 5V, 4A.
WP-711 $244.95 WP-712 $256.95 WP-713 $324.95 WP-714 $368.95

Want full technical details and a demonstration? Call toll-free, 1-800-523-3696, for the VIZ distributor nearest you.

NIy

Look to VIZ for value, quality, availability.
Over 70 instruments in the line— PLUS full accessories.
VIZ Mfg. Co., 335 E. Price St., Philadelphia, PA 19144
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Easily
the best.

In terms of resolution and
accuracy, the Model 135
is easily the best handheld
DMM available at any
price. It’s the only
handheld offering 4
digits. That gives it 10
times better resoultion
than the best 3v;-digit

DMM and provides 3 to

4 times more useable

soma  COM : accuracy. Resolution isn’t
O A Q all you get. You get an
2 easy-to-use instrument that’s
o O‘WO %y rugged and reliable enough

to live in the read world.
You get Keithley packaging.
Its large, crisp LCD makes it
easy #o read. Rotary switches and a color-coded faceplate
make it easy to use. Once-a-year calibration and long battery
life make it easy to own. Easy to buy at $235.

Best in price, best in performance.

There is a DMM designed specifically for your application in the Keithley
line. Your Keithley distributor has instruments in stock for your
convenience, Czll today for complete information and a demonstration.

Sound Choice.

New Model 128 Beeper DMM,
Audible/visual indication on all
5 functions of this 3V;-digit
DMM lets you test faster, and
the user adjustable threshold and
special diode test function make
it a sound choice. Unique
features, $139.

Bench Bargain.

Model 176, Portable Bench DMM.
Full 5-function LCD 4Y;-digit
bench DMM ofters 0.05% basic
DCV accuracy. Keithley ease of
use features include range and
function annundators, 1000

hour battery life and optional

line operation. A bargain at *269.

KEITHLEY

Keithley Instruments, Inc.
28775 Aurora Road/Cleveland, Ohio 44139/(216) 248-0400
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Features 6 Semvicing videodisc equipment, part 2
By Kirk Vistain
Topics covered include theory of operation for RCA
model SFT-100 videodisc player, simplified
explanations of the electronic circuits and
mechanical systems, plus interesting facts about
CED discs.

15 Heathkit satellite earth station
By Carl Babcoke, CET
The latest Heath electronics kit tops them all in
price and sheer size —it's a satellite TV receiving
system.

18 Zenith power supply and horizontal sweep,

Part 2

By Carl Babcoke, CET

Further exploration of the unique circuit that
regulates the Zenith horizontal sweep and all
scan-rectified power supplies on the M10 module.

28 Soldering and desoldering equipment
roundup
Soldering and desoldering product descriptions,
as provided by manufacturers. Use the Reader Service
Card to obtain more information.

38 Technology trends in consumer electronics
Excerpts of a speech given by Ing. Klaus Welland
assessing future technical and technological trends.

Departments 3 Scanner 34 Reader's exchange
5 Photofacts 43 Product report
About the cover A portable desoldering station, designated the Model DS600,

features a self-contained vacuum/air pump for at-site repair
operations. This and other equipment used for soldering and
desoldering are features in this month’s roundup beginning on
page 28. Photo courtesy of Weller, The Cooper Group.

©Copyright, 1981, by Intertec Publishing Corporation. All rights reserved. Material may not
be reproduced or photocopied in any form without written permission of publisher.
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Multi-year contracting
passes House

The Electronic Industries
Association recently praised
members of the House of Represen-
tatives for their passage of legisla-
tion designed to implement the
benefits of multi-year contracting
(MYC) for the Department of
Defense.

EIA President Peter F. Mc-
Closkey called the recent action of
the House “a major step in revitaliz-
ing our defense industrial base and
one which ultimately provides for a
more effective and efficient pro-
curement process.”

Pioneer sued
for patent infringement

Bang & Olufsen of America Inc.
has filed suit against U.S. Pioneer
Inc. and Pioneer of Japan for pat-
ent infringement on tangential

tracking turntables. A tangential
tracking turntable is one in which
the entire tonearm moves in a
straight line perpendicular to the
record instead of pivoting as con-
ventional tonearms do.

All parties involved are manufac-
turers of stereo equipment. The suit
was filed in U.S. District Court,
Northern District of Illinois.

Leonard Nimoy
to represent Magnavox

Leonard Nimoy, star of television
and theater, will become
Magnavox’s official spokesman for
all advertising communication, ac-
cording to Rita E. Hutner, vice
president of advertising and public
relations.

The company chose Nimoy
because of his association with
scientific technology, created by his

We
wrote

local RCA SK Distributor.

with 1400 RCA types.

the book on
reliability...

... the RCA SK Series Replacement Guide,
featuring RCA's line of reliable solid state
replacements, the line of integrity with unsurpassed
engineering excellence. The accuracy of the Guide's cross-
reference directory enables you to replace with complete
confidence. So, reach for reliability with RCA SK Series
replacements. We wrotethe book onit. Pick upa copy atyour

Replace over 170,000 industry types

SK Replacement
Solid State

RCA Distributor and Special Products Division, Deptford, NJ 080¢6.
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role as Dr. Spock in the science fic-
tion series, Star Trek.

Sales of color TV tubes up

U.S. sales of color-TV picture
tubes, excluding imports, increased
0.2% from 2.875 million units in the
first quarter of 1980 to 2.879 million
units during the same period in
1981, according to the Electronic In-
dustries Association’s Marketing
Services Department.

Within this total, sales to the in-
itial equipment sector rose 2.3%,
while renewal sales rose 1.6% and
exports decreased 20.6%. Imports
showed a 43.9% gain, resulting in a
2.0% expansion of the total U.S.
market for color TV picture tubes.

Atari Video Computer System
service network formed

Atari Inc. has announced the for-
mation of a nationwide independent

October 1981

Electronic Servicing 3



Scanner

service network to provide conven-
ient warranty service for the Atari
Video Computer System (VCS). The
network, which will include 500 ser-
vice locations by the end of 1981,
will be composed of independent
electronics retail and repair centers,
trained and authorized by Atari to
service the Atari VCS. In addition,
the centers will become retail outlets
for Atari VCS hand controllers: joy-
sticks, paddles and keyboards.

Previously, all VCS service had
been performed by Atari’s own
regional service centers located in
Somerset, NJ and Sunnyvale, CA.
These centers will continue to
operate as support for the indepen-
dent service network. They will be
joined by two more Atari regional
centers in Chicago and Dallas later
this year.

Manufacturers face
product “burn-out”

In consumer electronics, com-
petitive market conditions and fluc-
tuating consumer demand con-
tribute to the vulnerability of a
manufacturer’s market share and
profit growth, according to an
August 1981 NARDA magazine
report of a recent Venture Develop-
ment Corporation study.

Capitalizing on innovative prod-
uct trends sometimes weakens a
manufacturer’s ability to realize an-
nual sales and profit growth goals,
the report stated, thus enabling
“product burn-out” to become a
recognized industry problem.

Dealers handling home electronic
products can expect a temporary
boom in intrusion detection device
sales. An annual growth rate of
30% for home security products is
projected for 1981.

As current leader in terms of
products and dollar volume, the
entertainment electronics area
(nonprogrammable electronic
games) is most likely to fall victim to
the boom and bust syndrome—
short product life cycles.

Shipments of portable cassette/

headphone units will increase
dramatically through 1982, the
report stated, but the study
predicted that these sales will

stabilize by 1983. A similar fate is
not likely for videodisc players, at
least not during the 1980s. How-
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ever, competition among different
disc formats, and between discs and
videocassette recorders, will certain-
ly keep manufacturers on their toes.

July distributor shipments
steady, bookings drop

Shipments by industrial
distributors in July held virtually
even with the previous month’s
data, while bookings-to-billings
slipped 12%, the National Elec-
tronic Distributors Association re-
ported.

According to NEDA'’s monthly
Distribution Business Index (DBI),
bookings in July declined 22% from
June, reflecting the softness in
business being reported by some
companies. This was the first month
since October 1980 that the book-
ings ratio has fallen below 1.00.

AT&T to provide satellite
distribution for futuristic
TV network

National Entertainment Televi-
sion Inc. (NET), has announced an
agreement with American Tele-
phone and Telegraph Company
under which AT&T will provide
distribution via communications
satellite of NET’s new TV pro-
gramming service.

The agreement brings the total
number of customers for AT&T’s
proposed new service to five, the
maximum proposed by AT&T at
this time. The other four are NBC,
CBS, ABC and Robert Wold Com-

pany.

NET will exploit three
technologies: the communications
satellite; microprocessors for

remotely programming TV decoder
boxes for pay-TV reception of
scrambled signals; and low-power
TV, employing satellite feeds to pro-
vide a diversity of programming
choices to community TV stations.
The service will also be provided via
satellite to regular TV stations,
cable TV, and multiple distribution
service (MDS) pay-TV carriers, as
well as to apartment complexes,
hotels, hospitals, and individuals
with backyard earth stations.

NET programming is slotted to
start in spring 1982, using the AT&T
Satellite Television Service (pending
FCC approval of AT&T’s tariff),
and planned to air 24 hours a day.

EDS registration
statistics released

Exhibitors in the 1981 Electronic
Distribution Show soon will receive
copies of the complete 1981 EDS
registration and attendance roster.
The roster lists the more than 2200
distributor and sound contractor
personnel who attended the show,
representing more than 1100 com-
panies.

The total number of customer-
type personnel attending EDS ’81
was 2293. This breaks down to 1848
distributors and 445 sound contrac-
tors from 48 states, Puerto Rico and
15 foreign countries.

The roster provides information
on the distributor’s area of
specialization, estimated annual
volume of sales and the verification
process used to establish the
distributor’s or sound contractor’s
status. All the information in the
roster is arranged alphabetically by
state.

Copies of the roster are available
to non-exhibitors at $200 per copy.
Non-exhibiting manufacturers may
apply the $200 fee to their space
costs for EDS ’82, if their space
reservations are received by
December 31, 1981.

The 1982 Electronic Distribution
Show and Conference is scheduled
for Thursday, Friday and Saturday,
April 29, 30, and May 1, at the New
Orleans Hilton Hotel, New Orleans,
LA. For further information on the
Registration and Attendance Roster
and on EDS ’82, contact the Elec-
tronic Industry Show Corporation,
222 S. Riverside Plaza, Suite 1606,
Chicago, IL 60606. Telephone:
(312) 648-1140.

Bill Kist & Associates
receive sales rep award

The annual Mesa Electronics
Sales Ltd. Sales Representative of
the Year Award was recently pre-
sented to Bill Kist and Associates of
Great Neck, NY. The award, pre-
sented this year at the Summer 1981
Consumer Electronics Show, is
given to that sales representative
firm that has demonstrated the
greatest expertise in all aspects of
professional salesmanship during
the past year. ()
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You'll get about 20
more miles from every tank
of gas if you slow down
from 70 to 55 mph on the
highway. For a free booklet

with more easy ways to
save energy and money,
write “Energy,” Box 62,
Oak Ridge, TN 37830.

ENERGY.
We can’t afford
to waste it.

U.S. Department of Energy

Now you don't even need to wait a single day
for delivery of quality rebuilt PTS tuners.
They’re ready and waiting for you!

Pick up a carry-out wherever you see

the EXPRESS TUNER EXCHANGE sign.

Sure beats waiting.

PTS ELECTRONICS, INC.

;\ General Headquarters: P,O. Box 272
Bloomington, IN 47402
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By Kirk Vistain and Carl Babcoke

Topics covered In this article in-
clude the theory of cperation for
RCA model SFT-100 videodisc
player, simplifled explanations
of the electronic circuits and
mechanical systems, plus in-
teresting facts about CED discs.

Newest Magnavislon (above) videodisc
player from Magnavox is equipped with
a wireless remote control unit.

Figure 1 (2bove right) Viewed from above
and without its covers, the RCA SFT-100
videodisc player has this appearance.
The arrow at upper left points approx-
imately to the stylus location. The upper-
right arrow identifies the arm-servo
motor and gears. PW5J0 is located by
the arrow at lower left, while the lowar-
right arrow points to the function lever
that has off, play and /oad/unioad posi-
tions.

Figure 2 (right) Recording of CED-type
videodiscs follows this general block
diagram.

6 Electronic Servicing October 1981
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Some general specifications of the
RCA-developed capacitance-elec-
tronic disc (CED) videodisc system
were presented in Part 1 of this arti-
cle last month. Figure 1 shows
model SFT-100, the only RCA
videodisc player released so far.
Model SFT-100 is in wide distribu-
tion, and the RCA distributors are
holding many servicing seminars to
instruct technicians of dealers and
authorized service stations about
proper servicing techniques.

Audio records vs. videodiscs

There is a similarity between
audio conventional records and
CED videodiscs. Both involve a
recording stylus that is moved
laterally across the disc as the turn-
table rotates. This produces a spiral
groove in the disc material. Al-
though only a single spiral groove is
formed, an examination of a smalil
area appears to show many separate
curved grooves. That is why all discs
are rated by a specific number of
grooves-per-inch across the surface
radially.

With audio records, the groove is
modulated by electrical audio power
that moves the stylus up-and-down
(vertical mode), from side-to-side
(lateral mode), or a combination of
both. Stereo audio records use both
vertical and lateral modes in a
45°/45° direction; a system that
operates with two separate audio
signals. Playback is the reverse of
recording, with the groove undula-
tions forcing the playback stylus to
move in an approximate duplication
of the cutting stylus motions during
recording.

Although audio records and
videodiscs have several similarities
(both are round flat discs with
modulated grooves and a hole in the
center), there are more differences.
With playback of audio records, the
stylus mounting must have enough
flexibility to allow easy vibration of
the stylus (giving audio signals
without shaking the cartridge and
arm with each movement), while
having enough stiffness to move the
heavy cartridge/arm combination in
step with the spiraling center of the
groove. In other words, all me-
chanical power to move the stylus
alone (for audio) and to move the
entire arm (so it follows the groove)
is exerted by the groove against the
stylus.

That is not true of the CED
videodisc playback. Stylus motion

does not produce the signal, nor is
the large and heavy arm assembly
moved by the force between stylus
and groove. Instead, an easily
moved stylus tracks the groove, but
when the spiral moves the stylus off
center of two sensors, a motor-
driven assembly moves the arm until
the needle again is centered with the
sensors. The stylus has only 0.065
grams of tracking force.

Recording CED discs

Recording and playing must be a
complementary process. Therefore,
the following information is pre-
sented for the insight it gives about
the playback requirements of the
CED system of videodiscs.

Grooves of CED discs are verti-
cally recorded with constant-
amplitude frequency-modulated
signals, as shown by the Figure 2
block diagram.

NTSC composite video is sepa-
rated into luminance and
chrominance signals by a comb
filter. The normal 3.58MHz chroma
signal is heterodyned to 1.53MHz in
a mixer circuit by a 5.11MHz CW
carrier. After bandwidth limiting in
a bandpass filter, the 1.53MH:z
chroma is combined with the pre-
emphasized luminance signal in an
adder. The 1.53MHz chroma occu-
pies an area of the luminance, but it
is interleaved with the luminance
(similar to the interleaving of NTSC
signals). Therefore, it can be
separated from the luminance by
another comb filter in the playback
electronic circuits. This 1.53MHz
signal is called “buried” chroma.

Output of the linear adder circuit
consists of the combined luminance
and the buried 1.53MHz chroma.
This video signal is used to
frequency-modulate a SMHz (rest-
ing frequency) oscillator. Also the
program audio frequency-modu-
lates a 716kHz oscillator. Then the
SMHz output and the 716kHz out-
put are combined in another linear
adder. Output of the adder is the
total signal for recording on a
master videodisc.

CED videodiscs are rotated at
precisely 450 revolutions-per-minute
(rpm) during recording and play-
ing. That is 7.5 rotations per sec-
ond. By comparison, audiodiscs ro-
tate at 0.555rps for 33rpm records,
0.75rps for 45rpm, and 1.3rps for
78rpm.

Also, these 7.5 rotations play or
record 30 complete video frames (or

ESR METER

checks electrolytics
IN-CIRCUIT and is TV shop
FIELD-TESTED:

The most fantastic instrument I've
ever bought—Billings, Mt. Used it
3 months; it only missed once—
Marinette, Wis. (Typical). Squeal
& no sync: 3 bad caps In B+ &
AGC; Many Thanks—Taos, N.M
Please ship another; very satis-
tied—Glen Rock, Pa. It's fantastic
—S8t. Joseph, Mo. Please rush;
heard good reports—Hicksville,
N.Y. One tremendous meter—
Alexandria, Minn. Send your
Super meter; heard about it—N.
Olmstead, Ohio. Love that ESR
Meter—Acton, Mass. Used it in-
tensively for 30 days; it's been
100% effective—Pittsburgh, Pa.

Ideal for preventive maintenance:
measures electrolyte dryness &
shows up intermittent opens.

60-day Satisfaction Guarantee.
Send check or M.O. or call
(313) 435-8916 for COD
Or write for free brochure to:

Crea live (S’/éc/ron (cs

ESR Brochure $ 99.00
1417 N. Selfridge ;

. postpaid

Clawson, Mich. 48017 USA & CAN
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“Not too long ago
I was speechless.
Now Im teaching Ben
how to talk’

Benjamin Evans

Donald Stevenson

Cancer of the larynx is one
of the most treatable cancers. If
discovered in time, 9 out of 10
patients are curable. Of these;
two-thirds learn to speak again,
thanks to a rehabilitation pro-
gram of the A.C.S. Early detec-
tion and prompt treatment can
save your life and your voice.

American Cancer Society
2,000000 people fightingcancer.
THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE

October 1981 Electronic Servicing 7




Videodisc
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Figure 3 (left) During recording of CED
master discs, the cutting stylus traces a
tiny groove with constant-amplitude ver-
tical recording of the FM signal. During
playback, however, the playback stylus
does not vibrate or follow individual
cycles.

Figure 4 (center left) The-playback stylus
rides on top of the groove's sine waves.
(A) A variable capacitance is formed be-
tween the metallized electrode on the
stylus and the undulations of the con-
ductive material of the videodisc. (B) The
capacitance symbol illustrates the ac-
tion of electrode and disc.

Figure 5 (bottom left) The playback
stylus is longer than several of the
longest wavelengths (wider sine waves)
that have been recorded on the
videodisc. Therefore, the playback
stylus does not vibrate or follow in-
dividual cycles. Notice the signal sine
waves have the same height (amplitude)
but varying repetition rates (widths).
Note: This is not a literal representation,
because the stylus bottom and the
groove both have a “V” shape, as shown
in Figure 4.

60 fields) consisting of 15,750 lines
of video (black-and-white TV stan-
dard). One revolution contains 4
complete video frames (or 8 video
fields) having 2100 video lines.

Recording of each CED disc be-
gins at the rim, and the cutting head
with stylus moves toward the center
(outside-in recording), while the disc
is rotated in a clockwise direction
(viewed from the top). This is
similar to the recording of conven-
tional audio records, but there are
important differences. Grooves of
audiodiscs are spaced about 0.004
inches apart with a “land” area in
between them (a maximum of per-
haps 250 grooves per inch). The
grooves of CED videodiscs almost
touch, and they are so narrow that
about 40 could be placed in the
space of one audio groove. Each
I-inch radius has about 10,000
grooves.

As stated before, the CED cutting
needle moves up and down over a
constant distance, but the repetition
rate is varied by the video/audio FM
signal (Figure 3). In other words,
the varying frequency produces
physical sine waves (in the conduc-
tive plastic) that vary in width (or
the number of sine waves per unit of



Videodisc

groove length, as shown in Figure
5).

Playing CED discs

The playback stylus (Figure 4)
glides along the tops of the FM sine
waves, without having any appreci-
able movement from the sine waves.
instead, the FM undulations of un-
varying depth are sensed as a capa-
citance variation between a tiny
deposited-metal electrode (on the
trailing side of the stylus) and the
disc, which is made of conductive
material.

Figure 5 shows a drawing as seen
from the disc’s outside edge (as if
viewed ftom the rear of the CED
player). The stylus does not move
up and down, because the sine
waves have constant amplitude. In-
stead it glides along more or less on
the tops of the sine waves, while the
capacitance between the metal elec-
trode and the conductive disc ma-
terial varies at an FM rate. (Inciden-
tally, minor variations in average
capacitance—such as those occur-
ring if the stylus is not seated firmly
in the groove—have no detrimental
effect on picture or sound.) In the
arm electronic circuits, this
capacitance variation changes the
resonant point of a tuned line,
which in turn varies the amplitude
of a fixed-frequency oscillator. The
amplitude variation is demodulated
by a diode, and the output is com-
posite video plus the FM sound car-
rier. Notice that the capacitance
variation between stylus and con-
ductive disc is not used directly to
recover the original video/sound
modulations.

CED videodisc caddy
CED videodiscs are more sus-
ceptible than laserdiscs to signal in-
terruptions from dust, dirt and etch-
ing from skin oils on the disc’s sur-
face. In laserdiscs, the spirals of pits
are not on the surface (as the CED
grooves are), but are under a plastic
coating. Also, the beam is focused
on the pits, so any dirt on the out-
side surface is out-of-focus.
Therefore, RCA developed an in-
genious videodisc caddy that con-
tains the disc at all times, except
when the disc is played. Inside the
caddy (that resembles a conven-
tional audio-record jacket) is the
videodisc nestled in a plastic
framework that RCA calls a spine.

When a videodisc is to be played,
the caddy (with its spine and
videodisc) is inserted into the
machine until the spine latches onto
the machine. At the same time, the
friction locks that hold the spine
tight in the caddy are released,
allowing the caddy to be withdrawn
but leaving the spine and videodisc
inside. Notice that the videodisc is
not handled at any time.

A chain of actions occurs during
and after this caddy insertion. The
turntable has been lowered, making

room for the caddy, and the inserted
caddy moves the arm mechanism to
the rear. During this time the stylus
has been retracted. After the caddy
is withdrawn, the turntable begins
to revolve and rises until it lifts the
videodisc off the spine. Then the
stylus is lowered to the disc surface
and the playing begins. Two LEDs
on the front panel indicate whether
Side 1 or Side 2 is playing.

Of course, the previous sequence
of events has been greatly con-
densed. The manufacturer’s manual

A bottom view of the RCA SFT-100
without the covers shows little except
the large PW3000 circuit board on the
left, the long antenna-switcning rod in
the center and the motor at the lower
right.

When the access hatch is opened in the
SFT-100 videodisc player, part of the
turntable can be seen (below), along
with a section of the arm assembly with
a catch on the door that is opened to
replace the stylus assembly.

To replace the CED stylus assembly,
open the access hatch, unsnap the lid
catch on the arm assembly, grasp the
tab on the stylus cartridge and lift
straight up, as shown here.

This Is a close-up photograph of a CED
stylus cartridge, with connection to the
armstretcher on the left, and the stylus
and flylead at the right end.

October 1981 Electronic Servicing
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Figure 6 The circuit elements on the left (inside the dotted lines) are located on the arm assembly, while those on the right are on

the PW900 preamp board.

should be studied thoroughly before
any repairs or adjustments are
made.

Stylus and arm

The Figure 6 block diagram
shows several simplified arm and
stylus functions. The stylus elec-
trode is one plate of a capacitor, and
the disc surface is the other, while
the undulations vary the spacing
between the plates, thus giving
variable capacitance. This varying
capacitance is transferred by the
flylead to electronic circuits in the
arm. Four tuned lines are there; two
are used by the 915MHz oscillator,
one supplies signal to a diode video
detector that gives amplitude de-
modulation and one tuned line (be-
tween two others) is connected to
the flylead and the varying capa-
citance coming from the stylus.

Total capacitance of the stylus
and the AFT varactor diode
resonate the one tuned line to
910MHz. Therefore, a moderate
amount of the 915SMHz oscillator
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signal is transferred to the video-
detector diode. When the stylus
capacitance increases, the tuned line
might resonate to 905SMHz, reduc-
ing the detector signal. Or when the
stylus: capacitance decreases, the
tuned line could resonate to
915MHz, thus a stronger signal
reaches the video detector.

Therefore, this capacitance
change at the stylus produces a
similar amplitude variation of the
915MHz signal at the diode detec-
tor, and the diode output is a replica
of the combined video and audio
FM carriers, when then are pro-
cessed, filtered and demodulated to
produce normal composite video
and sound signals.

AFT operates on the variable-
capacitance tuned line to maintain
the resonant point at the frequency
that provides best linearity.

An important point should be
made here. Any capacitance varia-
tion applied to the stylus electrode
or to the connecting flylead also will
produce an amplitude change at the

diode-detector output. This princi-
ple is used to control the servo
mechanism that moves the arm sys-
tem so the stylus remains perfectly
centered between two sensor-signal
transmitters (varactor diodes).

The arm also includes two varac-
tor diodes mounted near both sides
of the flylead. Of course, varactor
diodes change internal capacitance
according to the amount of reverse
voltage across them. Therefore,
equal amounts of 260kHz signal are
applied to these varactor diodes,
which have their polarities reversed
by grounding (for ac signal) the
anode of one and the cathode of the
other. An increase of signal in-
creases the capacitance to ground of
one diode and decreases the capaci-
tance to ground of the other. This is
the equivalent of operating them
with reversed (180°) phase.

Now, when the stylus is perfectly
centered between these varactor sen-
sors, the increased capacitance at
one side is canceled by an equal
decrease of capacitance on the other
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Figure 7 These blocks show (in highly condensed form) the operation of model SFT-100 RCA videodisc.

side. Therefore, the capacitance error-correction dc voltage from the the symptoms might be horizontal
change picked up by the stylusis not comparator determines when the instability or erratic complete loss of
modified; no 260kHz capacitance arm-servo motor shall run clockwise color. An armstretcher corrects
variation is added to the signal, and or counter-clockwise to center the time-base errors between 1Hz and

no arm movement is needed. stylus between the varactor diodes. 300Hz.
On the other hand, if the groove Other components on the arm
pressure moves the stylus off center assembly are the stylus-kicker coils Overall SFT-100 operation
of the varactor diodes, the cancella- and the armstretcher transducer. The block diagram in Figure 7

tion of 260kHz capacitance change The stylus-kicker coils are energized shows the general functions and in-
is unbalanced, and a capacitance to move the stylus to another groove terconnections of the RCA SFT-100
variation at a repetition rate of if an arm defect or a defective videodisc player. Many of the func-
260kHz is added to the stylus videodisc causesa continuous repeat tions are evident without further
capacitance signal. The phase of this of one groove. Also, they are used comments. However, the diagram
unbalance is determined by the to move the stylus during rapid- does not reveal much about time-
direction the stylus is away from access forward or rapid-access base correction or how the 1.53MHz
true center. After amplitude reverse. Each activation of a kicker chroma becomes 3.58MHz chroma

demodulation by the diode, this coil moves the stylus two grooves. before it is recombined with the
capacitance variation is changed to Although RCA does not refer to luminance.

a 260kHz waveform that is mixed in it that way, an armstretcher is a Actually, there is a direct connec-
with the video-audio FM signals. rapid-acting servo that moves the tion between those two subjects.

A phase-comparator circuit com-  stylus rapidly along the groove when Broadly speaking, low frequency
pares the phase of the 260kHz oscil-  errors occur between disc rotation (slow) time-base errors are corrected
lator (that supplied the varactor and the recorded video or chroma by the armstretcher, which physical-
diodes) against the phase of the signals. Its function is similar to that ly moves the stylus forward or back-
260kHz waveform obtained from of a tangential servo in a laserdisc ward in the groove. This is effective
the video-audio FM signals. An player. Without an armstretcher, in canceling low frequency time-
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Videodisc

Figure 8 Arrows identify these arm movement components (from left to right): a rod
that the stylus-arm assembly rides on; the optical-interrupt wheel; the radius-
sensing potentiometer; worm gear; clutch assembly; the dc servo motor; and the
stylus-arm gear rack. The power transformer is at the left, just outside camera view.

base errors that alternately are slow
and fast, but which have the correct
stylus-to-disc speed on the average.
Because the armstretcher movement
is limited to about +0.01 inch, it
obviously cannot correct gross er-
rors from warped or off-center
discs. Neither can it correct for a
turntable speed that a/ways is slow
or fast, because the armstretcher is
not designed to follow the turntable
in a circular motion.

Rapid time-base errors that affect
mainly chrominance, are corrected
in the up-converting of the chroma
from 1.53MHz to NTSC 3.58MHz.
This is accomplished by comparing
the phase of a local crystal-con-
trolled 3.58MHz oscillator with the
phase of the up-converted 3.58MHz
chroma. The error dc voltage from
this phase detector controls the
phase of the 5.11MHz VCXO oscil-
lator that up-converts the chroma
from 1.53MHz to normal 3.58MHz.
Therefore, rapid phase changes in
the disc chroma is canceled.

Both of these time-base correc-
tions come from the same general
circuit, but with filters and other
design features to channel slow cor-
rections to the armstretcher and fast
corrections to the 5.11MHz VCXO
oscillator.

Another mystery is the meaning
of the acronym DAXI. This comes
from Digital Auxiliary Information
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that was added to the video during
recording so the video player could
indicate elapsed time.

NLAC is another new acronym.
It is short for Non-Linear Aperture
Correction, but it removes the
sound beat from the video signal.

Squelch refers to eliminating all
output from the video demodulator
during load/unload, rapid-access
forward, rapid-access reverse and
pause functions. This prevents any
snow, noise or flashes from appear-
ing on the monitoring TV screen at
these times.

Perhaps the simplest section
of the SFT-100 videodisc player is
the turntable drive. An ingenious
method provides the functions of a
shaded-pole motor plus a synchro-
nous motor that locks the turntable
rotation to the 60Hz line frequency.
It also allows the use of belt drive
between motor and turntable; an ar-
rangement that—used without the
unique feature—is not likely to pro-
vide stability.

The motor is a 2-pole shaded-pole
120Vac type that normally runs at
about 3400 to 3500rpms (slightly
less than synchronous speed). An
elastic silicon-rubber belt between
the motor pulley and the turntable
pulley rotates the turntable at ap-
proximately 450rpm.

However, the motor also has two
magnetic pole-pieces (that appear to

be extensions of the motor lamina-
tions). The pole-pieces are mounted
near a permanent-magnet 16-pole
ring on the turntable pulley. When
the shaded-pole motor and the belt
bring the turntable rotation almost
to the desired 450rpm, the motor
pole-pieces and the turntable perma-
nent magnets act as a synchronous
motor that locks the turntable (not
the motor) to the required 450rpm.
Therefore, minor belt slippage or
uneven drive should not upset the
sync operation.

There are 16 poles on the turn-
table pulley, while the motor has but
two, so the turntable rotation
should be Y4 of 60Hz per second, or
7.5 revolutions per second. For one
minute operation, the turntable
rotation should be % of 3600Hz (60
minutes times 60Hz), or 450rpms.

ATm servo

Very little has been discussed
about the arm servo system that
slowly moves the arm assembly
toward the machine’s front as a
videodisc is played. The subject is
complex, and cannot be explained
adequately in an article of this
length. The photograph in Figure 8
shows some details of the dc motor,
reduction gears, clutch, geared rack
and other components that move
the large arm assembly at a speed
that keeps the stylus centered be-
tween two sensors, as explained
before.

A microcomputer integrated cir-
cuit on the PWS00 control board
controls the arm servo and many
other mechanical systems.

Comments

Before a technician makes any
repairs or performs any adjustments
on the RCA SFT-100 videodisc
player, it is strongly recommended
that all available literature is studied
about this model or a seminar is at-
tended. The electronic circuits and
mechanical systems appear to be
about as complex as those in video-
cassette tape recorders. Both are
more complex than a color TV
receiver.

Reports from the field indicate
that most problems (at present) are
caused by improper operation of
these videodisc players. They should
not be operated by children without
supervision.

Refer to the Symcures this month
for several typical problems and
cures that have been reported. O



Heathkit Satellite Earth Station

By Carl Babcoke, CET

For decades, Heath of Benton
Harbor has been a well-known
name in the marketing of electronics
kits. But the latest Heath kit tops all
previous ones in price and sheer
size. It is a satellite-TV receiving
system called the Heathkit Earth
Station.

Reception of TV programs
relayed through a satellite system
became a reality in November 1975,
when three programs were available
for use by a cable TV company.
Now there are 12 satellites in
geosynchronous orbit over the
equator at 22,300 miles from the
earth.

That is phenomenal growth, re-
flecting the huge demand for relay
of signals over these expensive
satellites. Most satellites can handle
up to 24 channels; not all channels,
however, carry TV signals. Some
are used for telephone relays and
other communications. The demand
for satellite channels exceeds the
supply, with some present owners of
channel rights being offered a large
profit to sell.

Transporting TV programs over
satellite channels has several impor-

tant advantages: As the distance
from earth-to-satellite-to-earth is
about the same for all parts of
America; the pictures usually are
sharper and with reduced snow
compared to other relay systems;
the reception is more reliable
because bad weather and time of
day have little effect on the satellite
signals; and many more channels
can be obtained, typically 24 per
satellite. Of course, only one
satellite can be used without read-
justment of the receiving antenna.

Many individual TV stations and
CATV systems have their own
satellite-receiving antenna and ap-
parently are satisfied by the quality
of signals obtained. The catch is the
total cost of the earth station.

Individual installations

The prospect of a multitude of
channels providing excellent picture
quality with imperceptible snow has
appealed to many individuals. Some
have written Electronic Servicing
asking for construction details.
Before this year, however, most
satellite components for individual
use were viewed as little more than
experimental, with flimsy construc-
tion and borderline performance.

Also many legal questions about
bootlegging of satellite signals in-

tended for others had not been set-
tled. At this time, the FCC has an
almost hands-off policy, but some
operators of satellite channels ap-
parently intend to charge in-
dividuals for use of their signals.

Heathkit earth station

Sections of the Heath Earth Sta-
tion kit are factory assembled;
others are only partially preassem-
bled. Heath estimates construction
of the antenna system will require
three persons for one day, after the
concrete foundations are com-
pleted. Assembly of the satellite-
receiver kit should require about 20
to 30 hours by one person. The
remote unit is completely assem-
bled. No special tools are required.

These three major components
are supplied by Heath:
¢ A 3-meter parabolic “dish” anten-
na from Scientific-Atlanta Inc. has
six aluminum reflector panels that
are precision die-stamped (Figure
1). An optional extender kit can in-
crease the diameter to 12 feet, if ad-
ditional signal is needed in some
localities. Adjustment of only one
strut is required for reorientation to
another satellite. Gain of the anten-
na is rated at 39.5dB for the 10-foot
size, or 40.5dB for the extended ver-
sion. The antenna should remain
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Earth station

Satellite predictions vs. reality

The basics of receiving satellite signals were first explained in the
July 1973 Electronic Servicing in an article by David A. Ferré called,
“Home TV reception direct from satellites.” Frequencies and other
technical specifications of prototype satellite systems were provided,
along with some predictions about the future of satellite communica-
tions. Many of those predictions now are reality, a few will be ful-
filled in time, and several were incorrect.

Briefly, here are the facts about satellite communications:

e A satellite is sent up by rockets and positioned in a geosyn-
chronous orbit in line with the equator. This orbit moves the
satellite around the world’s position one time every 24 hours, the
same time as earth’s rotation. Therefore, to observers on earth,
the satellite appears to be motionless.

e A transmitter on earth beams a signal to the satellite (uplink).

¢ Equipment on the satellite receives and amplifies uplink signal,
converts it to another frequency and transmits it down to another
point on earth (downlink).

e At the earth system, the weak signal is received by an antenna of
huge gain. It is down-converted to a lower frequency and sent to
a special satellite receiver. Output of the special receiver is sent to
a conventional TV receiver, broadcast station, cable system or
other user.

Then and now-—If details and frequencies are omitted, block
diagrams of both 1974 and 1981 satellite uplink and downlink
systems are identical. Many specifics, however, are different.

In 1974, the frequencies were in the 3GHz section of the “S” band,
usually requiring a 30-foot antenna. Operation in the 12GHz Ku
band was expected in the future, thus allowing comparable results
with a 3-foot antenna. The Heathkit in 1981 receives 3.7GHz to
4.2GHz signals with a 10-foot antenna.

In 1974, a maser amplifier was recommended. It must be cooled to
about 1°K by liquid helium. Some systéms today operate with a
GaAs FET amplifier.

The prediction that one first use for satellites would be supplying
cable TV systems came true in 1975 when three cable channels
became available. Another prediction, that cable systems would
eventually be free for the viewer and supported by advertising, has
not yet happened. The thought that eventually local TV stations
would be eliminated, with satellite feed of cable systems supplying
most viewers, has also not occurred. On target was the prediction
that many individuals would install their own downlink systems and
enjoy superior TV quality. That is happening now.

“Satellite TV update” by David Ferré appeared in the August 1976
issue of Electronic Servicing. It told of $500 earth terminals by
Toshiba fot the Japanese 12GHz satellite to be launched in 1977. In
India, $1000 earth terminals daily receive TV programs from the
ATS-F satellite. Another news item told of Satellite Business Systems
proposal to launch an all-digital satellite in 1979.

Satellite services still are in the early stages, and many changes will Figure 1 Installation of the antenna for
occur over the years. Many cable companies and individual TV sta- the Heathkit Earth Station begins with
tions now have earth terminals for non-local programs. There is no the construction of three concrete piers
indication of saturation in new technical developments or applica- for the steel foundation. The panels are

then bolted together to form a parabolic
dish that Is mounted to the framework.
The LNC electronic unit and its lines are
mounted, and the entire assembly is
tited up and oriented to receive the
desired satellite signals.

tions for satellite services.
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Figure 2 The rotatable microwave feed
assembly and electronic components of
the Heathkit LNC are shown here after
removal of the housing. This assembly Is
placed at the focal point of the parabolic
reflector to receive the signal. Output IF
signal (in the UHF band) goes through
coaxial cable to the receiver.

operational with winds up to 60
MPH, with survival to 90 MPH.

e An antenna-mounted, low noise
amplifier/down-converter (LNC in
Figure 2) provides gain of 53dB to
59dB while giving a 270MHz-
770MHz (television UHF band)
intermediate-frequency output that
is sent through 150 feet of coaxial
cable to the satellite receiver. D¢
power from the receive is required.
Input signal from the parabolic
antenna has a frequency range be-
tween 3.7GHz and 4.2GHz at a level
from -75dB to -90dB. An internal
geared motor automatically rotates
the antenna feed assembly to select
either vertical or harizontal
polorization. The 120K (1.5dB) low-
noise amplifier has a GaAs FET
transistor.

e The satellite-TV receiver Kkit
(Figure 3) has a Scientific-Atlanta
UHF receiver section, Heath elec-
tronics, and a Zenith Space-
Command wireless remote control
to provide 24-channel synthesized
electronic tuning. A memory allows
instant switching between any two
preselected channels. A keypad on
the receiver panel allows direct ac-
cess, as does the remote unit.

Satellite system prices
In 1974, a prototype system with
a 30-foot antenna might have been
priced in the $90,000 bracket. By
mid-1976, a proven system for
CATV use, also with a 30-foot
parabolic antenna, cost about

Figure 3 The Heathkit Satellite Receiver
is an attractive unit that can be placed
on top of most TV receivers. Out-
put of the Sateliite Receiver goes to the
antenna terminals of a standard TV re-
ceiver. The unit is larger than some
videocassette tape recorders, and
features many new technical conve-
niences such as direct-access electronic
tuping with remote control.

$65,000. Professional systems con-
tinue to sell for high prices, but
antenna-converter packages now are
offered to individuals at prices from
$5000 to $12,000.

When compared to this range of
prices, the Heathkit at $6995 ap-
pears to be a reasonable com-
promise between price and perfor-
mance. Although no test results are
available at this time, the specifica-
tions indicate good performance.
Certainly, the equipment ap-
pearance is excellent.

Heath survey kit

A few locations are not suitable
for satellite reception because of
mountains, trees, buildings and
other obstructions. Therefore,
Heath offers a site-survey kit to help
potential buyers determine if the
proposed antenna site is adequate.

The survey package includes a kit
for construction of a simple in-
clinometer, a compass, 40-page site-
selection manual, a sample pro-
gramming guide, a full-color
descriptive booklet, and ordering in-
formation for the satellite system.

Although the survey package
costs $30, the price is credited if a
Heathkit Earth Station is pur-
chased.

Earth station availabilty
Heathkit Earth Stations are ex-
pected to be listed in the Fall 1981
Heath catalog and available at all
Heath regional stores. il

Thirteen Handbooks written in easy-to-under-
stand language by experts in the service field
with illustrations and diagrams! Acclaimed by
instructors and professionals alike! How 4o
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tors, washers, dryers, ranges, microwave
ovens, dishwashers, vacuum cleaners, electro-
static air cleaners, RV gas appliances, hair
dryers, motors, water heaters, coffeemakers,
can openers, floor polishers, steam irons, food
mixers, lawn care appliances, electric knives,
electric and digital clocks and many others
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shop, using test instruments and more Only
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Figure 1 Power-on tests are possible in the M10 Zenith module when the
cable connectors are removed, the module is unfastened and removed from
the framework, placed on the framework, and the cable connectors

reattached, as shown.

Zenith
power
supply and
horizontal
sweep,
part 2

By Carl Babcoke, CET

Many waveforms and simplified
diagrams explain the unique
diode-switched sweep regulation in the
Zenith horizontal-deflection system

on the M10 module. This is the last
part of the Zenith series; it contains
valuable information for all television
techniclans, regardless of the brands
they service.

In Zenith System-3 color
receivers, the M10 module (Figure
1) performs these two basic func-
tions: supplying dc power to the en-
tire receiver, and producing
horizontal deflection. There is no
clear division between the two func-
tions. As explained in previous ar-
ticles, only two dc-voltage supplies
are operated from line power
(Figure 2). One is the hot 150V sup-
ply for the horizontal-output tran-
sistor. The other is a cold ground
15V supply used for start-up and
other tasks. Neither supply is
regulated; the voltage varies up and
down with line-voltage and load
changes.

All other dc power is obtained by
rectification of pulses from the
horizontal-output transformer, and
these supplies have co/d grounds.

Regulation of the horizontal
sweep and high-voltage signals in
other brands of large-screen color
receivers is accomplished by voltage
regulation of the dc supply to the
output transistor collector. Zenith
System-3 receivers regulate width,
high voltage and all low-voltage
supplies by a sophisticated circuit
that varies the output transistor’s
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collector-current duty cycle, accom-
panied by diode switching.

Hot and cold grounds

As shown in the Figure-2 block
diagram, two separate grounds are
used. One is called a hor ground
(triangle symbol in these schematics)
because it is a ground (actually the
negative return bus) for the + 150V
hot supply produced by bridge-
diode rectification of line voltage,
and it is hot to both sides of the ac
line (including earth ground). With
a digital multimeter ground lead

connected to this Aot ground, a
reading of +75Vdc and 64VRMSac
can be obtained to one side of the ac
line. Also, a reading of + 75Vdc and
56VRMSac is measured to the other
side of the incoming ac line. Clearly,
this ground is hot to almost
everything. Therefore, great care
must be used when connecting it to
instruments that have their power
plug’s third prong connected to the
metal cases. Also, to avoid painful
and dangerous shocks, technicians
never should touch the Aot ground.

The second ground circuit,
represented by the conventional

Figure 2 Basic functions of the M10 module and the separation of hot and cold
grounds are shown by this block dlagram.



ground symbol, is called a cold
ground because it is not connected
to the line voltage or to the cable in-
put ground on the tuner. Thus it can
be safely connected to grounded
antenna leads and test instruments.

The TX3352 HV transformer/
flyback in Figure 2 acts as an isola-
tion transformer that separates the
hot supply at its primary winding
from the co/d ground and the low-
voltage supplies produced by rectifi-
cation of horizontal pulses from the
secondary windings.

Notice that the cold title applies
only to the ground. For example,
the high voltage returns to cold
ground, but the hor 25kV is not
cold. The same remark applies to
the other dc voltages, such as focus
voltage, +250V for the color-
output transistors, and the low-
voltage +60V, +25V and +18V
supplies.

Other blocks in Figure 2 show the
relationships between the pulse-
width modulator, two driver tran-
sistors, a horizontal-output tran-
sistor (used also as the power chop-
per), the regulation transformer and
the HV transformer.

Arrows and call-outs in Figure 3
show locations of important com-
ponents on the M10 module.

Corrections

Corrections and explanations
must be made for two inflated
readings from previous articles
about System-3. In the September
issue, a voltage of + 160V was
shown for the Aot non-isolated line-
rectified supply, while + 16V was
reported for the cold start-up
voltage. These are correct only for a
line voltage of about 125V RMS.
Because isolation transformers flat-
ten the tips of the line-voltage sine
waves, most of our lab tests are
made when the instruments are
powered directly from the ac line.
Great care is used during these tests
to prevent shocks or equipment
damage. Measurement errors can
approach 10%, depending on the
type of ac-converter in the meter
used to measure the receiver’s line
voltage.

Unfortunately, the line voltage
was higher than normal during these
preliminary tests. With an unclipped
line voltage of 120V RMS, the hot
supply measured about + 150V, and
the start-up supply measured about
+15.4V,

Q3301 ICX3301

CX3326

RX3312

RX3327

FX3376

C3350 TX3351

CX3318

03327\

‘\
QX3351 \
LX335X TX3251 \\ QX3338

LX3354

TX3326 CR3307

CR3306

CR3308

TX3301

TX3352
FLYBACK

Figure 3 Arrows point to many
important components on the Zenith
M10 module.

Basis of Zenith regulation

Basically, the Zenith Power Sen-
try voltage-regulation system
operates by this electronic truth: In-
creased amplitude of horizontal-
sweep pulses can be obtained by a
longer duty cycle for the output-
transistor collector current. In other
words, more sweep power is obtain-
ed when the output transistor cur-
rent flows for a longer time during
each horizontal cycle. Conversely,
shortening the duty cycle decreases
the sweep power and the pulse
amplitude.

Therefore, regulation of pulse
amplitude and horizontal deflection
can be automatically accomplished
by a circuit that varies the output
transistor’s duty cycle.

Unfortunately, it is not that sim-
ple to design a practical circuit that
provides effective regulation
without introducing serious non-
linearity problems. The most serious
problem is that the horizontal yoke
in conventional solid-state sweep
circuits (Figure 4A) already is con-
stantly supplied with current during
both trace and retrace times. Where
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can a longer conduction current be
inserted?

The Figure 4A conventional
horizontal-output stage supplies
negative damper current to the yoke
during the first 45% of trace time,
and an increasing positive current
during the last 55% of trace time.
The transition from negative
damper current to positive tran-
sistor current must occur smoothly,
without overlap or gap, to prevent
poor sweep linearity. Extending the
transistor conduction to about 70%
of trace time, for example, would
cancel part of the negative current
and move the zero-current point
(real center of the sweep) to the left.
This would probably produce either
foldover or a vertical white line at
left of center in the raster. No
regulation system can be acceptable
if it varies the linearity as a
byproduct of the regulation.

Before leaving the Figure 4A con-
ventional output circuit, a few im-
portant facts need to be empha-
sized. There is just one path for dc
current to reach the horizontal-out-
put collector — from the B + supply
through the primary of the high-
voltage transformer (often called
“flyback™) to the collector. Notice
the four paths to ground: collector-
to-emitter through the transistor;
through the damper diode; through
the tuning capacitors; and through
the yoke with its series capacitor.
Therefore, it follows that ap-
preciable current through any one
of those four paths reduces the full
B+ at the collector to an extremely
low voltage.

During the second half of trace
time, the transistor draws an in-
creasing current, and the collector-
to-ground dc voltage is about 1V,
When the transistor’s base signal
waveform suddenly goes to zero, the
transistor becomes open, and the
collector current instantly stops.

Strong current has been flowing
through the flyback winding, and
through the yoke from the voltage
previously stored in its series
capacitor. The collapsing magnetic
fields attempt to keep the current
flowing in the same direction. But
the transistor is open, and the
damper diode is reverse biased, so it
too is open. The only path is into the
tuning capacitors, and the incoming
“positive” current triggers a reso-
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Figure 5 These Zenith sweep

waveforms have been

photographed and carefully
C positioned to preserve
identical phase relationships,
although the helghts do not
indicate relative amplitudes.
The three long, vertical dotted
lines mark the beginning of
QX3326 conduction (left line),
the ending of QX3326
conduction {(center line) which
starts retrace, and the end of
retrace (right dotted line).
These are the scope traces:
(A) composite video for
reference; (B) horizontal drive
from the M2 module; (C) base
signal of Q3301 driver
transistor; and (D) the QX3326
base-drive signal. The
horizontal dotted line marks
zero volts; (E) the QX3326
collector-voltage signal (also
the CR3306 cathode
waveform), with zero volts at
the base line; (F) the sawtooth
QX3326 collector current; (G)
CR3307 damper-diode current,
placed near the collector
current, because both defliect
the CRT beam; (H) the yoke
and flyback pulses at CR3306
anode and CR3308 cathode; (!)
waveform from TX3301 to the
anode of CR3308. Notice that
zero voltage (also average
voltage) is at the step; (J)
CR3306 diode current; (K)
CR3308 diode current (small
amount); and (L) horizontal
deflection-yoke current. For
clarity, the nearly invisible
vertical lines of several
: J waveforms have been

enhanced.
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nant action (called ringing) between
the yoke and the total tuning
capacitance. Refer to pages 26 and
27 in the January 1976 issue of Elec-
tronic Servicing for an illustrated
explanation.

Currents through the yoke and
flyback charge the retrace-tuning
capacitors to an extremely high
voltage, perhaps 1000V peak-to-
peak. This is the first half of the
huge flyback pulse at the output.
During the same time, the yoke cur-
rent rapidly moves the CRT beam
from the right edge, where the end
of collector current left it, to the
center of the screen. At that point
the current is zero, while the voltage
pulse is maximum.

Next the tuning capacitor voltage
begins to force current through the
yoke and the flyback winding in a
reverse (negative) direction, which
moves the CRT beam from the
center to the left edge of the screen.
At this point (end of the flyback
pulse’s second half), the current is
maximum negative and the voltage
is zero. Two quarter-cycles of ring-
ing have occurred, and the ringing
action naturally attempts to con-
tinue, with the capacitance and the
yoke inductance alternately acting
as voltage and current sources to
force positive and negative current

through the yoke until losses
eliminate the ripging.
The circuit, however, has an

automatic brake to stop this retrace
ringing. When the current reverses
and the voltage attempts to become
negative, the damper diode is for-
ward biased, and it clips what other-
wise would have been a huge
negative-going pulse. Energy from
the clipping produces maximum
negative yoke current, which slowly
decreases as the energy dissipates.
This yoke current moves the CRT
beam from the left edge to the
center of the screen, where the cur-
rent has dwindled to zero. That is
where the transistor positive yoke
and flyback current begins to in-
crease slowly, starting another cy-
cle.

One important point might have
been missed in the many details: On-
ly during retrace time does the tran-
sistor collector and damper cathode
have more than about +1V. When
the transistor conducts the dc
voltage at the collector, it is about
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Figure 8 Some horizontal drive waveforms change phase and/or waveshape during
regulation operations. The top pair of traces in all photographs show the
waveform phases at 120Vac normal line voltage; the bottom pair are the same
pair of waveforms after undergoing changes by a line voltage of only 85Vac. (A)
Both the 503kHz master oscillator signal (top trace of each pair) and the square
waves at the output of the M2 module moved to the left at lower line voltages. A
scope trace of about 6uS was used for this photograph only to show the 503kHz
sife waves. (B) Top traces of each pair are the waveforms at pin 1 of ICX3301
pulse-width modulator, while both bottom traces show the QX3326 base signals.
Arrows point to the important areas that moved. (C) Top traces here could be the
CR3306 cathode or the CR3308 anode waveforms, while the bottom traces are the
output pulses at the damper. Notice that nothing moved except the width of the
step, as pointed out by arrows.




+ 1V. During damper-diode current
time, the collector and the damper
cathode measure about -1V. Only
during retrace time can the voltage
rise, as it does in the huge ringing
positive pulse. Notice that this large
pulse came from the yoke and the
total tuning capacitance; it did not
originate at the transistor collector.
That statement becomes vital when
the System-3 Power Sentry regula-
tion is analyzed.

Zenith’s solution

Zenith has solved the linearity
problems by addjng a switching
diode between the output-
transistor’s collector and the
damper cathode. The CR3306 diode
separates the collector current from
the CR3307 damper-diode current.
Additional components are required
to switch the current and voltage
paths at the proper times, so the
complete circuit (Figure 4B) is
slightly more complicated.

The Figure 5 waveforms show
several vital waveforms during nor-
mal operation. Some of the
waveforms were given last month,
but the arrangement in Figure 5 has
an important feature: The relative
phases between these various
waveforms are correct. All were
photographed while the scope was
locked to one sweep waveshape via
the external-sync input. In other
words, the scope was not locked to
each individual waveform, so all
have proper phase. This allows ac-
curate analysis of the exact times
during each cycle that these events
happen. One method is to place a
ruler straight up and down over the
points of interest.

Secondly, several current
waveforms are included in Figure 5.
Other waveforms have zero-voltage
points marked on them. This
valuable information is essential to
the proper understanding of any
complex circuit operation.

Technicians, before you read any
further, examine the Figure-4
schematic and the Figure-5
waveforms and explain in detail
how the regulation operates, within
the limitations stated previously.

Regulation varies some phases

Each variation of the load on
high-voltage/power-supply trans-
former TX3352 (flyback) or change
of incoming line voltage demands
action by the regulation circuit to

restore the normal pulse amplitude
at the input of TX3352. A by-prod-
uct of this regulation is a corres-
ponding variation of the phase of
individual cycles in several signals.
It is required by operation of the
pulse-width modulator that deter-
mines the point in each cycle where
the QX3326 transistor conduction
begins. Horizontal locking uses
separated station sync as the stan-
dard and forces the flyback horizon-
tal pulses to have the same phase.

The Figure-6 waveforms illustrate
some phase changes of the in-
termediate horizontal signals that
occur between normal operation at
120Vac (top waveform in each
photograph) and low line-voltage
operation at 85Vac (lower
waveforms). The scope again was
locked through the external-sync in-
put {o station sync to provide a con-
stant reference.

Some phase changes appear as
sideward movements of the whole
cycle. As the line voltage was
gradually reduced, the cycles would
move in step to the left. Other phase
changes move the leading edge of a
pulse, but not the falling edge (a
change of duty cycle). Although
neither type of phase changes af-
fects the pulse phase at damper
cathode and the HV transformer
primary, both vary the widths of
“steps” in the regulator transformer
waveforms, scoped at the CR3306
cathode and the CR3308 anode,
which are easily accessible.

Zenith regulation works well

Regulation of the Zenith system
was checked by varying the line-
voltage to the receiver while the high
voltage dand one low-voltage source
were monitored. Compared to the
voltages at 120Vac, a line voltage of
85Vac (-29%) produced a drop of
-4% in high voltage, while the 18V
supply measured -8.5%. With a line
voltage of 137V (4 15%), the high
voltage tested + 4%, and the 18V
supply checked +3.4%. That is
good performance.

The picture width apparently
varied more than the dc voltages.
Photographs later in the article
show width variations.

It is clear that the sweep/power
system operates correctly, and with
good regulation. The Figure 4B cir-
cuit must be analyzed next to deter-
mine in detail how it operates at
120Vac, without any attempt beirig
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CR3308

CR3307 DAMPER

TX3301 CR3306

Arrows and callouts identify four components that are the heart of the Zenith

regulation.

made at first to understand the
regulation actions.

Several similarities are shared by
the conventional and the Zenith
schematics in Figure 4. The Zenith
circuit, however, requires (for
regulation) a varying waveshape
base drive to the output transistor
QX3326 that changes the collector-
current duty cycle. This variation is
not apparent in a static test at
120Vac with constant brightness.

Also, Zenith has separated the
horizontal-output transistor from
the damper diode and tuning
capacitors, yoke and flyback by
adding a TX330! isolation/regula-
tion transformer and two switching
diodes, CR3306 and CR3038.

Operation of these three extra
components is not readily apparent.
One published discussion explains
the need for a variable duty cycle,
but the diodes are barely mentioned,
and no actual waveforms are
shown. Other schematics show
wrong switching diode polarities
and reversed hot and cold grounds
in the output stage. The lack of
detailed circuit-operation informa-
tion probably reflects the idea that
few component-level repairs are ex-
pected to be made on M10 modules.

Steps for circuit analysis
There are several ground rules for
analyzing unknown electronic cir-
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cuit operations. Here are some sug-

gestions:

e Examine all available explana-
tions of the circuit’s overall pur-
pose. Ask and answer: What is it
supposed to do?

e Carefully consider all evidence
(printed or verbal) about
specifically how the circuit
accomplishes the objective.

CR3306
CATHODE

e If the operation remains in
question, use the previous infor-
mation as a starting point for
practical tests to prove or dis-
prove the theoretical ideas.

¢ When the circuit contains diodes,
combine voltage and current
waveforms to determine where
diode conduction occurs during
each cycle of signal. A diode
always “knows” when its anode
becomes more positive than the
cathode by +0.5V or more,
because anode/cathode conduc-
tion occurs. This is true of all
silicon diodes except zeners.

e Locate the zero-voltage horizon-
tal line in all important wave-
forms.

e One at a time, disconnect or short
across all components (in cases
where the opens or shorts do not
cause catastropic failures of other
components), and notice any
changes to picture, raster or im-
portant waveforms.

e Combine two, three or four scope
traces as needed when the precise
phases are important.

e Test all important dc voltages
(mistakes occasionally happen in
schematics).

e Write out all vital steps in the
circuit operation, as indicated by
the previous information.

CR3308
ANODE

These dc-voltage levels are vital to the diode switching. The waveform is not duai-
trace type; instead, the centering control was moved to position only one side or
the other of each waveform. Dc coupling was used in the same channel for both
waveforms. The scope lead was changed from one point to the other.



Figure 7 In all photographs, top trace
is the QX3326 base-drive yoltage
waveform, center trace is the collector-
voltage waveform, and the bottom
trace is the collector current. (A) A line
voltage of only 85V started QX3326
conduction early in the cycle. The
dotted line shows that time in all three
traces. (B) Normal operation at 120Vac
is shown. (C) A high line voltage of
137Vac narrowed the current waveform
by starting QX3326 conduction later.
Notice in all three examples that a
wider current sawtooth was
accompanied by a narrower step, and
vice versa. The sum of both is the total
trace time between retrace pulses.
Therefore, the right end of the step
also marks the beginning of QX3326
collector current.

Analyzing the Zenith circuit

Many of these previous steps were
employed during analysis of the
Figure 4B Zenith circuit.

Diode CR3306 is the only dc-
current path from the horizontal-
output collector to the yoke, and
current /must flow through this path.
Conclusion: CR3306 is forward
biased and conductive only when
current from the yoke and its “S”
series capacitor flows to the collec-
tor, using the old convenient con-
cept of positive forces instead of
electron negative forces. This is
proved by the current waveforms.

Diode CR3306 also is responsible
for the step at the right of the pulse
in the QX3326 collector waveform.
This area of a conventional
waveform is clipped to about -1V by
damper conduction. But CR3306 is
open at this time, and the damper
conduction cannot remove the step,
which is the + 150V supply voltage
for QX3326 collector.

The step in the QX3326 collector
waveform interferes with regula-
tion, because it varies with line
voltage. Therefore it must be
removed from the yoke/flyback
waveform. Regulator transformer
TX3301 is required to “store” the ex-
tra energy obtained from the longer
duty cycle of QX3326. This energy
cannot be connected directly to the
yoke/flyback circuit because it
would cancel part of the negative
damper current. One requirement,
then, is that the TX3301 secondary
be disconnected during positive-
pulse time plus the step time, which
includes damper-conduction time.
This important switching is per-
formed by CR3308.

One of the few published explana-
tions showed CR3308 feeding pulses
to the load (yoke, flyback and
damper). It must again be stated
emphatically that the large pulse
does not come from the horizontal-
output collector. Instead, the rapid
cutoff of collector current triggers a
tuned ringing of the yoke/flyback
combined inductances versus the
retrace tuning capacitors (CX3316,
CX3318 and CX3322, in this case).
Thus, the collector pulse comes
from the yoke/flyback ends of
CR3306 and CR3308. In fact, the
QX3326 collector would have little
pulse amplitude except for CR3306,
which is forward biased by the ring-
ing positive pulse from the
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yoke/flyback section, and so passes
the pulse to the QX3326 collector.
The current, however, is almost
zero, for two reasons.

There is no appreciable load at
the QX3326 collector to absorb cur-
rent coming through CR3306. Also,
the QX3326-collector pulse and step
appears with increased amplitude at
the TX3301 transformer secondary
winding that connects to the
CR3308 anode. The transformer
changes the zero-voltage point of
the waveform to the step’s top line.
All step amplitude below that point
is reversed bias for CR3308, so only
a small step current flows, and
almost no voltage waveform passes
on to the yoke/flyback section.
These statements are verified by
waveforms.

After the amplitude increase in
TX3301 and the step removal by
CR3308, the remaining pulse-only
waveform is approximately equal to
the ringing waveform at the CR3308
cathode. Therefore, the CR3308
pulse current is also small until call-
ed on to provide additional regula-
tion power from the extended duty
cycle of the QX3326 collector cur-
rent.

Notice that only ac power can
pass through TX3301. It must be
assumed that regulation is effective
for the high voltage and all other
Vdc supplies (from flyback power),
but less effective in regulating pic-
ture width.

Waveforms explain

voltage regulation
The necessity for most circuit ac-
tions has been explained. The
following selected waveforms from
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Flgure 8 A horizontal deflection yoke provides picture width from “negative” damper current and “positive” transistor current.
Top trace of each photograph is the QX3326 collector current, while the CR3307 damper current is the bottom trace. Pairs of
arrows show the overlap of transistor and damper currents. (A) These currents at 85Vac of line voltage showed an overiap
almost as wide as the damper current, indicating maximum power boost by the regulator. (B) A small overlap was present
even at the normal 120Vac. (C) At 137Vac, the two currents were complementary and without overlap.

more than 100 photographed during
this analysis prove almost all
statements previously made.
Figure-7 waveforms show the
QX3326 transistor base-voltage
waveshape, collector-voltage
waveshape, and collector-current
waveshape at line voltages of 85Vac,
120Vac and 137Vac. Notice that
QX3326 is biased into conduction
sooner in each cycle for lower line

voltages. Therefore, more total
power is available for horizontal
pulses.

A comparison of horizontal-
transistor and damper-diode cur-
rents in Figure 8 shows a small
overlap near the center of trace at

T

120Vac, no overlap of currents at
137Vac, and a large overlap of the
two currents at a line voltage of
85Vac. There appears to be a small
amount of energy added to the
sweep circuit even at 120Vac of line
power, and increasing amounts at
lower line voltages.

Special treatment and extra care
were used for the low-voltage/
normal-voltage waveforms in Figure
9. The phasings and amplitudes of
these four waveforms were found to
be the most critical of all those in
the sweep system. Therefore, the
top trace QX3326 collector-voltage
waveform in each photograph was
made without changing the scope

Figure 9 The phase of these four waveforms are vital to the Zenith regulation.
Tops of the QX3326 collector pulses were pushed off screen to save space,
because they were not of interest. Trace second from the top is the QX3326
collector current. Third trace from the top is CR3306 current, while the bottom
trace is the CR3308 current. All six current waveforms were made by the same
current probe and by the same scope channel without any gain change; the
heights indicate the relative a<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>