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How Accurately Can You Determine -

s It The Servos Orlsn't ?

Are Servo Defects Costing You:

e Profits — by spending too much time on the VCR you're
presently servicing, and not getting to the VCRs with
the easy defects?

e Time - by mistakenly troubleshooting in the video
stages when the defect is actually in the servo circuits?

« Confidence - both yours and your customer’s
confidence in your service center?
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VC93 All Format VCR Analyzer
Exclusively from Sencore!

s [nroducing The Service Industry's Only Dedicated VCR Analyzer! n———

Now, you'll be able to pinpoint all servo
defects and answer the question “lIs it the

servos orisn’t it?” Two connections and read For More Information On The

the VC93's digital display. It truly is that easy. Patented VC93 All Format VCR Analyzer
Use The New VC93 To Make A Profit While — Ca" ] -BOO-SENCORE eXt- 639
(736-2673)

e Isolating video from servo defects!

e Pinpointing capstan and cylinder servo defects!

¢ Eliminating the guesswork associated with
replacing video or audio Hi-Fi heads; before
you order the new heads!

¢ Troubleshooting all VCR formats with the same Circle #201 for FREE information
procedures and confidence every time!
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circuits

automatic tests

circuits? Is it the servos or a tape path

problem? How many times do you ask
yourself these questions while you watch a
VCR play back a work tape? Problems in any
one of these areas produce symptoms that can
look almost identical.

I s it the heads? Is it the video playback

Fig. 1: Several VCR defects can cause the
same symptoms. Our challenge is to quickly
and accurately determine which defect is
causing the symptom.

How can so many different problems produce
the same symptom? The process of playing
back a video tape is complex and requires
proper operation of all the following.

1. Tape movement: The video tape must be
pulled through the VCR at the right speed and
be in the correct position at all times.

2. Tape path alignment: The video tape
must be mechanically aligned so that the
video (and Hi-Fi audio) heads follow the
tracks of information on the video tape.

3. Head positioning: The drum containing
the video (and sometimes Hi-Fi audio) heads
must be rotating at the right speed and be
correctly positioned so that it can follow the
tracks of information on the video tape.

4. Head condition: The video (and Hi-Fi
audio) heads must be clean and capable of
picking up the recorded information contained
on the tape.

Is It The Heads Or The

By Rick Meyer, Application Engineer

e Servos are prone to failure because they are
a combination of electrical and mechanical

e Analyze VCR servos with five simple,

* Observe how the VC93 pinpoints servo
problems with two case histories

5. Signal processing circuits: The electrical
circuits that process the information from the
heads must be capable of correctly processing
the luminance, color, and audio information.

A problem in any one of these five areas
produces bad video and/or audio from the
VCR. Servicing VCRs efficiently and profit-
ably requires fast and efficient methods of
isolating the real cause of the problem as fast
as possible. Time and money are needlessly
wasted when we troubleshoot the wrong
section because we aren’t sure of the exact
cause of the problem.

Video Head
Movement
Audio Head \ ~«——Tape Movement
1

o Audio Track
T audio-video
Guard
[*~~Guard
= Band
v
Control Track Vertlcal Sync
Pulse Interval

Reference Edge
Of Tape

Fig 2: The video heads traveling at approxi-
mately 1800 RPM must follow a track on the
video tape that is only a few thousandths of an
inch wide.

Correct Servo Operation Is A Must

The servo section is especially prone to failure.
A problem in the servos can cause symptoms
such as complete loss of video, video with
snow, pulsating video, as well as other related

symptoms.

The servo section commonly fails because it is
a combination of mechanical and electrical
components. The servos must line up a video
head that is spinning at about 1800 RPM with
a moving recorded track that is only a few
thousandths of an inch wide (Fig. 2). Even a
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“minor” servo problem can cause partial or
complete loss of video and/or audio.

Servos fail because the mechanical compo-
nents such as motors, belts, and idlers wear
out and fail. Servos fail when the needed
signals are lost or are too weak to be used.
They also fail when the electronic control
circuits malfunction. (For a review of how
servo circuits work, see the Tech Talk box on
page 6.)

The New VC93 All Format VCR Analyzer
contains an innovative servo analyzer function
that takes the guesswork out of servo analyz-
ing. First, it positively proves if the servos are
working correctly. If the servos are working,
there is no need to try to repair them. If the
servos are bad, however, the VC93 servo
analyzer tests quickly identify which servo is
at fault and even gives information that helps
you know where to look for the problem.

In order to understand how the VC93 servo
analyzer tests can do all of this, let’s first take
a look at these new innovative servo tests.
Then we'll use these tests to analyze some
typical VCR problems.

A Simple Five Step Servo Test
Positively Analyzes VCR Servos

The VC93 uses five fast, easy-to-use, servo
analyzer tests to make servo troubleshooting a
snap. These tests include:

1. Servos Locked

2. Capstan Speed Error
3. Capstan Jitter

4. Drum Speed Error

5. Drum Jitter

VAL
PATTERN
DIO

SERVO ANALYZER

TEST
CAPSTAN 4
JITTER
CAPSTAN e  DRUM SUE
SPEEDERROR ® ° @ SPEEDERROR DRIV
SERVOS ® o ® DRUM SIGNAL
LOCKED JITTER
;gv SEE PULL CHART
FOR TEST DETAILS

Fig 3: The VC93 contains five servo analyzer
tests that identify servo problems.

These five tests are performed using either of
two test leads. One test lead is called the
Servo Performance Test Lead. Simply connect
it to the audio and video output jacks on the
VCR. The Servo Performance Test Lead works
with the special Servo Performance Test Tape
that has special signals recorded on it. A VHS
Servo Performance Test Tape is supplied with
the VC93. Beta and U-Matic tapes are also
available.
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The Servo Performance Test Lead simplifies
servo analyzing since you don’t even need to
take the cover off the VCR. Each servo test
analyzes the signals on the Servo Performance
Test Tape to determine the condition of
different portions of the drum and capstan
servos (see Fig. 4).

But what if the VCR’s condition is so bad that
it does not put out a video and/or an audio

on page 6.) If both servos are working prop-
erly, the capstan and drum reference signals
will be locked together. The VC93 compares
the capstan and drum reference signals to
each other to determine if the servos are
locked. If the signals are locked to each other,
then they must be locked to the internal
reference signal. If the signals are not locked
together, then either the capstan or the drum
phase loop is bad. The remaining four servo
tests help determine which
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servo is the actual source of
the problem.

Capstan Speed Error Test:
This test analyzes the capstan
reference signal to determine if
the capstan is running at the
correct speed. The VC93
analyzes the frequency of the
capstan reference signal to
determine the true speed of
the video tape. A capstan that
is running at the wrong speed
is most often the result of a
missing CTL or FG pulse, a
bad motor or motor driver, or a
bad capstan servo control
circuit.

Fig. 4: The Servo Performance Test Lead lets you check out the
VCR servos without even taking the cover off the VCR.

signal? That’s where the second servo test
lead is used. This lead is called the Servo
Troubleshooting Test Lead. It connects to the
two key servo reference signals and analyzes
the servos even if the video and/or audio
signals are missing. Simply hook the Servo
Troubleshooting Test Lead to the CTL and
SW30 test points in the VCR. These test
points are usually very easy to find since they
are the key signals needed to align the VCR.
In most cases, these test points can be located
without even opening up a schematic. All five
servo tests work identically no matter which
Servo Test Lead you use. The VC93 even
knows what test lead is connected to it,
automatically.

Before we see how these five servo analyzer
tests find actual VCR servo problems, let’s
briefly look at what each test is designed to
tell us so we can better understand how to
interpret the results.

Servos Locked Test: In a normally operating
VCR, the drum and capstan servos use the
same reference signal. (See the Tech Talk box

Fig. 5: The Servo Troubleshooting Test Lead is
used whenever the video or audio signal is
missing or of very poor quality.

Capstan Jitter Test: This
test analyzes the capstan
reference signals to determine
how constant the capstan
speed is. It analyzes the capstan reference
signals to find short term variations in the
speed of the video tape. These short term
speed variations are called jitter. Excessive
capstan jitter is often caused by a missing
CTL pulse, excessive oxide buildup on the
capstan or pinch roller, or a bad capstan servo
control circuit.

Drum Speed Error Test: This test analyzes
the drum servo reference signals to determine
the speed of the video drum. Incorrect drum
speed is most often caused by a missing drum
FG or PG pulse, a bad drum motor winding, or
a defective drum servo control circuit.

Drum Jitter Test: This test also analyzes the
drum servo reference signals and looks for
short term variations in the speed of the
drum. Excessive drum jitter is most often
caused by problems such as bad drum motor
bearings, excessive oxide buildup on the drum,
a missing drum PG signal, or a defective drum
servo control loop.

Now that we know what each servo analyzer
test does, let’s see how the VC93 can save
VCR troubleshooting time by tracking down a
couple of real life problems.

Is It A Bad Head Or Isn’t It?

A customer brought in a VCR with a snowy
picture. Our first reaction was that the VCR
probably had a dirty head. The customer told
us that he used the VCR for watching rental
tapes only. The last time he attempted to use
the VCR, the picture suddenly became snowy.

We hooked the VCR up to our monitor and
inserted our work tape recorded at the SP
speed. This speed was selected since it is the
speed of most rental tapes. When the play
button was pressed, the VCR came to life and
a picture appeared on the screen. The picture
was not as sharp and clear as it should have



been and was filled with speckles of snow from

the top to the bottom (see Fig. 6). A classic
symptom of a dirty head!

We stopped the VCR and ejected our work
tape. This would be a fast job if the only
problem was a dirty video head. After remov-
ing the cover, the video heads and the com-
plete tape path were carefully cleaned. We
again inserted our work tape in the VCR and
pressed the play button. But, the picture was
no better than it was before. The video heads
were cleaned again — still no improvement!
This job was more serious than we originally
thought. Our thoughts immediately suggested
a bad video head.

Before contacting the owner with any bad
news, we decided to confirm the problem
before jumping to conclusions. Using the head
substitution signal from the VC93 seemed like
the logical first step, but we decided to do a
check of the servos since it is so fast and easy
with the VC93.

We grabbed the Servo Performance Test Lead
and quickly plugged it into the VC93 — the
red plug into the audio output jack and the
yellow plug into the video output jack. We
pulled our Sencore Servo Performance Test
Tape off the shelf and inserted it into the

Fig. 6: The VCR had a typical symptom of adirty
or bad video head.

VCR. As the VCR went into the play mode, we
turned the VC93 SERVO ANALYZER TEST
switch to the SERVOS LOCKED position. The
test tape began to play and the VC93 SERVO
ANALYZER display began giving us test
results — all the percentage numbers were
high and the BAD indicator came on. This
wasn’t a head problem — it was a servo
problem!

Our first test indicated that there was a
problem in the servos. Since the video was
pretty snowy, we suspected that the VCR
output signals might not be sufficient for a
reliable test. Switching to the Servo Trouble-
shooting Test Lead would eliminate any
concern over the signal quality. We connected
the red connector on the Servo Troubleshoot-
ing Test Lead to the CTL test point inside the
VCR and the yellow connector to the SW30
test point.

Playing the test tape again showed nothing
but dashes on the VC93 SERVO ANALYZER
display (Fig. 7). This immediately told us that
either the CTL pulse or the SW30 signal was
missing. We could have stopped at this point
and used our SC61 Waveform Analyzer to
check for these signals, but the remaining

V(93 Servo Analyzer Tests gave us the
additional information we needed.

We turned the SERVO ANALYZER TEST
switch to the CAPSTAN SPEED ERROR test
position. The VC93 display continued to show
dashes. Since this test only looks at the CTL
pulse using this test lead, we immediately
knew the VC93 was not seeing signal. A quick
check of our connection to the CTL test point
verified that the connection was good. The
VC93 had zeroed in on the problem in only a
few minutes.

We grabbed our SC61 probe and connected it
to the CTL test point. Sure enough, the CTL
pulse was missing. We ejected the test tape
and closely examined the CTL head. Every-
thing looked in order. We carefully unsoldered
the leads to the CTL head and made a conti-

SERVO ANALYZER OUTPUT SIGNAL LEVEL /DVM

LS

SERVOQ ANALYZER
TEST

CAPSTAN SERVO
JITTER PPV
CAPSTAN "o DRUM SUBBIAS s
SPEEDERROR ® ® SPEEDERROR DRIVE B~ e OCV
SERVOS ® * DRUM sIGNAL 47
LOCKED . R JITTER o, =
\ /

OUTPUT SIGNAL
MONITOR /DVM

G 1
4

SEE PULL CHART
FOR TEST DETAILS

Fig. 7: The dashes on the VC93 servo analyzer
display confirmed that the CTL pulse was
missing.

nuity test. The head was open. When the CTL
head was replaced, the picture returned clear
and sharp. Our VC93 servo analyzer had
prevented us from incorrectly replacing the
video heads and narrowed the problem down
to the real defect. In a matter of minutes, the
problem was solved.

The Case Of Intermittent Video

Several weeks later, a customer brought in a
VCR and complained that the picture was
noisy every now and then. We connected his
VCR to our monitor and inserted our work
tape. The picture looked good on the monitor,
but, after about 20 seconds, it started to jitter
and became very noisy. After a few seconds,
the picture cleared up. As we continued to
watch, the same symptoms occurred over and
over again.

The presence of a clear picture for a short
period of time confirmed that the problem was
not in the video heads or the luminance
circuits. The audio also sounded good. This
looked like a classic servo problem. It was
time to use the VC93 Servo Analyzer tests to
prove our suspicions.

We fired up our VC93 and connected the Servo
Performance Test Lead to the audio output
and video output jacks . We played back the
Performance Test Tape and monitored the
results on the SERVOS LOCKED test. As
soon as the tape began to play, the VC93
SERVO ANALYZER display began to tell us
the story. The numbers on the display varied

between 3 and 6%. As we continued to watch
the display, the “BAD” indicator lit up as
shown in Fig. 9. The VC93 had immediately
confirmed our suspicion. There was a servo
problem — but where?

We switched to the CAPSTAN SPEED ER-
ROR test. The numbers rapidly settled down
around 0.4% and a “GOOD” indicator popped
into view. The VC93 verified that the capstan
was running at the correct speed.

Fig. 8: A bad CTL head turned out to be the
cause of a snowy picture.

So we moved to the CAPSTAN JITTER test.
The numbers quickly stabilized, but they
never dropped below 2%. Soon the “BAD”
indicator appeared on the VC93 display.
The VC93 had just identified a capstan
problem that was causing excessive jitter.
Could this be the cause of our video problem?
One cause of excessive capstan jitter is a
missing CTL pulse. Since the VC93 was
currently analyzing the audio and video
information from the Servo Performance Test
Tape, we did not know if the CTL pulse was
present or not.

So we changed servo test leads, removed the
cover from the VCR, and connected the Servo
Troubleshooting Test Leads to the CTL and
SW30 test points. When the SERVOS
LOCKED test was selected, the VC93 display
sprang to life giving us numbers similar to
what we had seen before, along with a “BAD”
indication. This wasn’t what had been ex-
pected. Because the SERVOS LOCKED was
displaying a reading, the CTL and SW30
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Fig 9: The Servos Locked test confirmed that
one of the servo phase loops was not locked

to its internal reference signal.
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signals had to be present. Where could the
problem be?

The CAPSTAN SPEED ERROR test con-
firmed that the capstan was running at the
correct speed. The CAPSTAN JITTER test,
however, again came up “BAD”.

We finished the tests by checking the drum
servos. Both the DRUM SPEED ERROR test
and DRUM JITTER test produced low num-
bers and a “GOOD” indicator. The VC93 Servo
Analyzer tests indicated the drum servos were
working properly. Our problem was positively
proven to be in the capstan circuits.

We reached for our SC61 Waveform Analyzer
test probe and the schematic for the VCR. We
located the CTL pulse input pin on the servo
IC and made a quick check with the SC61.
The CTL pulse was present and of sufficient
amplitude at the servo IC.

Next we checked the output of the phase
PWM and observed a constant waveform.
Applying physical pressure to the capstan
pulley did not affect the duty cycle of the
PWM signal (see Fig. 10). For some reason,
the servo chip was receiving a CTL pulse but

was not responding to it. After further diagno-
sis, we concluded that the problem was a bad
capstan phase servo circuit in the servo IC.
We confidently ordered a new servo IC and
placed the VCR on the shelf until the chip
came in.

A few days later the servo IC came in. After a
quick replacement and check, the problem was
gone. The VC93 Servo Analyzer tests had

Fig 10. The capstan phase loop PWM signal
would not change even though the servo cir-
cuits were receiving good CTL pulses.

again done their job. In only a few minutes we
had analyzed a servo problem, narrowed the
problem down to the defective section, and
solved the problem.

The VC93 Puts Simplified Servo
Troubleshooting At Your
Fingertips

Did you see yourself in either of these two
examples? They describe just a few of the
many examples of how the VC93 Servo Ana-
lyzer simplifies servo troubleshooting. The five
simple servo tests take less than two minutes
and give you a proof positive checkout of the
VCR servos.

Servo analyzing is only one of the many
features of the all new VC93 All Format
VCR Analyzer. Ask your Area Sales
Engineer for a free video tape demonstration
showing all of the VC93’s VCR analyzing
capabilities. To reserve your VC93, just call
1-800-SENCORE. But act fast, the VC93 is
already on backorder. B

Circle Fast Fact #240 for more information on
the VC93 All Format VCR Analyzer.

Sencore Tech Talk

VCR servos control the movement of both
the video tape and the video heads.
Servos are a combination of mechanical
devices and electronic circuits. The
capstan servo controls the movement of

drum servo controls the movement of the
video heads. Together they ensure that
the correct video head is positioned

on the magnetic tape. Since the video
heads spin close to 1800 RPM, and the
recorded track is only a few thousandths
of an inch wide, servo operation must be
exact.

The capstan servo uses a
motor and pinch roller to
pull the video tape through
the VCR. An electronic
motor driver supplies the
current to run the motor. In
order for the motor to run at
the correct speed, a servo
control “loop” monitors the
motor rotation and another
loop monitors the tape
position. They supply correc-
tion signals to the motor
driver to correctly position
the video heads to pick up a
signal.

A frequency generator (FG)

the video tape through the VCR, while the

exactly over the corresponding video track

Drum

sensor, located next to the
motor, develops a signal for
the servo speed control loop
to tell it how fast the motor
is turning. The speed servo
loop compares this signal to
a reference signal and sends
a correction voltage to the

The Basics Of Servos

motor driver to correct for any motor
speed variations.

A second signal, called the control track
logic (CTL) signal, is obtained from the
video tape using a CTL head. It tells the
capstan phase loop where the tape is at
any instant in time. The CTL signal is
compared to the reference signal and a
correction signal is sent to the motor
driver to speed up or slow down the motor
to get the tape in the correct position at
the correct time.

Pinch
Rolier

The drum servo controls the speed of the
drum motor which rotates the video
heads at a rate of approximately 1800
RPM. A similar electronic motor driver
supplies the current to run the drum
motor. In order for the drum motor to run
at the correct speed, two control “loops”
are again used to monitor the speed of the
spinning heads and their position.

Like the capstan servo, the drum servo

uses an FG sensor to create a signal that

indicates how fast the drum is turning.

This signal is monitored by the drum
speed loop and a correction
voltage is created to speed up
or slow down the motor.

The drum servo uses a pulse
generator (PG) signal to tell the
drum servo phase loop where

\
‘c:'

the video heads are in their

L

rotation. The PG signal is
compared to the same reference
signal used by the capstan
circuit to create a correction
voltage that places the video
heads at the correct position at
any instant of time.

Since both the drum and

Fig. 1: The basic servo block diagram.

capstan servo use the same
reference signal to lock in their
signals, they are also locked to
each other. The VC93 All
Format VCR Analyzer uses this
fact to check for proper servo
locking with its exclusive servo
analyzing tests.




LETTER

Editor’s Note: Thank you for your generous
response to our request for letters and feed-
back. We received many letters worthy of
publishing, and we’ll print as many as space
allows.

We will try to print viewpoints that represent
the Sencore News’ entire readership, not just
one market or part of the country. So read on
to see what’s affecting your business and the

electronics industry.

Oscillators And Capacitors

There is a condition that sometimes pops
up in broadcast transmitters that can be very
misleading: OSCILLATOR FAILURE! It’s a
dirty word. About a year ago, the Harris SX-1,
1 kilowatt AM transmitter at radio station
KGOL suffered an oscillator failure. This
causes the transmitter to do nothing at all.
When the oscillator fails, it looks very much
like a failure on one of the Intermediate Power
Amplifier boards. You can spend a lot of time
looking for a problem that does not exist, as I
did. Eventually (hours later) I found the real
problem. Now when I have a failure, I hook up
the snoop loop to my FC71 counter. In sec-
onds, I can eliminate or confirm a problem in
the oscillator. I also use my counter to make
certain that the 19 kHz pilot frequency, as
well as the microwave systems and transmit-
ter frequencies, are all OK. . . ..

Editor’s Note: Steve also commented on the
LC101 Z Meter.

..... I can’t understand why, in this day
of great technical advancement, professional
engineers will still place the test probes of a
$30.00 analog meter across a .005 microfarad
vacuum capacitor that is worth $1500.00,
seeking wisdom. If you look real hard and
don’t blink, you might catch a glimpse of
something that almost resembles meter
movement. There have been many instances
where the average analog meter showed a
capacitor to be good that was actually leaky
and the value changed. Every broadcast
engineer should have a Z Meter. End of
discussion!

Steve Halatyn
Spring, TX

Efficient Troubleshooting

I enjoyed your article entitled “Is Your
Oscilloscope Helping You Troubleshoot
Efficiently?” from Sencore News #153. The
article (and advertisement) opened my eyes to
see how much time I'm wasting using multiple
instruments.

Most of the articles in the Sencore News
focus on using your equipment for servicing. I
work in a manufacturing environment as a Sr.
Test Technician and I can see how Sencore
equipment (the SC61, LC102) could be very
efficient in production-type testing. We
currently use separate oscilloscopes, frequency
counters, and DMMs to test over 40,000 pieces
of data communication equipment per year.
Please do an article on “Using Sencore Test
Equipment For Production Testing.”

David Garrett
Hagerstown, MD

Editor’s Note: Thanks for the letter, David. We
have many customers using Sencore equipment
in production-type settings and have had
several requests for this type of information.
Watch the upcoming issues for articles relating
to this type of analyzing.

Advice For New Technicians

I would like to share some advice I have
given new technicians for many years. It is a
simple principle which can save much grief
and frustration, to say nothing of lost income
and reputation.

This type of work attracts people who have
special talents. They are smart, resourceful,
and they actually enjoy the challenge of
problem-solving. Often they go on to develop a
“sixth sense”, an ability to get quickly to the
cause of the technical troubles, which can
sometimes baffle the outside observer. These
talents and abilities lead to confidence, but
sometimes confidence, especially in the early
days on the job, can be pushed too far.

Simply put, new technicians often get into
trouble by beginning jobs they can’t finish.
Their training and skills, especially trouble-
shooting skills, are not yet good enough. The
object, in business, is to make money, and not
every job which presents itself is going to be a
profitable one. Usually, an experienced
technician can quickly determine which ones
will be a waste of time. This is something

To The
Editor

managers and supervisors need to recognize
as well.

Gradually, with experience, you will learn.
Watch and listen to experienced people. Study
the doers, not the talkers. Learn the theory.
Practice the basic skills. Become expert at
soldering. Don’t be afraid to explore new
territory - when you have proper supervision
and instruction. Then you will succeed.

But remember, it’s no sin to refuse to go
beyond the limits of your abilities. In fact, it’s
smart. And you had to be smart to get in-
volved in all this in the first place, didn’t you?

Frank Burke
St. John’s, Newfoundland

Thanks For The Loaner

I would like to thank you for the loan of the
SC61 as I have become so attached to the one
probe measurements that I would have been
in deep trouble trying to use one of my other
scopes. Again thank you.

Tell Troy {Hoteling} that the SC61 is
working properly on all functions and I will let
him know if I have any other problems.

Sidney J. Stewart
Niagara Falls, NY

Editor’s Note: Loaners are available on most
Sencore instruments for a nominal fee. If you
can’t be without your Sencore instrument, for
whatever reason (service, time-share, etc.), call
the Sencore Factory Service Department for
details on obtaining a loaner.

We Invite Your Letters

The Sencore News welcomes letters from its
readers. We encourage mail on subjects
ranging from troubleshooting tips to feedback
on Sencore News articles. Address the
letters to: .
Letters To The Editor
Sencore

3200 Sencore Dr.

Sioux Falls, SD 57107

We reserve the right to edit letters for space
and clarity. All submitted material becomes
property of Sencore.
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The Only Complete Analyzer
For All Your Receiver -
Servicing Needs
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SG80 AM Stereo—FM Stereo Analyzer

Patented A Sencore Exclusive!

How many AM-only or FM-only receivers have you seen and FM with one instrument designed with your time in Plus You Get:
lately? You won'’t find many. So, if you service one receiver  mind. » Rock solid digital tuning and microprocessor
format, you’ll need equipment to service both. calibrated attenuators for fast and accurate, channel-

Completely Performance Test In Less Than 10 Minutes: by-channel and level control.
Only the SG80 provides all the AM and FM analyzing 50 dB Quieting Sensitivity S/N
signals you need — in one instrument. You can walk any Separation Muting Threshold « Exclusive tuneable IF sweep system allows
problem out of any receiver, from the antenna to the Pilot Detect Sensitivity Auto Seek Levels you to dynamically analyze the latest FM IF
speakers, without swapping cables or switching signal Tuning Range etc. stages.
sources.

Accurately Isolate Any Defective AM Or FM Stage In Less + High quality signals give you confidence the
The SG80 enhances your troubleshooting capability by Than 10 Minutes: receiver is operating at peak performance.
making AM and FM look the same. You use the same RF IF
techniques and key injection points to isolate any AM or FM Multiplex Stereo Decoder + Optional IEEE 488 or RS232 computer interface
defect. You can now performance test and troubleshoot AM Matrix Amplifier accessories automate your receiver testing.

For More Details Call 1-800-SENCORE |
Circle #202 for FREE information (I8G=2802)



technology still in use. Its beginnings

can be traced to 1879 when William
Crookes deflected cathode rays inside a
vacuum tube with a magnet. Today’s CRT has
changed considerably from the Crookes Tube,
but its basic operation remains unchanged: a
hot cathode emits electrons that form a beam
which strikes a phosphor screen to produce
light. Because the ability of the cathode to
emit electrons decreases with age, all CRTs
will eventually wear out.

T he CRT is one of the oldest pieces of

Every service technician who services video
equipment today must be prepared to answer
two very important questions concerning
CRTs: “How do I know if this CRT is good or
bad?” and, “Is there a proven reliable alterna-
tive to replacing a worn out CRT?” This article
addresses the technical aspects of CRTs - how
they work, how they fail, and how restoration
can give them new life.

How CRTs Work

A CRT has three major sections: 1) the elec-
tron gun; 2) the accelerator grids; and 3) the
phosphor screen. The electron gun forms and
controls an electron beam which is accelerated
by grids. The amount of light produced by the

Understanding And
Restoring CRTs

By Paul Nies, Application Engineer

¢ Learn how CRTs work
¢ Find out how CRTs fail

* Use the CR70 and “Progressive Restoration”
to safely restore 9 out of 10 CRTs

screen depends upon
the intensity (cur-
rent) of the electron
beam striking it -
more current pro-
duces more light.

Deflection plates or
deflection yokes
move the beam to
produce a scanned
raster.

A cathode in the

Filament
Cathode

electron gun emits
electrons when it is
heated. The elec-
trons are formed into a beam by other grids in
the electron gun, as shown in Fig. 2. These
grids, G1 and G2, are cylinders with tiny
holes. The G1 “control grid” determines the
intensity of the electron beam by changing the
amount of its negative voltage (bias) compared
to the cathode - more negative bias equals less
beam current; less bias equals more beam
current. (Remember that electrons are nega-
tively charged). Applying a video signal to
either the cathode or control grid changes the
beam current in accordance to the picture
information.

Positive voltage on

Glass «
envelope Contact spring thfe G2 “screen
RSl and gette grid” pulls the
= / Internal coating GEies Aperture
- coating mask electrons through
g G1 to form a thin,
thread-like elec-

Electron
guns

Anode
button

Implosion
protection

tron beam. The
beam is acceler-
ated by the high
voltage on the
accelerator grids
and reaches a
(] .

(] velocity great
4 enough to cause
light when it
strikes the phos-
phor screen.

___ Glass
faceplate

Phosphor
dot screen

Fig. 1: In a CRT, an electron gun produces an electron beam which is

hurled at a phosphor screen to produce light.

Fig. 2: The electron gun consists of a filament, cathode (K), control grid
(G1), and screen grid (G2).

How CRTs Fail

Most technicians think of CRT failures in
terms of only two failures, shorts and low
emission, because many CRT testers lump all
tests into a “Shorts” test and an “Emission”
test. But each of these broad categories
includes several distinct failure modes that
need to be identified for reliable diagnosis and
restoration.

Open Filament - An open filament cannot
heat the cathode. The filaments, however, are
pretty durable, so open filaments are not
common. Open filaments can’t be repaired.

H-K Short - A heater-to-cathode short (H-K)
occurs when the two elements physically
touch or if a flake of conductive material from
inside the tube shorts them. The symptoms of
an H-K short depend on how the filaments are
powered. Filaments powered directly from a
60 Hz power line cause “hum bars”, poor
contrast, and possible retrace lines if an H-K
short exists. If the filament voltage is scan
derived, an H-K short will cause no visible
problem if the flyback winding is floating. If
the flyback winding is tied to ground, the CRT
bias may be affected.

G1 Shorts - Most G1 shorts occur when a
conductive flake of material lodges between
the cathode and control grid (see Fig. 3).
Shorts between G1 and G2 are possible, but
less common. A G1 short usually causes loss of

9
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Fig. 3: A G1 short causes loss of beam control
which results in a bright white, red, green, or
blue raster.

beam control allowing the beam to run wide
open. The result is a bright white, red, green,
or blue raster. The excessive beam current
may even be enough to cause the chassis to
shut down.

Poor Gamma - A tube with a gamma prob-
lem produces over-driven whites and deep
blacks, but few shades of gray inbetween.
Although some technicians call these tubes
“gassy”, the problem is caused by a defective
cathode. Poor gamma occurs when the center
of the cathode wears to the point it can no
longer produce sufficient beam current for the
gray shades. The center of the cathode often
wears first because it is always contributing
electrons to the beam, while the edges of the
cathode only contribute electrons during white
picture portions. Fig. 4 shows how poor
gamma results from a non-linear change in
beam current versus bias.

Weak Emission - A CRT with reduced
brightness usually has a layer of “contamina-
tion” coating the cathode surface. The con-
tamination, which is caused by minute
amounts of air reacting with the hot cathode
material, acts like a blanket to prevent the
electrons from leaving the cathode’s surface. If
the contamination covers the entire cathode
surface, the CRT will have reduced brightness
over its entire range. Sometimes the contami-
nation will develop only around the edges of
the cathode because the center portion is
always heavily conducting. This results in
normal blacks and grays, but reduced whites
(the opposite of poor gamma) which causes the
CRT to have poor contrast.

Stripped Cathode - A stripped cathode has
lost most or all of its emitting material and
produces little or no beam current. The cause
of stripped cathodes is not normal wear. (A
cathode will fail from contamination long

Insufficient _ﬂ
TN | e

Emission RS G,
\ Sufficient
Emission

Emitting /

Material

K

Fig. 4: Poor gamma is caused by a cathode that
is severely worn in the center portion. The tube
is able to produce blacks and whites, but un-
able to produce proper gray shades.
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before the emitting material wears out.) A
stripped cathode is caused by excessive
restoration which removes good emitting
material along with the contamination.

Temperature Sensitive Cathode - Some
CRTSs show good emission under normal
operation but lose emission quickly with small
reductions in filament voltage. All cathodes
have lower emission at reduced filament
voltage, but a normal cathode produces more
electrons than are needed for the electron
beam. So a small drop in filament voltage
produces no change in beam current as

electrons are borrowed from the “reserve” (Fig.

5). Less emitting material and a thin layer of
contamination buildup cause the dropoff to be
more severe than normal. Either condition
reduces the amount of reserve electrons and
will eventually hinder the electron beam at
normal filament voltage. Therefore, a tem-
perature sensitive cathode is a sure sign that
the cathode is failing.

Color Tracking - A color tracking problem
occurs when the three guns of a color CRT (or
the separate CRTs in a projection system) do
not balance with each other to produce white
or pure shades of gray. Instead, B&W picture
portions show a hint of color and color por-
tions are the wrong tint and cannot be set
correctly. A color tracking problem can occur

Gy

Reserve

Emission LA

BUILDER® Universal CRT Analyzer &
Restorer is designed to show you exactly
what’s wrong with a CRT so you know what
restoration steps to take. Here’s a closer look
at each CR70 test.

H-K Shorts - The CR70 has two different
shorts tests, H-K and G1 (Fig. 6), so you can
determine which type of short the CRT has
(other CRT testers show all shorts on one
test). We don’t recommend attempting to
remove H-K shorts because you could easily
open the filaments. (Most H-K shorts can be
successfully isolated using a special filament
transformer.) The H-K Shorts test reads out
on the same Good/Bad meter scale that is used
for all of the CR70’s quality tests. We use a
meter instead of the indicator lights found on
other testers because the meter provides an
accurate indication of the severity of the short.

G1 Shorts - The G1 Shorts test reads directly
on the Good/Bad meter scale. In the G1 shorts
test, the CR70 connects the cathode to G2 and
looks for leakage between this connection and
G1. Thus, shorts or leakage between K and G1
and between G1 and G2 are detected. A meter
reading far down in the “Bad” area indicates a
direct, metal-to-metal short which can be
difficult to remove. Readings farther up in the
“Bad” area indicate resistive shorts which are
much easier to remove.

.
.......

— ¥ S R G,

No Reserve

Normal
Cathode

Poisoned
Cathode

\ Layer Of

Contamination

K Worn
Cathode

Fig. 5: A good cathode produces more electrons than are needed to form the electron beam.
Reduced emitting material, or a thin layer of contamination will produce a temperature sensitive

cathode.

even though each gun has “good” emission.
CRT manufacturers specify that no gunin a
color CRT or projection system should produce
more or less than 55% of the current of any
other gun. Any gun beyond this limit can fall
outside of the adjustment range of the screen
and drive controls and cannot be properly
balanced.

As you can see, there are two types of shorts,
and several different types of emission prob-
lems. Can these problems be fixed without
replacing the CRT? The answer is “Yes, 9
out of 10 times using the CR70 BEAM
BUILDER”®. But, before you restore a tube,
you need to test it so you can use restoration
to its maximum effectiveness.

Reliably Test For All CRT Defects
With The “BEAM BUILDER” ®

A CRT tester must provide reliable tests.
Without a reliable test, you might restore a
CRT that doesn’t need restoration and end up
with a damaged tube. The CR70 BEAM

Dynamic Emission Test - The CR70’s test of
CRT emission is done in two parts. First, the
cutoff is tested. During the Cutoff test, the
CRT is biased at the black (beam cutoff) point
which is the lowest current output of the tube.
This tests for the gamma problem explained
earlier. If the CRT passes the cutoff test, you

Y
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H-K SHORTS G1 SHORTS

Fig. 6: The CR70 tests H-K shorts separately
from G1 shorts. The test results are displayed
on a “Good/Bad” meter that indicates the se-
verity of the short.




perform the emission test. The emission test
checks the tube’s current output at the white
level. The current is measured at G2, rather
than at G1 as other testers do. Measuring the
“true beam current” at G2 ensures that the
opening in G1 is not clogged by a flake of
contamination. By checking both the black
and the white current levels, the CR70 dy-
namically tests the tube over its entire operat-
ing range (see Fig. 7).

Emission Life Test - Temperature sensitive
cathodes are identified with the CR70 Emis-
sion Life test. During this test the filament
voltage is lowered by 25%. A normal cathode
will not show a drop-off in emission current,
but a tube that has insufficient emitting
material, or one in which contamination is
beginning to form, will show a decrease in
emission. Other testers remove the filament
voltage completely. This leads to much inter-
pretation as you must estimate how fast the
drop-off occurs, and take into account that
smaller cathodes normally drop off faster than
the cathodes in larger tubes.

Color Tracking - Many CRT testers have
three meters for comparing the emission of all
three guns. The CR70 “Beam Builder” com-
pares all guns automatically and gives you a
simple “Good/Bad” determination. As you
perform the emission test for each gun, the
CR70 remembers the gun’s emission level.
Then, when you switch to the “Color Tracking”
function, the emission level of each gun is
compared to the other two guns as you switch
the “Gun Select” control. If the gun’s emission
current is less than 55% of either of the other
two guns, the meter reads “Bad.”

Sencore measures
K trug beam current
Iiiﬁjji
—_—— = 1
Cathode | -
current g1 62
-68V |
Ty CUTOFF
SET

Fig. 7: The CR70 measures the current at the
black level and the “true beam current’ at the
white level to provide a truly dynamic test.

Safely Restore 9 Out Of 10 Bad
Tubes

CRT rejuvenators and restorers have been
around for decades. All restorers use the
principle of increasing the cathode tempera-
ture in order to clean off the contamination.
Increasing the cathode temperature involves
increased filament voltage and increased
cathode current. Older types of rejuvenators
do not work very reliably on today’s CRTs
because they often apply too much current
and damage more tubes than they successfully
improve. If you’ve given up on restoration
because you've tried a competitive restorer
and had bad luck — try again. The CR70 is
different.

The CR70 provides five levels of restoration
and shorts removal which are guaranteed to

reliably improve 9 out of 10 weak or shorted
CRTs. We call the five levels “Progressive
Restoration” because you start with the lowest
(and safest) level and progress to higher levels
only as needed. The restoration procedure you
use for each CRT failure is listed in Fig. 8.
Let’s take a look at the CR70’s method of
shorts removal first.

is similar in operation and effect on the
cathode. Restoration “boils off” the contamina-
tion and exposes fresh emitting material on
the cathode’s surface (Fig. 10). The levels
differ in the intensity of the restoring current.
Auto restoration is the least intense and
should always be used first. The restore
current is limited to 100 mA and is cycled on
and off three times to prevent
the cathode from overheating.

CR70
Restoration Procedure

Auto restore is sufficient to
restore most cathode-related
problems.

Auto Cycle, then MAN1
Auto Cycle once.
Auto Cycle. REJUV if

less than 20 mA restore

Auto Cycle once.

Test Results
Cutoff | Emission | Life | Tracking
good bad
if still weak.
bad good
bad bad
current.
good good bad
good good good | bad

Auto Cycle lowest gun(s).

Manual 1 is used on tubes
which are not adequately
restored by Auto Restore. The
restore current is again
limited to 100 mA, but the
current is allowed to flow for
as long as you press the
“Restore” button.

Manual 2 is the highest level
of cathode restoration. This is
a “last resort” level and is
used when repeated attempts
at restoration at the lower
levels proves unsuccessful.

Fig. 8: Use the CR70’s five levels of Progressive Restoration to
match the type of restoration to the CRT failure for maximum

effectiveness and minimum risk of damage.

Shorts Removal - A G1 short can almost
always be vaporized by passing a high current
through it. The CR70 quickly discharges a 450
volt capacitor through the shorting material
(Fig. 9). During the discharge the filament
voltage is removed to prevent possible damage
to it or the cathode. Tougher shorts, which
need more current to vaporize, draw more
current from the capacitor than resistive
shorts. When the short is gone, the current
stops. Thus, the CR70 is safe and effective.

_} /IG1

/7 \

Push to
clear shorts +

450V o~

--%

Fig. 9: In the “Remove G1 Shorts” function a
450 volt capacitor is discharged through the
short.

Cathode Restoration - Contamination can
be removed from the cathode by heating it to a
much higher than normal temperature. But,
restoration is a subtractive process - it doesn’t
deposit new material back on to the cathode, it
merely cleans off the contamination to expose
new emitting material. The trick is to remove
the contamination without removing any of
the good emitting material. Here’s how the
CR70 progressive restoration system works:

The CR70 provides three levels of restoration:
Auto Restore, Manual 1, and Manual 2. Each

The current is limited to 150
mA and flows for as long as
you press the “Restore”
button.

Push to
restore

—p
100 mA Auto
100 mA Manual 1
150 mA Manual 2

230V

Fig. 10: The CR70 “Restore” functions super-
heat the cathode to remove the layer of con-
tamination.

The Rejuvenate function is used when the
CRT cathode is so totally encrusted that no
restore current can be drawn by the other
Restore functions. In “REJUV”, a capacitor is
discharged between the cathode and control
grid with the filament voltage applied. The
sudden positive voltage from the capacitor
discharge causes the electrons to break
through the contamination. Once the layer
of contamination has been cracked, Auto
Restore usually brings the tube back to proper
operation.

Do you see how the CR70 can help you
know for sure if a CRT is good or bad before
you replace it? Do you see how restoring a
CRT with the CR70 is a reliable alternative
to replacing a worn out CRT? If so, give
your Area Sales Engineer a call today at
1-800-SENCORE. He'll show you how the
“Beam Builder” can answer all of your CRT
analyzing questions. W

Circle Fast Facts #242 for more information
on restoring CRTs.
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The SC61 Waveform Analyzer™
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any companies manufacture
M oscilloscopes with digital readouts.

On paper, some appear to have the
same capabilities as the Sencore SC61 Wave-
form Analyzer. But, side-by-side comparisons
show there are major differences which can
affect your service profits.

Here is a check list that lets you compare the
SC61 to any competitive scope. All Sencore
products are sold with a solid 30-day money-
back guarantee, so take as long as you like to
compare the SC61 to others. (Other manufac-
turers might not give you 30 days to evaluate
their product; you may have to make your test
while a salesperson is peering over your
shoulder.)

Use this 12 point checklist to objectively
evaluate each product. Perform your testing
with your time in mind. But remember, the
decision you make will affect you every time
you make a measurement for years to come.
Isn’t it worth taking the time now?

First, Set Up The SC61 And The
Competitive Scope

Most of the tests can be done with the signal
supplied by the front-panel probe compensa-
tion jack. This provides a square wave for the
two channels. Sync the SC61 and the other
unit(s) on the waveform. Set the CRT to the
dual-trace mode, and adjust the vertical size
and position controls until both traces show on
the CRT. If you have any questions about
setting up the SC61, dial Sencore’s toll-free
number, 1-800-SENCORE, and we'll help.

NOTE: We will refer to the two vertical input
channels as “channel A” and “channel B”
throughout this article. Some oscilloscopes
call these “channel 1” and “channel 2,” so
use whichever reference you need with
competitive units.

Now, look for answers for the following 12
gquestions. As you answer each question, think
about the different needs you have in signal
testing, then decide whether the SC61 or the
competitive unit will give you better results.
The first questions involve the functions of the
12

CHANNELA |
ey

Fig. 1: Most of the tests can be made by analyz-
ing the signal supplied by the probe compen-
sation jack on the front panel.

digital readouts, with CRT and triggering
comparisons a little later.

Evaluate Both Instruments With
This 12 Step Checklist

1. Can you choose any reading by press-
ing one button? Digital readings should save
you time, not slow you down. Pay close atten-
tion to how many steps are needed to move
from one measurement to the next. Keep track
of the steps needed to analyze the square
waves on the CRT. Count the switches, knobs,
and buttons you have to operate to measure
the DC voltage, the peak-to-peak voltage, and
the frequency of the signal in channel A.

With the SC61, you press one button to
measure DC voltage. You press a second
button to read peak-to-peak volts. You press a
third button to read frequency. Only three
steps are needed to analyze the channel A
signal with the SC61.

One popular competitive unit requires 9
operations for these same readings. Another
needs 10, including several time consuming
adjustments of cursor position. How much
extra time and effort will these extra steps
cost day after day?

Out Performs Digital Readout
Scopes—Prove It To Yourself On
Your Own Bench Risk Free . . .

By Brian Phelps, Technical Writer

e Make DCV, PPV, and frequency readings by
pushing one button

¢ Measure waveform parameters independent of

e Safely measure signals to 3000 VPP

2. Can you make a peak-to-peak reading
without error? Most scopes use cursors
(dotted lines) on the CRT’s screen for voltage
measurements. Cursors add several problems
to testing. First, the signal you want to
measure must be displayed on the CRT just as
when making CRT-based readings.

Second, manual cursor settings are subject to
the same interpretation errors you had when
trying to match a waveform to the graticule
lines etched in front of the CRT.

Third, moving from channel A to channel B
usually involves several extra steps since you
have to first tell the scope that you are chang-
ing channels, and then must move the cursors
to the second channel.
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Fig. 2: Only the SC61 lets you push one button
to measure DC volts, a second button to mea-
sure peak-to-peak volts, and a third button to
measure frequency for each of the vertical
inputs.

The SC61 doesn’t use cursors. You just press
the button for the digital reading you want,
and the SC61’s microprocessor does the rest.
The SC61 doesn’t even require a displayed
CRT signal when testing DC volts, peak-to-
peak voltage, or frequency, because the
microprocessor gets its signals through a
different circuit path than the CRT display.
Just apply the signal, press the button, and
read the display.



Fully Analyze Any Waveform At The
Push Of A Button

Push A Button To:

A T 0
: VPP

Analyze the true peak-to-peak level of
any waveform.

Analyze DC through the same probe

as all other tests.

NANC 1 K

; ASU u.u 5 (

Analyze the frequency to a full
100 MHz, fully autoranged.

AA
Vep

-

Analyze the true peak-to-peak level of
any part of the waveform.

"DIGITAL
READOUT

Analyze the time relationship of any
waveform segment.

Analyze the frequency of interfering
signals.
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Only the SC61 measures all six parameters needed to fully
analyze any waveform.

Now, digitally analyze any waveform — 10 times faster — 10
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