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Introduction

This book begins with a brief history of video tape recording, early
home VCR systems, and how the systems developed and were
improved upon over the years. The first chapters contain a brief
theory of operation of the Video Home System (VHS), the Sony
(Betamax) video recording systems, and information on the helical
VCR and slant track tape recording principles. Test equipment and
test instrument set-ups required for VCR servicing is also covered.

Eccentricity, torque gauges, dihedral head adjustment, and
test and alignment tapes required for VCR servicing are discussed.
Then some tips on making your own test tapes and the tools
required for VCR machine adjustments are presented.

This manual also contains service information for the Sony/
Zenith Betamax format VCR machines. You will find circuit opera-
tion, mechanical operation and adjustments, block diagrams, circuit
schematics and actual case-history problems and solutions.

The last section of this book offers a brief overview of the VHS
recording system. The brands covered are General Electric, Mag-
navox, Quasar, RCA, and JVC. Again, you will find circuit theory of
operation, circuit schematics, and mechanical and electronic ad-
justments. Some of these VCR machines are manufactured by the
Matsushita Electronics Company in Japan and the information con-
tained in this section can be used for other models and brands of
VHS machines. Much of the circuit operation and troubleshooting
info found in the earlier chapters for Betamax machines can also be

vii



used for VHS machine service.

As you look through this VCR manual you will find some
complex electronic and mechanical diagrams. The videocassette
recorder (VCR) is a very sophisticated piece of equipment and
should be handled and serviced with care.

In this VCR manual we will break down the machine into
sections and then delve into each of these to explain basic operation
and troubleshooting. My goal is to make a very complex device as
easy to understand and service as possible.

Much of the information in this manual was provided by VCR
manufacturers, their technical personnel, and VCR service techni-
cians. [ am very grateful to the following companies and individuals:
General Electric Company, Mr. R. G. Major; JVC (US JVC Corp.),
Mr. Paul E. Hurst; Matsushita Electric Corporation: Quasar, Mr.
Charlie Howard; Magnavox Consumer Electronics Co., Mr. Ray
Guichard; RCA/Consumer Electronics Division, Mr. J. W. Phipps;
Sony Corporation of America, Mr. John S. Hanson and Mr. S.
Camueli; Zenith Radio Corp., Mr. James F. White; A big thanks to
Greg Carey and Jim Smith of Sencore, Inc.; and, Robert Anderson
with First Television Service in Omaha, Nebraska.

viii



Chapter 1

An Overview of

Consumer Video Tape Recording

In this chapter we will look at some basic video recording considera-
tions, a comparison of Betamax and VHS systems and a brief history
of video tape recordings.

BASICS OF VIDEO RECORDING

In a very broad basic sense, video tape recording uses the same
principles as audio tape recording which is a magnetic way to record
a signal onto tape. However, there is a great difference between the
audio and video signals that are recorded. Audio has a frequency
range of approximately 20 Hz to 20 kHz. Video has a much greater
and higher frequency range, from about 30 Hz to 4.5 MHz. These
high frequencies are required for picture quality, the lowest is for
the sync pulses. The sources of the video signals can be froma TV
camera, another tape VCR machine, a pre-recorded tape, or an “off
the air” TV station signal.

FREQUENCY LIMITATIONS

The gap effect of the heads is the most important limitations on
the range of video frequencies that can be recorded and played back.
In Fig. 1-1 you will see an illustration of this effect. It is a curve of
the playback frequency response. As the signal to be recorded rises
in frequency, a steady increase in the play-back signal occurs. This
rise is at the rate of 6 dB per octave, an octave being a doubling of
the frequency. This rise in output continues until a maximum is
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Fig. 1-1. Playback frequency response.

obtained. The frequency where this occurs is indicated in Fig. 1-1as
Fm, that is, the maximum frequency. Beyond this frequency value,
the output will rapidly drop, reaching zero at twice the frequency of
maximum output. The points F_and2 F_are determined by the size
of the head gap and tape speed. The more narrow the gap is, the
higher will be the frequency for maximum output. But a very narrow
gap restricts the output at the low frequencies.

The speed of the tape movement past the head also effects the
frequency response of the record-playback system. The greater this
speed is, the higher will be the frequency of maximum output, but
the lower will be the signal output at the lower frequencies.

The audio frequency range of about 10 octaves (20 Hz to 20
kHz) applied to the output curve of Fig. 1-1 would show the 20 kHz
limit equal to 2 Fm and the low end, 20 Hz, at a very low level of
output. The frequency of maximum output would be 10 kHz. Fre-
quency compensation to raise the low and high ends of the curve and
reduce the middle, could produce a more constant output with
frequency. Several different methods have been used in audio de-
vices for this compensation. A frequency range that can be practi-
cally recorded and played back of 10 octaves, with compensation is
about the maximum range.

The approximate range of video frequencies (o be recorded and
played back for TV video of 30 Hz to 4.5 MHz, is 18 octaves. The
signal output curve for a head designed to give maximum output at
4.5 MHz would show the 30 Hz output down about 110 dB. These
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extreme differences of signal level would make compensation and
equalization of output at all necessary frequencies impossible.
Thus, some other method must be used.

FM VIDEO RECORDING/PLAYBACK

If the range of frequencies for video recording and playback, an
overall difference of approximately 4.5 MHz, is converted to a
higher frequency spectrum, the ratio of the high and low video
frequencies can be greatly reduced. For example, if the frequency
spread were changed to a variation between 5 MHz and 10 MHz, the
difference being about equal to the video frequency range used, the
frequency spread becomes 1 octave rather than 18. If the head gap is
designed for maximum system output at 7.5 MHz, the outputs at 5
MHz and 10 MHz would be down only a small amount and equaliza-
tion would be easy. The frequency variations in the video signal
could occur within this altered frequency spectrum, that is, by
frequency modulation (FM).

Frequency modulation of the video signal to be recorded and
played back is then the answer to the video frequency response
problem. For example, a high frequency sine wave strong enough to
saturate the tape becomes the carrier for the FM process. This
carrier is modulated by the video frequencies. The lowest fre-
quency corresponds to the sync pulse tips, with the highest corres-
ponding to peak white. See Fig. 1-2. The actual frequencies selected
for this method of FM vary from recorder to recorder. FM systems
also strictly control the signal amplitude levels, thus reducing noise
problems. This is another advantage of the use of FM in the
recording/playback process.

The high carrier frequency used for the FM signal process
requires a small head gap and high tape speed. The high tape speed,
of course, means fast consumption of the tape, and thus, larger tape
reels. In most cases, this is an impractical situation. Also, the high
tape speeds are difficult to control complicating the drive mech-
anism. This method of recording by moving the tape past a statio-
nary head is called longitudinal recording. This is the method still
used successfully for audio recording, but not for video recording.

TRANSVERSE RECOROING

Longitudinal recording results in a recorded, magnetic track
that is along and parallel to the length of the tape. Another method of
recording that uses much less tape is transverse recording. This
method produces tracks across the tape at right angles to the length
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Fig. 1-2. FM modulation of the video signal.

of the tape. This is illustrated in Fig. 1-3. The head is not stationary
in this process; it moves across the tape at a relatively high speed,
as the tape moves rather slowly past the head mount. This results in
a high head-to-tape speed, also called writing speed. This idea of a
moving head led to the development of a rotating head mechanism.
Two heads are required for this operation. Head A is recording a
track on the tape while head B is retracing or returning to the top
edge of the tape for its next track. When that position is reached,
head A is switched off and head B is switched on. Thus, properly
timed switching is another requirement of the rotating head and
transverse recording process.

During the playback mode, proper switching and positioning
are very important, to insure that the heads retrace the exact paths
made by the heads during recording. Servo systems have been
developed to control the head positions—another requirement of
video taping.

Small irregularities, lumps or holes, in the tape coating that are
not much problem in audio recording become serious in video
recording. They can cause loss of contact between the tape and the
head resulting in incomplete tracks on the tape and temporary loss

4



of the signal on playback. This signal loss is called dropout. It may
appear as horizontal flashing on the screen—a portion of a line or up
to several lines in duration. Surface bumps on the tape, dirt or
residue on the heads, or non-regular tape motion can cause the
dropout condition. Video recording requires the maintenance of
precise contact between the head and the tape at all times. To insure
this requirement, a slight penetration of the tape by the tip of the
head is employed.

The best example of transverse recording is the quad-head
recorder, a large and complex machine, much used by the broadcast
industry, but not suitable for the general video recording consumer
market. The speed of the tape and the tension on the moving tape
must be very steady to guarantee reliable signal recording and,
especially, accurate, steady playback. Obviously, tape tension con-
trol is another requirement of video recording/playback.

HELICAL VIDEO RECORDING

A video tape recorder that is simpler and smaller and less
expensive than the quad-head machine is one that employs the
helical scan method of recording and playback of the video signals.
With helical scan, the tape wraps around a large drum that contains
one of two heads which rotate in a plane parallel to the base of the
machine. The tape leaves the drum at a different level than it
approached it. The movement of the tape is along a spiral, or helical
path. The track that is recorded on the tape by the rotating head is
“slanted” and longer than the path for transverse recording. The
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Fig. 1-3. Transverse recording.
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Fig. 1-4. Helical scan development.

head drum diameter and the tape width can be designed to make the
recorded track long enough to include a complete TV field for head
control and switching is much simpler than for the quad-head re-
corder. Looking at Fig. 1-4 you will see the development of the
slanted tracks on the tape with this helical scan method. These
tracks contain the video information. Control and audio tracks are
recorded in a longitudinal manner, along the two edges of the tape.
As shown in Fig. 1-5, the recorded tracks slant to the right on the
tape, as viewed from the side away from the drum. The same tracks,
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Fig. 1-5. Helical scan recording tracks.
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Fig. 1-6. Oxide side of tape, helical scan.

viewed from the other, or oxide side, which contacts the drum and
heads, appear slanted to the left as shown in Fig. 1-6. The spaces
between the recorded tracks are the guard bands. Their purpose is
to eliminate “crosstalk” between tracks.

Helical scan video tape recorders have become dominant in the
non-broadcasting applications of video recording. Although many
different models and formats have been developed and used, the
basic principles are the same for all helical machines. The tape
leaves a supply reel, passes over a tension arm, past an erase head,
around the head drum, past a control head and audio head and
through a capstan and pressure roller to the take up reel. Refer to
Fig. 1-7 for this tape path. In Fig. 1-8 you will see the relationship,
timewise, between the tracks on the tape and the video information
recorded on the tracks. Switching between the heads occurs during
the few lines just before the vertical sync pulse.

(A) SUPPLY REEL (N) TAKE-UP
'S REEL

(8) TAPE GUIDE
(ON TENSION
BRAKE )

(C) TAPE GUIDE
ROLLER

VIDEO HEADS

/(L) CAPSTAN

(M) PINCH
ROLLER

(K) AUDIO HEAD
(J) TAPE GUIDE 2
(I) RIGHT TAPERED GUIDE

(D) TAPE GUIDE
(ON TENSION
SERVO DECK)

(E) ERASE HEAD

(F) TAPE GUIDE 1
(G) LEFT TAPERED GUIDE

(H) VIDEO HEAD DRUM

Fig. 1-7. Tape path for reel-to-reel recorder.
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Fig. 1-8. Video signal and recorded tracks.

COLOR RECORDING

We have looked at the general form and requirements and
methods for recording and playing back the luminaiice video signals.
The first video tape recorders were for black and white signals only.
Later, methods were developed that permitted the recording of
color signals also. Figure 1-9 shows the NTSC signal spectrum.

The basic requirements for a system that would record and
playback color information would include the following require-
ments:

B Compatibility with black/white television.

B Processing of the NTSC signal within the same bandwidth as
used in B/W recording, without changing the tint of the color signal.

Two methods have been used in the recording of color signals
onto tapes. One method is called the direct method, the other is
called the color under method. In the direct method, the NTSC
signal is coupled to the FM modulator, just as is done with the black
and white signal. The color signal consists of an ac, 3.58 MHz signal
on a dc level. The dc portion of the signal determines, through the
FM modulation action, the carrier frequency for the video and color
signal modulation. The ac portion of the signal produces sidebands
of this FM carrier. The color signal can be easily demodulated as
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with the black and white signal. One problem with this direct
method is that the sidebands on demodulation can cause interfer-
ence beats in the picture.

The color under method separates the color and luminance
signals from the incoming signal. Each portion of the total signal is
processed individually. The color is hetrodyned down from 3.58
MHz to a lower carrier frequency and recorded directly onto tape.
The FM carrier is used as a bias that is amplitude-modulated.
During playback in this method, the color carrier is recovered and
hetrodyned back up to 3.58 MHz. See Fig. 1-10.
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Fig. 1-10. Color under method.




COLOR PLAYBACK

The successful playback of color signals recorded onto the tape
is a more critical operation than that for B&W recording and
playback. The major problems of color playback are as follows:

1—Tension changes in the tape movement.
2—Tape stretch.

3—Wow and flutter in the tape movement.
4—Servo instabilities and corrections.
5—Noise problems in the signal.

6—Beats in the picture.

If these effects occur, tint can change or color can be lost or
interference bands appear in the picture. Thus, some means of
correcting for possible color problems is a definite requirement for
color recording and playback machines.

VIDEO TAPE COLOR REQUIREMENTS

Among the basic requirements of a reliable, successful color
video tape recorder machine are the following:

1—Properly timed switching of the heads.

2—Properly positioned heads.

3—Tape tension control.

4— Continuous head-to-tape contact.

5—Crosstalk reduction.

6—Correction or avoidance of color recording or playback
problems.

7—Steady head-rotation speed.

8—Steady tape movement speed.

HISTORY OF VIDEO TAPE RECORDING

The recording of video information onto tape and the success-
ful playback of this information has represented a great stride
forward in communications. Development work that began in the
late 1940s led to the first application of this technique in TV
broadcasting. Amprex is credited with the inventing, in 1956, of a
video tape recorder (VTR) that was used for this purpose. The
machine was a model 1000, a quad head recorder, using the trans-
verse recording method and a 2-inch wide video tape. Improve-
ments have been consistently made since then, in the original
product and in other versions of video recording. The VTR has
definitely become an essential piece of equipment for all TV broad-
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casters. Tape recordings eliminate the live programs and can be
used for delayed and repeated programs.

The development of “helical scan” video recorders in the early
1960s made possible the extension of the video recording into other
fields, such as education, training and industry. The first “helical
scan” recorder was developed by Ampex, the model 660, in the
early 1960s. It used a 2-inch wide tape. As 1-inch machines were
developed, the 2-inch version was superseded. Panasonic, as early
as 1964, developed a VTR, using a 1-inch wide tape, that was used
for medical purposes and also by industrial market.

The education field has been a major user of VTR playback
units, connected into extensive closed circuit TV (CCTV) systems.
Pre-taped programs and information have become great aids for the
teacher and trainer. Combined with TV cameras for on the spot,
“live” input to the TV monitors, or recorded for later use, the VTR
has given added dimension for many instructional activities. Among
others, Sony has been particularly successful in this application of
VTRs.

The early VTRs featured the “reel-to-reel” format, with man-
ual “threading” of the tape, from a supply reel, past the heads, to the
takeup reel. This design is still used on some older video production
systems. Automatic tape threading and reduced size of the tape
package are made possible by the VCR cassette tape units. These
VTRs have been used by the teaching profession, but are now
becoming prominent as products to be used and enjoyed by the
viewing public, for home video recording. The compact design of
video cassettes, especially, and the easy operation of them have
opened the field for sales to the consumers market.

An example of early model VTRs using the helical scan
technique was marketed by Sony in 1964. The unit was a reel-to-
reel machine which recorded black and white video, on ¥2-inch wide
tape. Figure 1-11 shows the principles of this Sony recorder. The
tape is wrapped around one-half or 180 degrees of the drum, which
contains two rotating video heads. The top portion of the picture
details the angular path of the tape across the drum head. The tape
enters the drum area from the supply reel on the left at ahigher level
than at its exit to the take-up reel. This tape movement past the
rotating heads produces the magnetic patterns on the tape as shown
in Fig. 1-12. The video tracks are slanted, hence the term “slant
track recording.” The audio track and the control track (on opposite
edges of the tape) are produced from a stationary head, located in
the tape path from the video head drum to the take-up reel.

11
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Fig. 1-11. Early model Sony helical scan video recorder.

The control track is part of an automatic servo system that
insures the correct positioning of the video heads relative to the
recorded magnetic tracks on the tape during the playback mode of
operation. Control track pulses are compared to the pulses de-
veloped by rotating heads.

Each slanted track on the recorded tape represents a TV
picture field (two fields represent a complete frame). This early
Sony machine included a skip field system, the result of recording
by only one of the two heads at a time. During playback, both heads
play the same track. This action provides the missing field (to
complete the frame). However, the vertical resolution is only half
the normal amount. It is necessary to switch between the heads so

AUDIO_TRACK

«8— VIDEO HEAD DIRECTION
VERTICAL SYNC

OXIDE SIDE

VIDEO TRACK

CONTROL TRACK
@mm TAPE TRAVEL

Fig. 1-12. Slant track diagram.
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that the signal preamplifiers are always connected to the proper
head—the one in contact with the tape. The switching is performed
at a 60 Hz rate—a possible source of time base errors in the
playback signal. This is also the reason why it is desirable to have
faster APC circuitry in the horizontal system of TV receivers that
are used with VCR machines.

Shown in Fig. 1-13 are details of the signal frequency spectrum
as processed by the early model Sony black and white recorder. For
both recording and playback, the signal frequency band was moved
to a higher range. The luminance or brightness signal frequency-
modulated a carrier during the recording. Variations in brightness
(white through shades of gray to black) became variations in fre-
quency. This FM signal was present in the recorded slant tracks on
the tape.

Guard bands are positioned between adjacent, recorded slant
tracks. These guard bands contain no recorded information and
represent wasted space on the tape. They are necessary to prevent
crosstalk between the tracks produced by the VCR.

Some measure of standardization came into the picture of video
tape recording about 1968 as the previously mentioned system

TV SIGNAL FREQUENCY BAND

RECORD PLAYBACK FREQUENCY BAND

/
R

RESPONSE
3\

27 MHz

Q—Af—-i

DEVIATION
FM MODUL ATION

Fig. 1-13. Early Sony black and white recorder.
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evolved into the EIA] type 1 format for Y%2-inch wide reel-to-reel
video tape recorders. EIA] is an abbreviation for Electronic Indus-
try Association-Japan.

Figure 1-14 shows the signal frequency spectrum for the color
recorder system. The FM luminance signal was raised in frequency
tothe 3.2to 4.6 MHz region. The color sub-carrier was shifted down
during recording to 767 kHz, thus placing it below the luminance
carrier. This conversion produces a “color under” system. The
video track widths were reduced in width and the guard bands
narrowed. Both video heads recorded, achieving full frame record-
ing. These machines are used mostly in the industrial market.

The Philips VCR system, introduced in 1961, was one of the
first ¥2-inch wide tape cassette recorders. The cassette loading
mechanism used by this model is widely used today. An example is
the Sony Betamax VCR machines.

Also, the Philips VCR used a rotating transformer instead of
slip rings to couple the rotating head signal to the preamplifier. This
design eliminates the need for slip rings and wear and pressure
adjustments. This feature is also used on current VCR machines.

In 1971 Sony introduced the U-MATIC format-a %-inch cas-
sette system which has been very successful in the industrial
market. It is characterized by high resolution pictures and easy
operation. This format represents a refined application of earlier
technology, including the tape loading and rotating head trans-
former features of the Philips system.

Cartrivision introduced a Y2-inch wide tape cassette system
capable of two hour playing time in 1972. This format used a skip
field, three head system, resulting in a reduction of tape consump-
tion. Only every third TV video field was recorded. On playback,
each of the three heads was played in order on the same track,
producing a proper TV signal. Vertical resolution was one-half of a
standard TV signal Fast motion of the picture content could not be
reproduced, because of the loss of two out of three TV fields.

Cartrivision, in addition to recording live TV programs “off the
air” promoted the playing of pre-recorded cassettes. These cas-
settes could be rented or purchased. Cartrivision was marketed by
Sears, Admiral and Wards, but sales were slow. Probably the time
was not quiteright as the TV viewer was not ready to watch and buy.

One RCA format used four video heads, a 90 degree tape wrap
of the head drum, and a %i-inch wide tape cartridge. The head wheel
extended into the inserted cartridge, pushing against the tape,
permitting the head-to-tape contact. One significant result of RCA's
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Fig. 1-14. EIAJ color recorder.

investigation of video tape recording at the time was a customer
survey finding that a two hour uninterrupted playing time was
desired by the TV viewers.

The next round of formats represent the present generation of
home video tape recorders. All use Y2-inch wide tape cassettes and
have built-in tuners and program turn-on systems. At this time the
VHS and Betamax are the standard format VCR systems.

The Sanyo V Cord Two format was introduced in 1976. It uses a
Ye-inch cartridge and is capable of one hour full frame recording or
two hour skip field recording. The latter method results in one half
vertical resolution pictures. Tape loading is of the Philips type. The
track widths and guard bands are reduced over earlier systems, thus
reducing tape consumption. The video track width is 60 microns,
with a guard band of 37 microns.

The Matsushita VX2000 is a one-head machine using an “alpha
wrap” of the tape around the head drum. Alpha wrap means that the
tape almost completely encircles the head drum, permitting the use
of only one head. This cassette type video recorder tapes up to a
maximum of two hours per cassette. The first machine of this type in
the US had a Quasar brand name.

Through the years of development and improvement of video
tape recording since the late 1940s many variations have been tried
in systems and component parts of the system. Several widths of
tape have been used: 2 inch, 1 inch, 3 inch, % inch, and % inch. The
2-inch size has been a mainstay of the broadcast industry, although
1-inch tape width recorders have found a place in this market in
recent years. Industrial and educational applications have employed
the 3%-inch tape size. The Y-inch width tape is found in special
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machines, such as portable color recording units. Of course, for the
home video tape recorder market the % wide tape is now the
standard.

The helical scan format is the most used system in video
recording. Transverse recording is still used in the quad-head
machines used by the TV broadcasters. But eventhis field includes
recorders with the helical scan format.

The reduced tape width and the packaging in small cassettes as
well as the helical scan format, has made possible size reductions of
the complete video tape recording machine that make it very usable
for in-home use.

The success of the Sony Betamax-1 proves this point. An
important element for consumer acceptance of the VCR is the
reduction, over the years, for the cost of tape usage. As Fig. 1-15
shows, the left curve, the consumption of tape, measured in square
feet per hour, has been greatly reduced since 1968. The dots on the
graph pinpoint his usage for the various video tape recorders indi-
cated. Thus a machine using EIAJ-1 format in 1968 consumed more
than 90 square feet of tape per hour.

The later introduced Sony Betamax-2 speed consumes only
about 10 square feet per hour. This reduced tape consumption, plus
improvements in the tape, increased tape production, and the 2 hour
recording system have led to a sharp reduction in tape cost per hour.
This curve appears on the right in Fig. 1-15. The graph shows a cost
of $39.00 per hour in 1968, but only $8.00 per hour for the 2 hour
Betamax in.1977. Thus the purchase price for blank tape cassettes
that can hold 2 hours of video recording costs about $16.00. The
Beta-3 speed machines consume 50% less tape than the Beta-2 VCR
machines.

Sony's Betamax-1 was introduced in the U.S. market in 1975. It
was a ¥2-inch wide tape cassette system, capable of one hour playing
time. Two video heads are used, with full frame recording. The tape
threading (pulling of the tape out of the cassette and around the head
drum) is of the Philips type. The Betamax-1 recorded tape pattern is
shown in Fig. 1-16.

The recorded, slanted tracks of this helical scan machine are 60
microns wide, with no spacing between tracks, thus no guard bands.
This is possible because of two well-devised arrangements that
reduce the crosstalk effects. Luminance signal crosstalk from
track-to-track is avoided by the slanting of the two head gaps
relative to the tracks. This is called the azimuth technique. Color
crosstalk cancellation occurs because of a more involved signal
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Fig. 1-15. Video tape consumption comparison chart.

phasing system involving a comb filter. The waveform drawing (Fig.
1-17) is the recorded signal spectrum for Betamax-1 tape speed.

TAPE FORMAT CONSIDERATIONS

Based on the fact that RCA had determined a 3-hour VCR
system was what the TV viewers wanted, JVC set about to modify
the Sony Betamax-1 to a two hour system. This was achieved by
slightly reducing the capstan speed from 1.57""/sec. to 1.34"/sec.
and increasing the tape length in the cartridge by 63%. This also
increased the cartridge size by 31%. The video track width was left
at 60 microns. To realize this, the track slant angle was increased by
reducing the drum diameter. The Azimuth recording and color
processing are retained. The result was a two hour version of video
recording that JVC called VHS (Video Home System).
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Fig. 1-16. Betamax-1 recorder video tracks.

Sony in the meantime had produced its own two hour Betamax.
Sony chose to keep the same cassette and reduce the capstan speed
by a factor of two. The slant track pitch was now 30 microns instead
of 60. The head track was reduced from 60 to 40 microns. This
results in a negative guard band and produces overlapping tracks.
The azimuth and comb filter techniques, however, still provide
adequate crosstalk rejection. The result is lower tape consumption.

The Sony threading produces very gentle tape handling. Note
this tape threading path in Fig. 1-18. The tape guides are fixed and
the guides are at 90 degrees to the tape motion and can be rotated to
lower tape friction. The tape is simply wrapped around the drum. A
longer piece.of tape is removed from the cassette in the Sony
machine, isolating the tape from cartridge feed irregularities and
producing less time base error. The Sony tape has a life of approxi-
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Fig. 1-17. Betamax-1 recorder signal spectrum.
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Fig. 1-18. Sony Betamax recorder tape paths.

mately 200 passes or plays. With the Sony VCR design, the tape
does not leave the drum for fast forward or rewind and precise
location of a section of the tape is very easy to find.

VHS VIDEQ RECORDING OPERATION

Before delving into the VHS format let’s take a brief look at
some video recording principles.

Video Recording Basics

Like audio tape recording, video information is stored on
magnetic tape by means of a small electromagnet, or head. The two
poles of the head are brought very close together but they do net
touch. This creates magnetic flux to extend across the separation
(gap), as illustrated in Fig. 1-19.

If an ac signal is applied to the coil of the head, the field of flux
will expand and collapse according to the rise and fall of the ac
signal. When the ac signal reverses polarity, the field of flux will be
oriented in the opposite direction and will also expand and collapse.
This changing field of flux is what accomplishes the magnetic re-
cording. If this flux is brought near a magnetic material, it will
become magnetized according to the intensity and orientation of the
field of flux. The magnetic material used is oxide coated (magnetic)
tape. Using audio tape recording as an example, if the tape is not
moved across the head, just one spot on the tape will be magnetized
and will be continually re-magnetized. If the tape is moved across
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Fig. 1-19. Head gap and field flux.

the head, specific areas of the tape will be magnetized according to
the field of flux at any specific moment. A length of recorded tape
will therefore have on it areas of magnetization representing the
direction and intensity of the field of flux.

As an example: the tape will have differently magnetized re-
gions, which can be called north (N) and south (S), according to the
ac signal. When the polarity of the ac signal changes, so does the
direction of the magnetization of the tape, as shown by one cycle on
the ac signal as shown in Fig. 1-20. If the recorded tape is then
moved past a head whose coil is connected to an amplifier, the
regions of magnetization on the tape will set up flux across the head
gap which will in turn induce a voltage in the coil to be amplified.
The output of the amplifier, then, is the same as the original ac
signal. This is essentially what is done in audio recording, with
other methods for improvement like bias and equalization.

There are some inherent limitations in the tape recording
process which does affect video tape recording. As shown in Fig.

-« Tape Travel

SIN sIN[s [N N

y |
_QU;_ Tape
Ac Signal

1 Cycle)

s Ac Signal

Fig. 1-20. Ac polarity change of head.
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1-20, the tape has north and south magnetic fields which change
according to the polarity of the ac signal.

If the speed of the tape past the head (head to tape speed) is
kept the same, the changing polarity of the high frequency ac signal
would not be faithfully recorded on the tape, as shown in Fig. 1-21.

As the high frequency ac signal starts to go positive, the tape
will start to be magnetized in one direction. But the ac signal will
very quickly change its polarity, and this will be recorded on much of
the same portion of the tape, so north magnetic regions will be
covered by south magnetic regions and vice versa. This results in
zero signal on the tape, or self-erasing. To keep the north and south
regions separate, the head to tape speed must be increased.

Then recording video, frequencies in excess of 4 MHz may be
encountered. Through experience, it is found that the head to tape
speed must be in the region of 10 meters per second in order to
record video signals.

The figure of 10 meters per second was also influenced by the
size of the head gap. Clearly, the lower head to tape speed, the
easier it is to control that speed. If changesin head gap size were not
made, the necessary head to tape speed would have been consider-
ably higher. How the gap size influences this can be explained as we
look at Fig. 1-22.

Assume a signal is already recorded on the tape. The distance
on the tape required to record one full ac signal cycle is called the
recorded wavelength. Head A has gap width equal to one wavelength.
Here, there is both north and south oriented magnetization across
the gap. This produces a net output of zero since north and south
cancel. Heads B and C have a maximum output because there is just
one magnetic orientation across their gaps.

Erased

Tape Travel

:r:

Ac Signal (

(1 Cycle) High
Frequency
Ac Signal

Fig. 1-21. High frequency ac signal considerations.
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Fig. 1-22. How gap size influences tape recording.

Maximum output occurs in heads B and C therefore, because
their gap width is ¥ wavelength. Heads B and C would also work if
their gap width is less than % wavelength. The same is also true for
recording. A head to tape speed of 10 meters per second is a very
high speed, too high in fact to be handled accurately by areel-to-reel
tape machine. Also, tape consumption on a high speed machine is
tremendous.

The method used in video recording is to move the video heads
as well as the tape. If the heads are made to move fast, across the
tape, the linear tape speed can be kept very low. In 2-head helical
video recording (the only format which will be discussed here) the
video heads are mounted in a rotating drum or cylinder, and the tape
is wrapped around the cylinder. This way, the heads can scan the
tape as it moves. When a head scans the tape, it is said to have made
a track. This is shown in Fig. 1-23.

In 2-head helical format, each head, as it scans across the tape
will record one TV field, or 262.5 horizontal lines. Therefore, each
head must scan the tape 30 times per second to give afield rate of 60
fields per second.

The tape is shown as a screen wrapped around the head cylin-
der to make it easy to see the video head.There is a second video
head 180 degrees from the head shown in front. Because the tape
wraps around the cylinder in the shape of a helix (helical) the video
tracks are made as a series of slanted lines. Of course, the tracks are
invisible, but it is easier to visualize them as lines. The two heads
“A” and “B” make alternate scans of the tape.
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Fig. 1-23. Head scan and tape tracks.

Stationary Base

An enlarged view of the video tracks on the tape are shown in
Fig. 1-24. The video tracks are the areas of the tape where video
recording actually takes place. The guard bands are blank areas
between tracks, preventing the adjacent track’s crosstalk from ap-
pearing on the track where the video head is tracing.

There is one more point about video recording which will be
discussed now. Magnetic heads have characteristics of increased
output level as the frequency increases, which is determined by the
gap width. In practice, the lower frequency output of the heads is

Video Tracks Tape
7
ALBI - A2

Track Width
\\

\

N\

Guard Bands

Fig. 1-24. Video tracks and guard bands.
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boosted in level to equal the level of the higher frequencies. This
process, as used in audio recording is called equalization.

Video frequencies span from dc to about 4 MHz. This repre-
sents a frequency range of about 18 octaves. Eighteen octaves is too
far a spread to be handled in one system or machine. For instance,
heads designed for operation at a maximum frequency of 4 MHz will
have very low output at low frequencies. Since there is 6 dB/octave
attenuation, 18x6=108 dB difference appears. In practice this dif-
ference is too great to be adequately equalized. To get around this,
the video signal is applied to an FM modulator during recording.
This modulator will change its frequency according to the instan-
taneous level of the video signal.

The energy of the FM signal lies chiefly in the area from about
1 MHz to 8 MHz, just three octaves. Heads designed for use at 8
MHz can still be used at 1 MHz, because the output signal can be
equalized. Actually, heads are designed for use up to about 5 MHz.
Therefore, some FM energy is lacking but it does not affect the
playback video signal, because it is resumed in the playback pro-
cess. Upon playback, the recovered FM signal must be equalized
then demodulated to obtain the video signal.

Converted Subcarrier Direct Recording Method

The one method of color video recording that will now be
discussed is the converted subcarrier method. In order to avoid
visible beats in the picture caused by the interaction of the color
(chrominance) and brightness (luminance) signals, the first step in
the converted subcarrier method is to separate the chrominance and
luminance portions of the video signal to be recorded. The lumi-
nance signal, containing frequencies from dc to about 4 MHz, is then
FM recorded, as previously described. The chrominance portion,
containing frequencies in the area of 3.58 MHz is down-converted in
frequency in the area of 629 kHz. Since there is not a large shift from
the center frequency of 629 kHz, this converted chrominance signal
is able to be recorded directly on the tape. Also note that the
frequencies in the area of 629 kHz are still high enough to allow
equalized playback. In practice the converted chrominance signal and
the FM signals are mixed and then simultaneously applied to the
tape. Upon playback, the FM and converted chrominance signal are
separated. The FM is demodulated into a luminance signal again.
The converted chrominance signal is reconverted back up in fre-
quency to the area of 3.58 MHz. The chrominance and luminance
signals are combined which reproduces the original video signal.
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Other VHS Recorder Functions

The various VHS machines have speeds that are referred to as
SP, LP, and SLP. In the SLP mode and with the proper VHS cassette
the playing time will be 6 hours.

Search-forward (Cue) and Search-reverse (Review)

In order to quickly find a particular segment on the tape during
playback, the user can speed up the capstan and reel tables to nine
times the normal speed, either forward or reverse, by pressing cue
or review buttons.

At this time, noise bars will appear in the picture because of
head crossover. This is normal on some model VHS and Betamax
machines. Some will show four noise bars in cue and five noise bars
in the review mode. The bars for the cue and review modes are
shown in Figs. 1-25 and 1-26.

~‘.A//
POKAARK S

- [ r Head
f~—— A Head -~ ——BHead——— Switching

Noise Bars

Fig. 1-25. The cue mode.
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Fig. 1-26. The review mode.

Va2 Skew Correction

Horizontal sync alignment on the tape occurs inthe SPand SLP
modes, but not in the LP mode as shown in Figs. 1-27 and 1-28.
Thus, when using cue or review on LP recordings, severe skew or
picture bending will occur at the top portion of the screen. Also, the
color AFC will malfunction for this same reason. To correct this, the
playback video is delayed by 0.5 H to compensate for skew, and the
AFC frequency is shifted to maintain color lock.

Add-on Recording (Transition Editing)

Most VCRs allow pause during recording. But because of the
arbitrary timing, there is most likely a disturbance of the picture
during playback at the place where the pause was used. Toeliminate
this disturbance, transition editing recording is used which backs up
the tape for 2.2 seconds during pause recording. When the pause is
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Fig. 1-27. The SLP recorded mode.

released, the deck will play back for about 1.2 seconds while align-
ing the control pulses already on the tape to the incoming vertical
sync. After 1.2 seconds, the deck switches to the record mode, with
the overall effect being no loss of synchronization during playback
(Fig. 1-29). Therefore, there will be no sync disturbance during
playback regardless of how many times pause was used during
recording. Refer to Fig. 1-30.

Video Head Comments

We have already discussed the reduced track width. This
reduction requires the use of a smaller video head. Just making them
smaller does not make them better. With less of actual head mate-
rial to work with, the magnetic properties of the head suffers. To
offset this, a change in head material is in order. Because the VHS
recorder is designed to be small, a reduction in the size of the head
cylinder is called for.

Fig. 1-28. The LP recorded mode.
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Fig. 1-29. LP mode Y2 H correction.

A reduction in the size (diameter) of the head cylinder changes
the head to tape speed. Remember, the head to tape speed affects
the high frequency recording capability of the head. To offset this
problem, the head gap size was reduced.

As is well known, azimuth recording is utilized in the VHS
systems. The heart of the azimuth recording process is in the video
heads themselves. This requires still another change in head de-

sign.

Hot Pressed Ferrite for the Heads

The use of hot pressed ferrite as video head material in the
VHS recorder helps improve the characteristics of the smaller
heads. The hot pressed ferrite also has uniform domain orientation
which further improves the head characteristics. It has been proven
in many tests that the use of hot pressed ferrite material produces a
superior video head.
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Head Gap Width

From the above explanation, the need for smaller head gap size
becomes apparent. In VHS recorders, the video head gap widths is a
mere 0.3 micrometers. This is in quite a contrast for ordinary video
heads used in other helical applications whose gap widths are
typically in the area of 1 micrometer.

Head Azimuth

Azimuth is the term used to define the left to right tilt of the gap
if the head could be viewed straight on. In most VCR applications
the azimuth has always been set perpendicular to the direction of
the head travel across the tape, or more simply, the video track.
Figure 1-31 helps to explain this. We see that the gap is perpen-
dicular (90 degrees) to the heads movement across the tape. We can
think of this standard as a perfect azimuth of 0 degrees.

In VHS, the video heads have a gap azimuth other than 0
degrees. And more, one head has a different azimuth from the other.
The 2 values used in VHS machines are azimuth of +6 degrees and
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Rec Rec
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— OFF for 0.5 sec. Pressure
Roller
N Solenoid
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i \ FF/IREW
i OFF  Solenoid
]
| te——— 2.280c —l
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[] ]
' ChYES 1 Loading Comp.
| ! Position
! af
i CIR Position Loading
i Motor
— < - ;4—
Unloading Loading

Fig. 1-30. Timing diagram VTR.
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Fig. 1-31. Video head alignment to tape.

—6 degrees. Refer to Figs. 1-32 and 1-33. These heads make the
VHS format different from most other VCR formats. Exactly how
the azimuths of + 6 degrees helps to keep out adjacent track
interference will be explained next.

Azimuth Recording
Azimuth recording is used in VHS to eliminate the interference

Direction Tape
of Head Travel

Video Tracks

Fig. 1-32. Head and tape alignment (courtesy Magnavox).
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Fig. 1-33. VHS head format (courtesy Magnavox).

or crosstalk picked up by a video head. Again, because adjacent
video tracks touch, or crosstalk, a video head when scanning a track
will pick up some information from the adjacent track. The azimuth
of the head gaps assure that video head “A” will only give an output
when scanning across a track made by head “A”. Head “B”, there-
fore, only gives an output when scanning across a track made by
head “B”. Because of the azimuth effect, a particular video head will
not pick up any crosstalk from an adjacent track. Let's now examine
this more closely.

In Fig. 1-34 we see a VHS video recorder system in the SLP
mode with the video tracks in a not-to-scale north and south mag-
netized regions on them. It can also be seen that these N and S
regions are not perpendicular to the track; they have —6 degree
azimuth in tracks A1, A2; and +6 degrees azimuth in tracks B1, B2.
If we take track Al and darken the N region, it becomes easier to
see. Refer to Fig. 1-35.

In Fig. 1-36 we see the information on track A, made by head
“A”. Imagine now that head “A” is going to play back this track, by
superimposing the head over the track. Clearly, the gap fits exactly
over the N and S regions, so that at any moment there is either an N
region or an S region or an N to S (or S to N) transition across the
gap. This produces maximum output in head “A”. Now, visually
superimpose the “B” head over the track. Here there are N and S
regions across the gap at the same time, at any given moment.
Remember that simultaneous N and S regions across the gap cause
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Fig. 1-34. Azimuth in the SLP mode (courtesy Magnavox).

cancellation, and therefore, no output. Looking at Fig. 1-33, we can
see that the gap width is equal to % the recorded wavelength. Recall
that this occurs at the highest frequency which is 1o be recorded. So
therefore, the azimuth effect works at these high frequencies.

But, what happens at lower frequencies? In Fig. 1-37 we see a
diagram similar to Fig. 1-36, except the recorded wavelength is
longer, which represents a lower frequency.

PN

Signals recorded
witha —6° Azimuth

Fig. 1-35. Signals with a —6° azimuth (courtesy Magnavox)
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Fig. 1-36. Information made by “A" track (courtesy Magnavox).

Again, visually superimpose the heads over the track. Head
“A” is the same as before. But look at head “B”. There is much less
cancellation across the gap, and its output is close to that of head
“A.” Therefore, we see where the azimuth effect is dependent on
frequency. The higher the frequency, the better the azimuth effect.
The lower the frequency, the lower the separation by azimuth
effect.

VHS Color Recording System

Because there is insignificant azimuth effect at lower frequen-
cies, a different type of color recording system was adopted. The
fact that crosstalk occurs at lower frequencies cannot be changed, as
it occurs right on the tape during playback. The method adopted
processes the crosstalk component signals from the heads so that
they are eliminated. It is important to realize that the crosstalk does
still occur. 1t is the recording/playback circuitry that performs the
crosstalk elimination.

In ordinary helical VTRs using converted subcarrier direct
recording, the phase of the chrominance signal is untouched and is

¥‘lde(|)( \/G 6°
rac ap —
A — Gap +6°
\
. //
\ Signals recorded
with a —6° Azimuth

1 Wavelength

Fig. 1-37. A longer recorded wavelength (courtesy Magnavox).
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Fig. 1-38. Vector phase angles (courtesy Magnavox).

recorded directly onto the tape. The chrominance signal and its
phase can be represented by vectors. Vectors graphically represent
the amplitude and phase of one frequency. In this discussion, we will
consider (in order to keep it simple) the chrominance signal to be
only one frequency. For an example of vectors see Fig. 1-38. The
length of any vector represents its amplitude.

We know that the azimuth effect will not work at the lower
frequencies. And since the color information in VHS is recorded at
low-converted frequencies, another technique for color recording
was adopted.

Vector rotation in recording is actually a phase shift process
that occurs at a horizontal rate of 15,734 Hz. The chrominance signal
can be represented by a vector, showing amplitude and phase. In
ordinary helical scan VCRs the vector is of the same phase for every
horizontal line, on every track as shown in Fig. 1-39.

Tape

Fig. 1-39. Normal helical scan VCR (courtesy Magnavox).
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Fig. 1-40. VHS helical scan (courtesy Magnavox).

In VHS, we will still convert the 3.58 MHz down to a lower
frequency, namely 629 kHz, but the color technique used in VHS
format is a process of vector rotation. During recording the chromi-
nance phase of each horizontal line is shifted by 90 degrees. For
head “A” (channel 1) we advance the chrominance phase by 90
degrees per horizontal line (H). For head “B” (channel 2) we delay
the chrominance phase by 90 degrees per H.

Vector (Phase) Rotation

B Channel 1 +90 degrees/H
B Channel 2 —90 degrees/H

Now refer to Fig. 1-40 to see what this looks like on the tape.
Now assume that head “A” plays back over track A1 it will produce a
vector output as such: head “A” when tracking over Al will have an
output consisting of the main signal (large vectors) and some
crosstalk components (small vector).

Figure 1-41 is a vector representation of the playback chromi-
nance signal from the head. One of the most important things done in
the playback process is the restoration of the vectors to their

™ H. H. H» H. H, |

!fr@j&dfj

§ : Crosstalk Vector Component

Fig. 1-41. Crosstalk vector component (courtesy Magnavox).
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Fig. 1-42. Vector for playback mode (courtesy Magnavox).

original phase. This is done by the balanced modulator in the
playback process. Note the vector representation shown in Fig.
1-42. This restored signal is then split two ways. One path goes to
one input of an adder. The other path goes to a delay line which
delays the signal by 1 H. The output of the delay line goes to the
other input of the adder. This can be more easily seen in Fig. 1-43.

Ascanbe seenin Fig. 1-44, the crosstalk component has been
eliminated after the first H line. We now have a chrominance signal
free of adjacent channel crosstalk.

The double output is not a problem because it can always be
reduced. The process of adding a delayed line to an undelayed line is
permissable because any two adjacent lines in a field contains nearly
the same chrominance information. So, if two adjacent lines are
added, the net result will produce no distortion in the playback
picture.

In conjunction with the crosstalk elimination is the re-
conversion of the chrominance 629 kHz to its original 3.58 MHz.
Now the color signal is totally restored.

LP Tape Speed Mode

The recorded signal in the LP mode is considerably different
from that used in the other VHS system tape speed modes. Like the
SP mode, the chrominance and luminance signals are separated as

Phase
Restored
Signal |
Oy
(B)

Fig. 1-43. Split of the restored signal (courtesy Magnavox).
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Fig. 1-44. Double output signal (courtesy Magnavox).

covered earlier. However, from here on things are treated dif-
ferently. Let’s examine again the video tracks on the tape of an LP
recording.

Notice in Fig. 1-45 that the tracks do overlap, and that any
picture area of any track does not line up perfectly with the picture
area of the adjacent tracks. (No horizontal sync alignment.)

Let’s now pull several horizontal line segments off of the track
for greater detail. As can be seen in Fig. 1-46, the horizontal sync
portion of track B lies somewhere in the picture area of track A, for
any given horizontal line segment. Assume that track A was re-
corded first. Then, as track B is laid down, the 3.4 MHz horizontal
sync section of “A” will produce a beat with the portion of track B
that covers it. Although the entire overlapping region will produce
beats, the beat caused by the horizontal sync is most noticeable
because the sync tip FM frequency never changes, whereas the FM
frequency for the picture portion is constantly changing. This beat is
visible on the screen, so measures must be taken to eliminate it.
The methed employed is called FM interleaving recording.

Note that beats are not the same as adjacent track crosstalk.
Azimuth recording prohibits crosstalk pickup. But, the beat pro-
duced is a new frequency, it was not present in the video signal, it is
the result of laying one track over another. The beat signal has no
true azimuth, therefore, it will be detected by both video heads. The

Fig. 1-45. Overlapped tracks (courtesy Magnavox).
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Fig. 1-46. Horizontal sync does not align (courtesy Magnavox).

FM interleaving recording method does not actually eliminate the
beat, but rather places it at such a frequency so that no beat can be
detected on the screen.

It is a fact in the NTSC color TV system that video frequencies
which are an odd multiple of ¥ the horizontal line frequency have
the property called “interleaving.” Interleaving signals appear on
the TV screen in a rather special way. Between any two adjacent
lines, the signals are out of phase, as shown in Fig. 1-47 by the solid
lines. Because the two lines are very close, the human eye tends to
integrate them. The out-of-phase signals will virtually be cancelled,
or not seen by the viewer.

Now, when the frame is completed and the next frame begins,
the signal on the top line will be out of phase with what was
previously scanned. This is shown by the dotted line. This will
cancel any phosphor persistance from the previous scan. Thus,
interleaved frequencies, for all purposes, do not create interference
on the TV screen.

Out of
Phase

(S R4 N . 4
s
.~ ’ . ’ .~ ,
A AR

TV Screen

Fig. 1-47. Adjacent lines are out of phase (courtesy Magnavox).

38



3.4MHz 4.4MHz
629kHz |3.407867 MHz

[ 4.407867MH:z

y Y

!

Fig. 1-48. Chrominance and FM spectrum (courtesy Magnavox).

This interleaving is accomplished by raising the sync tip FM
frequency in channel 1 by 15734/2 MHz or 7,867 Hz. For channel 1,
then, sync tip frequency is 3.407867 MHz and peak white becomes
4.407867 MHz. Channel 2 remains the same as before, sync tip is
3.4 MHz, and peak white is 4.4 MHz. This displacement by 7.867
kHz causes the beat produced by the overlapped horizontal sync to
become an interleaving frequency, which solves the problem.

Recovery of this shifted FM signal, although somewhat dif-
ferent, is essentially the same as before. The chrominance and FM
signals which are mixed and then applied to the tape occupy a
spectrum that is shown in Fig. 1-48.

SLP Mode for VHS System

Like the other mode speeds, the video track on the tape of an
SLP recording is shown in Fig. 1-49. Notice that the tracks do
overlap, and that any track picture area of any track, will line up
perfectly with the picture area of the adjacent tracks (horizontal
sync alignment). Let’s pull several horizontal line segments off of
the track for greater detail.

Direction

Fig. 1-49. Video tracks in SLP mode (courtesy Magnavox).
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Fig. 1-50. Horizontal sync is now in alignment (courtesy Magnavox).

As can be seen in Fig. 1-50, the horizontal sync portion of track
Bis inalignment with one of track A. Assume that the SLP recorded
tape is played back. When the A head scans the A track the A head
picks up the B track signals on the overlapping region. Although the
entire overlapping region will produce beats as in other modes, the
beat is eliminated by the FM interleaving recording.

Tape M Loading

In this VHS machine, the tape path is out of the cassette, across
the stationary heads and around the video head cylinder forming a
letter “M”, thus the name “M" loading. Refer to this “M” type
loading diagram in Fig. 1-51. The M loading has several advantages
over previous, more complex loading formats.

B Less tape is pulled out from the cassette. This reduces the
chances of tape spillage and tangles.

B Because the tape path in the M load pattern is short, loading
time is only 3 seconds, including video muting.

@ Fast Forward and Rewind are performed inside the cassette,
further reducing the chances of tape damage.

TEST EQUIPMENT REQUIREMENTS FOR VCR SERVICING

In this section we will cover types of test equipment that are
needed for VCR servicing, test set-ups that you will need and VCR
test tapes.

Space age electronic technology has made an new era of the
video tape machine for home use. These video cassette recorders
(VCRs) provide an acceptable color picture at a fairly low cost for
the machine and the video tape that is used. The new home VCR
market developed a new electronic service market. Video tape
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recorder service is no longer confined to a few service centers that
specialize in just the industrial recorders, as was the case a few
years ago. The VCR owner expects to receive local service from
the service shop that provides TV and stereo sales and service.
Many dealers that sell VCRs believe that they must be able to
service what they sell in order to have an advantage over their
competition. This service is usually part of the same service net-
work that services the TV receivers sold by the same dealer.

You may think that you will need the same high priced test
equipment for servicing the home VCRs as that used for servicing
broadcast quality tape decks. Of course, the broadcast quality test
equipment will adequately service the new low-cost tape decks, but
you need to look at what is the minimum equipment investment that
can be made and still make sure that the VCR is operating properly.
In the case of a broadcast tape deck, the cost of the test equipment
that is necessary to provide service is only a fraction of the cost for
the VCR machine, even if we consider only one machine. When you
have more than one machine, this fraction becomes much smaller.
However, when we talk about the same equipment in relation to a
home type VCR, we see that the cost of the test equipment can
easily run from 15 to 20 times more than the VCR unit.

THE VA48 SENCORE ANALYZER

Before Sencore introduced the VA48 video analyzer the ser-
vice technician usually had to provide TV service, and avoid the
VCR servicing, or equip the shop for VCR service and work with
older test equipment for TV servicing. The Video Analyzer has

Inclined\Post DD Head Cylinder
Limiter Post ~|
Supply Inertia Roller ] 2 % 1 Takeup Inertia Roller
Full Erase Head — (o] 4 Audio/Control Head
Threading Post T [ty \\ -~ _ O _ Pressure Roller

Y —t- Capstan Shaft
Tension Post

- Takeup Reel Table
Supply Reel Table -

Fig. 1-51. Drawing of “"M" loading (courtesy Magnavox).
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eliminated this dilemma because it updates the shop for both TV and
VCR servicing with one piece of test equipment.

Special considerations were made at the time that the VA48
was designed to make sure that the signals would be compatible
with the new video tape VCR systems. Extensive testing, both in
Sencore’s own lab and in working with the service managers of
leading VCR manufacturers, has shown that these signals produce
service results that are equal to, and in some cases superior to,
those produced by an NTSC signal generator. This is especially true
if the service shop is not equipped with an NTSC vectorscope for
evaluating the output signals produced by this very high cost NTSC
generator.

Using the VA48 Analyzer Patterns

The two patterns you will be using for VCR troubleshooting on
the VA48 are the bar sweep and chroma bar sweep. The VA48
Sencore Analyzer is shown in Fig. 1-52. There are a few special
features built into each of these patterns that make them even more
versatile in VCR service than you may find in standard TV service
because the TV receiver does not have all of the circuits that are
part of a VCR machine. We will review then so that you will know
which pattern to use for various VCR circuit troubleshooting.

The Bar Sweep Pattern

The bar sweep pattern should be used for all luminance (black
and white) circuit testing. The first reason that this pattern is
important is that it does not have a color burst. This gives a positive
test of all automatic color killer circuits found in both the record and
playback VCR circuits. These circuits should automatically switch
to the black and white mode when the color burst is not present.

The bar sweep pattern produces various amounts of B&W
information. The grey-scale at the left of the switchable frequency
bars, for example, checks the black, grey, and white signal levels for
proper amplitudes, linearity, and clipping. Each frequency bar after
the grey-scale alternates between pure black and pure white levels
to test the circuits for proper frequency response. The bar sweep
pattern looks much like the familiar “multi-burst” pattern used in
many types of video testing. You should note one difference be-
tween the bar sweep and the multi-burst is that the bar sweep is
made up of square waves, while the multi-burst is made up of sine
waves. The key difference is that the bar sweep will show circuits
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Fig. 1-52. VA48 Analyzer and dual-trace scope setup for a VCR bench check-
out.

that will ring on fast signal transitions where the multi-burst may be
passed by these stages without any noticeable ringing.

The various frequencies of the bar sweep pattern then checks
the video frequency response of the entire record/playback system.
Certain applications of the bar sweep involve recording this pattern
on a tape using a known good recorder. Many times you can use this
tape in place of the expensive alignment tape and save wear and tear
on your special alignment tape.

The Chroma Bar Sweep

The second pattern from the VA48 is the chroma sweep bar.
This pattern contains a standard level color burst for operation of
the color killer circuits and the automatic color control (ACC)
circuits. The color information is phase-locked back to the horizon-
tal sync pulses so that this patterm produces a line-by-line phase
inversion just like that of an off-the-air signal. This is very important
because the comb filters used in almost all playback circuits re-
quires this phase-inversion in order to detect the proper color signal
as opposed to the unwanted crosstalk information from an adjacent
video stripe on the magnetic tape. The fact that the chroma bar
sweep covers the entire frequency range of the color information
(one-half MHz either side of the color subcarrier) makes this pat-
tern ideal for testing the operation of all the chroma conversion
circuits to make sure that they are not restricting some of the color
detail information.
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Recording Your Own Personal Test Tape

If you have a VA48 you will want to record your own personal
VCR test tape using the patterns from the analyzer. This test tape
will not replace the need for the VCR test and alignment tape, but
rather supplements the alignment tape. The advantage of having a
tape that you recorded yourself is that it will save much wear and
prevent the possibility of damaging the expensive alignment tape.
Now, should a defective machine damage your own test tape, you
will be able to replace it for the cost of a blank tape rather then
having to purchase a new, costly alignment tape. This alignment
tape will allow you to confirm the various operations of the color
circuits as well as the performance of the luminance circuits. A
defective video playback head or preamplifier, for example, can be
quickly determined by using your own test tape.

Any adjustments that affect compatibility with other machines
should be made with the manufacturer’s own test tape. This tape has
been carefully prepared to provide a standard from one machine to
another so that a tape recorded on one machine will play properly on
another machine. This is especially important if your customer has
more than one tape deck VCR and plans to play tapes on a different
machine than was used for recording. The same goes for commer-
cially prepared prerecorded programs on tapes that may be pur-
chased and played back.

When you record your own VCR test tape, be sure to use a
machine that you know is operating properly. New VCR machines
generally will be set-up and aligned properly. Be sure to feed the
signals directly into the “camera” input jack of the VCR rather than
feeding them through the antenna input terminals. This will assure
you that an improperly adjusted i-f stage or tuner fine-tuning ad-
justment will not cause the quality of your recording to be less than
ideal for test purposes. Take advantage of the tape counter to allow
you to locate specific portions of the tape so you can easily find the
pattern you need to use. It is also desirable to include an audio signal
for at least a portion of the tape so that you are able to test the audio
playback circuits with the same tape. This audio signal is available
from the “Audio 1000 Hz” position of the drive signal output from
the Sencore VA48 video analyzer.

VCR Test Tape Recording Steps

1.—Connect the VCR standard output from the analyzer to
the camera input of a known good VCR machine. Switch the input
switch to the “camera” position.
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2. —Set the tape counter to 000.

3.—Select the faster tape recording speed on the machines
that have more than one speed. This will be called Betalll, X1 or SP
modes.

4.—Select the bar sweep position of the video pattern switch
on the analyzer.

5.—Place the VCR in the record mode and record the pattern
until the tape counter has progressed 50 counts.

6.—Switch the video pattern switch on the analyzer to the
chroma bar sweep position and record this pattern for the next 50
counts.

7.—Switch the video pattern switch on the analyzer to the
color bar position and record this pattern for the next 50 digits on
the counter.

8.—Switch the video pattern switch on the analyzer to the
cross hatch position and record this pattern for the next 50 counts.

9.—Switch the VCR to the slower tape recording speed. This
will be the Beta I, II, LP or X2 modes.

10.—Repeat steps 5 through 8 and record these same video

patterns at these slower tape speeds.

Your own test tape is now recorded. If you want the audio tone
recorded during one or more of these test sections, simply connect
the drive signal output to the auxiliary audio input jack of the VCR
while recording the pattern or use the “Audio Dub” function to add
the audio after the video is recorded.

The test tape will now have the following patterns:

Tape Counter Pattern
000-050 Bar Sweep
050-100 Chroma Bar Sweep
100-150 Color Bars
150-200 Cross Hatch
200-250 Bar Sweep (slow speed)
250-300 Chroma Bar Sweep (slow speed)
350-400 Color Bars (slow speed)
450-500 Cross Hatch (slow speed)

VCR Servo Alignment

The Sencore video analyzer signals are ideal for performing
servo alignment adjustments on a VCR. The phase-locked, broad-
cast quality sync makes it perfect for this alignment application.
Injecting the signal from the VCR standard jack on the analyzer
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directly into the video or camera input jack on the VCR eliminates
the fine tuning errors that can occur when using an rf air signal.

There are several adjustments that call for the counting of the
horizontal sync pulses just before the vertical sync pulse. When
using an off-the-air signal, the equalizing pulses are present and can
cause an error in the counting, resulting in the wrong setting of a
critical control setting. The VA48 analyzer phase locked sync sig-
nals do not have the equalizing pulses and the counting of the
horizontal sync can be done correctly without the equalizing pulses
causing confusion and the proper setting can be obtained easier.
Equalizing pulses are not used in the VCR and are not important to
servo alignment procedures.

VCR Audio Checks

The 1 kHz audio signal from the drive signal section of the
analyzer can be used when making checks of the record and playback
functions of the VCR machine. The manufacturer’s alignment tape
should be used for making the playback equalization adjustments.
The following procedure allows injection of the audio test signal.

1—Adjust the drive level control with the drive signals switch
in the audio 1,000 Hz position to about 2 volts peak-to-peak reading
on the VA48 meter.

2—Inject the audio from the drive output jack on the analyzer
into the audio input jack on the VCR. On VCRs not having this jack,
the signal can be injected into the audio circuits at a test point that is
usually noted in the service data.

3—The audio test signals can then be traced with an oscillo-
scope.

Servo Alignment Procedures

In some VCR servo alignment procedures, a dual-trace scope
with add channel capabilities may be called for. The add mode
means that the two channels are added together in the scope. This
feature is not found on some scopes, but may not actually be needed
in the alignment procedures. A Leader model LBO-515 dual-trace
scope is shown in Fig. 1-53 being used for servo alignment checks.

On scope with no add mode you can utilize the dual-chopped
mode to provide proper waveform information for aligning the VCR
servo systems as follows:

1—Set both channels to ground and adjust the trace position
control so that the two traces align in the center of the screen.
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Fig. 1-53. Leader LBO-515 scope used for VCR service.

2—Connect the A and B scope channels for the servo adjust-
ment procedure and set the scope to the dual-choped mode.

3—Now make the adjustments for the servo alignment as
stated in the service data.

Note: It is recommended that external sync be used in these
procedures so that the oscilloscope will be locked to the channel
that is not being adjusted. All you need do is determine which
channel is stationary and which one is adjusted, and connect the
external sync jack to the stationary channel test point.

OTHER EQUIPMENT REQUIREMENTS

Besides a video analyzer or NTSC color bar generator you will
need a dual-trace oscilloscope, frequency counter, digital voltme-
ter, transistor checker and perhaps a capacitance-inductance
checker. Let’s now look at a few of these test instruments that are
now available for VCR troubleshooting.

Dual-Trace Scopes

Many of the modern electronics service shops are now using
wide-band dual-trace triggered sweep scopes for their every-day
TV electronics troubleshooting. If you do not now awn a dual-trace
scope perhaps now would be a good time to review the need of the
scope for VCR servicing. The greatest advantage of a dual-trace
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scope, compared to a single trace scope, is that it allows comparison
of two waveforms at the same time. This is very useful for tracing
signals through inputs and outputs of various stages, but is essential
in troubleshooting such critically timed circuits as the servo stages,
where two signals must be properly timed. A dual-trace scope with
a bandwidth of 20 to 50 MHz and that has a good bright trace is your
best bet for VCR and over-all electronic circuit troubleshooting.
The scope should also have a very stable trace with rock-solid
lock-in of the waveforms. Make sure, if you purchase a new scope,
that the instrument has true TV sync separators built into the
trigger circuits for both vertical and horizontal sweep rates. Some
scopes that have a “TV” position do not use integrator filters to
allow triggering on vertical sync pulses. One scope that has the
features for VCR servicing and a 60 MHz bandwidth is the Sencore
SC60 shown in Fig. 1-54. Another scope that will cover your elec-
tronic service needs is the Tektronix model 5403 (shown in Fig.
1-55) which has a bandwidth of 70 MHz. This one pictured is set-up
for dual-trace operation with one vertical plug-in unit. There is
space on the front panel for another plug-in vertical amplifier.

Frequency Counters

A stable frequency counter is required for setting the reference
oscillators found in the color circuits of the VCR and for adjusting
the servo circuits. The Sencore FC45 counter shown in Fig. 1-56,

Fig. 1-54. Sencore SC60 oscilloscope.
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Fig. 1-55. Textronic model 5403 scope.

offers a high 25 mV sensitivity for measuring low-level signals with
a full 8-digit readout for direct readings of the oscillator frequencies
down to 1 Hz resolution. The versatility of the FC45 can be ex-
panded even more with the use of the PR30 audio prescaler, which
lets you adjust the 30 Hz control track signal to an accuracy of .01
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FC45 frequency counter that is an excellent aid for VCR

Hz. Some frequency counters use a “period measurement” mode for
measuring these low frequencies. This can be very time consuming,
because the frequency is shown as a time interval instead of a
frequency. You must then use a calculator to figure the actual
frequency by dividing the time measurement into one (fre-
quency=1/time). The PR50 p[rovides a direct readout of frequency,
which is updated every second or 10 times a second with 0.1 Hz
resolution, to eliminate the time-consuming calculations necessary
with a period counter. The PR50 also has filtering built in to prevent
false double-counting due to signal noise that is often present in
these low-frequency signals.

Digital Voltmeter

The use of a DVM is important for VCR servicing because most
of the circuitry is contained in ICs. The DVM is used for adjusting
the regulated power supplies to the correct output voltages and for
measuring the low-level signals found in some of the IC chips. The
compact Hewlett-Packard DVM shown in Fig. 1-57 is ideal for
troubleshooting those hard to get at circuits found in some video
recorders.
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Fig. 1-57. Hewlett-Packard DVM.

Transistor Tester

Many of the circuits found in the VCRs are controlled by
discrete transistors. Some VHS video recorders, for example, have
over 150 transistors that are used for various control functions. The
use of an in-circuit transistor checker, such as the Sencore TF46
Super Cricket (shown in Fig. 1-58) greatly simplifies the trou-

Fig. 1-58. Sencore TF46 transistor checker.
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bleshooting of a transistor circuit since the suspected transistors
can be checked in-circuit to confirm whether they are defective or
not. The TF46 has a high in-circuit testing accuracy, for both
transistors and FETSs that helps to speed up the VCR circuit diag-
nosis. Also, the TF46 has an automatic gain test to allow grading or
matching of transistors used in critical circuits.

OTHER VCR TEST EQUIPMENT

Some of the following test equipment will also be of value for
VCR troubleshooting. A capacitance and inductance checker will
help you to locate leaky or off-value capacitors and check out any
coils or transformers. The Sencore model LC53 shown in Fig. 1-59
will do a good job for you on the VCR test bench. Another frequency
counter you may consider is the Regency model EC-175 shown in
Fig. 1-60. This unit counts up to 175 MHz and down to 1/10 of a
cycle. The Leader NTSC color bar generator shown in operation in
Fig. 1-61 can also be used for VCR servicing. One comer of my VCR
service bench is shown in Fig. 1-62 and illustrates the various
pieces of test equipment that can help solve the VCR troubleshoot-
ing problems.

VCR ELECTRONIC CIRCUIT CHECKS WITH A VIDEO ANALYZER

Let’s now perform some actual VCR electronic checks with the
Sencore VA48 video analyzer. You will see that VCR deck elec-

Fig. 1-59. Sencore LC53 capacitance and inductance checker.
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Fig. 1-60. Regency FC-175 frequency counter.

tronic circuits require correct reference signals to perform the
proper troubleshooting techniques. We will show how various out-
put signals and video patterns from the VA48 can simplify VCR
servicing techniques.

The VCR Record Circuit

The first VCR recording stage is the AGC amplifier. This stage
must be first tested with a reference input level of 1 volt P-P to
make sure that the output is of the proper amplitude. To do this,
inject the output of the VCR standard signal directly to the camera
input of the VCR and adjust the AGC contral for the proper output

Fig. 1-61. Leader's NTSC color-bar generator.
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Fig. 1-62. Partial view of the author's VCR service bench.

level using the bar sweep video pattern. The circuit is further tested
by using the adjustable output supplied from the drive signals output
jack instead of the VCR standard 1 volt jack. This adjustable output
should be varied from 0.5 to 2 velts (negative polarity) while the
output of the AGC is viewed with an oscilloscope. The top
waveform in Fig. 1-63 should result if the AGC circuit is operating
properly. The bottom trace is of a waveform produced by a faulty
AGC circuit.

If the AGC stage is not working properly, the first step is to
determine if the AGC stage, the dc amplifier, or the AGC detector is
the cause of the defect. To do this, connect the bias and B+ sub

Fig. 1-63. The top waveform shows the normal AGC output while the bottom
trace is of an improperly operating output.
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Fig. 1-64. The driver signals output from the analyzer allows each stage of this
AGC circuif to be checked.

supply voltage from the analyzer to the AGC line and vary the
voltage. At the same time feed the standard VCR signal into the
camera input jack. Note this test set-up shown in Fig. 1-64. The
signal level at the output of the AGC stage should change as you
vary this voltage. If it does not, you know that the trouble is in the
gain controlled stage. If the voltage does produce a change, you
know to go back to the AGC detector and inject the dc voltage at its
output.

Finally, you can substitute for both of the signals feeding the
AGC detector itself by injecting the composite video signal at the
VCR camera input (using the VCR standard jack) and then feeding
the composite sync pulses supplied by the drive signal output in
place of the VCRs own sync separator output. This example lets you
locate an AGC defect to a single stage which is especially important
when you are troubleshooting defects caused by defective ICs or
poor solder connections in the signal path.

By using the bias and B+ voltage subbing supply you can tell if
the color killer signal is properly switching the color/B&W filters.
Set the bias supply to 4 volts and inject it into the IC that controls
these filters. The injection points and scope waveforms in Fig. 1-65
show the difference in the bar sweep pattern with the color killer
activated. Normal operation of this circuit should allow more high-
frequency response during a black and white program as compared
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Fig. 1-65. The operation of the color killer is quickly confirmed by using the bar
sweep pattern and the bias and B+ subber voltages.

to one in full color. Thus, you now have proof that the circuits are
working properly.

Preemphasis Circuits

The bar sweep allows the recording preemphasis circuits to be
checked for proper operation. The newer two-speed VCRs require
different amounts of preemphasis for each speed. The scope
waveforms shown in Fig. 1-66 show what the bar sweep looks like in
properly adjusted preemphasis circuits.

White and Dark Clipping

The clipping circuits located between the preemphasis net-
work and the FM modulator must be properly set to prevent over-
modulation which causes the picture to tear-out during playback.
The adjustment of these circuits require both a reference white
level and a reference black level to make sure that the limiters are
not favoring one portion of the signal over another. Use the bar
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sweep pattern for these adjustments. This pattern has a 3-step grey
scale to check for proper video linearity and different frequency bars
for a dynamic check of the clipping circuits at different video fre-
quencies. This is needed when the signal is preemphasized be-
cause the higher frequency content is boosted in amplitude. It is
possible for the clipping circuits to be operating at the low-
frequency range of the signal (like that produced by a 10-step grey
scale) but provide too much limiting to the compensated high fre-
quency information. Thus, the bar sweep pattern allows all frequen-
cies of the video signal to be checked at the same time (Fig. 1-67).
The VCR circuits from the FM modulator to the video heads
are best analyzed by tracing the signals with the VA48 signal tracing
meter, or with a scope. For general signal tracing, the high fre-
quency response of the meter is usually faster since the shape of the
waveform is not as important as the peak-to-peak amplitude.

Color Circuit Analyzing

Phase-locked signals produced by the VA48 let you quickly
troubleshoot the chroma processing circuits. Direct signal substitu-
tion is used for checks of any signal up to the stage that converts the
frequency of the chroma signal down from 3.58 MHz. Let’s look at a
few examples of how to find a defect in the VCR color processing
stages.

The automatic chroma control (ACC) requires two input signals
for proper operation. The first is the composite chroma signal.The
important part of this signal that is required for ACC operation is the
color burst. The amplitude of this burst signal is used to control the
gain of the chroma circuits to maintain a constant color level with
changing input signals. The second signal required is the “burst

Fig. 1-66. The recording preemphasis circuits boost the high frequency content
to reduce video noise.

57



4Pre-
Emphasis Clip Clip Mod

v
=
-4
s
v
g
]
=
n
E 4

Fig. 1-67. The bar sweep pattern provides both a grey-scale and a “multi-burst”
type signal which lets you check the clipping circuits at all operating frequencies.

flag”. This flag signal is the horizontal sync pulse that is delayed a
small amount to place its timing exactly in line with the burst signal
riding on the back porch of the horizontal blanking interval. The
timing of this signal is very important because it determines what
portion of the color signal is used to control the gain of the color
circuits. If the burst flag arrives too late, for example, the burst gate
will separate the first part of the picture (just after the blanking
interval) instead of the color burst. The result is that the color levels
will be constantly changing because the amount of chroma informa-
tion will be different in each color scene.

Let’s now use the drive signals from the analyzer to check out
some faulty VCR color circuits. We will start with a symptom of
changing color levels when a tape is being played. The first check is
to find out if the color levels are changing during the recording or
playback of the color program. This can easily be confirmed by
playing back a tape that has been recorded on the suspected faulty
machine on a machine that is operating properly. If the color levels
remain the same, we know that the defect is in the playback circuits.
In this case, however, we find that the levels are changing when the
signal has been recorded on the suspected machine and then played
back on the good VCR unit. Thus, the recording circuits of our
machine in question are faulty.

Changing color levels could be caused by a defect in any of the
seven circuits shown in Fig. 1-68. These seven circuits make up the
ACC circuit. A defect (such as a faulty IC or poor solder connection)
anywhere in the stages would produce aimost the same symptom,
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Fig. 1-68. Each stage of the ACC circuit can be substituted with the drive signals from the analyzer.




changing color levels with different input signals. A scope can be
used to trace down the missing signals, but a substitute signal from
the analyzer will give you a more positive check as it will duplicate
the signals that should be produced at the output of each stage. The
first step is to provide a reference signal at the input to the ACC
stages. For this check just use the VCR standard output of the
analyzer and feed it into the VCR camera input jack. Now select the
chroma bar sweep pattern to provide areference color pattern these
chromas check.

Let’s first check the circuits that produce the burst flag signal.
The input to this stage is the composite sync pulses that have been
separated from the luminance signal. The V and H composite sync
test signal from the analyzer is ideal for this injection signal check.
Use the solid-state mode of the drive signal switch to prevent the
possibility of feeding too much signal in that could damage a solid-
state circuit device. The impedance of this mode is also matched to
drive the low-impedance solid-state circuits found in these stages.
Use the drive signal meter to monitor so you will know 