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ABBREVIATION LIST

ABBREVIATION FULL NAME

551102\ 8 O ——————————— Head Amplifier

VDEM .oirecttrectcceneeneaes Video Demodulator
AUDB e, Audio Board

ACOM .ciiiiiieceerrcececeeec e Audio Compensator
FOCS e, Focus Servo

TREKG e, Tracking Servo

CARG e, Carriage Servo

SP D L e Spindle Servo

NV EBU  coicinitioimsnimmnsinmmsamsnsnasmamnnsmesms Video & Time Base Corrector
MOEPR: cunnensesinissesateisiaiaininssine Micro Processor

DSPL:  cisassmmumsiimeimsaim v ami Character Display

D & CR sovsusossnmmmnismnavisass s Data & Clock Recovery
TEPM  suussmssssasonnesosisasammpnsrbis Haasisisis Stop Motion

1", § 261 3 R ———————— Main Infrared Board

<1 B 7 2 S — Sub Infrared Board

EMPLY . ovomssmmsmpsemnssssnmsssammsssm Lamp Driver Board

1 D N D 2 A Data Detector Board
COMB coiiieececietcesrieeseneenes e Control Mother Board
FTMB oeeieiiiiiiicictnecrneereeeeeennns Focus & Tracking Mother Board
CLMB o ieectttecrececenenenenn VTBC & Mother Board

SY PSS e System Power Supply

| I1S) o S SR Laser Power Supply

01 51 ) Current Stabilizer

FEME  siiiiiciiimsinimidnmniisinmaiinmminnmsnnnn Fuse & Focus Motor Protector
PHIDB:  cisiciciisisniisninsnsbmidbmmimbnsmmnnnmesnsnn Photo Detector Board
PHCOB  ccconminsinmssisssiiorsassnmiiassnss Platform Connector Board
NEPB iscssssssosnsessisisisssssvevsisastsss Noise Filter Printed Board
LMPL. usmusmsunuvonssosssosasssasunms Lamp Board 1

LMP2 ivsusomsissusssvasmnissssvasassessns Lamp Board 2

| ", [ 1= SO Lamp Board 3

150, 1 2 S —— Ram Board

1200, 1 O —— RF Modulator

DOS e eeaa e Dropout Sensor

TTL ................ heeeeeerenreeesenensernennnns Transistor Transistor Logic
ACS e e Audio Compensator Signal
RAM ooiiiiiiceieceeccececececeenenennns Randam Access Memory
ROM ottt ecceceeeee e Read Only Memory

NRZ e rtrreercreceeneee Non Return to Zero

COD) i ssssssamsmsesssinssasiinmes Charge Coupled Device
VYOO cumnnsmssassmsissssmims st Voltage Controlled Oscilator
PLL: soossesmmsmssussssmsessmmsssnmsimis Phase Lock Loop

o7, 71" I —— Pulse Width Modulation
VD  cmesosvssusvammsssmssonssssmsms sy Video Disc Player

CAV  ssummssmssmsrsssepimsssrssssonsssisvanss Constant Angular Velocity
ULV sssisssonspmnssssssvssssmavmesmssssusios Constant Line Velocity
DEA  sconemissessscimssnsssssasssReranassivasas Digital to Analogue

8 ¥ i YO Open Loop

371 (5RO - Close Loop
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1. SPECIFICATIONS

Yideo Characteristics
Videoresponse . . . ..........

Videooutput . ... ..........

Audio Characteristics
Player audiooutput. . . ... .. ..

Audio output impedance . . .. ..

Audio output level ... ... .. ..
Player audio distortion. ... .. ..
Player audio frequency response. .

Functions

Fast scan (90mm travel) . . . .. ..
Average searchtime. .. ... .. ..
Slowmotion ..............

Power requirements. . ... ... ..
Power consumption........ ..

Weight . .
Laser . ..

................

NTSC specification (exclusive
of de-emphasis).

75 ohm, unbalanced, sync nega-
tive; BNC type connector;
1 V P.P. terminated.

Two channels; stereo, or two
individual monaural channels
with output to two RCA stereo
jacks.

Less than 1.0K ohm unbal-
anced.

1.0 volt nominal.

Less than 0.5%.

40Hz to 20kHz £ 3dB

Single frame step; Forward and
reverse. |

Audio channels selectable;
either, both, or neither.
Selectable video display of
frame numbers.
Microprocessor control and
storage per MCA, Disco-Vision
specification.

Interchangeable wireless or
Remote control; Interchangea-
ble wireless or hardwire to
player.

Cable of multi-player or ex-
ternal synchronization with
3.58MHz subcarrier and com-
posit sync.

Capable of control by external
computer.

15 sec. maximum.

5 sec.

Variable control from 30
frames per sec to stop.

Single frame display (freeze
frame) with number lock.

115 VAC 60Hz

130 watts maximum

25kg maximum

6328 angstrom He-Ne

570 x 448 x 191 (mm)




STANDARD T.V. SET SYSTEM

Figure shows how to connect the player for
use with a standard T.V. set.

A

Attach one end of the R.F. cable to the
terminal labeled VHF OUT. Make sure that
the center wire of the cable enters the hole
in the player connector and tighten the
knurled outer barrel of the cable connector.

. Attach the other end of the cable to the 75

ohm cable input of the T.V. set. If the set
does not provide this input, you will need
to attach a 75 ohm to 300 ohm adapter to
the cable and attach the leads of the adapter
to the VHF antenna screws of the T.V. set.

Set your T.V. set to either channel 3 or 4 —
whichever Is not used in your area. Set the
player to the same channel using the
channel switch located on the left hand
side of the player.

. Connect your T.V. antenna to the terminal

labeled ANTENNA IN on the player. If your
antenna lead-in I1s not a 75 ohm coaxial
cable you will need a 300 ohm to 75 ohm
adapter.

. A switch on the lower left of the front of

the player permits you to switch your T.V.
to either the antenna (TV) or the output
of the player (VDP).

. Since the player provides two channels

of high fidelity sound, you may wish to
use a separate audio system. If so, use a
pair of standard audio cables to connect
the AUDIO 1 and AUDIO 2 player outputs

to the auxilliary inputs of a stereo amplifier
Oor recelver.

. Plug the AC line cord from the player into

a 115 VAC 60 HZ outlet.
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2. CONNECTION DIAGRAM
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3. FRONT PANEL FACILITIES

- ol . - a) e .
B - P I NIRRT T S s pe e
» g TAL o4 _ﬂ:. - » o »v‘.. .‘J.‘ . _‘o‘ "b‘
- - : - : ' L h . »
¥ LN &1 e Iy o R A S A
4 - "5 N : ." ,\’_ Sl B ‘ » - " S ' . f .“ 3
. » - -‘.-_"’ i : e ‘N .a . @ A od v
: - - X - I‘" _Jl‘ _." ' -~ b
> s N - om Y v.".l“. > v g o P .
v . . “4' L > %) - -
5 . F N A - : B S— ‘. .
R ‘ S . ~
L N AT T ‘-
. . . N
Ty > £

£ w.m:_.t:‘g':.‘Wm‘.- s:iﬁ*s'-\ v'; WX SV LSS -

& <
SUTT BT REASI  FPW. Do

| e .
w m = 50

e @
CONAIR TG S50 oy

[ i < =ihg

| s | AN | ~ {28 b TR 1 S el
G fed P L AN W e RS R S
. :‘ - - . -“ "‘ "‘ - - a . . \v L £, T \' 2 > L"‘"‘ .‘,.- ’
. S . .~y . - > iy Py gt € Pyt TN - ¢ -
.-\\’ut.--ov‘ U"-‘—&\m 'vf“ ) ";’45’- ( - g i-”" ) Sy m’&a&
:

* ‘.'.

2 - _.? .‘x'a" > ?':".‘;ﬁ.; ~:q -

NN o SN LRV

.'..'f. -

- 4
: )
- -‘ 3 ‘:’;’" .'\

) 4 -
ey N 'ﬁ‘ " . .
v » .'.

S q'

R

e ———— MRS A

- & S TN B P oen A

BT - - adPe. e -

WD CERST I

Remote control jack

L]



(» COVER OPEN:

Press to open the cover. Close the cover by gently it
downward by hand.

2 POWER:

Power switch

@ REJECT:

a. This button starts the ‘‘soft reject’” where the player
squelches both video and audio and moves the disc at
scan speed until it reaches the outside limit; here the
mode changes to “‘hard reject’”’ and continues to park
position. The ‘“soft reject’” mode can be terminated by
a play command or a scan fwd/rev command. Loss of
focus during ‘‘soft reject” mode will cause the player
to go into ‘‘hard reject.”

b. When the cover is needed to be opened the “REJECT”
button must be pressed to have the disc to move to
park position. And then “cover open’’ button must be

pressed.

@ AUTO STOP:

Plays to the frame number in the display memory register,
at which time stop mode is initiated. |f the number in the
memory is smaller than the displayed frame number,
search is initiated.

® SEARCH:

Searches out the frame number in the display memory
register. Audio and video squelched during search. Stop
mode initiated at the conclusion of search with number
lock to keep selected frame displayed.

® FRM DSP:

Turns frame numbers on or off without affecting player
functions.

@ SCAN FWD/REV:

a. From play — Rapidly traverses forward or reverse for
the the duration the button is depressed. After the
button is released the play mode is resumed. Audio is
squelched during scan. If scan continues into the
limits,”” stop mode will be initiated and locked in. To
unlock this mode, reverse motion must be made
outside the anticipated limits and a new command
given.

b. From slow motion — Same as for play, except slow
motion mode is restored after command is terminated.

c. From auto stop — Same as play, except Stop mode is
initiated after scan mode is completed.

d. From search — Same as play and stop command is set.

SLOW FWD/REV:

From play, stop, auto stop, search — Terminates previous
command and the frames are advanced forward or reverse
at a rate determined by the slow motion control on player
front panel. Audio is squeiched. Continuous untii a new
command is given or limits are reached. See scan mode.

@ STEP FWD/REV:

a. From play, slow motion, auto stop, search — Generates
stop mode and steps to the next frame forward or
reverse for each depression of button.

b. From stop — Steps forward or reverse to the next frame.

i AUDIO 1, AUDIO 2:

Independent control of either channel by toggling action
to turn channel 1 and 2 on or off.

@) STOP:

From play, auto stop, search, slow motion — Motion will
stop and current frame will be displayed indefinitely.
Audio will be squelched. Previous function is cancelled.
There is a number lock function to keep the selected
frame displayed.

12 PLAY:

The only functioning control in park position except for

Audio 1 and 2.

a. From park — Applies power to the spindle motor for
about 4—6 sec. to allow spindle to reach normal speed.
The disc is then rapidly (fast speed) positioned to the
“anticipated inside limit” at which point the disc
continues at ‘“‘slow’ speed until the ‘“‘inside limit” is
reached. At that point the carriage sits ‘‘idle”” and waits
for focus to be acquired and spindle servo locked.
Then the carriage drive moves the disc at slow forward
speed to position at the ‘“‘anticipated inside’’ or
program start. The carriage speed reduces to 50um/sec
(play speed) and the tracking loop closes. The player
will remain in play mode until the “outside limit” is
reached or END OF PROGRAM. At this point the
reject mode is automatic.

b. From stop, auto stop, search, slow motion — Will go
into play mode cancelling previous command.

c. From reject — Only during “soft reject” will the play
button have any control. The player will start from the

middle of the “play from park cycle” and will begin
to play from START OF PROGRAM.

@ SPEED CONTROL:

Variable speed slow motion. Varying from normal 30
frames per second to 1 frame per minute.
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RECALL: @0 DIGITS 0-9:

Recall depressed after some other function was used. Will a. From play, stop, slow fwd/rev — Depressing a number
recall the last R = (location) without incrementing. There- button will load that digit in the right-hand digit
after, recall will increment R = (location) each time it is location and shift all other digits to the left by one
depressed. location. When five digits are reached, the fifth left-
If 2 number is entered into the display memory register hand digit will be lost if a sixth digit is entered. This
and recall depressed, then the memory location will number is stored in register display memory and is not
correspond to the number entered and the display stored in any location.

memory register will contain contents of this location. b. Search, auto stop will be terminated and stop mode

initiated upon a number entry.

@® CLR/HALT:

In addition to the function, this button will stop execu-
tion of the user program. it can be used in the user
program as a halt statement to stop execution of the
program at a pre-determined point.

STORE:

Stores the number in register display memory into me-
mory location indicated R = (location) and advance R =
(location) to the next location.

In absence of an input to the display memory register, the
current frame number will be stored in successive memory
location.

NOTE:
Frame numbers may be stored without the number
display.

@ RUN/BRANCH:

From normal player mode this button causes‘execution of
the user program, starting from step zero. If a # preceeds
this button, execution will start at that step. If this button
is pushed in the “write program” mode, its effect will be
the same as a program ‘“go to’’ when the “run program”
mode is entered or when a branch is executed, the frame
# display will be cleared and register # 1 will be indexed.

END:
This button causes termination of the ‘‘write program’
mode. If when in the ‘“write program’” mode, its is
desirable to index a distant program step; this button
must be pushed first, then the step # , then the program
button.

PROGRAM:

This button causes the player to enter the ‘“‘write
program’’ mode starting at program step zero. Subsequent
pushing causes the program to step (1 step/push) for
examination or editing. From normal player mode if the
program button is preceeded by a # , (0-1023) the “write
program” mode will be entered and displaying this
program step and its.
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Slide switch
VSH-002
-

FFMP
VWR-004
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D & CR
VWG-003

A Power transformer
VTT-001 (VTT-002)

-~
N *o O "afs.-«\, ‘ .._-. - - <
S .-,-\'w.‘t-' l.'.‘lf-.". G 3.
. ’ o < NN a(g
o -~ - » E . » -
- -
>
.

. \.x-,l -~
L P ’ '_
~ - # .

SYPS
VWR-001

-‘" B mepa Y EIRAARE . AAAAARE SHENARR 8RRy " TT T
: »

e o

Mirror S assembly
VG X-002

2
-

-
r . - a :
- "
-
-
- -
» ~
- - -
\\ g o -
| Rt e -~ —— vy - - -

Laser tube
VGN-004 (VGN-005)

CARG
VWS-003

Mirror S assembly
VGX-002

- » - - ~
St S —

‘..“ -~
.
r

\

R At e .

g e e

® The A mark found on some component parts indicates
the importance of the safety factor of the part. There-
fore, when replacing, be sure to use parts of identical
designation.
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VWW-002

vTBC
VWW-003
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°o. DISASSEMBLY

e Hood and Top plate

1. Remove the four screws (1) to detach the hood.

2. Remove the two screws (2) and connector to detach the top cover.
3. Remove the four screws (3) to detach the mechanical panel.

Hood
e ~N '
/'/
~
e H x\ﬂ
/‘/'/ ®G? S /
Hinge plate g Top cover

4

// /
Hinge plate ~
N\ /

.

i

|

I .

<
<~
-
H
|

Mechanical panel

Shield sheet E
VEF-005

Shield sheet D
VEF-004

S

S S

Shield sheet F
VEF-006

Shield sheet E
VEF-005




e P.C. Board assembly

Remove the two screws (1), (2) to detach the shield cover.

Shield cover

Protector

Shield cover

Protector

10



S —— 1j ’
6. BLOCK DIAGRAM
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Carriage A COM EXT
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Spindle F'} Tacho
Motor ; Error
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t aF TV ANT SW
F(:) RF OQUT
- o A * Video Y- g
c 2 AMP VIDEO MIX AMP
5 el | T
3 % B
L = X —»0) Video Out
Carriage ggh?s ouT - ‘ Drop Out - |
Servo l Pulse
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. Video
% : H Phase Error
T Video
2 r | Video | Reference Sub Carrier
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7. GENERAL INFORMATION

1. Disc Recording Method

A video signal plus a stereo audio signal are
modulated into FM signals, and recorded in the
form of pits in the disc track. The frequency
spectrum is outline in Fig. 1 below.

LEVEL 4

!

0
—26dB

| Ll freq.
\\—AUD , \—VIDEO
AUD 1 Fig. 1

2. Playback Method

A laser beam is directed into the disc track and -

reflected back onto photo-sensitive elements and
converted into electrical signals which are sub-
sequently amplified. The RF signal passed through
a filter to remove the audio carrier signals 1s
~ detected to the video signal by the frequency
detector stage. The audio signals, on the other
hand, are retrieved by first removing the wvideo
carrier signal by filter, then separating the AUD,
and AUD, carrier signals (by band-pass filters)
which are finally passed on to frequency detector
stages to obtain the desired signals.

The servo circuits include a spindle servo circuit
which maintains constant disc rotation speed, a
focus servo which keeps the laser beam focussed
exactly onto the disc track, a tracking servo which
ensures that the laser beam continues to trace the
same track, a carriage servo which maintains a
constant carriage shift rate, and a video time base
controller which compensates for error on the time
base.

Control circuits include a slow motion circuit
for still pictures, a data read out circuit which
displays frame number in a part of the screen, a
display circuit, and a microprocessor which trans-
fers signals from the control panel to the relevant
circuit boards according to the selected operation.
3. Structure

The positions of the various printed circuit
boards are indicated in Fig. 2.

Circuit Major Functions
VDEM Video signal demodulation and drop out
compensation.
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AUDB  Audio board

VTBC Video & time base corrector
CARG  Carriage servo

TRKG  Tracking servo

SPD L Spindle servo

HEDA  Head amplifier

DSPL Character display
MCPR  Microprocessor

D & CR Data & clock recovery
STPM Stop motion

SYPS System power supply
LSPS Laser power supply
ACOM  Audio compensator
LMPD Lamp driver board
RF MO RF modulator

4. Circuit Description
(1) HEDA

The faint voltage signals generated by the photo-
sensitive elements (arranged as shown in Fig. 1) are
amplified by the head amplifier.

Although the tracking signal depends on the
difference in voltage between 1 and 2, these two
voltages are simply amplified by the head amplifier
as the 1 and 2 detector voltages.

For the focus signal, voltages 3 and 4, and
voltages 5 and 6 are amplified by the head ampli-
fier. ‘

The RF signal is the amplified sum of voltages 3,
4, 5 and 6.

In .order to eliminate unwanted radiations, the
head amplifier has been mounted in a shielded case.

O

Fig. 2



(2) VDEM (Video Demodulator)
Mounted on a circuit board ‘‘pocket”, this

circuit obtains the video signal upon detection of .

the signals amplified by the head amplifier. The RF
signal is obtained by removing the audio carrier
signals via filters. Then after passing this signal
through a limiter to remove the AM components,
it is detected in the detector circuit by a pulse
counting method. The VDEM circuit also contains
a drop out compensator (1H delay line) which
prevents the effects of drop outs (generated by
scratches on the disc surface) from appearing 1n
the playback picture. The drop out compensated
signal is passed on to the VIBC and SPDL circuits.
(3) VIBC (Video Time Base Corrector)

The video signal demodulated by the VDEM still
contains time base error due to disc eccentricity
and motor rotational fluctuations. This time base
error is corrected by comparing the phase of the
color burst signal from the playback video signal
with the reference oscillator output signal and
subsequently controlling the CCD. Furthermore, in
order to expand the color lock range the time base
error in the horizontal synchronizing signal from
the SPDL is added to the color burst phase
comparison error.

(4) AUDB and ACOM (Audio Demodulator and
Audio Compensator)

For detection of the audio signals recorded on
the disc. The audio carrier signals are separated by
passing the playback RF signal through band-pass
filters, and then detected by FM detectors to
obtain the audio signals. The channel 1 and channel
2 MIX signals are passed to the RF MOD to be
modulated. Time base error is also generated 1in the
audio signals by disc eccentricity, this error being
corrected by changing the operational point of the
FM detector by the SPDL speed error.

(5) SPDL (Spindle Servo)

The spindle motor is normally controlled by the
output signal obtained by comparing the phase of
the playback horizontal synchronizing signal and
the reference oscillator signal. But when the rear
panel INT/EXT switch is put in the EXT position
and an external synchronizing signal applied, the
frame lock circuit will be activated. Prior to the
frame lock circuit, the phase of the playback frame
pulse is compared with the EXT frame pulse, while
after the frame lock, this is replaced by a horizontal
synchronizing H lock loop.

The spindle servo circuit also includes a control
circuit to ensure constant motor speed by detect-
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ing motor current and terminal voltage prior
attaining proper focus. When using CLV discs, a
carriage potentiometer is employed to vary the
spindle motor free-run frequency while moving
from the inner to the outer circumference.

(6) TRKG (Tracking Servo)

The tracking servo control circuit is designed to
move the mirror in a radial direction. The tracking
detector signal from the head amplifier is amplified
in order to drive the mirror. During stop motion
mode, a command signal from the MCPR causes
the same track to be repeated once every complete
turn of the disc.

(7) CARG (Carriage Servo)

This circuit ensures that the carriage is shifted at
a constant speed (3 speed selector — fast, mid,
slow). During play mode, the carriage servo 1is
controlled by the tracking error. Hence any
increase in swing angle as the tracking mirror traces
the disc track will be absorbed by shifting the
carriage.

(8) FOCS (Focus Servo)

This circuit ensures that a constant distance 1s
maintained between the lens and disc track (by
varying the current passed through the focus
motor) in order to keep the laser beam properly
focussed on the disc track. Focus error is detected
by monitoring the distance between the track and
lens (which is moved as a result of signals from the
photo-sensitive elements) and subsequently con-
trolled by using the signal amplified by the head
amplifier.

(9) D & CR (Data and Clock Recovery)

Frame number data is recorded during the V
blanking interval of the video signal. This frame
number signal is read out by the D & CR circuit.
The demodulated signal is first passed to the
MCPR, and then to the DSPL (by MCPR com-
mand) to be finally displayed in a part of the
screen.

(10) DSPL (Display)

When character data is transferred from the
MCPR it is modulated into a video signal by the
character generator. These character signals are
then passed via the VIBC to be mixed with the
main playback video signal to be displayed on the
screen.

(11) STPM (Stop Motion) ,

This circuit is used to separate the synchronizing
signal from the playback video signal, and to also
detect the white flag signal required for stop
motion mode.



(12) MCPR (Microprocessor)

The microprocessor passes the relevant signals
to each circuit board according to the command
signals from the front panel controls.

(13) SYPS (System Power Supply)

Each circuit board is supplied with regulated
power after rectifying the output of the power
transformer secondary coil.

(14) LSPS (Laser Power Supply)

This circuit provides the high voltage required
to trigger laser oscillation. After rectifying the
850V on the secondary coil of the power trans-
former, a constant current (5mA) flow through the
laser 1s maintained.

PR-7820
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8. OPTICAL DESCRIPTIONS

1. Outline of platform
Optical platform and outline of the beam pass
are shown in Fig. 3.
Laser Tube
A He-Ne gas laser with wavelength of 632.8um.
Grating
(Glass plate with large number of grooves etched
in the surface, and used to split the laser beam
into 3 separate beams.
Diverging Lens
A normal convex lens.

Prism
After passing the laser beam from the laser tube,

the laser beam reflected from the disc is
deflected by 90° inside the splitter.
In other words, the splitter is able to either pass
or deflect the laser beam depending on the plane
of light polarization.
This unit generates a phase difference of a
quarter of a wave length, depending on the plane
of light polarization, as the beam is passed
through.

Objective Lens
A normal objective lens.

Cylindrical lens
A lens in the shape of a cylinder divided down
the center.

2. RF Signal

- The beam from the laser tube which is linearly

polarized in the horizontal direction is divided by

a grating into 3 beams of the horizontal direction

Diverging lens
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Fig. 3

Prism , /

(see Fig. 4).
| | aser tube

Grating

Photo diode

The center beam 1is used for focus servo control
and to read the RF signal, while the 2 side beams
are used for tracking servo control.

After being spread out by a diverging lens, these
3- beams are passed through a prism, and become
circularly polarized light by passing the 1/4-wave
plate. The beams are then passed through a mirror
transducer, and focussed in a spot 1.5u in diameter
on the reflection film which is about 1.0mm below
from the disc surface, by an objective lens.
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This beam 1s reflected, and is passed back in the
reverse direction along the input path, and then
become a linearly polarized light beam in the
vertical direction by passing the 1/4-wave plate.
The beam is then deflected through 90° by a prism
and passed via a cylindrical lens to photo diode
(see Fig. 5). This photo diode consists of 6 parts,
the 4 outputs being mixed (B; + B, + B; + B4 ) to
form the RF output.
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3. Tracking Servo Control

The 2 beams of both sides are arranged slightly
out of alignment from each other as shown in
Fig. 6. The corresponding reflected beams are
applied to photo diodes A and C respectively
(see Fig. 5). The tracking servo control maintains
the difference between the 2 diode outputs at
Zero.
4. Focus Servo Control

As can be seen in Fig. 5 photo diode B is
divided into 4 separate parts. When the laser beam
spot is correctly focussed on the disc surface, the
reflected beam forms a circular spot as shown in
Fig. 7-1. If, however, the disc surface shifts
towards the objective lens, the spot will appear as
shown In Fig. 7-2, while if it shifts away from the
lens, it will appear as shown in Fig. 7-3.

Objective
Prism lens Wige

IN FOCUS

. » % =~
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1’. “ -
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Fig. 5
Photo diode pattern
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Shape of beam cross section at photo detector,
relates the distance between disc and objective lens
1s shown in Fig. 8.

The 4 separate photo diode output signals are
mixed according to the following equation: —

(B +B3)—-(B; +Bs)=V
where V = 0 when the beam is correctly focussed,
V > 0 when the disc is far from the lens, and
V < 0 when it is near by the lens.

In other words, the photo diode composite
output i1s only generated when the beam is out of
focus, resulting in a current being passed through
the focus motor to move the objective lens back
and forwards, thereby maintaining the beam
correctly focussed at all times.
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9.1 HEDA

The playback FM signal from the photo detector
is applied to the FET cascode amplifier (Q;, Q-
and Q;) where it is amplified by approximately
20dB. The output signal is then passed via the Qa4
emitter-follower to the Qs equalizing amplifier
where the high frequencies are boosted to improve
the overall frequency response, and the cut-off
frequency fixed at about 26MHz. Then after being
applied to a negative feedback amplifier (Q¢ and
Q,) the signal appears at the output of the Q;
emitter-follower, an overall gain of about 30dB
being obtained. In order to eliminate a 620MHz
spurious signal from the laser tube, the output
signal is also passed through a low-pass filter.

The focus and tracking control signals are both
passed through single amplifier stages (Z; and Z,
respectively) and identical low-pass filters. FOCSA
and B and TRKGA and B are the resultant output

signals.

9. CIRCUIT DESCRIPTIONS

PR-7820
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filter

RF

Equalizing
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amplifier
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[ Am Emitter-
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Focus control signal A {Amp
Focus control signal B Amp
Playback FM signal — Amp Emitter
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Tracking control signal A Amp
Tracking control signal B Amp

Fig. 10 HEAD BLOCK DIAGRAM
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9.2 VDEM

Until the photo-diode picks up a signal from the
laser, the main signal path demodulator (DEMOD)
is kept off by the IN FOCUS signal, and both DOS
and DOS are maintained at high level. The switch
will thus be open, thereby preventing the appear-
ance of any noise signals at the video output.

After IN FOCUS, the FM signal amplified by the
HEAD AMP is distributed to the main signal path,
the drop out sensor (DOS) circuit, and the AUDIO
circuit board. The main signal path FM signal also
contains an audio signal, pilot signal, and other
noise components in addition to the video signal.
The unwanted signals are removed by f{filter (2),
while VR, serves to adjust the FM signal level.
After passing through the f{filter, the signal is
sufficiently amplified by the limiter, and amplitude
1s also made constant. VR, 1s the limiter balance
control.

After further amplification by the line receiver,
and conversion to TTL level, the FM signal is
demodulated into the video signal by the TTL
equipped pulse count detector. The linearity of
the detector is adjusted by VC,. Since the demodu-
lated video signal 1s still a low level pre-emphasized
signal containing high frequency components, it is
next passed through amplifier and de-emphasis

stages and a low-pass filter (fc =5MHz) before
being applied to the drop out compensation switch
(9). However, since drop out compensation in the
D & CR stage is likely to result in loss of data, a
part of the video signal is applied to this stage
prior to the drop out compensation stage. Video
signal level may be adjusted by VR;. In summary
then, the main signal path in the video demodulator
circult proceeds via (1)—(2)—(3)—(4)—(5)—(9).

The FM signal passed through filter (2) is also
applied to the 1H delay line. After a 1H delay
(63.5usec.), the signal is demodulated by the
quadrature detector. (The 1H delay makes use of
the close similarity between adjacent horizontal
scan lines, employing the previous scan line to
“fill In”’, or compensate, any gap left by a drop
out). The signal is then passed through a filter
which serves as a de-emphasis stage as well as a
high-cut filter. Next it is amplified, and finally
applied to the drop out compensation switch (9).
The VR, control is used to adjust the level to the
same video level as in the main signal path. Hence,
the 1H delay video demodulation route is via
(6)—(7)—(8).

Drop outs in the FM signal picked up by the
photo-diode are caused by the presence of dust,
scratches, and other irregularities in the surface of

VR1 VR?

1 2 3
v FEALS BUFFER |—4—{ FILTER |—¢—»| LIMITER
AUDIO FM - )
(to AUDB) 6 7

L > 1H. DLY > DEMOD
VR5
DOS OUT - " DOS
10 DOS I
(to AUDB) S
IN FOCUS DOS VIDEO 1 VIDEO 2
- 1o to
(from MCPR) IN FOCUS VTRC > & B
SPDL

Fig. 11 VDEM BLOCK DIAGRAM
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the video disc, and subsequently lead to distortion
in the video output signal. Detection of these drop
outs and the consequent generation of signal
switching pulses occurs In this drop out detection
circuit. There are actually 2 forms of the DOS
signal — the main DOS signal which passes via the
main signal path in the absence of drop outs, but
which inferrupts the main path when a drop out
appears, and the DOS signal (of opposite polarity
to the main DOS signal) which connects the 1H
delay video signal to the main signal path when a
drop out occurs, but leaves the signal unconnected
at all other times. Although the TTL level process-
ing results in practically no time delay at all in the
DOS signal, the video signal 1s delayed by several
hundred by the two filters it is passed through.
This difference is compensated for by inserting a
trough in the DOS signal several hundred later,
thereby preventing the appearance of any image
distortion resulting from drop outs. Hence, the
signal path for the drop out detector circuit also
includes (10).

The block diagram is outlined in Fig. 11, and the
time chart in Fig. 12.

IN FOCUS I I__

FM SIGNAL
(1 OUT)

L H

FM SIGNAL
(6 OUT) '

VIDEO SIGNAL

(5 OUT) ﬂuf

1H DLY VIDEO —
(8 OUT) M

VIDEO 1 SIGNAL
(9 OUT)

LDOS I | | I
(10 OUT)

DOS

(10 OUT)

Fig. 12 TIME CHART
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9.3 AUDB

The FM signal extracted from the video disc by
the photo-diode is passed viathe HEDA and VDEM
stages to the AUDB circuit. As can be seen from
the accompanying spectrum diagram, this FM
signal contains unwanted FM video signal compo-
nents and a 0.4MHz pilot signal, all of which must
be removed.

First the FM video signal components are
attenuated by a 4MHz low-pass filter, the remain-
ing audio signals being subsequently amplified by
a limiter where amplitude variations are also
removed.

Since the channel 1 (L) and channel 2 (R) audio
signals have been FM modulated on 2.3MHz and
2.8MHz carriers, the unwanted pilot signal, video

LIMITER &
DETECTOR MIX
VL2 '
A
CH2 ACS IN
(from ACOM)

AUDIO 1 IN (from MCPR) »-

1

AUDIO 2 IN (from MCPR) +»

AUDIO SQ IN (from MCPR)>-

2 o

DOS IN (from VDEM)

SWITCH
»] CON-
TROLLER

T

FM signal, and any other channel audio FM signals
are removed by employing 2.3MHz and 2.8MHz
band-pass filters.

After passing through these BPF stages, the
audio FM signals are further amplified by limiter
and detector stages where additional amplitude
variations are removed, and the FM signals
detected. The FM detector stage is a gquadrature
detector circuit with VL, and VL, being used to
adjust the linearity of the channel 1 and channel 2
detector circuits.

If the video disc should happen to be slightly
off-center, the detected audio signals will also
contain eccentricity component signals, the size of
the signals being proportional to the degree of disc
eccentricity. This eccentricity will also result ina
certain amount of flutter, but since this 1s
extremely small, it presents no practical problem.

AMHZ AUDIO FM IN
LIMITER < (from VDEM)
CH1 ACS IN
* (from ACOM)

CH1 DATA OUT
A (to DADT)

SWITCH C28

\I » AUDIO CH1 OUT
T VR3 (to REAR PANEL)
gt —>MIXED AUDIO OUT
C33 (to RF CONVERTER)
»AUDIO CH2 OUT
c39

(to REAR PANEL)
029 > *

Fig. 13 AUDB BLOCK DIAGRAM
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The eccentricity component signals are detected by
the ACOM circuit which in turn applies them to
the left and right mixer circuits as ACS signals of
opposite phase, resulting in the cancellation of the
eccentricity component signals in the audio signals.

Besides being applied to the DADT as data
dumping signals, the mixer output signals are also
passed via VR; and VR, (audio output level setting
controls) to the switching circuit. If AUDIO 1 and
AUDIO 2 are both low level S; and S, will turn on
and S; turn off, resulting in the appearance of
independent channel 1 and channel 2 output
signals. If, however, AUDIO 1 1is high, and
AUDIO 2 is low, S; will turn off while S; and S;
turn on, resulting in the channel 2 signal being
connected to both the CH; OUT and CH, OUT
outputs, and the channel 1 signal will not be
connected. If on the other hand, AUDIO 1 1s low

and AUDIO 2 is high, the reverse case will be set
up, S, turning off while S; and S; turn on. The

PR-7820

channel 1 signal will then be connected to the
CH, OUT and CH, OUT outputs and the channel 2
signal will not be connected. If AUDIO 1 and
AUDIO 2 are both high level, S; and S, will both
turm off (and S; turn on), resulting in no output
signal at all. When AUDIO SQ is low level, all
switches (S;, S, and S;3) are turned off, again
resulting in no output signal appearing at the
outputs.

These 3 switches are also turned off when the

DOS signal (drop out detector signal) from the
VDEM circuit is at low level. The DOS signal 1s
thus held at the previous value by C,s and C,,
thereby preventing the output of noise caused by
drop outs. The time constant of C;3 and Cso
(capacitors employed in the de-emphasis circuit) is
75usec.

.

0.4MHz [PILOT SIGNAL]
2.3MHz CH1 (L)
2.8MHz CH2 (R)
7.6MHz (SYNC TIP)

[AUDIO]
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\ Y4 9.3MHz (WHITE)
OdBf----- /;7J>/é;-*-—
Zam
“26d8“‘7—‘/
-35dB}H | H
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Fig. 14
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9.4 ACOM

The ACOM (Audio Compensator) circuit has
been designed to eliminate any eccentric compo-
nent signals from the main audio signal when the
video disc is not positioned in the exact center.

Since error in the time base caused by disc
eccentricity will effect the audio signal, this error is
corrected by cancelling the eccentricity compo-
nents in the audio modulated signal. This is
achieved by f{first rectifying the waveform of a
tacho error signal from the spindle (error signal
along the time axis), then eliminating the unwanted
high frequency components, and then applying the
reversed phase signal directly to the audio signal.

The tacho error signal is initially restricted
within a £5V range by a diode limiter to limit the
noise components. (The tacho error signal from a
30usec eccentricity corresponds to a level of
1.2Vp-p). The error signal is then applied to the
noise canceller circuit via a buffer amplifier.

In this noise canceller circuit, the tacho error
signal forms a step-wise waveform (with step
widths of 63.5usec.). When the step level exceeds
the eccentricity error waveform by a certain
amount (in either positive or negative direction),
the difference is detected by the differential
amplifier and comparator stages, and held by the
analog switching and previous value hold circuit,
thereby further reducing the noise components due
to tacho error.

Noise Canceller Circuit amplifier

The output signal from the noise canceller
circuit is passed via a buffer amplifier to a 300Hz
low-pass filter which removes unwanted high
frequency components. After then being passed
through output amplifiers and undergoing level
adjustments to match the levels with the audio
signal levels in the mixer circuits (for left and right
channels), the output signals are applied as ACS
(audio compensation signal) components to the
channel 1 and channel 2 audio modulated signals,
thereby cancelling the eccentricity component
signals contained in the audio signals.

Output

r — =2
: Buffer | Low-pass
: An.alcr)? amplifier ! filter ACS1 OUT
switching |- |
TACHO | 9 [Previous : (to AUDB)
ERROR IN € Limiter 0 value hold | o
| . : utput
(from SPDL) : circuit | amplifier
Buffer | fe= 300Hz
amplifier | ,
| | ACS2 OUT
| Differential : (to AUDB)
: amplifier |
|
! |
i | Comparator :
| I
| |
| |
L J

ACOM BLOCK DIAGRAM

Fig. 15

24



9.5 FOCS

Focus Assembly Circuit Description

The focus servo i1s a servo circult designed to
maintain the laser beam focussed correctly onto
the disc surface at all times. A 4-way splitter photo
detector 1s employed to check that the focusing
lens 1s always in the correct position. Any focus
error is applied to the focus assembly differential
amplifier, passed through various phase compensa-
tion circuits, used to stabilize the servo loop, and
then applied to the focus motor from the motor
drive amplifier.

During normal operation (as shown 1n the next
page block diagram), any error signal is applied to
the differential amplifier and on to the DC servo
loop, motor drive amplifier and focus motor. The
other parts of the circuit are Involved in initial
focussing operations, and the raising of the lens
assembly when the beam is interrupted.

The sequence of events commences when a “‘lens
down” instruction from MCPR is applied to pin
No.6. This results in a voltage being applied to the
lens down circuit by the control circuit, forcing
the motor to gradually lower the lens in accordance
to the time constant. Although the servo circuits
are initially inactive due to the absence of focus
error input signals, these error signals soon com-
mence to appear. During this early stage the AC
servo loop will become active while the lens 1is
being lowered. Once the lens reaches the point of
correct focus, the S-shaped curve detector circuit
transfers that data to the control circuit, resulting
iIn a switch over to the DC servo loop. The lens
thus becomes ‘in focus’, and an ‘in focus out’
output signal appears at pin No.13, thereby trigger-
ing subsequent operations in other assemblies.
Description of Individual Circuit Components
1. Differential Amplifier

This circuit supplies offset at the point where
the input error signal 1s amplified, and 1s also
involved in phase compensation.

2. DC Servo and AC Servo Loops

The AC servo is applied prior to exact focussing
(In focus) while the DC servo 1s applied after
focussing only one circuit operating at any one
time. The DC servo loop includes a gain control
circuit which permits loop gain to be set to the
value of greatest stability and optimum response.

3. Motor Drive Amplifier

This power amplifier stage for driving the focus
motor 1s incorporated in the TA7210P power IC.
Additional phase compensation is performed here
to further stabilize the loop.
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4. S-shaped Curve Detector Stage

This error detector stage has been so called due
to the fact that the amount of error on each side
the proper focussing position (in focus) varies In
accordance to an S-shaped curve. And since the
in-focus point is reached just prior to the zero-cross
point of the curve, the comparator detects the
noint just prior to zero-cross, and passes an output
signal on to the control circuit.
5. Control Circuit

Comprised of 4 comparators and a NAND f{flip-
flop, this circuit supplies the lens-up command
from the MCPR, and the loop switching SW and
lens-down signals from the S-shaped curve detector
signal.
6. Lens-Down Circuit

This capacitor/resistor circuit controls the
oradual lowering of the lens by charging and
discharging operations.
7. In Focus Detector and Lens Protection Circuit

Besides indicating that the focus servo in opera-
tion, this circuit also forces the focus motor to
raise the lens (by applying a positive potential to
the servo amplifier) if the laser beam should
accidently be interrupted.
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9.6 TRKG

1. Differential Amplifier

The function of this circuit is to provide amplifi-
cation of the tracking error signal (an error signal
proportional in size to tracking and lens position
deviations) from the head amplifier (HEDA). This
amplifier is also equipped with a detector offset
circuit which compensates any differences between
the 2 photo detectors.
2. Amplifier/Equalizer and Drive/Equalizer Stages

Both of these amplifier stages are equipped with
equalizer circuits for stable servo application
(mirror frequency response compensation). The
amplifier/equalizer also includes a loop gain control
VR, while the drive/equalizer (which corresponds
to the power stage of an audio amplifier) is
incorporated in a power IC.
3. Zero Crossing Detector and Jump-Back Pulse

Generator

During the stop motion mode, a jump-back
command from the MCPR applies a DC signal to
the tracking mirror. The zero crossing detector
subsequently informs the jump-back pulse genera-
tor that the jump-back to the adjacent track has
been made. This results in the pulse generator
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applying a DC voltage to the loop, thereby leaving
the loop open. This loop is closed again on
command from the zero crossing detector.
4. Loop Switching Control Stage

This circuit controls the switch which opens the
loop during search and jump-back modes. The loop
may also be opened manually by the O/L < L/L
switch when making adjustments.
5. Carriage DC Loop Amplifier

This amplifier stage is employed in applying the
low frequency components of the TRKG error
signal to CARG.
Operating Principle of the TRKG Servo Control
Circuit

As the name implies, the TRKG Servo 1s a servo
control circuit used to maintain the laser beam
right on the track at all times. Aslong as the beam
remains aimed directly onto the track, the amount
of overlap to left or right (onto A and B photo
detector elements on both sides of the track) will
be more or less equal. Any deviation to the left or
right, however, will produce a difference in the
amount of overlap in one direction or the other.
On the basis of this differential signal, the TRKG
servo circuit drives a mirror to change the direction
of the laser beam, thereby keeping the beam aimed
directly onto the track. In addition, compensation
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of mirror characteristics via the equalizer ensures A
stable servo operation.

This TRKG servo control operation may be
more easily understood by a description of the

stop motion mode. During normal play mode, the B

spiral track is traced from the inner circumference

outwards under the control of the TRKG servo. 4 b

During stop motion mode, however, the same video Tracks

image must be displayed while the disc continues Fig. 17

to rotate. And since a single video image 1s stored

in one circumference of track, the same image may

be displayed by jumping back one track after

completing a single cycle. This is achieved by

applying a jump-back command signal from the

MCPR to the TRKG servo circuit. The TRKG servo!

loop is subsequently opened temporarily, and a DC

voltage is applied to the mirror. Upon detection of

completion of stop motion mode, the loop 1s <
closed again and the DC voltage cut.

Slow motion modes (SLOW FWD and SLOW
REV) are also operated on the same principle, the

frequency of jump-back steps being varied. Fig. 18
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9.7 CARG

CARG Movements

1. When the video disc is in the park position, the
CARG mechanism closes SW,, reduces the loop
galin, and prevents the carriage motor frum
operating. .

2. For high speed transport of the CARG mecha-
nism during search and scan modes, speed and
direction instructions are received from the
microprocessor, resulting in the required signals
being transferred to the carriage motor.

3. When the TRKG loop is closed during play and
stop modes, the tracking error DC components
shift the CARG mechanism to trace the disc
track.

CARG Operation

1. When in the park position, SW, is closed by a
RUN command (SW;~; will be open at this
time), and the tracking servo loop will be open
(not shown in the TRKG circuit board diagram).
The drive amplifier output will then be fed back
to the amplifier input (negative feedback), the
loop gain will drop, and the motor will remain
inactive. In any other position (apart from
PARK), the run input signal will become “H”’,
thereby turning SW, off to permit the motor to
rotate.

2. When tracking error is off:

CARG mechanism transport to either the inside
or outside position will be determined by the
rotational direction of the carriage motor, which
in turn is determined by whether a (+) or (-)
voltage 1s applied to the drive output (DRIVE
OUT). Transport speed will be determined by
the motor rotational speed, which in turn is
determined by the voltage applied to DRIVE
OUT. |

For transport to INSIDE (REV), the REV input
1s switched to ‘“H” by command from the
microprocessor, resulting in only SW; being
turned on, and a (—) voltage being applied to
DRIVE OUT. For transport to OUTSIDE (FWD),
the FWD input signal is made ‘““H”’, resulting in
only SW, being turned on, and a (+) voltage
being applied to DRIVE OUT.

Transport speed is determined by selection of a
speed command (fast, mid, slow, play, variable)
and the subsequent changing of the D-A con-
verter analog output.

For fast speed transport to REV (INSIDE), for
example, SW,, , and 4, are turned off, and SW;
turned on; FAST INPUT becomes ‘“L’’, and
MID~PLAY become ‘“H”. The D-A converter
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output 1s thus passed via SW; to the adder (+),
the applied voltage then serving as a reference
voltage for operation of the speed loop, and
subsequent rotation of the motor.

. When tracking servo loop is closed (play, stop,

slow motion modes):

Tracking error DC components from the TRKG
circult board are compensated (for loop charac-
teristics) by the equalizer circuit and applied to
the adder (+), thereby activating the speed loop.
The CARG mechanism is consequently shifted
to a position where it can operate at the center
point of the TRKG mirror. During play mode,
the tracking DC error signal is applied to the
adder (+) together with an “L” PLAY command
and “H” FWD command from the micro-
processor. The D-A converter output is conse-
quently passed via SW, only and applied to the
adder (+) to activate the speed loop.

During slow motion mode, SW, is turned on,
thereby cutting the D-A converter output to
result in the DC voltage from VARIABLE being
applied to the adder (+).

. The speed loop includes the adder, amplifier,

carrlage motor, motor tacho generator, and the
notch filter. The output of the tacho generator
which detects changes in the rotational speed of
the motor is fed back (as negative feedback) and
compared with a reference voltage. The loop is
activated in a way that will reduce this difference
to zero In order to obtain a constant motor
rotational speed proportional to the reference
voltage. The purpose of the notch filter is to
attenuate the motor’s mechanical resonance
output.
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9.8 SPDL

1. The SPDL servo circuit consists of (1) a frame
lock loop, (2) H lock loop, (3) tacho loop,
(4) H and V lock detectors and free-run detector,
plus a reference signal generator (REF. SYNC.
GEN.).

2. This REF. SYNC. GEN. generates the horizontal
synchronizing signal (reference signal for the
SPDL servo circuit) and a sub-carrier signal. The
output signal is applied to the rear panel
synchronization selector switch used to select
INT or EXT reference signal.

3. The frame lock loop prepares the vertical
synchronizing signal (V) from the REF. SYNC.,
and compares it with the REF.SYNC. horizontal
synchronizing signal (H) to produce frame pulse
signals. These pulse signals are then compared
(phase comparison) with P.B frame pulse signals
obtained (as described earlier) from the P.B
SYNC. prepared by separate synchronization of
video playback signals, thereby forming a servo
loop. Note that this loop is not used during INT.
SYNC. mode.

4. The H lock loop (2) forms a servo loop by phase
comparison of the REF. SYNC. H signal and
P.B SYNC. H signal.

5. The tacho loop (3) on the other hand, forms a
servo loop by frequency comparison of the
intervals between successive P.B SYNC. H signals.

6. The H and V lock detectors (4) are used to
check that the phase of the reference (REF) and
playback (P.B) signals have been locked. Note
that during INT. SYNC. mode or CLV disc
playback, or when the tracking servo loop is
open, the V lock detector is reset, and will
supply lock signals even if there is no vertical
lock. Before vertical lock is achieved during
EXT. SYNC. mode, for example, the V lock
detector interrupts the H lock loop (2) at S, and
opens S; to activate the frame lock loop (1).
Once the loop is stabilized and the V leck is
checked, the frame lock loop will be cut quickly
at S;, and S; opened again to switch back to the
H lock loop. This switching does not occur
during INT. SYNC. mode. In INT. SYNC. mode,
the H lock detector is used only with the H lock
loop; the signal which indicates that the SPDL
servo has been locked is generated externally.

7. When the free-run detector opens S; by a
“RUN? signal, and applies the run speed adjust-
ment VR voltage to the differential amplifier,
the motor terminal voltage (proportional to rpm
speed) is balanced with this VR voltage. Note
that S, will be open. During CLV disc playback,

(J

Ss is opened by a ‘“CLV” signal, and the inner to
outer circumference free-run rpm speed is varied
continuously by the carriage potentiometer
voltage. When the in focus signal is applied, S, 1s
closed to include the motor drive amplifier in
the H lock loop described earlier, thereby
muting the free-run loop.
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99 VTBC

1. Purpose of the VIBC Circuit

The VTBC circuit (which corresponds to the
tangential servo circuit in conventional mirror
systems) is used to compensate time base errors
contained in the playback video signal in order to
obtain a normal playback color image. In order to
achieve this objective, the VTBC circuit features a
charge-coupled device (CCD) in a pure electronic
circuit board which offers far greater stability than
the conventional mirror systems containing mecha-
nically movable parts. Furthermore, the range in
which time base error may be compensated is far
wider than any conventional system.
2. Basic Composition of the VIBC Circuit

The major component parts of the VIBC (video
time base corrector) circuit include the general
adjustment circuit for the open loop control system
which operates in proportion to the amount of
phase difference in the horizontal synchronizing
signal obtained from the spindle servo system, and
the video signal time base error compensation
circuit which also includes the fine adjustment
circuit for the closed loop servo system controlled
by the phase difference signal formed upon detec-
tion of a phase difference in the output signal
burst. In other words, the basis for VI'BC circuit
operation involves the input horizontal synchroniz-
ing sig :al being compared (phase comparison) with
a reference horizontal synchronizing signal to
obtain an error signal (in the SPDL circuit) which
is then added as the open loop error signal to the
error signal of the main loop consisting of the
closed loop servo system controlled by the phase
difference in the output burst signal. The eccentric
error components (large amplitude components)
are thereby cancelled.

At the present, this system is capable of
compensating for up to 30usec. of time base error.
The time base error compensation element employ-
ed in this VTBC circuit is a variable delay circuit
equipped with the charge-coupled device (CCD),
and is capable of varying the delay time of the
video signal passing through it (by purely electronic
circuitry) according to changes in the frequency of
the CCD drive clock.

As can be seen from Fig. 23 (basic composition
which outlines the fundamental VITBC operating
principles), the basic VTBC structure 1s a PLL
circuit with an input reference signal of 3.58MHz,
and the VDL corresponding to the VCO employed
in normal PLL circuits. In other words, the time
base error contained in the input video signal
applied to the video input may be considered
corresponding to the external interference applied
to the PLL circuit, and the VDL as a VCO circuit
responding to phase differences in the burst signal.
Consequently, the time base error components In
the input video signal (external interference) will
be contracted in accordance to the PLL circuit
response characteristics to obtain a compensated
output video signal at the output, although 1n this
case residual phase error in respect to the 3.58MHz
reference signal will exist.

The error signal obtained by compressing the
horizontal synchronizing signal applied to the
other input of the adder circuit (the signal formed
by detecting time base error in the input video
signal) does not belong to the basic PLL circuitry
(since no closed loop is formed). It does, however,
have the capacity to detect large amplitude time
base error components (which cannot be corrected
by this kind of PLL system), and to compress them
by proportional control within the correctable
dynamic range of the closed loop system.

REF 3.58MHz
O- Phase
Detector
Phase
Compen.
—
Video input Variable ! Video{)output
O | Delay Line
fddsy | O H error
Input
Fig. 23
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3. VI'BC Structure and Operation

The overall block diagram for the VTBC circuit
is outlined in the appendix diagram Fig. 24. As has
already been described, this circuit contains a
horizontal synchronizing signal phase difference
open loop compensation circuit which serves as a
general adjustment circuit (and centered around
the CCD equipped variable delay circuit), and a
burst signal phase difference closed loop servo
circuit which serves as a fine adjustment circuit.
The operation of this basic structure will be
described iIn accordance to the block diagram
shown in appendix Fig. 24, and followed by an
outline of the composition, purpose, and operation
of individual blocks.

The video signal obtained from the VDEM prior
to compensation undergoes synchronizing pulse
separation in the SPDL, and is then compared
(phase comparison) with a reference horizontal
synchronizing signal to obtain a horizontal synchro-
nizing phase difference signal. The reference signal
employed here is obtained by dividing a signal
from the same oscillating source as the 3.58MHz
reference signal (to be described later), and which
has been synchronized with this reference signal.
The error signal applied to the VIBC H error input
from the SPDL circuit is level adjusted by VRs,
passed through an amplifier (27) and applied to
the 15.75kHz notch filter (28). The purpose of
this notch filter is to eliminate noise components
which are synchronous with the horizontal synchro-
nizing signal. If it was not included in the circuit,
the variable delay elements would be also activated
by the 15.75kHz pattern noise components, result-
ing in a peculiar form of color irregularity in the
playback video image.

The amplifier (27) output is also applied to the
drop out detector circuit (31). The presence of any
drop-outs in the separated playback synchronizing
signal would result in the generation of very sharp
spike noise in the error signal after the phase
comparator stage. This would consequently cause
loss of stability in the playback image, and
deterioration in color. In order to avoid the effect
of drop outs, a pre-value hold circuit (29) driven
by output signals from the drop out detector (31)
and passed via an interface circuit (32), holds on
to the previous value whenever a drop out 1is
detected. The pre-value hold circuit (29) output 1s
then passed via a low-pass filter (30) to remove
unwanted high frequency components before being
applied to the adding amplifier (22) together with
the closed loop error signal. Note that the cancella-
tion level may be adjusted by VRs.

n
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In order to prevent mutual interference (at DC
level) between the horizontal synchronizing phase
error signal and the closed loop signal, a coupling
capacitor (Csg in the circuit diagram) is employed
to permit the passage of AC components only.
The adding amplifier (22) output is passed via an
open/close switching circuit (23) to the control
voltage input of the VCO (24). The output clock
of this VCO serves as the main oscillator used to
drive the CCD, and is capable of oscillating at
frequencies ranging from 7.5MHz to 15MHz, the
center frequency being 10MHz. The VCO output
clock is divided into a 4-phase clock by the clock
timing generator (25) and then passed via a driver
(26) to drive the CCD. Hence, the adding amplifier
(22) output corrects the time base error in the
input signal by varying the amount of delay in the
variable delay line in such a way so as to cancel
out the time base error in the input signal.

By itself the above open-loop compensation
circuit (horizontal synchronizing phase error signal)
can only achieve an error compensatory accuracy
equal to the precision of the horizontal synchro-
nizing signal, no matter how much circuit adjust-
ment 1s performed. To achieve greater accuracy,
a closed loop fine adjustment circuit with signal
burst phase compensation accuracy 1is required.
However, the open loop compensation circuit 1s
particularly effective in correcting the time base
errors of large amplitude, and compresses these
error signals to within the dynamic range of the
closed loop compensation circuit.

Two of the variable delay line (2) outputs are
added in the adder & video filter (3) where
unwanted clock components (added in the variable
delay line stage) are removed. The combined
output is then passed via VR o to the video ampli-
fier (4) where an output level of 2Vp-p is obtained.
Part of this output is reduced to a 1Vp-p level by
a buffer amplifier (8) before being applied to the
STPM circuit where it undergoes synchronizing
separation, the resultant compound and vertical
sync. signals being returned to the VTBC circuit.
While the main video amplifier output is applied
to the clamp/buffer circuit (5), and 3rd part of the
output is also applied to a burst gate circuit (12)
to form the signal for the burst-oriented closed
loop system. The comp. sync. signal returned from
the STPM circuit generates a gate pulse signal 1n
the burst gate pulse generator (11) according to
the timing of the burst signal present in the video
signal, and a color burst signal is extracted from
the video signal by the burst gate (12). This color
burst signal is then applied to a comparator (13)
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where it is converted to TTL level, and 1s sub-
sequently applied to the comparator input of a
phase detector (15). The 3.58MHz reference signal,
on the other hand, is applied to another com-
parator (14) where it also undergoes TTL level
conversion before being applied to the reference
input of the phase detector (15). The two signals
are compared with each other in a digital phase
comparison mode.

The phase detector (15) output is obtained as
a pulse-width modulated signal which has been
modulated in accordance to the 3.58MHz clock
phase error. This output is consequently integrated
in respect to 3.58MHz in the filter/buffer circuit
(16), thereby converting the pulse width modula-
tion to analog level. The filter/buffer (16) output
is then amplified by the following amplifier (17) in
a way that increases the level to about 8Vp-p after
a 360° phase inversion, the resultant output being
applied to a sample/held circuit (19). Driven by
a sample/hold pulse generator (18), the purpose ot
this sample/hold circuit is hold burst phase error
signals within the horizontal synchronizing inter-
vals. By applying burst gate pulse signals and
integrated output signals form comparator (13) to
an AND circuit in the sample/hold pulse generator
(18), sampling pulse signals will only be generated
during the period when burst phase error signals
are present.

The sample/hold circuit (19) output is applied
to the servo system phase compensation circuit
(20), basically an integrating circuit which inte-
grates phase error components within vertical
zones, thereby enabling correction of time base
errors of at least 0.28usec. (that is, a single
3.58MHz cycle). Hence, the frequency response of
this circuit is a very critical factor in the stability
and quality of the playback video image.

The purpose of the V. reset interface circuit (21)
is to discharge the integrating capacitor located In
the phase compensation circuit (20) during the V
blanking interval. Without this V reset circuit,
unwanted DC components would accumulate on
the integrating capacitor as a result of lack of error
signal V zone, DC drift, and other forms of noise.
This would lead to a drift in the phase compensator
output DC level, thereby resulting in loss of
stability of the central frequency for the servo
system. The servo system would consequently
deteriorate now and again, resulting In a very
unstable playback video image. This is avoided,
however, by periodically discharging the integrating
capacitor so that the circuit will continue to
operate at a central fixed frequency free of drift.

W
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The phase compensator output is applied to the
adding amplifier (22) to form a closed loop servo
system via the open/close switch, VCO, clock
timing generator, and drive interface circuit, there-
by constituting a burst phase error compensatory
circuit. Since the phase comparison in this closed
loop system is oriented towards phase changes in
the burst signals, the accuracy of this compensatory
circuit is as high as the phase precision of the
burst signals. The quality of the video signal after
compensation, therefore, 1is sufficiently high
enough for playback via normal color TV sets (the
residual phase error being suppressed by a suffi-
ciently high enough degree).

4. Composition and Operation of Individual Blocks

Composition and operation are described below
in reference to the VIBC circuit diagram.

(1) Buffer and High Boost
Component parts:— Qa7, Qas, R200™~R206, Rian,
Rias, C73~Crs.

The purpose of this circuit is to pre-emphasize
the high frequency components (of the 1Vp-p
input video signal from the VDEM) due to be
attenuated by the frequency response of the CCD
circuit, and to attenuate the signal to the optimum
level (0.4Vp-p) for passage through the CCD. It
also applies the prescribed DC level (approx. 4V)
to the CCD input, and serves as a buffer circuit
which separates the playback video input from the
CCD input signal.

(2) Variable Delay Line
Component parts:— Ziq9, Ri3a~Riss, Css, Css,
Cs6~Cs1, VRg, VRos.

This circuit is responsible for time base com-
pensation of video signals passed through the CCD
upon reception of modulated clock signals from
the driver interface circuit (26), the CCD com-
ponent employed being the Fairchild CCD321A-3.
The CCD drive system involves applying in-phase
input signals to 2 CCD delay lines, and driving each
delay line by clock signals of mutually opposite
phase, this being equivalent to doubling the sampl-
ing ratio. The Vg and Vgp voltages determine the
center value of the charge transferred within the
CCD, the transfer charge in turn being determined
by the difference between these voltages and the
input voltage. Although VRg and VR4 are used to
adjust the Vra and Vgp voltages, changes in these
voltage levels can result in serious deterioration in
the quality (DG, DP) of the output signal. For this
reason, the maximum output level is taken as the
optimum level.

(3) Adder and Video Filter
Component parts:— Qao, Qso0, Riao, Riso, L™
Lio, Ce2~Css, VR 0.

This circuit adds the outputs of the two CCD
delay lines, and cancels the clock signal of opposite
phase. Any residual clock components are removed
by a video filter, the filter cut-off frequency being
4.8MHz.

(4) Video Amplifier
Component parts:— Qs;~Qs3, Risi~Rysq, Ce7,
Cé9, Coo-

Following level adjustment by VR,,, the video
signal is amplified by approximately 20dB by this
amplifier circuit. The circuitry consists of a normal
3-stage direct-coupled amplifier plus two feedback
loops (a DC feedback loop via R;s¢, and an AC
feedback loop via C¢s and R;s7). Output level i1s
adjusted to 2Vp-p.

(5) Clamp and Buffer
Component parts:— Qsa, Qss, D30, D31, Rise™
Ri61, Coeo.

A feature of CCD transfer is the fluctuation in
output DC level with changes in clock frequency.
Consequently, when the large amplitude time base
error signals are corrected, DC level fluctuations
of mainly 30Hz components are added to the video
signals. The purpose of this circuit i1s to remove
these fluctuations by ‘“hard clamp’’ action.

(6) Video Switch
Component parts:— Z,¢, ¥%4Z1s, Ri62, R163, Ris1,
Ris2, Rais, C70~Cra, Crs,
L.

This circuit switches the main video signal to
comp. sync. when a video squelch signal is received
during squelch operations. DISPLY VIDEO addi-
tion is performed here through R,¢;, the video
level at the addition point being 1Vp-p. The filter
positioned prior to this is an 8MHz low-pass filter
designed to further attenuate components not
removed by the video filter.

(7) Video Amplifier
Component parts:— Qso~Qs3, Qg7, D36~ D3,
D4, Da7, Riss~Ri99, Ra11,
R112, Cq7, Coa~Cos.

This is the output video amplifier stage with a
fixed gain of 6dB (achieved by the R;ss and Rss
feedback loop). In terms of circuit composition,
this is an operational amplifier with the Q¢, current
mirror coupled to the Qs¢/Qso differential pair.
The Q4;, D4 and Dy, circuit is used to limit the
compound sync. during squelch operations in order
to prevent leakage of the video signal. R4, and G
form a phase compensation circuit with a value
which influences the frequency response of the

output signal. The video level when the output is
terminated by a 25 ohm resistance through R,gs
and R;99 1s 1Vp-p.

(8) Buffer

Component parts:— Qss, Ri66~Ries-

This buffer circuit is an emitter-follower circuit
used to attenuate the output of the video amplifier
(4) to 1Vp-p, and apply the video signal to the
STPM circuit.

(9) Sag Canceller
Component parts:— Qs¢, Qs7, Riso™~Ri73, Ryss,
D29.

The hard clamp performed in the clamp/buffer
circuit also results in the generation of a strong sag.
This sag may be largely diminished by shifting the
clamp level in the minus direction in the V zone
only. To achieve this objective this circuit makes
use of the V. sync., shifting the clamp level for the
V zone only by D,, after passing through the
Qs¢/Qs- interface circuit.

(10) Switch Pulse Interface
CompOnent parts:— 1/2217, R176~R130, R183,
Risa, D32~ Das.

This is the interface circuit used to drive Z¢
upon reception of the video squelch signal.
(11) Burst Gate Pulse Generator

Component parts:— Z1 ’ R133 R14, C919 C929 VRI-

The purpose of this circuit is to delay the comp.
sync. by about 6usec., and to apply the gate pulse
signals during the period when burst signals are
present in the video signal. Circuit composition
includes a pulse delay circuit with two one-shot
multiples. The degree of delay may be varied by
VR,, and the output pulse width is set to 2usec.
(12) Burst Gate

Component parts:— Q;~Qs, R;~Ri,, C;~C;,

Ll ’ L2 ’ Dl .

This circuit extracts burst signals from the
output video signal by switching operations. The
balanced output obtained by differential-pair
switching is readily matched with the comparator
input in the following stage. L;, C, and R, form a
low-Q 3.58MHz series resonance circuit, while L,
and C; form a high-Q series resonance circuit,
thereby determining the band-pass characteristics
for the burst signals.

(13) (14) Comparators

Component parts:— Z,, Rao, Ra1, Cios, Cio1-

In these two circuits, the burst signal applied to
the gate, and the 3.58MHz reference signal from
the SPDL circuit undergo TTL level conversion in
order to match the outputs with the following
phase detector. The maximum TTL level conver-
sion attainable with the burst gate circuit (12)



plus comparator (13) 1s —9dB 1in respect to the
standard burst signal level.
(15) Phase Detector

Component parts:— Zs, Zg.

This circuit 1s designed to detect the phase
difference between the comparator input and
reference input in purely digital form. The output
signal is a 3.58MHz PWM (pulse width modulation)
signal modulated according to the phase difference.
(16) Filter and Buffer

Component parts:— Q2, Qi3, Ras~R47, La~ Lo,

Ci6~Cis.

The PWM output signal from the phase detector
may be converted to an analog signal by integra-
tion. This circuit employs a 3.58MHz integrating
filter and processes the balanced phase detector
output directly in order to effectively remove the
carrier portion. The @Q,,/Qz: emitter-follower serves
as the impedance conversion circuit which enables
the following amplifier stage to be used as a
differential amplifier.

(17) Phase Error Amplifier
Component parts:— Q4~Q19, Ds~Dg, Rig~ R,
R13, R214, Crg, Cr9~Ca;.

Although the circuit composition i1s the same as
the output video amplifier, the differential ampli-
fier gain is set to 9.4dB. And since a differential
gain of 6dB may be obtained, the apparent gain
from input to output is 15.4dB.

(18; Sample/Hold Puse Generator
Component parts:— Z3, Qs~Q1;, R3a~Ri9, Ly,
Ci3, Cia, VR,.

The burst gate pulse signal and TTL level
converted burst signal are applied to an AND
circuit in order that sampling pulse signals be
generated only during the presence of a burst
signal. L, and C;z form a burst signal integrating
circuit, and levels exceeding the threshold level (set
by VR,) only during the presence of burst signals
will appear at one of the Z3; input terminals.
Consequently, the sampling pulse rise point will be
determined by the VR, setting level, while the
drop point will coincide with the gate pulse rise
point. @;, and Q;; constitute the interface circuit
used to drive the Q,, gate. The sampling pulse
width is adjusted to 0.38usec. by VR,.

(19) Sample and Hold
Component parts:— Z,, Qi0, Re3~Res, Cao, Cos,
VR,.

This circuit samples and holds the output of the
phase error amplifier (17) during the presence of
a burst signal, C,, serving as the sampling capacitor.
Since the feedback loop of this circuit is closed
when the Q,; switch is closed, C,, will be charged
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up by the Z, output. When the Q,, switch is
opened, thereby opening the feedback loop, a
voltage follower will be set up across the terminals
of C,,, thereby holding the voltage during sampl-
ing. In order to prevent the discharge of C;o, Z7 1s
connected to an operational amplifier with an FE'T
input.
(20) Phase Compensator

Component parts:— Qz1, Q22, Q24, Q25, Reo™

R73, Rgo~Rsga, Ca1~Cys.

C,;, R¢y and R, form a phase advancer circuit
which compensates phase in the high irequency
region, while C,, and C,; form an integrating
capacitor stage which is discharged by Q,; and Q3
during the V blanking interval. Since this discharge
is in respect to ground level, the DC level will be
modulated by the V reset stage when the Z, output
DC level is not exactly at ground level, resulting
in a peculiar flicker in the top of the playback
image. Note that the Z, output DC level is adjusted
(21) V Reset Pulse Interface

Component parts:— %2Zs, Q23, Rs6~R7, Dy,

Ca7, Cas.
This interface circuit drives the Q,;/Q,, switch
by the vertical sync. signal.
(22) Adding Amplifier
Component parts:— %2Z4, R106~R10s, R110~ Rui2,
C38’ C57, VRé

This is the amplifier stage which adds the closed
loop error signal to the open loop error signal,
using the minus input to the inversion amplifier
as the adding point. The output DC level of this
amplifier may be adjusted by VR, thereby
designating the center frequency for VCO opera-
tion.

(23) Open/Close Switch
Component parts:— Q31 ~Q3s, Ri13~Ri20, VR7,
D,6~Dssg, Coo.

This switching circuit is used to open and close
the servo system circuit. When the switch is closed,
the adding amplifier output servo error signal
appears on the emitter of Qi;4, but when 1t 1s
opened, a DC voltage set by VR, will appear on the
emitter instead. When the Q;;/Q33 switching FET
is closed, a low impedance signal from the emitter
of Q34 is applied to the base of Q34,. Consequently,
the voltage of the high impedance coupled VR;
will not effect the signal. When the FET switch 1s
open, however, the VR, setting voltage will become
the controlling voltage since the R;,;3 impedance 1s
very much lower than the impedance when Q3;
has been turned off. When the switch is open, the
VCO center frequency may be set by VR;.
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(24) Voltage-Controlled Oscillator
Component parts:— Z;o, Q35~Q3s, Ri21~Rias,
C39~Cas, Das.

Unlike regular VCO components where the
oscillating frequency is varied in direct proportion
to changes in the input voltage, the VCO employed
iIn this circuit has been designed with a linear
relation between the cycle time of the oscillation
waveform and the input voltage. The reason for
using this kind of VCO lies in the fact that the
CCD delay time varies in proportion to the inverse
of the clock frequency, and is indispensable if the
control dynamic range is to be expanded while
maintaining servo system linearity. Q;s; and Q¢
form a constant current circuit which applies a
constant charging current to C4. If the voltage
across (40 exceeds the control voltage applied via
Ri26, @ comparator will be activated, resulting in
Q37 being turned on after a fixed delay time, and
subsequently discharging C,, immediately. C,, is
then charged up again, and the same sequence of
events repeated, thereby maintaining an oscillating
operation. Since the C4, voltage level is linear in
respect to time, the change in cycle time will also
be linear in respect to the input control voltage,
resulting in a sawtooth waveform being generated
at C40. This sawtooth signal is then applied to
another comparator where it is divided and com-
pared with the input control voltage to obtain an
output clock signal of 50% duty cycle.

(25) Clock Timing Generator

Component parts:— Z,;;,~Z5.

This circuit generates the 4 types of clock
signals required to drive the CCD. By making use
of the Z,, and Z,, pulse delay times, clock signals
of required timing and pulse widths may be
prepared by the AND gate. '

(26) Drive Interface
Component parts:— Q30~Qas, D13~Dys, Rize~
Ri33, R220, C4s~Cs,, Css.

While a 15Vp-p clock signal is required to drive
the CCD, there is also a certain amount of idle
capacitance (about 10pF to 30pF) on the CCD
input terminal. This drive interface circuit is the
circuit used to convert the TTL level signal to a
15Vp-p drive signal under these conditions. In
order to drive the capacitance load, a push-pull
circuit with a coupling capacitor in the input stage
and a diode clamped switching transistor in the
output stage is employed.

(27) Amplifier

Component parts:— %2Zy, Rgs~Rgs, Cr9, VRs.

This circuit is an inverting amplifier stage
designed to ensure flat amplication of the hori-

zontal synchronizing phase error signal from the
SPDL. Gain is 6dB. It also serves as an impedance
matching buffer amplifier, the input level being
adjusted by VR:.
(28) 15.75kHz Notch Amplifier
Component parts:— Qz5, Rgo~Rg,, C;3;~C3s,
R209.

This twin-T type 15.75kHz CR filter removes
unwanted 15.75kHz components contained in the
error signal.

(29) Pre-Value Hold

Component parts:— %2Zq, Q,7, Ro3, Cas.

When a drop-out occurs, this circuit holds the
previous value by means of a hold pulse signal from
the drop-out detector circuit. C;, is the hold
capacitor, while Z, is used as a voltage follower,
thereby maintaining a very high input impedance.
(30) Low-Pass Filter

Component parts:— Q3o, R;03~R109, C35~C;-.

The purpose of this filter is to eliminate high
frequency noise components from the error signal,
and further improve the stability of the servo
system. The filter used here is a Bessel filter with
a 500Hz cut-off frequency.

(31) Drop Out Detector
Component parts:— Zi4, Z;s, ¥%2Zg, Rgg, Ros~
Rio02, C30, Caa.

The high frequency components of the drop-
outs Included in the error signal are filtered out
by the C;0/Rgy differentiating circuit, and the
signal then converted to TTL level by the window
comparator consisting or Z,4, and Z;s. The pulse
width is expanded by Zg, thereby enabling drop-
outs to be completely masked during the drop out
Interval.

(32) Interface
Component parts:— Qzs, Q29, Ros~Ros, Dia,
Cos.

This circuit is employed in TTL level conversion
and Q,, drive.
(33) Control Logic

Component parts:— Z,s, %Z,,, R;,s, circuit

board switch.

This circuit drives the open/close switch (23)
upon reception of signals from the SPDL and
TRKG circuits. The open/close switching circuit
may also be controlled by the circuit board switch.
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9.10 CONTROL SYSTEM

The control system consists of a number of
different assemblies (described below) where the
signals employed are mainly TTL level logic signals.
The major functions of the control system may be
summarized as follows:—
® Reception of operation command signals (from

front panel push-buttons, remote control, and

external control input).
® (Control of servo circuits.
® FRAM# read out and display.
9.10.1 MCPR circuit board
(Refer to the Control System Block Dia-
gram )

The MCPR circuit comprises the F8 micropro-
cessor (3850, 3861 and 3853), a Read Only
Memory and Display RAM. The microprocessor
1s connected to other contro!l and servo circuit
boards, the polarity of the signals employed being
boutlined in the Control Signal Chart.

The only parameter requiring adjustment in this
circuit board is the clock frequency. This is set to
2.025MHz (at 25°C room temperature) by the
V(C; control.

9.10.2 RAMB circuit board
(Again refer to the Control System Block
Diagram)

This RAMB circuit is a 1k byte CMOS RAM
equipped with a Nickel-Cadmium Rechargeable
Battery to hold the memory contents after the
normal power supply has been disconnected, or if
the power is interrupted.

This assembly is connected directly to the MCPR
circuit by means of flat cable and connector.

During test mode, this assembly 1s tested by
self-diagnosis (see Program A).

9.10.3 DSPL circuit
(Refer to Control System Block Diagram)

The DSPL circuit is divided into the following
3 blocks.

a. Character Display

When the contents of the MCPR circuit Display
RAM are applied to the Character Generator IC
(DM8678), a character output is generated synchro-
nized with the TV signal. This operation is per-
formed by the Display Counter activated by the
OCLOCK.

a2
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b. Carriage Position Sensor

Carriage position is indicated by the potentio-
meter output voltage. The comparator is used to
detect the INSIDE LIMIT and OUTSIDE LIMIT
(the disc signal starting and finishing positions).
Note that these 2 position output signals also
contain forewarning <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>