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1. SPECIFICATIONS

1. General
SYStem ..o LaserVision video disc system and TOIMINGL . veeeeeeeeeeeee et RCA jacks
Compact disc digital audio system Channel
Power reguirement LaserVision disc playback ........ Two channel: stereo or
KU (1070 e [] I AC1 20\/, 50/60 Hz two individual channels
S/G model........cccevereene AC 110V/120V/220V/240V Compact Disc playback .............. Two channel: stereo
(switchable), 50/60 Hz Digital sound characteristics (AUDIO OUTPUT 1)
Power consumption ......cceeveviiiiiiiniinienninenns 45 watts Frequency response .............. 5 Hzto 20 kHz, +0.5dB
Dimensions .................. 420 (W) x 447 (D) x 168 (H) mm. S/N (signal to noise ratio) .................... 96 dB (1 kHz)
16.5 (W) x 17.6 (D) x 6.6 (H) in. DYNEMIC FANGE - evvveveereseseenirnaeaeeanns 96 dB (1kHz)
Net weight (without package) .......... 15.6 kg (34.5 Ibs.) Channel separation ............ccooeeuviennen 94 dB (1 kHz)
Operating temperature ........................ +5°Cto +35°C Wow and Flutter ............... Quartz oscillator accuracy
Operating humidity ........coociviieniiniiiiins 0to0 95% Total harmonic distortion ........... 0.003% (1kHz, 0dB)
(There should be no moisture condensation) Level
. AUDIO OUTPUT 1
. Disc Analog sound playback ................... 260 mVrms
LaserVision video disc (1 kHz, 40%)
*Maximum playing time Digital sound playback .......c.cccceuue. 260 mVrms

12-inch standard play disc ...................... 30 min/side

12-inch extended play disc ...........c.coveees 60 min/side

8-inch standard play disc .............cccoeuenee 14 min/side:

8-inch extended play disC ..............cc.oeuuies 20 min/side
Spindle motor speed

Standard play disSC ......cooviiiiiiiiii 1,800 RPM

Extended play disc .... 1,800 RPM (inner circumference)
to 600 RPM (outer circumference)
Compact disc

DisC ..ccevvennnnn. Diameter: 120 mm, Thickness: 1.2 mm
*Maximum playing time ......... over 60 minutes (stereo)
Linearspeed ........cocoviviiiiiiiiiiinnn. 1.2 ~ 1.4m/sec

*Actual playback time differs for each disc.

. Video characteristics

Format ......covvvviiiiiiii NTSC specifications
Video output
Level ........ 1 Vp-p nominal, sync. negative, terminated
Impedance ...........covviiiiininnn, 75 ohms unbalanced
Terminal ....ovvvieieiiiiiii RCA jack
VHF output
Channel ........ocoevvevvennnnen. Channel 3 or 4 (switchable)
Impedance ........c.coceveiiiiiiiiins 75 ohms unbalanced
Terminal ..o F-type jack

. Audio Characteristics

Disc AUDIO AUDIO
OUTPUT 1 OUTPUT 2
LaserVision Disc YES YES
Le_lsgarVision with_ YES* YES**
Digital Sound Disc
Compact Disc YES NO

* Digital Sound/Analog Sound switching possible.
** Only Analog Sound output.

(1 kHz, —20 dB)

AUDIO OUTPUT 2
Analog sound playback only ............. 260 mVrms
(1 kHz, 40%)

. Functions

Functions possible with the Remote Control Unit CU-900:

LaserVision Disc
Functions Standard Extended Cog;s;ct
Play Disc Play Disc
PLAY YES YES YES
STOP (EJECT) YES YES YES
PAUSE YES YES YES
SCAN (Forward, Reverse) YES YES YES
INTERVAL REPEAT YES YES YES
FAST (Forward, Reverse) YES NO —
STILL/STEP
(Forward, Reverse) YES NO —
MULTI-SPEED PLAY
(Forward, Reverse) YES NO -
MULTI-SPEED DISPLAY YES NO —
FRAME NUMBER
DISPLAY YES NO —
TIME NUMBER DISPLAY NO YES —
CHAPTER NUMBER
DISPLAY YES* YES* —
FRAME NUMBER
SEARCH YES NO —
TIME NUMBER SEARCH NO YES —
CHAPTER NUMBER
SEARCH YES* YES* —
CHAPTER STOP YES* YES* —
SINGLE-TRACK REPEAT — — YES
ALL-TRACK REPEAT - - YES
SKIP SEARCH — — YES
TRACK SEARCH — — YES
INDEX SEARCH — — YES
PLAYBACK INFORMA-
TION DISPLAY — — YES
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Functions possible with the function buttons and switches
on the player.

LaserVision Disc

Functions Standard Extended Cogﬁi;):ct
Play Disc Play Disc
PLAY YES YES YES
EJECT YES YES YES
AUTO REPEAT ON/OFF YES YES YES
CX NOISE REDUCTION
ON/OFF YES** YES** -

* Only for discs recorded with chapter codes.
** Effective when using LaserVision discs with the CX mark.

Other functions (LaserVision video disc playback only)
AUTOMATIC PICTURE STOP .............. Only for discs
recorded with picture stop code.
DIGITAL SOUND/ANALOG SOUND SELECTION
........................ Only for LaserVision with
Digital Sound Disc play:ack.

. Other terminals
1/ POt e 8-pin, DIN
PHONES ..ooiiiiiiiei e, Stereo headphones jack

. Furnished Accessories

Remote control unit (CU-900) ........cccevvvviniiiiiieiienne, 1
Size “"AA" dry batteries ........cooviiiiiiiiiii 2
VHF connecting cable with F-type plugs ..................... 1
Audio connecting cords with RCA-plugs .................u... 1
Video connecting cable with RCA-plugs ...................... 1
300-ohms to 75-ohms F-type plug .......ocevviviieiiiiinnnn, 1
75-ohms F-type plug adaptor ........ccoovvviiiiiniieinnnennens, 1
Operating iNStrUCHIONS ...c.vvvvviiiiieiie s 1
Warranty Card ......ooieiiriiiiii 1
NOTE:

Specifications and design subject to possible modifications without
notice, due to improvement.
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2.FACILITIES
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@ POWER

@ DISC TABLE

After turning on the POWER switch, press the EJECT button
and the disc table will open slightly towards the front.
Then, pull the disc table out by hand to load discs.

® PHONES jack

Connect stereo headphones here.

(@ PHONES LEVEL

Use to control the volume level of headphones connected to
the PHONES jack.

(3 AUTO REPEAT ON/OFF switch

When set to ON, repeat playback of one side of the disc will
be performed. When set to OFF, disc rotation will stop after
one side of the disc has been played.

(& VIDEO DISC AUDIO:
AUTO DIGITAL/ANALOG ONLY

This switch is used to select the audio mode when playing
back LaserVision with Digital Sound Discs. By setting this
switch appropriately, the audio output from the rear panel
“AUDIO OUTPUT 1” terminals can be switched between
Digital Sound and Analog Sound.

AUTO DIGITAL
When set to this position, if playing back the LaserVision

with Digital Sound Discs, those Digital Sound will be re-

produced.
When playing back the LaserVision Discs recorded with

Analog Sound only, the Analog Sound will be reproduced.

ANALOG ONLY
No matter what the LaserVision disc (with Digital Sound or
not), the Analog Sound signals only will be played back.

This selector switch is unrelated to the rear panel “AUDIO OUT-
PUT 2" terminals since those terminals constantly output Analog
Sound signals only.

@ PLAY »
Press to begin playback.

EJECT 4

Press to stop playback and remove a loaded disc. The disc
table will open slightly to the front.

(@® REMOTE CONTROL receiver

The infrared signals from the remote control unit are received
here.

REMOTE CONTROL indicator

This indicator lights when the remote control unit’s buttons
are pressed.

CLD-900/KU

@ EXTENDED PLAY DISC indicator

This indicator lights automatically when playing extended
play (CLV) discs.

@ VDP AUDIO MONITOR indicator

Indicates the audio output channel (1/L, 2/R) when playing
LaserVision discs.

@ CX SYSTEM
Use for turning the CX noise reduction system ON and OFF.

TV SELECT

Use for switching between LaserVision disc or Compact Disc
playback and VHF television broadcast reception. When the
indicator goes out, LaserVision disc or Compact Disc
playback is possible; when lit, TV broadcasts can be
watched.

[INDICATOR SECTIONI
@ A—B (interval)l REPEAT indicator

Lights when performing repeat play of an interval between
two selected points.

TRACK REPEAT indicator

Lights when performing repeat playback of a single track on
a Compact Disc.

@ Numeric display (CHAP./TRACK)

When playing back a LaserVision disc, displays the
“‘chapter’” number presently being played back.

When playing back a Compact Disc, displays the “track”
number presently being played back.

When playing back LaserVision discs without recorded chapter
numbers, no chapter numbers are displayed.

DIGITAL indicator

Lights when playing LaserVision with Digital Sound Discs,
or when playing Compact Discs.

PLAY indicator

Lights when the player is in the play mode. When time is re-
quired between the pressing of the button and actual begin-
ning of playback (for example, when first beginning play, or
when performing search), this indicator will flash during that
interval.

PAUSE indicator

Lights to indicate player is in the pause mode.
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The accessory remote control unit can be used during
playback of both LaserVision discs and Compact Discs.
Some buttons have different functions when used with Laser-
Vision discs and Compact Discs; these buttons appear in the
following colors when used with the two disc modes:

Blue: Function used only with LaserVision discs.

Green: Function used only with Compact Discs.

Buttons appearing in other colors have same functions with
both kinds of discs.

[WHEN PLAYING BACK VIDEO DISCS]

ﬁ <MULTI SPEED» «lISTILL STEPI>

pe—
< X3 FAST X3> =4 SCAN B

| —
@-————o C
h i

o4 0=
& LaserDisc

COMPACT DISC/LASERVISION PLAYER
AEMOTE CONTROL UNIT CU-900

@ — =

The actual remote control unit has a slide cover;, move it up and
down when using the unit.

1 PAUSE( )

Press to temporarily halt playback.
To release the player from the pause mode, press once
again.

@ EJECT ( w/a )

When this button is pressed, playback is stopped, and the
disc rotation ceases. When pressed once again, the disc
table will open after the disc stops rotating.

(3 < MULTI-SPEED »
(Standard play discs only)

When the right side (») of the button is pressed, the video
image will be sent forward at the speed set with the
—MULTI-SPEED + button.

When the left side () of the button is pressed, the video im-
age will be sent backwards.

(® =4x3 FAST x3»
(Standard play discs only)

During the time the right side (x3») of the button is held
depressed, the video image will advance at three times nor-
mal speed. When the left side (4x3) is held depressed, the
video image will be sent backwards at three times normal
speed.

5) PLAY »
Press to begin playback.

® il STILL/STEP I
(Standard play discs only)

When either the right or left side of the button is pressed, the
video image will be shown as a still picture. Then, each time
thereafter that the right side (I») is pressed, the image will be
advanced by one frame; each time that the left side («ll) is
pressed, the image will be reversed one frame.

(7 <<« SCAN »»>

While right side of the button (»#) is held depressed, the
video image will be advanced at high speed.

While left side of the button (<) is held depressed, the
video image will be reversed at high speed.

VDP AUDIO

Use to select the audio channel. When the power is first
turned on, the audio will be reset automatically to both 1/L,
2/R.

When one of the buttons 1/L, 2/R is pressed, the audio
channel corresponding to that button only will be heard. The
other channel will be suppressed, and its indicator on the
player’s front panel will go out.

When the STEREO button is pressed, both channels will
return to their original play condition.

NOTE:

* Audio reproduction is only possible in the normal play mode.

o When only one audio channel is in use, the sound is still fed to
both audio output terminals (1/L, 2/R).

@ —MULTI-SPEED +

Use to select the playback speed during multi-speed
playback.

(G® Numeric buttons
Use when performing search (random access).

@ SEARCH

Use when performing search (random access).



@ REPEAT

Use when performing repeat playback between two selected
points.

@ CLEAR

Use when correcting input numbers during the search pro-
cedures, or cancelling the search procedures. Also, use to
cancel the repeat play back mode.

CHAPTER

Use when performing search by means of chapter numbers.

(@ FRAME/TIME

Use when performing search by means of frame numbers
(time numbers on extended play discs).

DISPLAY

Use to display and erase chapter numbers and frame
numbers (time numbers on extended play discs) on the TV
screen.

[WHEN PLAYING BACK COMPACT DISCS]
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COMPACT DISC/LASERVISION PLAYER
REMOTE CONTROL UNIT CU-900

STEREO 1L 2R

The actual remote control unit has a slide cover; move it up and
down when using the unit.

@ PAUSE
Use to temporarily halt playback.

CLD-900/KU

@ EJECT

When this button is pressed, playback is stopped, and the
disc rotation ceases. When pressed once again, the disc
table opens to the front after the disc has stopped rotating.

@) PLAY »

Use to begin playback, and to cancel the pause mode.

(®» < TRACK P>
Use when skipping tracks search. (Skip search operatiod).

»»i: Playback moves forward to the beginning of the next

track.
<; Playback moves backwards to the beginning of the

presently playing track.
By pressing repeatedly, any desired number of tracks can be

skipped.

(5) <<« SCAN »»

While the »® side is held depressed, the playback will be
advanced at high speed.

While the <« side is held depressed, the playback will be
reversed at high speed.

During the scan operation, the audio will be heard at a re-

duced level.

(6) Numeric buttons

Use to designate specific track numbers, and index numbers
within tracks when performing search.

@ SEARCH

This is the command button pressed to execute track and in-
dex search.

TRK. REPEAT, A—B REPEAT

Use when performing single-track repeat playback, or repeat
play of the interval between two designated points on the
disc.

® CLEAR

Use to cancel single-track or interval repeat playback, to cor-
rect numbers used for search, and to cancel the search pro-
cedure itself.

INDEX

Use when performing search by means of index numbers
within the track currently playing.

@ TRACK

Use when performing search by track numbers.

@ DISPLAY

Use for selecting the information to be displayed on the TV
screen when playing a Compact Disc.

* INDEX refers to signals which are previously recorded on a disc
and which indicate sub-divisions within a track.
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(1 ANTENNA @ AUDIO OUTPUT 1
The coaxial cable (76 ohm) from a VHF television antenna is Connect to your stereo amplifier's AUX, CD, or TUNER in-
connected here. put terminals.
When playing back the LaserVision with Digital Sound
(@ CH. 3/4 VHF OUT Discs, select the front panel’s VIDEO DISC AUDIO switch to
Connect to a television’s VHF antenna input terminal. AUTO DIGITAL (Digital Sound output) or ANALOG ONLY
(Analog Sound output).
@ VHF CHANNEL SELECTOR The gudio signals of the Compact Disc are output from these
This selector is for switching the internal VHF converter. terminals only.
Set to the channel which is not used for TV broadcasts in AUDIO OUTPUT 2
your area.
Connect to your stereo amplifier's AUX, CD, or TUNER in-
@ POWER CORD put terminals.
Plug this into an electrical outlet. These te.rmmals output only the LaserVision disc’s Analog
Sound signals.
® 1/0 PORT
This is the I/ O port used when performing external control of
the player.

1/0 PORT pin assignment
( Do not use as a )

power source

GND + 11V

EXT CONTROL

INT/EXT

VIDEO (76Q)

EXT ACK

® VIDEO OUTPUT

When using a video TV monitor to play back the video im-
age, connect this terminal to the TV monitor’s video input

terminal.
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3. DESCRIPTION OF OPTICAL PATH SYSTEM

The optical path of the CLD-900 pick-up is basical-
ly the same as that of the conventional LD-700
Laser Vision player.

Fig. 3.1 shows the arrangement of the optical
parts used in the pick-up and a brief description
of their operation follows.

The light from the semiconductor laser has a wave-
length of approximately 780nm and this light is
output radially from the emission point located in
the microchip. The light spreads out from the
emission point in parallel with the junction layer
of the chip and it starts spreading out at the end
face of the chip in the perpendicular direction. For
this reason the apparent emission point differs
from the horizontal direction and astigmatism is
caused.

A cylindrical lens is employed to compensate for
the astigmatism and this is positioned so that the
perpendicular emission point appears to coincide
with the horizontal emission point.

The radial light, which has passed through this
cylindrical lens becomes converged by the follow-
ing coupling lens into a parallel beam.

When the beam passes through the grating plate, it

is separated into a multiple number of beams by
diffraction. These beams are known in sequence
from the center beam (Oth order beam) as the
*+1st order beams, £2nd order beams and so on.
The *1st order beams are employed for detecting
the tracking error.

The beam splitter in the outward path of the
beam simply allows the beam to pass through but
on the return path it reflects the beam in a 90-
degree direction.

In other words, the action of the 1/4 wavelength
plate serves to provide the beam reflected from the
disc with a 1/2 wavelength (180-degree) delay over
the return path beam and the beam splitter serves
to reflect this beam in the 90-degree direction.
The toric lens is installed in order to detect the
focus error and it serves to focus the reflected
beam onto the photo-detector array.

The direction of the beam of light, which has now
passed through both the beam splitter and the 1/4
wavelength plate, is now changed by the reflection
of the tracking and tangential mirrors, and the
beam focused by the objective lens and directed
onto the disc.

(D Semiconductor laser
® Cylindrical lens

(® Coupling lens

@ Grating plate

(® Beam splitter

(® 1/4 wavelength plate
@ Tracking mirror
Tangential mirror
@ Objective lens

Fixed mirror
() PD (photo-detector) array

Fig. 3.1 Configuration of the optical path
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3.1 FOCUS ERROR DETECTION

The reflected light which is directed onto the
photo-detector from the signal surface of the disc
differ with the distance between the objective lens
and disc as shown in Fig. 3.2.

‘ In the figure, (1) shows an example when the light
is properly focused on the signal surface (in-focus
state), (2) shows an example where the disc is too
close and (3) shows an example where the disc is
too far.

Fig. 3.2 shows the focal point in one direction

- only and the toric lens provides astigmatism in
the focal point in the horizontal and perpendicular
directions. Fig. 3.3 shows the characteristics of the
toric lens.

(1) In-focus (2) Disc too near  (3) Disc too far

Fig. 3.2 Light reflected by the disc position

Fig. 3.3 Characteristics of the toric lens

10

If it is now assumed that a parallel beam of light
which is neither radiated for focused is directed
onto the lens as in (1) of Fig. 3.2, then the photo-
detector will be positioned at (@) in the figure and
the reflected light will appear as a circle on the
photo-detector.

If it is supposed that the disc is too close to the
objective lens, the reflected light will differ from
the in-focus state, it will spread out and be directed
onto the toric lens so that the focal point will
move from the position shown in Fig. 3.3 further
away from the lens. In other words, it can be con-
sidered that, in relative terms, the photo-detector
approaches the lens and that its position moves in
the sequence of @ - 3 - @ .

The reflected light on the photo-detector appears
as an oval, as shown in the figure.

When the disc is distanced from the objective lens,
it can be considered that the photo-detector moves
in the sequence of @ — (& — ® and that the re-
flected light appears as an oval in the opposite
direction.

Fig. 3.4 shows the states of the reflected light pro-
jected onto segments which are divided into four
on the photo-detector.

These four dividing devices, B1 to B4, each output
a current which corresponds to the amount of light
projected in each case.

By subtracting (B1+B3) from (B2+B4), a signal
corresponding to the distance between the objec-
tive lens and disc, or in other words the focus error
signal, can be provided.

-
BB

(1) In-focus (2) Disc too near (3) Disc too far

Fig. 3.4 Reflected light on the photo-detector




3.2 RF SIGNAL PICK-UP

The microscopic projections called pits on the
signal surface of the disc are connected in the form
of tracks in the circumferential direction of the
disc. Because the laser beam is focused at the
surface where no pit exists, the light from the laser
directed onto the pits is diffused and only the light
directed on the parts which are not pits is reflected
back. In other words, the amounts of light reflect-
ed from the disc serve as information which
indicates the presence or absence of the pits with
spots directed by the beam.

If the “sum” of all the outputs of the 4 sectional
devices of the photo-detector is now considered, as
described with the focus error detection, then the
value achieved in the low-frequency range as with
the focus error signal is virtually constant provided
that the in-focus state is maintained stably, and the
signals which denote the presence or absence of the
pits, or in other words the RF signals, are included
in the high-frequency range.

3.3 TRACKING ERROR DETECTION

The laser beam is divided up by the grating plate
and the *1st order beams adjoining the Oth order
beam are used to detect the tracking error. As with
the Oth order beam, these two beams are con-
densed into microscopic spots on the disc’s signal
surface.

The distance from the Oth order spot to the two
spots is, in principle, equal and the beams are
directed onto the position shown in Fig. 3.5. (The
actual distance is much greater than that shown in
the figure.)

This reflected light returns to the special-purpose
detection devices, A and C, on the photo-detector.
If the output of these two devices is the same, the
Oth order spot is directed accurately onto the
track.

Grating plate

Laser beam

Fig. 3.5 Detecting the tracking error

CLD-900/KU
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4. DESCRIPTION OF FOCUS SERVO SYSTEM

As has already been mentioned in the description
of the optical path system, the focal point must be
precisely formed on the disc’s signal surface. This
task is performed by the focus servo which auto-
matically controls the position of the objective lens
by the focus (FOCS) error provided by the photo-
detector in the optical path.

Operation is as follows: first, the objective lens is
brought close by the start command from the
control circuit, the in-focus (IN FOCS) position is
detected, the servo loop is closed, the position of
the objective lens is moved up or down by the
FOCS error amount and the in-focus state is main-
tained.

Although both the operation and functions are
basically the same as those for the conventional
LD-700 Laser Vision player, a brief description
is given below for each block.

4.1 FOCUS ERROR CIRCUIT

This section describes the signals, included among
the signals produced by the HEAD and PREB
circuit boards, which are employed by the focus
Servo.

The output currents of each of the photo-detec-
tor’s four dividing devices are converted into volt-
ages by the HEAD circuit board and sent to the
PREB circuit board.

The (B1+B3) and (B2+B4) signals are produced
by Z1 (BA715) on the PREB circuit board while
the difference signal, (B2+B4)—(B1+B3), is
produced by Z2 (BA715) 2/2. Furthermore, at
Z2 2/2 the imbalance (focus error balance, VR2)
in the arithmetic signals caused by differences in
the sensitivity of the photo-detector’s four divid-
ing devices as well as offset (focus offset, VR6)
of the output voltages caused by the operational
amplifier is cancelled out by adjusting the VRs
mentioned.

The Z2 2/2 output is sent as the FOCS A-B signal
to the SRVB circuit board. In addition, adjustment
(focus loop gain, VR3) determining the loop gain
of the focus servo is first made and then the output
is sent as the FOCS ERROR signal to the SRVB
circuit board.

If the loop gain adjusted by VR3 is too high, this
will create problems such as increased noise which
is generated by the drive of the focus motor; con-
versely, if it is too low, it will not be possible to
converge a high focus error.

This is why a circuit composed of D1 and D2 is
connected in series to VR3. When a high-level error
is generated, the impedance falls with the satura-
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tion of D1 and D2, the closed loop gain increases
and the error is thus converged.

The outputs of the tracking error detection devices
A and C pass through the Z3 (BA715) buffer and
they are added by resistance to become the TRKG
SUM signal. When the distance between the disc
and objective lens are far from the in-focus state,
a very small amount of reflected light returns as
far as the photo-detector but when the in-focus
state is approached, the light returning to the
photo-detector increases rapidly.

That the focusing is sufficiently close to the in-
focus state is thus known from the DC value of the
TRKG SUM signal.

4.2 FOCUS EQUALIZER CIRCUITS

The FOCS ERROR signal sent to the SRVB circuit
board enters two equalizer circuits: the equalizer
circuit for LD playback composed of Z402
(BA4558DX) 2/2 and the CD equalizer circuit
composed of Z406 (BA4558DX) 1/2 and 2/2. De-
pending on the disc which has been installed in the
player, one of these two circuits is selected. Q412
is driven into conduction with an LD disc while
Q411 is driven into conduction with a CD disc.
The frequency response in each case is determined
by taking into consideration the stability in the
closed loop from the requirements of the respec-
tive disc specifications.

The switch composed of Q406 is installed in order
to discharge the C443 charge and it is actuated
when the servo loop opens.

LD

N /\j\

Goin (dB)

1 10 100 1K 10K 100K

Fregq. (Hz)

Fig. 4.1 Focus equalizer characteristics

4.3 IN-FOCUS CIRCUIT

The in-focus circuit serves to bring the objective
lens from the neutral position close to the in-focus
position and to close the focus servo loop.

A brief description of the circuit’s operation
follows.
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Pin 21 of Z401 on the SRVB circuit board is
set low.

When the PLAY key is pressed, the start com-
mand (RUN signal) of the focus servo is sent
from the SRVB’s CONT section to the FTS
section. This signal is provided with a specific
delay by R544 and C448 and it enters pin 21
of Z401.

Pin 23 of Z401 returns to a positive voltage
from its previous negative voltage.

The objective lens rises toward the disc.

The voltage of the TRKG SUM signal rises
as the reflected light returns to the photo-
detector.

The FOCS A-B signal changes into what is
called an S-curve. If it is considered in Fig.
3.3 of the optical path system description
that the photo-detector position moves from
@ to(), the focus error will change as in Fig.
4.2. The shape formed is known as an S-curve
which is important in expressing the charac-
teristics of the focus error signal.

Pin 25 of Z401 is set to a negative voltage.
Q402 goes off and the loop switch based on
Q401 closes.

The TRKG SUM signal is raised by D410 to a
positive voltage.

CLD-900/KU

f

A positive voltage is added to the TRKG SUM
signal when the servo loop is closed to safeguard
against malfunctioning of the in-focus circuit,
caused by microscopic scratches or marks on the
disc, while the focus servo is operating regularly.

If the servo is slipped off for any reason such as
a large scratch or mark on the disc, the loop is
opened by the falling voltage of the TRKG SUM
signal.

Next, pin 23 is set to a negative voltage and the
objective lens is lowered. The lens itself may pass
through the in-focus state and a stable in-focus
operation may not necessarily be performed.
This is why the FOCS A-B signal input is inhibited
by D404 and the in-focus state is not detected.

Fig. 4.2 S-curve

CD/FOCS Equalize 443 gy SRVB R69 DRVB
R508 ROI0 Q41 Q4o0l
FOCS
ERROR R507 A oo
O
7406 L, Bj‘ﬁj Jvrs
Jcaar caaz ?]
R5I2
- FOCS
\D—ﬁ MOTOR
LD/FOCS Equalize
R404 R406 THI % %RTO
Q412
one;
& s
LD ey ﬁ%’ !!g lng
0 0 LE%?:-,\&JP &—o0 FOCS A-B
5y - =1 sy C403
Q414 O TRKG SUM
R544
Z40I =T
R5I7 (PM 4001)
-5V %C448

Fig. 4.3 Focus servo circuitry
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Thereafter, the servo loop returned to being closed
through the same operation as with start.

Since pin 23 is initially set to a positive voltage,
7407 is driven into conduction when the RUN
signal is high and this stops the signal from being
applied to the objective lens.

4.4 FOCUS MOTOR DRIVE CIRCUIT

The signal (FOCS DRV signal) which drives the
objective lens is sent to the DRVB circuit board
from the equalizer circuit through the loop switch.
On this circuit board, the signal is amplified by the
drive circuit composed of Z2, Q12 and Q13, and
it is then applied to the focus motor.

In order for the objective lens to rise stably with
the in-focus operation, it must be moved at a con-
stant speed. This is why the counter electromotive
force generated by the movement of the focus
motor is detected by the bridge circuit and com-
pensated for. This force is temperature-compen-
sated and adjusted by VR5 and TH1 so that any
changes due to initial fluctuations or to the am-
bient temperature can be ignored.

The compensation circuit is prevented from
operating by the Q11 switch when the servo is
functioning regularly.

14
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5. DESCRIPTION OF TRACKING AND SLIDER SERVO

The position at which the laser beam is directed
on the disc is controlled in the radial direction of
the disc by the tracking servo so that the beam
traces accurately the tracks on the disc. It is com-
posed of circuits which control the opening and
closing of the servo loop and which control the
jumping of the beam onto adjoining tracks.

The slider servo functions to move the slider in
the inner and outer circumferential directions of
the disc.

5.1 TRACKING ERROR CIRCUIT

The TRKG ERROR signal and FOCS SUM signal,
included among the signals produced by the HEAD
and PREB circuit boards, are used by the tracking
servo.

The outputs of the photo-detector’s A and C de-
vices pass through the Z3 (BA715) buffer and
(C-A) is arithmetically processed by Z4 (BAT715)
1/2. Imbalance in the (C-A) signal, caused by dif-
ferences in the sensitivity of the A and C devices,
is cancelled by VR4 (tracking error balance).

Adjustment (tracking loop gain VR5) which de-
termines the loop gain of the tracking servo is
provided for the signal which is then amplified by
Z4 2/2 and sent to the SRVB circuit board.

The FOCS SUM signal is the sum of all the outputs
of the photo-detector’s four dividing devices, B1
to B4, and it serves as the information advising
whether the beam (Oth order) is directed on the
disc track or not.

5.2 TRACKING EQUALIZER CIRCUITS

The TRKG ERROR signal which has been sent
to the SRVB circuit board enters the two equalizer
circuits as in the case of the focus servo.

These circuits are the equalizer circuit for LD
playback composed of Z403 (BA4558DX) 2/2
and the CD equalizer circuit composed of Z404
(BA4558DX) 1/2 and 2/2.

If an LD disc has been placed on the player, the
Q418 switch is allowed to be driven into conduc-
tion by D416; when a CD disc has been similarly
placed, the Q420 switch is allowed to be driven
into conduction by D411.

) SRVB
CD/ TRKG Equalize l—-—l
TRKG C445 R534 R536 C446
ERROR R538 R439 C427
2404
Q420
o
——————0 JUMP PULSE
OO '
Q421
Y D4l
+
L o TRKG
' 2409 D418 5 IRROR
LD/ TRKG Equalize 2O
Ql7
R430 C4ll  C4l2 R433
R425 R434
D417 7%RBS
Bl
Ll
¥ D416
OTRKG LOOP TRKG RTN
LD
+5V CLOSE
° o DRVB
cD
OPEN — —5v

TRKG CORR O—[

OUTER aa1a
+5v
0
INNER_| _ o/

cD

+ 5V
:to
-5v

LD

Q416

Fig. 5.1 Tracking equalizer circuit
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The switch based on Q421 is provided to discharge
the charge accumulated in C446 and it operates
when the servo loop is open.

For detecting the tracking error an imbalance in
its level is created, in principle, at the inner and
outer circumferences of the disc. In other words,
even if a track shift identical to the inner circum-
ference is created at the outer circumference, the
detected tracking error has a lower level than that
of the inner circumference.

As a result, the gain of the equalizer circuit is in-
creased by driving Q405 into conduction at the
outer circumference.

Switching (approximately 2dB) is undertaken
near the center of the disc’s playback range by
the RF CORR signal which is sent from the TBC

section.
N

Gain (dB)

-

NS

1 10 100 1K 10K 100K
Freq. (Hz)

Fig. 5.2 Tracking equalizer characteristics

5.3 TRACKING LOOP CONTROL CIRCUIT

The tracking servo loop is allowed to close by the
TRKG O/C signal from the CONT section being
set low although, in actual fact, the closing of the
loop is undertaken at a timing which meets certain
conditions so that the operation itself is performed
reliably.

On-track detection and tracking error low-fre-
quency range detection are undertaken as func-
tions which detect this timing. These operations
are described below.

Fig. 5.3 shows the path traced by the beam on the
tracks with the tracking servo loop open. The
tracks are naturally shaped in the form of a spiral
although in terms of their pitch they may be con-
sidered circular. Point P1 is the center of the beam
path and P2 is the center of the tracks. The dis-
tance between P1 and P2 represents the amount of
eccentricity.

When the tracking servo is not functioning, the
beam does not trace the tracks and, as shown in
the figure, it cuts across the tracks continuously.
However, at points A and C and at points B and D
a difference in the number of tracks cut across per
unit time is produced. This difference appears as
a difference in the frequency of the tracking error
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signal. It is thus clear that the loop is closed more
smoothly and reliably at points A and C than at
points B and D.

Fig. 5.4 is a timing chart of the circuit which
detects the low frequency points.

Fig. 5.3 Tracks and their tracing by the beam

TRKG
ERROR

EDGE
ouT

MMV3 ﬂ |
ouT

g — [ E— e —

Fig. 5.4 Detection of the low-frequency range

Monostable multivibrator MMV3 is a retriggered
type. Its output is kept low with higher inputs
than the set frequency and with low-frequency
inputs an interval is created in which it is set high.
The tracking servo loop is allowed to close while it
is set high.

® @ ® O) ®

TRKG
ERROR

RN

FOCS suMm

Fig. 5.5 On-track detection
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Fig. 5.5 shows the states of 3 beams crossing the ® When the tracking mirror stopper circuit has
tracks (1) - ® ) and the TRKG ERROR and operated
FOCS SUM signals which are thereby created. It ® When a jump operation is performed

is clear that the pick-up level is high when the
beam is directed onto the surface out of the track,

KG
as was already mentioned in the description of the E;Roa q 9
optical path system. \,
Rather than the closing of the servo loop in 2), 3 - — =
and @ of the figure, its closing at the positions of compP2
the main beams 1) and (& on the tracks is more out
reliable. This timing is delivered by on-track detec- EDGE
tion. Fig. 5.6 is a timing chart. ouT
In this figure, the point at which the detection
signal is set high is the on-track timing. o [ \/ / \ / \v/ \ / [ \
In addition to the functions mentioned above, the i \/ \ \/ \/ \/ \ \
tracking loop control circuit serves to open the
loop in the following cases: COMP1 l I
® When the focus servo loop is open ouT _l [_ l- l
The level of the Z401 pin 25 signal is converted FF
by D403 and D404, the signal is integrated so RESET
that it does not respond to the loop opening FF
for a very brief time and it is supplied to pin SET
20. ON O [
TRACK

Fig. 5.6 Timing chart for on-track detection
Z4°2 R544 C415 C4l6 R446
51k 022 000l I0K
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Fig. 5.7 PM4001 and its peripheral circuitry
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5.4 TRACKING MIRROR STOPPER CIRCUIT

In order for the tracking servo to function so that
the beam is directed onto one particular track, the
SCAN ON/OFF signal is set high and when the
slider moves at high speed, the mirror’s angle of
inclination increases in line with the movement.
However, when this angle of inclination exceeds
a certain range, vignetting is produced in the ob-
jective lens. Furthermore, other problems arise
such as impairment of the characteristics of the
mirror’s moving element.

This is why the tracking mirror’s drive current is
constantly monitored and excessively high current
is detected by the mirror stopper circuit. When an
excessively high current is detected, the mirror
drive is inhibited by opening the tracking servo
loop for a fixed time.

The drive current of the tracking mirror can be
ascertained by the terminal voltage (TRKG RTN
signal) of R85 on the DRVB circuit board which is
connected in series with the mirror drive coil.

The TRKG RTN signal is sent to the SRVB circuit
board, the fluctuation components in the high
frequency are eliminated by the integrating circuit,
the signal is then temperature-compensated by
7402 and it is amplified. Except when a scanning
operation is undertaken, the signal is prevented
from entering Z402 by Q409 which is driven into
conduction.

The Z402 output is supplied to pin 6 of Z401
(PM4001). This pin is the comparator input pin.
The comparator judges whether the absolute value
of the input exceeds the reference voltage. In other
words a frame of reference centering on DC 0V is
established and the comparator judges whether the
input comes within this range or not. Because of
the nature of its operation, it is known as a win-
dow comparator.

When the window comparator detects an excessive-
ly high input during scanning (SCAN ON/OFF
signal is set high - Q410 is turned off — Q409 is
turned off), pin 8 is set high (positive voltage) for
a fixed time by the operation of the monostable
multi-vibrator.

The loop opens during this high interval, and the
mirror which was set at a high angle of inclination
is returned to the neutral position. The charge
accumulated in C414 by the TRKG RTN signal
is rapidly discharged by Q409 which is driven into
conduction. When the mirror approaches the
neutral position, the state in which the closed loop
is set forcibly is terminated.

However, in order to disallow the closed loop for
a short period of time, the loop is repeatedly
opened and closed by the operation of the above-
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mentioned on-track detection circuit.

This operation applies a braking effect to the
mirror which is about to return to the neutral
position and when the closed loop is allowed in
due course, a return is made to the stable servo
operation.

In cases where the braking effect is insufficient
because of the mirror’s characteristics or ambient
temperature and the servo does not attain the
stable state, disturbances in the FOCS SUM signal
are detected by Q403 and Q404 and the braking
time is extended. In order that the circuit does not
malfunction, it is disabled by D409 and D419 at
all times except during scanning with an LD disc.

TRKG /
RTN

2401
Pin 8

2401 —_— —

Fig. 5.8 Operation of tracking mirror stopper

5.5 JUMP CONTROL CIRCUIT

The JUMP TRIG signal, serving as the start com-
mand of the jump operation, is sent from the
CONT section on the SRVB circuit board to the
FTS section.

The SCAN F/R signal determines the jump direc-
tion. When it is low, the beam is made to jump to
the track adjoining the inner circumference of the
disc; when it is high, it is made to jump to the
outer circumference.

Fig. 5.9 is a timing chart of the jump operation in
the inner circumferential direction.

The servo loop is set to open with the JUMP TRIG

_signal set low and the jump pulse generator circuit

sets pin 5 to —5V. This change is differentiated by
C413 to form pulses which are sent to the DRVB
circuit board to drive the mirror.

As the beam is sent to the inner circumference,
the tracking error signal increases in the negative
direction and when it moves as far as the interim
point with the adjoining track, it returns again to
zero. (Position (@) in Fig. 5.9) COMP 2 detects
this point, and the servo loop closes as pin 5 re-
turns to OV. The change in pin 5 to OV is differen-
tiated to form pulses in the opposite direction to
that of the jump operation, and the mirror which
is still moving due to inertia is braked.




In due course, the jump operation is terminated as
the beam reaches a position above the adjoining
track and a return is made to the servo state.
Jumps in the outer circumferential direction are
undertaken in the same way. The output of the
jump pulse generator circuit changes pin 5 to +5V
(the reverse of a jump in the inner circumferential
direction) and differential pulses in the positive
direction precede.

The TRKG ERROR signal also undergoes the
reverse change and the COMP 2 output is equalized
as with a jump in the inner circumferential direc-
tion by the EX OR gate.

FOCS
SUM

Pin 5

JUMP \
PULSE /

Pin 4

Fig. 5.9 Timing chart of jump operation
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5.6 SLIDER SERVO CIRCUIT

During normal play the tracking servo operates so
that the beam traces tracks toward the outer
circumference but when the tracking mirror in-
clines too far, problems arise such as vignetting in
the optical path which was mentioned in the
previous section.

When the drive current of the tracking mirror starts
to increase, therefore, the slider servo causes the
slider motor to rotate and the mirror inclination
to be reduced by feeding the slider to the outer
circumference.

The TRKG RTN signal is amplified by the Z403
equalizer circuit and it is sent to the motor drive
circuit on the DRVB circuit board.

A loop switch composed of Q407 is installed in
7403 and the slider loop is closed when the track-
ing servo loop is open and when a scanning opera-
tion which will be described later is performed.
Scanning and search operations with LD discs and
search operations with CD discs are undertaken by
moving the slider at high speed to the inner or
outer circumference. (The above operations will
hereafter be referred to as ‘‘scanning” operations
and scanning as a function with LD discs will be
referred to as “LD scanning.’’)

Scanning operations are performed by setting the
SCAN OFF/ON signal high, by setting the SCAN
F/R signal as the scanning direction and by varying
the scan H/L signal, as in Fig. 5.10, in accordance
with the type of scanning operation.

Search operations are performed by combining
the H-SCAN and L-SCAN signals in the figure.

The scan voltage generator circuit outputs +3.5V
(forward direction) or —3.5V (reverse direction)
to pin 13 when the SCAN H/L signal is low, this
voltage (pulse) is amplified by the DRVB circuit
board and the motor is rotated.

CAV
H-SCAN

20ms

—— 10ms k-—

CLv
H-SCAN

5ms

CAV, CLV
L-SCAN

fen—s=! 4ms

LD SCAN

Fig. 5.10 SCAN H/L signal with a scanning operation
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6. DESCRIPTION OF SPINDLE SERVO (LD)

The spindle servo functions with LD discs to detect
rotational errors in the disc by comparing the
horizontal sync signal (PB H) of the reproduced
video signal with the reference frequency signal
(REF H) and thus control the rotation of the disc.
The rotational control with CD discs will be de-
scribed in a separate section.

6.1 SPINDLE ERROR CIRCUIT

(SRVB, TBC SECTION)
The RUN signal is sent from the CONT section of
the SRVB circuit board, the focus servo of the
FTS section starts operating, and when the servo
loop is closed, the FOCS LOCK signal is sent to
the TBC section.
The FOCS LOCK signal is supplied to pin 24 of
7201 (UM3002A) and when this is set low, SW7 is
turned on by the operation of the inside logic
circuit. A negative voltage is output to pin 7, it
is inverted and amplified by Z205 (BA4558DX)
1/2, and a positive voltage is sent as the SPDL
ERROR signal to the DRVB circuit board.
7205 1/2 outputs a maximum voltage which is

limited by the D209 Zener diode of the negative
feedback circuit. Furthermore, when rapid accel-
eration is required such as with start-up, D209
functions to prevent any delay in the rise of the
output voltage based on C228.

The spindle motor starts rotating and it accelerates
rapidly due to the action of the spindle drive
circuit which will be described later. ‘

The spindle drive circuit uses a Hall device to
detect the motor rotation and the motor’s rota-
tional speed is sent to the spindle error circuit as
a frequency-modulated pulse train (FG signal).
The FG signal is shaped by Q203 in the spindle
error circuit and converted into a voltage signal
by the integrating circuit. This signal, which indi-
cates the motor’s rotational speed, is supplied to
pin 12 of Z201 and the voltage, or in other words
the rotational speed of the motor, is determined
by the three comparators, COMP 1, 2 and 6.
COMP 1 uses 440 rpm as a reference, COMP 2
uses 1400 rpm and COMP 6 uses 2300 rpm. When
the motor speed is higher, the output is inverted
and supplied to the logic circuit.

z204 s_r:' _l’___

L osize @_[—_—

v ~ SWT7
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+v v s 172 ERROR
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FOCS LOCK COMPS
swa
|- ——
'E
sw € +5V
5
v COMP&__|COMPI A&
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- 5 Q203
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x v SWI2 Z 20l
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4+ +5V
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Fig. 6.1 Spindle error circuit
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Fig. 6.2 UM3O002A logic circuit

When the motor accelerates, COMP 1 is activated
first and when the motor’s speed reaches 1400
rpm, this is detected by COMP 2. The logic circuit
stops the motor’s rapid acceleration with SW7 off,
it turns off the loop switch based on Q204 by turn-
ing SW6 off and it sets the servo loop to the closed
state.

The motor start-up operation up to this point is
the same regardless of the type of disc but control
of the spindle motor’s speed with playback must
be selected in accordance with the size (12 or 8
inches) of the disc and the disc’s recording system
(CAV, CLV).

The speed is constant at 1800 rpm with CAV discs
but it varies from 1800 to 600 rpm with CLV discs
in accordance with the radial position of the disc.
Furthermore, differences in the mass and moment
of inertia for the disc size also greatly affect the
servo loop. For instance, even when the same
external disturbances occur in the servo loop, the
rotational error which is detected will differ ac-
cording to the rotational speed at that time and
the size of the disc used.

For this reason the spindle servo loop gain is con-
trolled by a combination of three switches: by
SW1 and SW2 inside Z201 and by the Z215
switch.

Table 6.1 gives the correlation between the record-
ing system and playback radial position of the
discs, the size of the discs and the states of the
various switches. The gain values in the table are
approximations with a 12-inch CAV disc refer-
enced as 0 dB.

When scanning with an 8-inch CLV disc, 2215 is
forcibly set off and the loop gain increased so that
the servo state is maintained as far as possible in
respect of the movement of the radial position.

It

Table 6.1 Spindle servo gain control

12 inch %'&fh 8inch | 8inch
CcAV CAV cLV
In Out In  Out
SW 1 off |oFF|on |oFrJon | oFF |oFF |oN
SwW 2 OFF |OFF |OFF |ON [ON | OFF OFF
2215 OFF OFF ON  |ON (OFF)
GAIN ~13 |14
0 0 |-4|-5|-8| -
(d8) 310 |4

The radial position currently being played is de-
tected with the voltage (SLD POT signal) of the
potentiometer connected mechanically to the
slider.

The SLD POT signal supplied from pin 23 is judged
by the 3 comparators (COMP 3, 4 and 5) inside
7201, and with 12-inch discs, the playback radial
range is divided into 4 and detected.

Z201 (UM3002A) was developed for players
accommodating only the LD discs and the refer-
ence voltage of the above comparators is set so
that the maximum playback range (approx. 90 mm)
of an LD disc is divided into 4. However, the CLD-
900 is characterized by the fact that the SLD POT
signal varies by movement from the innermost
circumference of a CD disc to the outermost cir-
cumference of an LD disc (approx. 120 mm). In
order to make the voltage of the SLD POT signal
during LD disc playback identical to that for the
LD player, it is reduced by about 1.6V by the
D214 LED and the voltage division ratio based on
the resistance is made a different value from that
of an LD player.

CLD-900

N
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LV player

—= SLD POT voltage

( — Slider movement
. (]
8 8 distance ©
c c c
@ @ e
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af o2 o =
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Fig. 6.3 SLD POT signal
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The information pertaining to the playback posi-
tion is obtained in this way. In order to enable the
spindle servo gain to be controlled by this infor-
mation, it is passed through D206 by the CLV
signal, the pin 19 voltage is raised, and COMP 2
which has inverted the output when the rotational
speed of the disc reached 1400 rpm is inverted
again.

The reproduced PB H and reference REF H signals
are compared by Z203 (TC5081AP). Comparison
results, such as those in Fig. 6.4 (A) and (B), are
output from pin 3 of Z203. This signal is made
the voltage signal by the integrating circuit, and it
is amplified by the Z205 1/2 and 2/2 equalizer
circuit to become the spindle error signal.

REF H

| | |

Comparison
output

-0V

(A) From PB H delay to synchronization

REF H

PB H '

Comparison
output J J

+ov

(B) From PB H advance to synchronization

Fig. 6.4 Phase comparison of PB H and REF H signals

Pin 3 of Z203 is placed in the high-impedance
state when the phase difference between the
PB H and REF H signals is zero. High errors which
cannot be converged by the tangential servo,
which will be mentioned later, are amplified by
7206 1/2, and added to pin 3, and the spindle
servo serves to support this operation. D201 and
D202 are provided to reduce the gain with respect
to excessively high inputs.

If the spindle motor starts to rotate recklessly and
the speed exceeds 2400 rpm for some reason or
other in the play mode, COMP 6 inverts the out-
put. As a result, the logic circuit turns SW2 on,
reduces the loop gain and turns SW12 off. Pin 26
level is raised high by D11 as SW12 turns off.
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When pin 26 is set high, SW6 turns off and the
servo loop is opened.

Furthermore, SW3 turns off and a voltage is output
to pin 3.

This voltage is produced from the difference be-
tween the voltage produced from the FG signal
which indicates the motor speed and the specific
reference voltage. The servo operates (fixed speed
servo) so that the speed is kept constant. This re-
ference voltage is fixed when CAV discs are played
but in the case of CLV discs, it is produced by
combining the ON/OFF states of SW4 and SW5 so
that it becomes a value corresponding to the radial
position.

In this way, a return is made to the original speed,
COMP 6 returns to its original state and the origi-
nal PB H and REF H signal comparison servo state
is established.

When the spindle motor decelerates and the speed
falls below 440 rpm, COMP 1 inverts the odutput.
As a result, pin 22 is high, pin 26 is raised to the
high level by D210 and the same operation is
undertaken as with the reckless speed of the
motor.

If for some reason or other the focus servo loop
opens in the play mode, pin 24 is set high, the logic
circuit turns off SW6 and the servo loop is set to
open. Furthermore, a positive voltage is output
to pin 7 by turning SW8 on. As a result, the
spindle motor rapidly decelerates.

When the focus servo loop is again set to open, pin
24 is set low.

When a CAV disc is being played, the motor first
decelerates following the start-up method de-
scribed above and then the servo loop is closed.
When a CLV disc is being played and the focus
servo loop is open, the COMP 2 reference voltage
is reduced by the FOCS LOOP signal (D215) and
when the focus loop closes, the voltage is pushed
up with a certain delay by the CLV signal.

Because of this delay Z201 is set to the constant
speed servo mode as described above and the speed
corresponds to the radial position.

The spindle servo returns to the closed state with
the pin 26 being set low after pin 24.

In cases where the spindle motor decelerates and
its speed falls below 440 rpm, such as when the
EJECT key has been pressed or when the focus
servo loop cannot be closed, a high-level signal is
output to pin 22 by COMP 1. When the SPDL
RTN signal from the spindle drive circuit has a
sufficiently low value and Z214 is turned off, then
the SPDL STOP signal is sent to the CONT section.




6.2 SPINDLE DRIVE CIRCUIT

The SPDL ERROR signal produced by the spindle
error circuit on the SRVB circuit board is sent to
the spindle drive circuits provided on the DRVB,
LOLB and BLMB circuit boards.

The SPDL ERROR signal is first supplied to the
absolute value circuit composed of Z5 (M5218L)
1/2 and Z5 2/2 on the DRVB circuit board.

In this circuit D12 is made conductive when the
SPDL ERROR signal is a negative voltage. The Z5
2/2 (—) input voltage is equal to the voltage of
the SPDL ERROR signal and the output is made
a low voltage equivalent to the forward voltage
drop (Vf) of D12. D13 and D14 are in the non-
conductive state and a signal is not supplied to
the Z5 1/2 (+) input. The Z5 2/2 (—) input voltage
is inverted by Z5 1/2 and output. (The gain is
—R95/R93 = —1.)

When the spindle error voltage is a positive voltage,
D12 is made non-conductive and no current flows
to the feedback circuit composed of R93 and
R95 so that there is no voltage drop. As a result,
by making the Z5 2/2 (—) input, Z5 1/2 (—) input
and output all equivalent to the voltage of the
spindle error signal, the Z5 2/2 output voltage
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Fig. 6.5 Spindle drive circuit
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becomes a high voltage equivalent to the sum of
the D13 and D14 Vf from the SPDL ERROR
signal.

Q20 determines whether the SPDL ERROR signal
voltage from the Z5 1/2 output voltage is positive
or negative, or in other words it determines the
drive direction of the spindle motor.

SPDL
ERROR 7
y +2v§
zs T TTTTTTTTTTTTTT T
OUTPUT ov
~vi
Q200©

Fig. 6.6 Determining the motor drive direction

In this way, the spindle error is divided into F/R
signals indicating its absolute value voltage and
positive/negative code and, as a result, the motor
drive can use the whole voltage range from +17V
to —17V (non-regulated supply voltage).

The amplitude range of the signal is converted for
this purpose in Z6 1/2. In the circuit shown in
Fig. 6.7, therefore, the output. voltage is Eo = V
— (R97/R96)-Ei and it is output from +V as the
drop voltage.

Z6

R97 = RI106
R96 = R107

Fig. 6.7 Converting the amplitude range

The Z6 1/2 output signal is current-amplified for
motor drive and current amplification is provided
in the form of a chopper in order to enhance its
efficiency. The 2fH signal from the SRVB circuit
board is superimposed onto the error signal and its
width is modulated by Q22 to become a pulse
signal. As a result, the switch composed of Q23
and Q24 turns the current on and off and the
square wave current produced is integrated to be-
come the SPDL DRV signal.
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Fig. 6.8 Chopper type of amplification

The SPDL DRV signal is output to the BLMB
circuit board through R105. The R105 voltage
drop is amplified by Z6 2/2, this is sent to the
spindle error circuit as the SPDL RTN signal and
it is used to detect motor stop.

When the SPDL RTN signal increases abnormally,
motor drive is prohibited by Q21 being driven into
conduction. An integrator circuit is provided as
its base to prevent Q21 from being driven into
conduction by momentarily excessive currents
such as that produced during start-up.

Used for the LD spindle motor is the same 4-pole
3-phase drive brushless motor which is employed
in the LD-700. Fig. 6.9 is a timing chart showing
the detection outputs of the Hall device and the
phase drive with forward rotation. The currents at
the timing shown by (1), @ and (3 in Fig. 6.9 are
indicated by arrows in Fig. 6.10.

Current flows from the LA coil to the LB coil by
Q27 and Q23 turning on at timing (1) . In (), the
current flows from LA to LC and in (3 from LB
to LC. The motor rotates 60 degrees at the timing
of D through (3.

Every time the Hall device outputs change from
high to low or from low to high while the motor is
rotating, a pulse signal with a 1ms width is output
from pin 11 of Z1 (PA2016) on the BLMB circuit
board and, as explained with the spindle error
circuit, it serves as the FG signal which indicates
the motor speed.

It is clear from Fig. 6.9 that the Hall device out-
puts change 6 times for each 1/2 rotation, there-
fore, a single pulse is output every 30 degrees
rotation.
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When the EJECT operation is undertaken, the
SPDL RUN signal sent from the LOLB circuit
board to the BLMB circuit board is set high, the
motor is prevented from rotating and it is forcibly
decelerated.

At this time, as has been explained in the spindle
error circuit, the SPDL ERROR signal takes on
a negative voltage. The F/R signal is set high by
Q20 on the DRVB circuit board turning off, this
is supplied to pin 9 of Z1 on the BLMB circuit
board and the internal switch is inverted.

1/2 rotation
HALL AMPL OUT

O I | I | N
1 rrl r

I
1T

HB

HC

LA+ J I J
|

.. ]
o T ]
- 101 |
e [ 1 1
o 11 ||

|

]
—

Fig. 6.9 3-phase drive timing

Due to this operation, the motor is driven in the
reverse direction and its speed decelerates rapidly.
In due course, however, it comes to the verge of
actually reversing in accordance with the drive.
At this time, the reverse rotation detector circuit
inside the IC detects this from the detection out-
put of the Hall device and for a specific period of
time only the internal switch is set to forward
rotation and the motor is completely stopped.
The time during which the motor is driven in the
forward direction is selected by the size of the disc
(165 ms for 12-inch discs, 100 ms for 8-inch discs).
When the motor does not stop and the power
switch has been turned off in the play mode, the
motor will naturally decelerate. Even if it is as-
sumed that the power switch is set on again, opera-
tion will not be acknowledged until the motor
stops by the control system operation which will
be mentioned later. As a result, the SPDL RUN
signal is set low for a fixed time by the turning



on of the power switch. In other words, Q13 which
outputs the SPDL RUN signal of the LOLB circuit
board is driven into conduction by the supply
voltage (+5V) rise only for the time determined by
the C9 and R42 differentiation circuit, and the
SPDL RUN signal is set low. As a result, the flip-
flop inside PA2016 is set and becomes operational.
7201 (UM3002A) on the SRVB circuit board out-
puts a positive voltage to pin 7 with the initializa-
tion of power-on and so this is inverted and the
SPDL ERROR signal is made a negative voltage.
Due to this voltage, the motor is now decelerated
rapidly by reverse drive and when it reaches reverse
rotation, it is driven forward only for the time set
by the disc size and in due course it stops. The
PA2016 fip-flop is reset and standby is continued
until the next SPDL RUN signal.
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Fig. 6.10 Drive current switching
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7. DESCRIPTION OF TANGENTIAL SERVO

A playback signal virtually equivalent to the fre-
quency signal during recording is obtained by the
spindle servo but about the playback of pictures,
a time base error with a high precision and a high
frequency must be converged.

To meet this requirement, the tangential servo
serves to control the position onto which the laser
beam is directed in the tangential direction of the
tracks. The servo itself is composed of the circuitry
which detects the high-precision time base error
from the spindle servo using the phase difference
between the reference H (REF H) signal and play-
ed back H (HD 2) signal, the circuitry which deter-
mines the operational state of the time base servo
from the playback signal, and the circuitry for
processing the phase error which has been pro-
duced.

7.1 PHASE ERROR SAMPLING CIRCUIT

In the sync processing circuit in the video playback
circuit which will be described later an H SYNC
signal with minimal jitter is separated from the
video signal and the HD 2 signal, produced by

eliminating H/2 from this signal, is sent to pin 11
of Z202. The internal monostable multivibrator is
triggered by the HD 2 signal and a pulse signal
with a width of 7 us is produced. This signal now
serves as the phase error sampling signal.

The REF H signal, which is output from pin 1 of
X201 on the reference frequency oscillator circuit,
is supplied to pin 17 of Z202 (PA9002). When the
REF H signal is high, C224 connected to pin 15 is
charged by a constant current and when it is low, it
is discharged at a constant current.

The pin 15 voltage becomes a triangular wave
signal whose slope is produced by adjusting the
current flowing from pin 14 by VR202 and by
varying the value of the constant current.

This triangular wave signal is made into a square
wave signal by a hysteresis comparator which has
two comparison reference voltages.

The comparison reference voltages of the com-
parator are set so that the square wave signal rise
precedes by 10 us only and its fall is delayed
similarly for 10 us, with the REF H signal rise
timing used as a reference.
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Fig. 7.1 PA9002 Peripheral Circuitry
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This square wave signal is used as the gate signal by
the phase error sampling circuit, and by the phase
sync detector circuit and PBH signal circuit which
will both be described later.

A signal which has been AND-ed by this gate
signal and REF H signal is used in the phase error
sampling circuit. This signal becomes a 10 us wide
signal which rises at the same timing as the REF H
signal rise.
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-35
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Fig. 7.2 Phase Error Sampling

C211 connected to pin 1 is charged by the con-
stant current and the voltage increases linearly. A
sawtooth wave signal is produced by resetting
with the above 10 us wide signal every 1H. During
the period when the sampling signal produced
from the above-mentioned HD 2 signal is low, a
T us flatness is produced in the sawtooth wave
signal as C211 is not charged. This flat portion
only is output to pin 2 and the voltage is held
by C212. When the HD 2 signal phase leads, the
voltage being sampled drops and when the phase
is lagged, the voltage rises. In this way, the
sampled phase error is output to the Q205 source.
The phase difference between the REF H signal
and HD 2 signal is defined as the difference in the
timing of the fall of the two signals. This means
that when the tangential servo is in a synchronized
state, these two signals coincide at the fall timing.

CLD-900/KU

In other words, the sawtooth wave signal is
sampled virtually near the center.

7.2 PB H SIGNAL CIRCUIT

When the spindle motor starts up and accelerates
and its speed reaches 1400 rpm, the spindle servo
circuit controls its rotation by comparing the
phases of the REF H and PB H signals. The PB H
signal for this purpose is sent from pin 8 of 2202
in the tangential servo circuit to the spindle servo.
As with the HD 2 signal, the HD 1 signal is sent
from the sync processing circuit on the DEMB
circuit board. The HD 1 signal is produced by
eliminating H/2 from the COMP SYNC signal.
Compared with the HD 2 signal, it has more
jitter and yet it is detected more speedily in ac-
cordance with the start-up of the spindle motor.
The HD 1 signal, supplied from pin 5, is first out-
put from pin 8 of Z202.

When the phases of the reference signal and play-
back signals virtually coincide with the operation
of the spindle and tangential servos (when pin 7
is set low by the phase synchronization detector
circuit which will be mentioned later), the HD 2
signal with minimal jitter is output from pin 8.
However, if even one pulse of the continuous HD 2
signal is lost due to dropouts in the playback signal
and other factors, the spindle servo circuit will not
maintain a stable servo state.

This is why the dropouts in the HD 2 signal are
compensated for as described below.

The monostable multivibrator is triggered by the
trailing edge in the signal which is produced by
AND-ing the signal, obtained by inverting the
gate signal output from the above-mentioned
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Fig. 7.3 Compensating for Dropouts in the PB H
Signal
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comparator, and the sampling signal, obtained
from the above-mentioned HD 2 signal. A signal
with a width of 33 us adjusted by VR203 at
pin 10 is output from the monostable multi-
vibrator and this serves as the PB H signal.

Even if one pulse in the HD 2 signal, or sampling
signal, is missing, the monostable multivibrator
is triggered by the trailing edge of the gate signal
and the 33 us wide signal is compensated for.

The output of pin 8 has its pulse width aligned to
9us by Z216 (SN74LS221N) 2/2 and it is supplied
to phase comparator pin 7 of Z203 on the spindle
servo circuit. It is also sent to the CONT section.

7.3 PHASE SYNCHRONIZATION DETECTOR
CIRCUIT
The asynchronous detection signal is produced by
AND-ing the gate signal output from the com-
parator mentioned above and the signal obtained
by inverting the REF H signal.
This detection signal serves as a signal with a 10 us
width and a fall which coincides with the timing
of the REF H signal rise. This detection signal and
the HD 1 signal are AND-ed and the output be-
comes the signal which indicates asynchroniza-
tion. When the reference and playback signals are
in a state of synchronization, the timing of trailing
of the HD 1 signal and REF H signal coincides.
Asynchronization is the state with the HD 1 signal
present around the rise of the REF H signal.
The pulse signal which indicates this asynchroniza-
tion is output to pin 6 and Q206 is driven into
conduction. C225 connected to pin 4 is charged by
R300 and as Q206 is driven into conduction, it is
reset.
When the spindle motor start-up is considered,
then the pulse signal is continuously output from
pin 6, the pin 4 voltage rises only slightly and
when the state of synchronization is approached,
the pulse signal output decreases gradually and
the pin 4 voltage rises is an exponential curve.
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Pin 4

LOCK 1
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LOCK 2
Pin 7
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Fig. 7.4 Phase Synchronization Detection
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The pin 4 voltage is determined by the internal
comparator. First, when +1.5V is exceeded, a low
signal is output to pin 3 and when +2.5V is ex-
ceeded, a low signal is similarly output to pin 7.
The pin 3 output controls the loop switch in the
tangential error circuit which will be mentioned
later, the spindle servo is considered to be stable
and the tangential servo loop is closed. The pin 7
output is sent to the tangential error circuit and
the mirror stopper circuit’s detection value is
controlled. The signal of the above-mentioned
PB H signal circuit, sent to the spindle servo, is
switched from the HD 1 signal to the signal pro-
duced from the HD 2 signal.
Q207 connected in parallel to Q206 is installed
so as to prevent the tangential servo loop from
closing when it is driven into conduction. It
functions in the following cases:
e When the spindle servo loop is not closed
The Z201 (UM3002A) pin 9 signal enters
through D212.
e When conducting a scanning operation with a
CLV disc
At this time the phase error cannot be detected
stably and so the tangential servo is inhibited.
(CLV signal is low; SCAN OFF/ON signal is
high.)
® When a pause operation is being conducted.
The pin 7 signal is sent to the CONT section on
the SRVB circuit board as the SPDL LOCK
signal. When the high-level state of this signal
continuous for more than a particular period of
time (about 3 minutes), playback is disabled and
the player is stopped.
When a pause operation is conducted with a
CLV disc, the SCAN OFF/ON signal is set high
in order to establish a state in which the slider
servo loop is opened. This drives Q207 into
conduction as mentioned above, pin 7 is set high
and the player is stopped once 3 minutes have
elapsed with the pause operation in effect.
In order to safeguard against this, Q207 is pre-
vented from being driven into conduction by
D218 when the PAUSE signal is low.

7.4 TANGENTIAL ERROR CIRCUIT

Two signals are added to the error signal appearing
at the Q205 source.

First, in order to eliminate the transient noise
caused by sampling, pulses with a phase opposite
to that of the noise are added by C246 and R310
from the monostable multivibrator which produces
the sampling signal.




Next, the output of Z204 (SN74LSOON) 1/4 and
2/4 of the T-FF which is inverted by the JUMP
TRIG signal is added by R264 and R322.

In the video signal the color signal has its phase
shifted by an amount equivalent to a half-wave-
length for one frame. This is why the color signal
is inverted for each jump operation performed with
a CAV disc, why, depending on the performance of
the color lock circuit in the TV monitor, this lock
cannot be tracked and why disturbances are
caused in the picture hue. Therefore, every time
a jump operation is undertaken, the time base of
the video signal is shifted by an amount equivalent
to a half-wavelength (140 ns) of the color signal.
The frequency of the error signal is compensated
for in order to stabilize the loop with the equalizer
circuit composed of Z207 1/2 and of Z206 2/2
(both BA4558DX).

7210 and Q208 form a loop switch and control
is exercised by the signal of Z202 pin 3.

When the power switch is turned on, Q211 pre-
vents the tangential mirror from swinging transient-
ly. Since the —5V output is faster than +5V, the
tangential error may be pulled by the negative
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voltage when the power switch is turned on and
Q211 is installed and driven into conduction in
order to prevent the mirror from being drawn.

The gain of Z206 2/2 is switched by the radial
position of the disc during play.

It is clear that, with CAV discs, a difference is
produced in the movement equivalent to time
between the disc’s inner and outer circumference
even when the tangential mirror’s angle of swing,
or in other words the movement distance of the
laser beam is equal. For instance, at the radial
70 mm position 10 um is approximately 0.76 us
and at the radial 140 mm position, it is about 0.38
Us.

In order to compensate for this, Z212 and Z213
(both DTC124F) are installed, these are turned on
and off by the outputs of pins 27 and 28 of Z201
and the gain of the tangential servo loop is switch-
ed.

Pins 27 and 28 of Z201 function to output signals
which indicate the position which divide the LD
disc’s radius into four equal portions.

These signals are, for the inner circumference, —5V
(2212 and Z213 off) with both pins, approx. +2V
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Fig. 7.5 Tangential Error Circuit
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(2212 off, Z213 on) with pin 27 only and +2V
(2212 on, Z213 off) with pin 28 only, and, for the
outer circumference, +2V (Z212 and Z213 on)
with both pins. This means that the loop gain in-
creases by +3dB, +6dB and +8dB, with the inner
circumference at 0dB, as the pick-up moves toward
the outer circumference.

With CLV discs, the voltage remains at —5V for
both pins 27 and 28.

The output error is sent as the TANG DRV signal
to the mirror drive circuit on the DRVB circuit
board.

The tangential error is also sent to the spindle
servo circuit. When the phase difference between
the PB H and REF H signal is judged by the Z203
phase comparator to be zero, the spindle servo
circuit functions to converge the low-frequency
components of the tangential error.

7207 2/2 configures the mirror stopper circuit
which limits the vibrating angle of the tangential
mirror.

The drive current of the tangential mirror is sent
to the error circuit as the TANG RTN signal. The
signal amplified by Z207 2/2 is in reverse phase to
that of the error signal and it is subtracted by
adding it to the TANG DRV signal.

In the resonance frequency of the mirror unit
control is exercised so as to minimize the vibrating
angle in order to stabilize the loop.

During start-up, the Z207 2/2 output level is
raised, the vibrating angle reduced and a stable
state obtained and after pin 7 of Z202 (SPDL
LOCK signal) has been made low, extension
follows to the prescribed limit value, by turning
Z211 (DTC124F) on.

This is done in order to attain a servo lock state at
the position (near the neutral position) in which
the inclined angle of the mirror is not great.

When a CD disc is being played, the tangential
servo is not used, the mirror is placed in a free-
moving state and Q202 is provided to prevent it
vibrating at the resonance frequency by means of
mechanical vibration. By driving Q202 into con-
duction with the CD signal, the mirror is brought
to a state in which it is in essence shortcircuited.
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8. DESCRIPTION OF VIDEO PLAYBACK CIRCUITRY

The video signal of an LD disc is played back
and output by the circuitry described below.

The video playback circuitry includes the RF
demodulator circuit which demodulates the video
signals from the RF signals which have been picked
up, the dropout compensator circuit which com-
pensates for dropouts in the signals, the sync
separator circuit which separates the sync and
other signals from the video signals, the sync
processing circuit which processes the sync signals,
the color phase compensation circuit which sup-
presses the residual error of the time base which
could not be suppressed by the tangential servo,
the dummy sync signal generator circuit which
produces the sync signals when a CD disc is played
and the output processing circuit which super-
imposes the frame number and other indication
information on the video signal and which inhibits
the video signal output. Most of the circuitry is
included in the VIDEO section on the DEMB
circuit board.

8.1 RF DEMODULATOR CIRCUIT

The total sum of the four dividing devices (B1 to
B4) of the photo-detector (PD) is arithmetically

processed (Q1 to Q3) by HEAD circuit board as
the RF signal and amplified (Q4 to Q6).

On the PREB circuit board the amplitude of the
RF signal is adjusted to the prescribed value (RF
level, VR1) and the signal is sent to the LDDB
circuit board. On the LDDB circuit board the
signal is sent to the DEMB circuit board without
the video signal being processed in any way.

On the DEMB circuit board, the signal is first
supplied to the RF correction circuit (Q201, Q202,
Q204). The RF signal level drops at the inner cir-
cumference of the disc compared with its outer
circumference and so correction is provided by in-
creasing its gain for the high frequency range where
the influence is particularly great.

Switching between the inner and outer circum-
ference is undertaken by the RF CORR signal pro-
duced from the SLD POT signal by Z201
(UM3002A) on the SRVB circuit board.

The output of the RF correction circuit is sent not
only to the next band-pass filter but also to the
ADEM section for audio playback, to the PNJB
(rear panel I/O port) for application and also to the
dropout detector circuit which will be described
later.
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Fig. 8.1 RF Demodulator and Dropout Compensator
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Fig. 8.2 shows the pass characteristics of the band-
pass filter and the RF signal spectrum. In this
band-pass filter it is not possible to suppress suf-
ficiently the carrier of the audio signals so as to
allow the lower-band frequency of the color signal
to pass through the filter and so an audio trap is
installed next to the filter. The 2/R channel (2.8
MHz) carrier is removed by C203 and L203 while
the 1/L channel (2.3MHz) carrier is removed by
C202 and L204.
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Fig. 8.2 RF Spectrum and Band-pass Filter
Characteristics

7206 (SN76670N) contains a limiting amplifier
circuit and a multiplier circuit. The signal, which
becomes the “product” of the limiter output
signal and the signal which has passed through
the phase shift circuit, is produced by the multi-
plier circuit, the carrier components are sup-
pressed in the low-pass filter and the video signal
is demodulated.

The demodulated video signal is amplified by
the amplifier circuit inside Z201 (PA3018) and
delayed by a time equivalent to 220 ns by F201.
This is because a certain time delay is produced
from the generation of the dropouts until their
detection. Or, in other words, no problems are
posed by the delay because the dropouts are
detected by a time equivalent to 220 ns ahead.

The delayed video signal passes through the @210
buffer, it is sent to the dropout compensation
circuit (DOC switch and 1H delay circuit) which
will be mentioned later as well as to the color burst
separator circuit which will also be mentioned
later, it is de-emphasized (R246, R247, C322)
and then passes through the Q227 buffer and is
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sent to the PNJB (rear panel I/O port) for the
application.

8.2 DROPOUT COMPENSATOR CIRCUIT
(DOC)

RF correction circuit output signal is amplified
by Q205 and Q206 and supplied to pin 5 of Z201
(PA3018). A ~

Pin 5 is the input pin which supplies the signal to
the limiter circuit composed of a 4-stage amplifier
circuit, and from the second stage the Al and A2
signals are output in reverse phase. The fourth
stage limiter output becomes the A3 signal which
is delayed by 30 ns by the external delay circuit.
The Al, A2 and A3 signals enter the dropout
detection (DOS) circuit.

The A1l signal has an average (DC) level which is
lower than that of the A2 signal but if the ampli-
tude of the RF signal is close to the prescribed
value, the instantaneous voltage of the Al and
A2 signals is reversed when the momentary level
of the RF signal is positive. When Al is greater
than A2 and when A3 has a negative level moment-
ly, the DOS circuit outputs a low signal.

Under normal conditions this low signal is out-
put at every wavelength of the RF signal and
the integrating circuit (R248, C249) connected
to pin 7 is returned to its reset state. When drop-
outs arise, a low signal is not output from the DOS
circuit and the pin 7 voltage continues to rise.
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Fig. 8.3 Dropout Detection
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Pin 8 is high when the pin 7 voltage exceeds the
comparison reference voltage of COMP 1.

Due to the operation of the DOC circuit, noise
may arise because of switching at the instant when
returning to the original signal or when replacing
the signal with a 1H delay signal. When short-term
dropouts are compensated for under such circum-
stances, the effect may instead be noticeable on
the picture and even if the dropout section has
finished, the replacement by the delay signal will
continue for a certain period of time. In other
words, even if the pin 7 voltage drops, the pin 8
voltage will drop in an exponential curve by the
external integrating circuit (R249, C250) and
when this voltage falls as far as the comparison
reference voltage of COMP 2, the output voltage
of COMP 2 is inverted to a high level.

Contained in the vertical blanking period of the
video signal are H periods into which the various
data have been inserted, and these data are read
out by the CONT section of the SRVB circuit
board.

When it is necessary to avoid the data being re-
placed by the DOC and erroneously judged by the
CONT section, that is, when this leads to a relative-
ly serious malfunction as a function of the player,
the DOC operation can be inhibited by a command
(DOC INH signal) from the CONT section. This
signal is supplied to pin 15 and the COMP 2 output
is switched on or off by the internal switch.

This switched output is the control signal of the
DOC switch which selects the original video
signal and 1H delay signal.

The above-mentioned 220 ns delay signal enters
pin 13 of Z201 and it is connected to one side of
the DOC switch to become, under normal circum-
stances, the video signal in which this signal is
output.

The 220 ns delay signal is, moreover, supplied to
the CCD circuit of Z205 (MN8038) through the
low-pass filter (LPF). The LPF is installed in order
to suppress the high-range components exceeding
the CCD circuit band and avoid the effects pro-
duced by radiation internally, and it has a cut-off
frequency of 850kHz. The CCD circuit is com-
posed of 112 transfer stages, and it is driven by a
2-phase clock frequency of 1.79MHz. The clock
signal is produced inside Z205 from the 3.58MHz
frequency provided by the color phase compensa-
tion circuit which will be described later. The video
signal is delayed by a time which is approximately
equivalent to 62.57 us (produced by dividing 112
by 1.79MHz) by this CCD circuit.

The CCD circuit output is amplified by the differ-
ential amplifier circuit and it passes through the
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2nd low-pass filter to filter out the clock com-
ponents. This filter has a suppression ratio of about
—36dB with a frequency of 1.79MHz.

The 62.57 us delay produced by the CCD circuit
and the delays produced by the two low-pass
filters are added to form a 1H, 63.57 us delay,
it is adjusted (1H delay video level, VR202) to
2Vp-p in this output, it is supplied to pin 11 of
7201 and connected to one end of the DOC
switch. ‘

The output video signal selected by this DOC
switch is de-emphasized (R250, R251, C252) in
respect of the pre-emphasis provided during
recording.

8.3 SYNC SEPARATOR CIRCUIT

The video signal, resulting when the undesirable
high-range components are eliminated by the
1MHz low-pass filter from the video signal output
from the DOC circuit, is supplied to pins 15, 9 and
12 of Z202 (PAO0009) through the Z212
(TC4016BP) switch circuit.

The dummy sync signal mentioned later is sup-
plied when a CD disc is being played.

The composite sync signal (COMP SYNC), horizon-
tal sync signal (H SYNC), vertical sync signal (V
SYNC) and the frame number and other data in-
serted in the vertical blanking period are separated
from the video signal in Z202.

1) COMP SYNC Signal

The video signal is coupled by C279, biased by
R 284, supplied to pin 15, and clamped at the sync
tip of the video signal. It is then supplied to a com-
parator with a slightly higher comparison reference
voltage than the clamp potential where it becomes
the COMP SYNC signal and it is output to pin 14
(open collector).

2) V SYNC Signal

The COMP SYNC signal output to pin 14 is sup-
plied through the external integrating -circuit
(R288, C283, R289, R284) to pin 16. The integral
waveform is sliced by the comparator and its
output is formed the width (680 us) by the mono-
stable multivibrator and it is output from pin 1.

3) H SYNC Signal

The voltage at pin 3 to which the integrating
circuit (R292, C290) is connected starts to drop in
an exponential curve with the timing of the COMP
SYNC signal rise (sync end). The comparator
judges that the pin 3 voltage is between two
voltages and its output serves as the key pulse for
clamping the video signal.
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z202 W
Pin 16

V SYNC
(Pin 1)

Fig. 8.4 Separation of the Vertical Sync Signal

The video signal is coupled by C278, supplied to
pin 9 and clamped with the key pulse at the back-
porch timing. It is here that the undesirable video
information parts are suppressed by the clipper.
The signal is output to pin 11, made into the pulse
signal by the differentiation circuit, returned to pin
8, waveform-shaped by the comparator, given a
width of 1 us by the monostable multivibrator
and finally output to pin 7 (open collector).

In this circuit it is possible to further reduce the
low jitter whose generation cannot be avoided
with conventional sync separator, although on
the other hand the vertical sync data is lost by
the differentiation circuit (the H/2 pulse of the
vertical blanking period remains).

This is why the COMP SYNC and V SYNC signals
are separated by different circuits, as described
above.

VIDEO
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Fig. 8.5 Separating of the Horizontal Sync Signal
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4) DATA Signal

The video signal is further coupled by C280, sup-
plied to pin 12 and clamped by the key pulse. The
level near the center of the video data part is
judged by the comparator using the comparison
voltage and output to pin 13.

The DATA signal includes not only the data but
also the video signal saturated although only the
data are read out by the CONT section.

8.4 SYNC PROCESSING CIRCUIT

The COMP SYNC and H SYNC signals separated
from the video signal by Z202 are sent to Z203
(PA9001). ~

The H/2es are removed from the COMP SYNC
signal in Z203, so that the HD signals are made.
The COMP SYNC signal supplied to pin 2 of 2203
first sets the internal flip-flop. Pulses with a width
determined by the integrating circuit (R310,
C302) connected to pin 26 are produced from the
flip-flop output, and the charging voltage of C304
connected to pin 23 is reset by these pulses. After
this C304 is again charged by a constant current
and the pin 23 voltage becomes a ramp signal
which rises linearly. The ramp slope is adjusted
by VR207 which is connected to pin 22.

The COMP SYNC signal supplied to pin 2 is fre-
quency/voltage converted by the pulse count
system. This converted voltage (pin 24 voltage)
and the pin 23 ramp voltage are compared by the
comparator. At the point where the ramp voltage
increases further, the output is inverted and the
flip-flop, which was set by the above-mentioned
COMP SYNC signal, is reset. The flip-flop output
becomes the HD signal from which H/2 included
in the vertical blanking period of the COMP
SYNC signal is removed, and this is called the HD
1 signal.

Furthermore, a signal with a 10 us width is pro-
duced by the comparator output. This is called
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Fig. 8.6 H/2 Removal and Dropout Compensation

H SYNC

the sync gate signal and H/2 is removed by
separating only the H SYNC signal during this 10
us. The HD signal produced in this way is called
the HD 2 signal.

In the range where DOC does not function reliably
due to this circuit (in which the H cycle is not
63.57 us, in other words during the start-up of
the spindle motor, or during the vertical sync
period), it is possible to remove the ‘“false’’ sync
caused by dropouts.

The sync gate signal can vary the generation
cycle in accordance with the cycle of the COMP
SYNC signal which is supplied.

This means that when the COMP SYNC signal
cycle is long (low disc speed), the frequency/
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voltage converter circuit’s output voltage (pin 24
voltage) rises and the sync gate signal output is
also delayed by the delay in the timing of the
voltage inversion with the ramp.

When the COMP SYNC signal cycle is short (high
disc speed), the sync gate output cycle is shortened
by means of the reverse operation.

The tracking operation for the COMP SYNC signal
cycle of the sync gate signal is limited to a par-
ticular range (approx. 55 to 85 us) and when the
disc speed deviates greatly from the prescribed
value, it is not possible to obtain a dependable HD
signal.

However, when the disc speed is normal (or nearly
normal), the jitter generated by the separator
circuit in the H SYNC signal is minimal which
means that the HD 2 signal which will be produced
will serve as a time base signal which can be de-
pended on and which contains no jitter.

The HD 2 signal is used to detect the time base
error in the tangential servo circuit.

The HD 1 signal is produced from the COMP
SYNC signal which has more jitter than the H
SYNC signal and so its reliability as a high-accuracy
time base signal is low. However, since it is output
immediately if the spindle motor starts and the
video signal is demodulated, it is used to detect
servo lock in the tangential servo circuit.

It has already been mentioned that the ramp slope
can be adjusted by VR207 connected to pin 22,
and this adjustment depends on the fact that the
amount of constant current charging C304 changes
in accordance with the current flowing from pin
22.
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Fig. 8.8 Vertical Blanking Period of Dummy Sync
Signal

When a CD disc is being played, this current is
increased by R362 and D203 connected to pin
22 for the reason which will be described below.
With the dummy sync signal described later, there
is a place shown in Fig. 8.8 where the sync signal
is delayed from the H timing in the vertical blank-
ing period. In this circuit which starts operating
from the sync fall, there are cases where the sync
signal indicated by the arrow in the figure cannot
be separated. This gives rise to the symptom where
the data indicated on the screen while a CD disc is
being played will shake.

This is why, when a CD disc is being played, the
inversion timing of the ramp voltage and output
voltage of the frequency/voltage converter circuit
is speeded up, and the sync separation is made
more reliable, by increasing the angle of the ramp
slope.

VIDEO 03 l
|

8.5 COLOR PHASE COMPENSATION
CIRCUITRY

Contained in the demodulated video signal are
residual time base errors which cannot be con-
verged by the tangential servo. These errors affect
the phase (hue) of the color signal.

The color phase compensator circuit is therefore
designed to detect the phase errors from the color
burst signal and reference signal and to control
the phase of the video signal accordingly.

1) Phase Error Detector Circuit

A gate signal for separating the color burst signal
from the video signal is created inside Z203
(PA9001) from the HD 2 signal produced by the
above-mentioned sync processing circuit. The gate
signal timing is adjusted by VR205 which is
connected to pin 5.

Only the high-frequency components of the video
signal are supplied to pin 9 and the color burst
signal is separated by the gate signal, and tuned by
the tank (L214, C317) connected to pins 10 and
11 and amplified.

The color burst signal is first supplied to the PLL
circuit. The PLL circuit is composed of a phase
comparator inside Z203, a phase-locked loop com-
pensation filter (C314, R317) connected to pin 13,
and a voltage-controlled crystal oscillator (VCXO
circuit) composed in turn of an internal circuit
and external Q223 and X201, etc.

The color burst signal and output signal of the
VCXO circuit are both supplied to the phase
comparator.
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A sampling signal which determines the timing of
the phase comparison is created along with the
burst gate signal from the HD 2 signal, the com-
parison results are output as a voltage by this signal
and they are held in C313 which is connected in
parallel with the pin 13 loop filter. The VCXO
circuit is controlled by this voltage and its oscilla-
tion frequency is varied.

Due to this loop the VCXO circuit generates a
frequency signal in phase-synchronization with
the color burst signal, but this operation has a
certain limited range (pull-in range) for the ampli-
tude of the phase error. In other words, when the
phase difference is excessively high, the VCXO
circuit ceases to be capable of generating the
signal in accordance with this difference. VR206
connected to pin 13 is adjusted so that the VCXO
circuit will operate at the center of the pull-in
range with a phase difference of zero.

A second phase comparator is provided to com-
pare the phases of the color burst signal and
continuous signal produced by the PLL circuit.
The sampling comparison results of this second
phase comparator are held in C311 connected to
pin 14.

When the PLL circuit is not in a state of phase
synchronization, frequency components serving as
the difference in frequency between the output
signal of the VCXO circuit and color burst signal
are included in the pin 14 phase error signal. These
components alone are filtered out by the band-
pass filter and the signal is supplied to pin 7 of
7Z203.

When the signal supplied to pin 7 is greater than a
certain value, it is judged that the PLL circuit is in
a state of asynchronization and its loop gain is in-
creased. This extends the pull-in range mentioned
above and the PLL circuit is pulled into a state of
synchronization. Conversely, when the signal
supplied to pin 7 is less than the certain value, the
PLL circuit’s loop gain is reduced. In this way, the
phase error between the color burst signal and
reference continuous wave is output from the
second phase comparator.

The PLL circuit thus creates a continuous wave
which is phase-synchronized with the color burst
signal for a relatively long time rate and the phase
difference of the high frequency between this wave
and the color burst signal becomes the desired
phase error. When a high loop gain is maintained
even with the PLL circuit in a state of synchroniza-
tion, even the desired phase error is converged.
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2) Color Phase Compensator Circuit

The DC component and high-frequency com-
ponent by means of sampling in the detected phase
error are suppressed by the band-pass filter. They
are supplied to the differential amplifier circuit
composed of Q218 and Q219 but when the spindle
servo is not in a state of synchronization, this is
inhibited by Z207.

The phase error level and in its turn the compensa-
tion sensitivity based on the phase error are adjust-
ed by VR208. They are added to the high-range
components of the video signal which is output
from the above-mentioned dropout compensator
circuit via the Q217 buffer.

The color phase-compensated video signal is pro-
duced by supplying the video signal and this addi-
tion signal which has passed through the LCR
circuit into the differential circuit inside Z204
(PA9003).

The phase error components shift the color signal
phase by varying the bias, or capacitance, of the
VC201 variable-capacitance device.
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Fig. 8.10 Principle of Color Phase Compensation
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8.6 DUMMY SYNC SIGNAL GENERATOR
CIRCUIT

When a CD disc is played, the elapsed time and
remaining play time, among other data, are
indicated on the TV screen. The dummy sync
signal generator serves to produce the dummy
video signal for this video output.

Fig. 8.12 is a timing chart of the dummy sync
signal generation for the vertical blanking period.
The dummy sync signal with a luminance of ap-
proximately 40 IRE is obtained from the Q230
output.
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Fig. 8.12 Dummy Sync Signal Timing Chart

8.7 VIDEO OUTPUT PROCESSING CIRCUIT
The color-phase compensated video signal is out-
put from pin 13 of Z204 (PA9003) and it is sup-
plied via the Q220 buffer again to pin 12.

The video signal is supplied from the Q221 buffer
to pin 11 through a low-pass filter with a cut-off
frequency of approximately 700kHz.

1) Sync Clamping Circuit

The color signal and other high-range components
are removed from the pin 11 signal from which
the COMP SYNC signal has been removed inside
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7Z204. The video signal supplied to pin 12 has its
sync tip clamped by the COMP SYNC signal.

2) MCA Code Suppressor Circuit

Data called the MCA code are included in the 10H
and 11H (273H) of the video signal’s vertical
blanking period and, regardless of the blanking
period, these data sometimes appear on the screen
with some TV monitors. These data are therefore
suppressed inside Z204 and clipped to approxi-
mately 19 IRE. -
In actual fact, all the sections in which the V
SYNC signal input into pin 6 is low, or the period
of the 4H - 14H (267H-277H), the parts where
exceeds the pedestal level are clipped.

3) Video Squelch Circuit

The video squelch circuit is composed of a 3-
position switch. When pin 4 is low, the video
signals played back from the LD disc are output;
and when pin 4 is high, output is inhibited and,
instead, DC higher than the video signal sync
tip by an amount equivalent to 1V is output. This
is the average level of the picture in general and
this operation is carried out so that sudden fluctua-
tions in the operating point are not generated in
the later stage circuitry including the TV monitor.
When pin 4 is in the high-impedance state, the
dummy sync signal supplied to pin 5 is output
when a CD disc is played.

The VIDEO SQ signal from the CONT section on
the SRVB circuit board is supplied to pin 4.

4) Display Data Inserter Circuit

The data displayed on the screen is inserted into
the video signal by superimposing the DISP signal
sent from the CONT section.

In actual fact, when the DISP signal is low, the
video signal is switched to a DC voltage corre-
sponding to 100 IRE.

In order to make this display stand out on the
screen, the luminance of the part corresponding to
the display background is halved (the color signal is
also halved).

The video signal which has undergone these pro-
cesses is output from pin 1, it passes through the
Q222 buffer and it sent to the PNJB (rear panel
VIDEO OUT connector) and also to the RF
modulator for the VHF output.




CLD-9S00/KU

9. DESCRIPTION OF AUDIO PLAYBACK CIRCUITRY

The audio signals of the LD discs are played back The RF signals supplied to pin 1 of Z1 (PA3001A)

and output by the circuits described below. pass through the limiter and are frequency-de-
The audio playback circuitry includes the circuit modulated by the same system as that used for
which demodulates the audio signals from the RF the video signals. In other words, the output
signal sent from the VIDEO section, the circuit signal of the limiter circuit output from pin 9 is
which detects dropouts in the signals, the switch supplied again to pin 10 through the phase shift
circuit which controls the audio output and the circuit. The demodulation signal is obtained by
CX decoder circuit which decodes the signals re- multiplying this signal and the limiter signal, it
corded by the CX system. is amplified and output to pin 6.
The audio signals are composed of the 1/L and The level of the signal which is amplified by Q5
2/R channel signals and the circuitry configura- and output from the Q6 buffer is adjusted by VR1
tion in each case is identical. The following descrip- (VR2 in the case of the 2/R channel).
tion, therefore, is confined mainly to the 1/L This signal passes through the low-pass filter with
channel circuitry. a cut-off frequency of 26kHz where the carrier
components are filtered out and it is sent to the
9.1 AUDIO DEMODULATOR CIRCUIT audio signal switch circuit through the Q7 buffer.
The RF signal sent from the VIDEO section on The Q6 output signal is sent to the dropout detec-
the DEMB circuit board first passes through the tor circuit which will now be described.

low-pass filter with a cut-off frequency of about
4MHz where the video signal components are 9.2 DROPOUT DETECTOR CIRCUIT

filtered out. D9 and D10 are installed in order to The level detection signal of the RF signal is out-
limit the spike-like noise in the RF signals. put from pin 15 of Z1 and when dropouts are
The RF signals are then demodulated separately caused, Q13 is driven into conduction.

for each channel. As mentioned above, the descrip- Spike-like noise is sometimes mixed in with the
tion is confined mainly to the 1/L channel. demodulated audio signals by the dropouts and
Only the audio signal frequency components are these are detected by the window comparator as
separated from the RF signals by the band-pass described below. ,

filter. The carrier frequency is 2.3MHz for the 1/L Only the noise components of 160 kHz or above
channel and 2.8MHz for the 2/R channel. are separated from the demodulated audio signals

by the high-pass filter. When an amplitude exceed-
ing a certain value is produced in these noise
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signals, Z3 (uPC339C) 1/4 is responsible for its
detection and output with a positive amplitude
and Z3 2/4 with a negative amplitude.

9.3 AUDIO SWITCH CIRCUIT

The audio signal output is inhibited in the follow-

ing cases:

e It is inhibited by the Q13 being driven into con-
duction when dropouts in the RF signal are
detected.

e It is inhibited by the window comparator out-
out being set low when spike-like noise is de-
tected in the audio signals. '

e It is inhibited by the command (AUD 1/L SQ,
AUD 2/R SQ) from the CONT section on the
SRVB circuit board through the function of the
player (any function except play) or when the
user presses the VDP AUDIO key on the remote
control unit.

In actual fact, on/off operation is performed by
the Z4 (TC4106BP) switch circuit.

A case in which the 1/L or 2/R channel sound has
been selected by the user in now considered.

For instance, when the 2/R key on the remote
control unit is pressed, the AUD 1/L SQ signal
is set high and Q12 is turned off. This sets SW1 to
open.

Q16 is driven into conduction by either Q12 or
@14 (2/R channel) or by both Q12 and Q14
being turned off. This sets SW2 to close. These
operations ensure that the 2/R channel signal
will be output for both audio channels,

When the output of both channels is inhibited by
the SQ signal, Q20 is turned off by Q21 being
turned off. The Z7 output is set high and, as
mentioned later, the output of the audio signal
sent to CDDM is inhibited by driving Q19 into
conduction for the 1/L channel and by driving Q18
into conduction for the 2/R channel.

Even during the instant when the power switch is
switched on/off, Q20 turns off to inhibit the out-
put.

The noise arising with switch circuit on/off opera-
tions is removed by C63 and rapid voltage fluctua-
tions even in the signal line are suppressed by C68.
Furthermore, when the switch has been turned
off only for a short period of time by dropouts,
the signals are interpolated by the voltage held in
C68.

9.4 DE-EMPHASIS AND CX DECODER
CIRCUITS

The switch circuit output is supplied to the de-
emphasis circuit composed of Z5 (2/2) and other
parts and the pre-emphasis is compensated for by
R80 and C69.

The CX system decoding is performed by Z6
(HA12043) for both channels.

The CX system is a type of noise reduction system
which works as follows. When the amplitude of
the source signal is high for frequencies of 500kHz
and above, the dynamic range is kept constant and
the recording level is expanded by ‘‘compressing”
the signal. During playback, conversely, the source
signal is restored by ‘“‘expanding” the high ampli-
tude.

Fig. 9.2 Audio Switch Circuit
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Fig. 9.3 shows the characteristics of the CX
system. As shown in the figure, the amplitude is
compressed above a —28dB input during recording.
The 0dB serving here as a reference is 40% modula-
tion, or in other words modulation of *40kHz
centering on the carrier frequency.
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Fig. 9.3 Characteristics of the CX System

For instance, with a —28dB input the source signal
is recorded at —14dB and during playback the
—14dB level is returned to —28dB. The signal sup-
plied to pin 11 is amplified and besides being sup-
plied to the amplifier circuit permitting gain
control, it is output to pin 3. The frequencies ex-
ceeding 500kHz in the pin 3 signal pass through
the high-pass filter (C86, R94), the signal itself is
returned to pin 2 and the signal which controls the
amplifier gain is produced.

When an amplitude of —14dB or more is detected,
the gain switching time constant is determined by
the time constant circuit.

High-amplitude signals are expanded by increasing
the gain of the amplifier circuit and this is per-
formed with a particular time constant to ensure
that the switching is natural. The normal switching
time constant is 2 seconds both when increasing
the gain and when reducing the gain to its former
level. When the amplitude has increased greatly,
however, the gain is increased in 30 ms and es-
pecially when fluctuations are sudden, it is in-
creased in 1 ms. Conversely, when the amplitude is
greatly reduced, the gain is reduced by the 200 ms
time constant. The control signal may be mixed in
with the audio signal to result in audible noise at
the instant when the gain is switched. This is
caused by unbalance in the differential circuit in-
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side Z6 and is improved by adjusting the DC value
(offset) of the input signal with VR5 (VR6 for the
2/R channel).

The decoder circuit of the CX system is activated
by the CX signal from the CONT section.

With LD discs recorded by the CX system, a code
indicating such is recorded as data. The CONT
section sets the CX signal low by reading out
this code. On/off operations are possible using
the CX SYSTEM key on the front panel, but it is
not possible to switch this off when it has been
judged that a CX disc is being played depending
on the disc data.

The audio signals are output from Z6 pin 16 (1/L
channel) and pin 14 (2/R channel) and sent to
CDDM.

On CDDM the signal reference is converted to the
CDDM GND by Z17 (BA4558DX) and sent to
PNJB (rear panel AUDIO 2 OUT connector). The
audio signals mixing both channels are output
from Z6 pin 15 and sent to the RF modulator
for VHF output.
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10. DESCRIPRION OF CD PLAYBACK CIRCUITRY

The encoding system used with the CD system will
be briefly described in the paragraphs below.
The source signal is sampled at a frequency of
44.1kHz and one sample is A/D converted into a
16-bit signal. The 16 bits are divided into two sets
of 8 bits each and processed and one set of 8 bits
is called a symbol.
For the encoding 24 symbols (or 12 samples) is
treated as a single processing unit and with each
unit an 8-symbol parity signal and a 1-symbol
control/display signal are added.
The 1-symbol, 8-bit NRZ signal has a 28 = 256
pattern and this is converted into the 14-bit NRZI
signal.
The NRZ and NRZI signals are transmission for-
mats for serial signals. The NRZ (Non-Return-to-
Zero) signal is such that the “1”” and “0” corre-
spond to high and low levels; the NRZI (Non-
Return-to-Zero Inverted) signal is such that the
high level is inverted to low and vice versa with
“1.?’
The 14-bit signal has a 2! = 16384 pattern. The
pattern is selected as per 256 so that the following
two conditions are met simultaneously,
(1) That the transition shall not occur in any
interval shorter than 3 bits.
(2) That a state of no transition shall not continue
for more than 11 bits.

rMerging bits (3 bits)

and conversion is made to correspond with the
8-bit 256 pattern. This is known as EFM (8-to-14
modulation) conversion.

When EFM conversion is performed, it is possible
to limit the frequency band in which the modula-
tion signals to be transmitted are to be played
back. In other words, the high-limit is determined
by the above-mentioned condition (1) and the low-
limit by condition (2).

The EFM-converted 14-bit signal is continuously
combined through the merging bits which each
contain three bits. The digital value of these three
bits is determined so that the duty cycle, as seen
over the prolonged time of the EFM-converted
signal, becomes 50%.

In this way, the 24-symbol data signal, 8-symbol
parity signal and 1-symbol control/display signal
are combined. A signal unit of the encoding signal,
to which the sync signal has been added at its head,
is known as a frame.

CD discs are played back by CDDM. CDDM is com-
posed of the DCDR and AUDF section.

The DCDR section includes the circuits which
demodulate the EFM signal (the picked-up RF
signal is also called the EFM signal because of the
modulation system), generate the clock signal for
demodulation, correct errors in the demodulated
signals and compensate for time base errors.

0112 121113

141|15][16 271128(291|30}| 31

L L J ! Data JL_

|'Control/display signal (14 bits)

Sync signal (24 bits)

Parity signal

—IL Data )} —— Parity signal ——!

L 1 frame (588 bits) )

Fig. 10.1 Configuration of a single frame
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10.1 RF EQUALIZER CIRCUIT

If the RF signal, detected by the pick-up and am-
plified by the PREB circuit board, is now con-
sidered, the high-frequency components are at-
tenuated from the original spectrum. This is be-
cause just as the electrical system has certain
characteristics with respect to the time frequency,
the optical path system also has characteristics
with respect to the spatial frequency and these
characteristics are such that the delay time is
constant.

The Q3, Q4 and Q5 RF equalizer circuit on the
LDDB circuit board is installed in order to com-
pensate for these characteristics. Because of this
compensation, the aperture in the amplitude
direction of the diamond shapes aligned at the
center of the RF waveforms becomes larger and
the error rate after demodulation is greatly en-
hanced.

10.2 ATC CIRCUIT

The EFM signal loses its low- and high-range fre-
quency components while it is transmitted through
the disc and pick-up.

It is thus necessary to return the signal to a form
approaching the waveforms produced when encod-
ing the signal before demodulation. With wave-
forms approaching sine waves, the signals are con-
verted into square-wave digital signal with a high
level for when the voltage is higher than the set
threshold voltage and a low level for when it is
lower.

However, even the EFM signal waveforms differ
since the pit configuration is not constant due to
the discs and the set threshold cannot be made
constant.

Furthermore, the threshold voltage serves to
determine the timing when the high level is switch-
ed to low and vice versa and thus is an important
value in enhancing the error rate at the time of
demodulation.

The ATC circuit therefore makes use of the pro-
perties of the above-mentioned EFM signal to
provide conversion into digital signals which
closely resemble what they were when they were
encoded by controlling the threshold level.

The RF signal which has passed through the equal-
izer circuit is capacitive-coupled by C1 and sup-
plied to the inverter circuit connected to the
cascade. The inverter’s threshold level may be
considered to be virtually Vec/2 = 2.5V and the
inverted signals are output in sequence.
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The final inverter input/output is connected to the
differential amplifier which has a particular time
constant. This output biases the capacitive-coupled
RF signal. Due to the time constant of the differ-
ential amplifier, the bias voltage serves as the value
corresponding to the final inverter duty cycle.
In cases of a prolonged time in which the RF signal
voltage is high (high-level time is long, as the EFM
signal, and the duty cycle is higher than 50%), the
duty cycle of the final inverter’s input waveform
is made lower than 50% and that of the output is
made higher than 50%. This means that the Z2
(1/2) output drops and that, by pulling down
the RF signal in the DC negative direction, the
threshold value is increased in relative terms and
the output of the final inverter stabilizes at a posi-
tion near the 50% duty cycle.

Thus, any variation, produced by the disc and pick-
up, in the duty cycle of the RFM signal close to
the original value of 50% is returned to its original
value by returning it to 50% once more.

EFM
D.C.~ 50%

EFM '
D.C.> 50%

EFM _ N I VI
D.C.< 50%

ATC
Output

Fig. 10.2 Operation of ATC circuit

10.3 RF DETECTOR CIRCUIT

During a search operation the CONT section on the
SR VB circuit board performs calculations from the
data read from the TOC (which will be described
later), it establishes the number of tracks up to the
target address and moves the slider as it counts
the tracks crossed.

During actual operation it is possible for the laser
beam to extend as far as the area (mirror surface
part) where there are no pits on the signal surface.
The RF detector circuit monitors the presence of
pits on the signal surface by detecting the RF
signal.

This output is sent to the CONT section on the
SRVB circuit board as the RF signal. The CONT
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section knows when the mirror surface part has
been reached from this signal and the slider is
drawn back to the inner circumference until the
RF signal is set low.

Since it is also conceivable that the RF signal will
be detected temporarily because of the disc eccen-
tricity or other factors, the RF signal is first set
low and then the slider is drawn back with a
margin of 5 msec.

10.4 PLL CIRCUIT

Consideration of the frequency spectrum of the
EFM signal will reveal that it contains 4.3218MHz
components as the bit repeat frequency. The PLL
circuit functions to generate continuous signals
(PLCK) synchronized with these components.

Q4, D7 and other parts configure an oscillator
circuit (VCO) in which the frequency is controlled
by means of the supplied voltage. The output is
supplied to pin 9 of Z4 (TD6315AP), its frequency
is divided by 4 by the frequency divider to form
the PLCK signal and this is output from pin 12.
The EFM signal (EFM 2), which has been wave-
form-shaped by the ATC circuit, is supplied from
pin 14. The phases of the EFM 2 signal and PLCK
signal are compared inside Z4 with each timing
during which the EFM 2 signal is changed from
high to low or vice versa. The comparison results
are ascertained from the difference in the pulse
widths of the two signals which are output from
pins 7 and 8. The two pulse signals are added and
supplied to the built-in operational amplifier.

The operational amplifier configures a low-band
pass filter by C11 and R28 in the feedback circuit
and its output serves as the voltage which controls
the VCO’s oscillation frequency.

In this way, based on the transition timing of the
EFM 2 signal, the operational amplifier output
(pin 4) voltage is formed whether the PLCK signal
phase advances or lags. If the phase advances, for
instance, operation ensures that the VCO oscilla-
tion frequency is reduced by reducing the voltage
and that the phase difference is set to zero.

The PLCK signal is further used as the clock signal
for creating the EFMI signal. More specifically,
when the EFM 2 signal is connected as the data
input and the PLCK signal is connected as the D-
type flip-flop clock signal inside Z4, it is possible
to obtain an EFM signal in which the transition
timing coincides with the PLCK signal rise. This
signal is called the EFMI signal and it is output
from pin 13.

The G pin (pin 11) is provided to prevent the
PLL circuit from malfunctioning. When it is set
low, the two pulse signals of the phase error data
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are no longer output and both pins 7 and 8 are
set to the high-impedance state. When this
happens, the voltage charged in C11 does not dis-
charge and so pin 4 maintains its on-going voltage
state and the oscillation frequency of the VCO is
made constant.

The _ﬁ signal and FSPS signal are connected to
the G pin. Malfunctioning is thus prevented by
keeping the PLL circuit in its on-going state
when the EFM signal is not picked up, when the
spindle servo is not stable and when dropouts are
contained in the EFM signal.

The TMO signal is sent from pin 48 (TC9178F)
as the PLCK signal’s frequency error data to the
PLL circuit.

Based on the maximum non-transition time in the
period with the EFM 2 signal, the TMO signal
makes a comparison with the time of 11 PLCK
signal cycles and this enables rises or drops in the
PLCK signal frequency to be judged. When
f (EFM 2) > f (PLCK), a low-level signal is output;
when f (EFM 2) > f (PLCK), a high-level signal is
output. When f (EFM 2) = f (PLCK) and when
the output is inhibited, the output pin (pin 48) is
set to the high-impedance state.

The criterion for judgment may be switched with
the input of the pin 43 TMWS signal. When this
signal is low, 11 * 1 cycles of the PLCK signal are
made the criterion; when it is high, 11 + 0.5 cycles
become the criterion.

In order to enhance the reliability of the judgment,
the TMO signal is output after the same judgment
results have been continuous for a certain number
of times. The number of check times can be select-
ed by the input of the pin 46 TMGS signal.
When this signal is low, the number of times is 7
and when high, it is 4. o

In the actual circuit, the ATT signal from the
CONT section is connected to pin 43 and the
SCAN signal is connected to pin 46. The results
judged in this way as the TMO signal are effective
in enlarging the capture ratio of the PLL circuit
during normal playback. Also, as a criterion for
judgment, the picked-up EFM 2 signal is used and
so PLL circuit lock-in operations are also prevented
at the stage when the spindle motor starts up or
at the stage when it is reset from a state of trouble.
As a result, the TMO signal output is controlled
even by external conditions. When the pin 21 P/S
(Play/Stop) signal is low, the TMO signal is made
forcibly high; when it is high and the pin 50 TMOE
signal is low, the TMO signal output pin (pin 48) is
placed in the high-impedance state. The FSPS
signal (pin 51), which will be described later, is
connected to pin 50.




10.5 TC9178F

Z7 (TC9178F) is a special-purpose IC in the CD
player system.

Numbering among its main functions are 1) sync
signal separation, 2) EFM signal demodulation, 3)
subcode signal demodulation, 4) subcode signal P
demodulation, 5) subcode signal Q demodulation,
6) CLV servo control signal generation and 7) PLL
frequency control signal generation.

Each of the above functions is described below
block by block.

1) Sync Signal Separation

The CD encoding signal configures a frame in 558T
[658T indicates the length of time equivalent to
588 bits: 588/(4.3218 x 10°), which is approxi-
mately equal to 136 usec].

A sync signal, known as the frame sync (F.S)
signal, is added at the head of the frame. Its
pattern is such that it is set high for 11T only and
then low for 11T only.

In the sync signal separation block the F.S pattern
is first detected by the logic circuit from the EFMI
signal supplied from the PLL circuit. Depending
on the quality of the EFMI signal, there is a possi-
bility that errors will be detected and a thorough
check is undertaken.

The PLCK signal created by the PLL circ
supplied to the 588 counter circuit which c
a single detection window signal in the 588
of the PLCK signal. This detection window
has a particular time width which is set &
input of the pin 42 WSEG signal. When the
signal is low, the time width is £3 cycles, cern
on the 588 count completion timing; whe:
high, the time width is +7 cycles.

When the F.S pattern is detected in the ran
period) of this detection window, the cc
circuit is reset by the detected timing an
PLCK signal counting starts again.

Through a repetition of the above operatio
possible to separate an F.S signal which c
depended on every 588T. Besides being used
the IC, the F.S signal is output to pin 56

PBF'S signal.

If the PLL circuit is operating normally, th
signal is equivalent to 588T and is detected
center of the W period. If it coincides pre
with the 588 cycles of the PLCK signal, tt
55 FSLO signal is set low for the frame }
only.

Besides being used inside the IC, the FSLO
is sent to the CONT section on the SRVB ¢
board and used to control the muting of the
signals.
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When errors, caused by dropouts in the EFM
signal, have been detected in the F.S signal pattern
outside the W period, they are ignored.

Even when the F.S signal pattern is not detected
in the W period, the counter circuit concludes the
588 counting and, at the same, it is automatically
reset. However, when the pattern is not detected
continuously for several frames, the pin 51 FSPS
signal is set high and this is sent to the PLL circuit
as the data designating a state of asynchronization.
The frame number judged as being asynchronous
is determined by a combination of the pin 44
ESGM signal and pin 45 ESGL signal. For both
pins 44 and 45 the ATT signal from the CONT
section is input and the asynchronous judgment is
delayed in the scanning operation.

ESGL | ESGM |Frame number

1

T
xTrr
N>

Fig. 10.4 Switching based on the ESGL and ESGM signals

2) EFM Signal Demodulation

As already mentioned, the data signals and parity
signals totalling an equivalent of 32 symbols only
are included in one frame of the encoding signal.
The EFM demodulator circuit serves to return the
14 bits or 1 symbol into the original 8-bit NRZ
signal.

The demodulated 32-symbol 8-bit signals are
called UO to U31, respectively: UO through U1l
and U1l6 through U27 are the data signals while
Ul2 through Ul5 and U28 through U31 are the
error correcting signals.

When the 1-symbol, 8-bit signal is demodulated, it
is set in the latch circuit. (The parity signals are
demodulated and then inverted.) This serves to
complete the preparations with which the data are
sent externally and to set the pin 67 MWRE signal
low. This signal is supplied to pin 3 of Z6
(TC9179F) which sets the BOEN signal low so
that data are sent out.

TC9178F receives this signal at pin 66 and the
latch circuit’s 8-bit data are output to DBO0-DBO7
(pins 65, 64, 63, 62, 60, 59, 58 and 57) by acti-
vating the data bus. These data are input and
written into the Z8 HM6116P-4 RAM.

The pin 56 PBF'S signal is sent to TC9179F as the
data which indicates the boundary between frames.
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3) Subcode Signal Demodulation

The symbol following the sync signal (F.S) of the
encoding signal is the control/display signal, and
control/display signals equivalent to 98 continuous
frames are integrated to form one block. The 8
bits of the nth frame control/display signal are
known as Pn, Qn-Wn (n = 0-97) in sequence from
the head.

The control/display signal in the head frame of the
98 frames in the block and in the following frame
are called SO and S1, respectively, by the sync
signals indicating the start of the block. In other
words, PO-W0O designate SO and P1-W1 designate
S1.

The 98-frame signals are integrated for P through
W respectively and called channel P, channel Q and
so on in each case. These are collectively called
the subcode signals.

Among these subcode signals only channel P and
channel Q are used at present.

Channel P includes the data as to whether its
block is the disc in-track, between-track, lead-in
or lead-out area.

Channel Q includes the disc track number, elapsed
play time and other data as well as the disc catalog
number, copyright code and other attribute data.
Included in the lead-in area of the channel Q are
the data indicating the contents of the disc known
as TOC. Details on TOC will be given later.

The subcode signals are separated and demodulated
at the PBF'S signal timing and output as the SCP/T,
SCQ/U, SCR/V and SCS/W signals (pins 23, 24, 25
and 26). The double signal output is switched by
the pin 22 SCSE signal input.

SCSE | SCP/T|SCQ/U|SCR/V|SCS/W

Fig. 10.5 Switching based on the SCSE signal




4) Subcode Signal P Demodulation

After the subcode signal channel P has been
demodulated, it is not only output as the SCP(/T)
signal but also supplied to the counter circuit in
order to enhance the reliability of the subcode
signal. Only when the same signal is input con-
tinuously for 5 frames is it output at pin 30 as
the SCPD signal. However, when SO and S1 are
detected, when the FSPS signal is set high and a
frame is started and when the input data pattern
is judged as having an error, the counter circuit
is reset and the SCPD signal is held at its previous
value. The SCPD signal is, however, not used.

5) Subcode Signal Q Demodulation

The 98 bits making up the subcode signal channel

Q are described below.

® 0-1 (2 bits): Used for SO, S1.

® 2-5 (4 bits): Called CONTROL, serving as em-
phasis on/off, 2-channel/4-channel flags.

® 6-9 (4 bits): Called ADR, serving as flags indi-
cating the contents of the following DATA-Q.
ADR=1: Normal mode, details given later.
ADR=2: Disc catalog number
ADR=3: Copyright code, serial No., etc.

® 10-81 (72 bites): Called DATA-Q; when the
above ADR is 1, these bits have the following
contents in 8-bit units in the program area and
lead-out area:
10-17 (TNO): Track number
18-25 (X): Index number in a track
26-33 (MIN): Minute units for time elapsed of
the current track.
34-41 (SEC): Second units for time elapsed of
the current track
42-49 (FRAME): Number dividing 1 second in-
to 75.
50-57 (ZERO): All zero.
58-65 (AMIN): Minute units for time elapsed
from start point of disc’s program area.
66-73 (ASEC): Second units for time elapsed
from start point of disc’s program area.
74-81 (AFRAME): Number dividing 1 second
into 75.
In the lead-in area DATA-Q contains the data
indicating the disc’s program contents. This is
known as TOC (table of contents), and this
indicates the point, at which the track of the
number indicated by bits 18-25 is started, by
the 24 bits of 58 through 81. TOC is read out
as soon as the play operation is started and it
is stored in the register.

e 82-97 (16 bits): Called CRC, the parity signal
of the channel Q data.
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The 80 bits of the channel @’s CONTROL, ADR,
DATA-Q are divided into 20 units of 4 bits each
for processing.

First, the sets of 4 bits are written into the internal
RAM and CRC-based error detection and correc-
tion are undertaken for these data.

Upon completion of the detection and correction,
the QDRE signal is high and it outputs the fact
that preparations for transmitting the 4-bit data
are completed to the CONT section. The QDRE
signal is output from pin 36 and it can also be
output from pin 41, Pin 41 is used with this
system.

Upon receipt of the QDRE signal, the CONT sec-
tion sends the QDRD signal to pin 33 as the clock
signal for data transfer.

In this way, the 4-bit data are transferred to the
CONT section as the QDAa-QDAd signals (pins
41-38). From these four pins the above-mentioned
QDRE signal and CRC-based error detection results
are also output and these double signals are switch-
ed by the pin 37 QDAS signal.

QDAS | Pin 41 Pin 40 | Pin 39 | Pin 38

QDRE QDEa QDEb L
QDAa QDAb QDAc QDAd

T

QDEa | QDEb | Judgements Data output

No error Output directly
1-bit error in CRC Output directly
1-bit error in Q data| T1-bit correction

r T r
r O T

2 or more bits error Qutput directly

Fig. 10.6 Switching based on QDAS signal

In actual fact, the CONT section first sets the
QDAS signal low, and then TC9178F outputs the
QDRE signal from the pin 41. The CONT section
checks the data output standby in the QDRE’s
high-level state, and then checks that the data
are sufficiently reliable from the error detection
results QDEa and QDEDb. In addition to this, it
switches the QDAS signal to the high level and
it demands the data output from TC9178F using
the QDRD signal.

Unless the QDRD signal is now sent from the
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CONT section, the data output is inhibited by
TC9178F setting the QDRE signal low. When the
4-bit data transfer is repeated 20 times and com-
pleted, the QDRE signal returns to the low level.
Pins 38 through 41 of TC9178F are connected
to the extended I/O port and these connections
can be electrically isolated so that the port is
used effectively. By setting the pin 49 QDSE
signal low, the pin 38-41 outputs are placed in
the high-impedance state although this function
is not used in this system.

The channel Q CONTROL is output with the 4-
bit transfer, these bits are decoded inside the
TC9178F and output. In other words, when pre-
emphasis is applied to the source signals, the 12
pin EMPH signal is set high and the de-emphasis
circuit in the AUDF section is activated. The 2-
channel/4-channel flag is output as the pin 13
2/4S signal but this is not used in this system
(4 channels are indicated with a high-level 2/4S
signal).

The subcode signals are separated in synchroniza-
tion with the SO and S1 detection although de-
pendable separation is not possible unless the
picked-up EFM signal and TC9178F circuit opera-
tions are properly synchronized by the PLL circuit.
This is why the subcode signal Q@ demodulator
circuit is provided with functions for checking
these synchronizations and expediting the subcode
signal separation. The synchronization criterion
of this function is switched by the pin 32 QDSS
signal. When this signal is high, the subcode
signal is read out only if the FSPS signal is low and
both SO and S1 have been detected properly.

When the QDSS signal is low, the readout of the
subcode signal is expedited when the conditions
of the high-level setting are met or when the FSLO
signal is low and both SO and S1 have been detect-
ed properly. With this system, however, the QDSS
signal is fixed at the high level.

6) Disc Speed Error Detection

The EFM signals picked up from the disc are
demodulated, written in sequence into the Z8
RAM and error correction and other processes
are performed by the clock signals generated by
the oscillator circuit. The data must therefore
be picked up so that no excess or deficiency is
produced vis-a-vis the internal clock signals.

In order to control the disc speed accurately,
the speed errors are detected from the played
back frame sync signal.

Errors are detected for both the frequency and
phase.

48

The frequency error in the played back frames
is detected by the number of clock signals in a
particular frequency within 4 frames.

The clock signal (2.1168MHz) serving as the
reference is input from TC9179F as the pin 7
C21K signal. It is counted for four F.S cycles
(4/7.35kHz = 544 usec). When the frequency
error is zero, the clock signal is counted 1152
times exactly.

The error detection range is 1152 * 128 clock
signals and any error in this range is output as
a pulse-width-modulated digital signal. This is
the pin 20 AFCO signal. With errors exceeding
the detection range the AFCO does not become
a pulse signal. In fact, when the count number
is low, or in other words when the disc is
rotating too quickly, it is set low and when the
count number is high, it is fixed at the high
level and output.

When the error count goes out of the 1152 + 128
clock signal range, the pin 18 DMLD signal is set
low and then it is within the 1152 + 64 clock signal
range, it is set high. The DMLD thus detects and
outputs the frequency servo lock state with
hysteresis.

Phase errors in the frame sync signal are detected
by comparing the phase of this signal with that
of the reference clock signal which is used to
detect phase errors and which is created by
counting down the C21K signal. '

Errors are detected for each N frame and N is
set by combining the PCSA and PCSB signals
(pins 2 and 3). In this system, N is made eual to 12
by setting the PCSA signal low and the PCSB
signal high.

PCSA| PCSB N Fc(Hz)
L L 6 | 1225
H L 8 918.75
L H 12 612.5
H H 16 459.375

Fc = 7.35kHz/N

Fig. 10.7 Switching based on the PCSA and
PCSB signals

As with the AFCO signal of the frequency error,
the detected phase error is output from pin 19 as
a pulse-width-modulated signal. This is the APCO
signal.

The quantity of data written into the RAM is
monitored constantly by TC9179F. When this
quantity is either excessive or insufficient with



respect to the norm, TC9179F seeks compensa-
tion of the time base with the DIV+ and DIV—
signals. These signals are input into pins 4 and 5
of TC9178F and the incremental or decremental
number of the countdown, which adjusts the
apparent phase error by increasing or reducing the
countdown number which creates the reference
signal from the C21K signal, can be set by the pin
6 DIVC signal. In this system, it is fixed at the
low level and the number is 1.

The pin 17 APCG signal is provided in order to
inhibit the detection of the phase error, which is
done by setting this signal low.

It is not possible to detect phase errors accurately
unless the frequency servo is in the lock state.
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When the phase error detection is inhibited, the
APCO signal sets the phase error to zero and so its
duty cycle is fixed at 50%. When it is set so that
the phase of the reference signal coincides with
the phase of the detection signal and the inhibiting
is released, the phase error is detected smoothly
from zero and the servo operation is performed
both speedily and stably.

The disc speed error detection block also contains
a function for controlling the disc speed using the
FG signal but this is not used in this system.

7) PLL Frequency Control

This block creates the TMO signal as described
with the PLL circuit.

Therefore, the DMLD signal which judges the lock
for the frequency, is connected to the APCG
signal.

A > S5 &
= S 2 £
= = -
o~ '@ O
8.4672 MHz I'
X'TAL| | :I:. .
osc. L2 PT—w 173 1/8 e /2 2
CK4M o 1/2 172 4172 1/3 1/2
CK2M
2.1168 Mz RAM ADDRESS GEN. 1/31+1/2
7.35kHz
N SELECT DIV+ DIV-
N=3;4s6,8 An=0,ﬂ ,'-tz
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Fig. 10.8 Timing signals and frequency and
phase control
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10.6 TC9179F

In CD player systems the Z6 TC9179F is a special-
purpose IC which detects and corrects errors and
which absorbs data jitter.

Reference should be made to the P-D1 Technical
Information (VRT-017) for details on the theory
and processes of error detection and correction.
The main TC9179F functions are: 1) clock signal
generation, 2) RAM control, 3) C1 and C2 error
correction, 4) data correction, 5) digital attenua-
tion, 6) muting signal generation, 7) data output
and 8) data status output.

Each of these function blocks will now be de-
scribed.

1) Clock Signal Generation

The clock signals required inside TC9179F and in
TC9178F are produced by connecting crystal
oscillator to pins 52 and 53. The pin 54 CKSE
signal is input in accordance with the frequency
of the connected oscillator. With this system the
frequency is 8.4672MHz and so the CKSE signal
is set high.

The master oscillation frequency is halved and
output as the pin 55 CK4M signal, and then it is
halved again and output as the pin 56 CK2M signal.
The CK2M signal is sent to pin 7 of TC9178F.

2) RAM Control

Upon completion of the EFM signal demodulation,
TC9178F is advised by the MWRE signal that the
data can be sent out. As a result, TC9179F sets
the RAM to the writing mode by the CE1 signal
(pin 17) and R/W signal (pin 15), and it requests
TC9178F using the BOEN signal (pin 4) to send
the data. The address storing the data is controlled
by the AD-0 through 10 signals (pins 5-14, 18)
which are created with the PBFS signal (pin 2) as
the sync signal.

The quantity of data stored in the RAM is moni-
tored constantly and when it is either excessive or
deficient with respect to the RAM capacity and its
processing capability, the spindle motor is request-
ed to deal with the quantity by the DIV+ and
DIV— signals (pins 65 and 64). Normally, both
signals are low.

b e I I B e B I s e Bt B s o B B Sl @
S| = 3 2| 2 855‘%%%%5%&5;%2
ol = =
B REEEREEEEEEEMNE R E R R R
4
CKAM 55 \{> 32 AT-2
TIMING 31 AT-1
CK2M 56 GENERATOR J TC9179F MUTING
DATA OUTPUT clrcuITLZ__§30  AT-0
CIRCUIT r“’
TES] 57
TEST 29 ALGC
TES2 58 CIRCUIT ATTENUATOR DATA
CIRCUIT CORRECTION 28 VsS
COPS 59 CIRCUIT 27 VDD
pstp 6of. |pata status —— AN 4”} oo
26 -
DAST 63 outeuT ROM | LOGIC 25 1/0-1
VDD 61 CIRCUIT -
24 1/0-2
VSS 62 C1,C2 ERROR - 1;0 3
DIV- 64 DETECTION, -
RAR ADDRESS CORRECTION  —y 22 1/0-4
DIV+ 65 GENERATOR CIRCUIT
R/W CONTROL
BUSE 66 CIRCUIT W\ AN
VSS 67
N| @ | o) o I~ of o Of = N s Of L2 O B 9 O =
wl Z S| Al A A A A A& A Al A& F oL 2L
E§m<<<<<<<<<<<o¢uuv—«.—.._.
Fig. 10.9 Block diagram of TC9179F
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The criterion for judging whether the quantity is
too high or too low can be switched by the pin 66
BUSE signal. In this system, the signal is fixed at
the low level and the quantity is made equivalent
to *3 frames. In other words, when the data
quantity is deficient for more than 3 frames, the
DIV+ signal is set high; conversely, when it is ex-
cessive for more than 3 frames, the DIV— signal is
set low.

vV BUSE "H"
DIV-
DIV+
vV BUSE "L" e
DIV-
DIV+
Dataquantity| -4 | -3 | -2 | =1 +1 |42 | +3 | +4

Fig. 10.10 DIV— and DIV+ signals

3) C1 and C2 Error Correction

Error detection and correction in the CD player
system is conducted by two processes, known as
C1 and C2.

In order to safeguard against part of the con-
tinuous sampling data from being lost in a group
during the encoding process, the data’s continuity
is broken up and the data are dispersed by a
sequence of three difference stages. This dispersion
is called interleaving and with decoding the data
must be reconstituted (de-interleaved) by the
reverse sequence.

First is de-interleaving which forms the initial
stage in which a delay equivalent to one frame is
provided at every other symbol and the data are
read out from the RAM. The odd number order
symbols therefore become the data prior to one
frame and by this process the Cl-corrected frame
is reconstituted.

In the C1 process, the 28th-31st order parity
symbols (P parity) among the reconstituted frames
are used for correction. However, the C1 correc-
tion is undertaken only when the errors among the
32 symbols in one reconstituted frame are in 2 or
less symbols. If errors in 3 or more symbols are
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detected, they are not corrected and the C1 error
pointer of all the symbols including the symbols
whose errors have not been detected is set. When
errors are in two symbols, then there is a theoreti-
cal possibility that correction itself will be errone-
ous and the pointer is set, besides the errors being
corrected.

In other words, when two or more error symbols
are detected, the error pointer is set for all the
symbols in the frame and the attribute of having
low dependability as data is referred to in the C2
process.

The P parity used for correction in the C1 process
is discarded here and a frame is hereafter treated as
28 symbols.

Symbols whose errors are detected and corrected
are returned to the RAM and rewritten.

Next, a delay equivalent to 4n frames is provided
in the nth order symbols for the 28 symbols and
they are read out from the RAM. This means that
the Oth order symbol from a particular frame, the
1st order symbol from the 4 previous frames, etc.
as far as the last 27th order symbol from the 4 x
27 = 108 previous frames are read out and that a
C2-corrected frame is created.

(This is the second stage de-interleaving process.)
In the C2 process, errors are corrected using the
12th-15th order parity symbols (Q parity) among
the frames reconstituted in this way. The C2
correction can be undertaken with errors in up to
3 symbols among the 28 symbols.

The C1 error detection results are ascertained from
the C1 error pointer of these symbols and the C2
correction process is undertaken only when there
is a low probability that the correction itself will
be performed erroneously while these results are
contrasted with its own error detection. If the
symbol data are not very dependable, the C2 error
pointer is set as with C1 and the error symbols
inside the RAM are written as corrected symbols.
The C2 error pointer is set while the C1 error
pointer is checked and when the pin 29 ALGC
signal is high, the C1 pointer is copied as it is.
In actual fact, the ALGC signal is set high during
scanning operations.

51




CLD-900/KU

Dn+3 Dn Output data
MSB MSB LSB | MSB MSB LSB Processing Processing
-30dB C2EP C2EP| -30dB C2EP C2EP details
X 0 0 X 0 0 Dn Direct
X X X 0 0 1 Dn(MSB+80H) Direct
X 0 0 X 1 X (Dn-1/2)+(Dn+1/2) Mean average
0 0 1 X 1 X (Dn-1/2)+(Dn+1(MSB+80H)/2) |Mean average
1 0 1 X 1 X Dn-1 Previous value
X 1 X X 1 X Dn-1 Previous value
X 0 0 1 0 1 (Dn-1/2)+(Dn+1/2) Mean average
0 0 1 1 0 1 (Dn-1/2)+(Dn+1(MSB+80H)/2) |Mean average
1 0 1 1 0 1 Dn-1 Previous value
X 1 X 1 0 1 Dn-1 Previous value
Dn: Processing word data
Dn-1: Word data already output before processing word data
Dn+1: Word data after processing word data
MSB-30dB: ‘“1"" is set when MSB data is —30dB or less.
MSB C2EP: MSB data C2 error pointer (*'1" is set when
errors cannot be corrected)
LSB C2EP: LSB data C2 error pointer (““1” is set when
errors cannot be corrected)
MSB+80H: LSB is set in 80H (1000 0000)
Fig. 10.11 Data correction
4) Data Correction section and so an attenuation of —12dB is pro-
As per the specifications, the C2-corrected data duced. When the MUT-01 signal (which is de-
are scrambled and delayed by 2 frames. (This scribed later) is set low, only AT-3 is set low and
constitutes the third stage of de-interleaving.) an attenuation of —14.5dB is produced.

The data are sent in sequence from the LSB side
8 bits in the output word order. When they are

output, the C2 error pointer is checked and selec- _ _

tion is made in accordance with the reliability of AT-O | AT-1| AT-2 AT-3 (dB)
the data as to whether the data should be output 1 1 1 1 0
directly, whether mean average correction should 0 1 1 1 - 1.15
be performed using the data before and after or 1 0 1 1 _ 2' 5
whether the previous data should be output again. 0 0 1 1 -4 ’ 0
This selection is undertaken in consideration of the 1 1 0 1 -6 0
level when the MSB and LSB data C2 error point- 0 1 0 1 - 8.5
ers and MSB data are converted into audio signals. 1 0 0 1 -10 :]
5) Digital Attenuation (]) ? ? é :}ig
The level when the TC9179F output is converted 0 1 1 0 -1 8:0
into audio signals can be set digitally by the AT-3 1 0 1 0 -24.0
~ 0 signals (pins 33-30). The attenuation corre- 0 0 1 0 -30.0
sponds to the digital value of the 4 bits of which 1 1 0 0 -36.1
the AT-3 signal is responsible for the MSB and the 0 1 0 0 -48.2
AT-0 signal for the LSB. However, due to the nega- 1 0 0 0 -60.4
tive logic, ““1111” is 0dB and ‘0000” is infinity 0 0 0 0 - co
Zero.

During scanning, the AT-0, AT-1 and AT-2 signals

are set low by the ATT signal sent from the CONT Fig. 10.12 Attenuation with AT-0 through 3 signals
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Pins 33 through 30 are input/output pins which
switch between input and output with the pin 50
WDCK signal (88.2kHz) as the clock signal. The
AT-3 through AT-O signal settings are read when
the WDCK signal is high and when it is low, the
attenuation state is output.

Sudden data abnormalities are corrected by the
above data correction function. However, for con-
tinuously abnormal signals where such short-term
signals appear repeatedly, the repeat frequency
becomes an audible noise and, furthermore, with
long-term abnormalities, ill effects are produced
such as direct current being output. Yet when
these abnormalities are detected and the output is
inhibited instantaneously, these signals have a low
quality as far as the hearing is concerned.

For this reason fade-out and fade-in functions are
provided which serve to switch natural muting on
and off.

The MUTE signal is connected to pin 34 from the
CONT section and it is supplied as the MUT-I
signal. When this signal is low, muting is conducted
gradually over 7 steps every 16 frames. Muting
from O0dB to infinity zero is conducted at
1.36msec. When the MUT-I signal is set high, the
muting is gradually returned to OdB in the same
way.
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6) Muting Signal Generation

Apart from the muting command output from the
CONT section, TC9179F detects internally the
state in which muting is to be performed. When
data errors which cannot be corrected continue for
more than a certain number of frames and when
the excessive or insufficient RAM data quantity
reaches a range where it cannot be absorbed by
the spindle motor, the pin 35 MUT-01 signal is low
and —14.5dB muting is applied.

When de-interleaving is erroneous for 3 times in
succession, the MUT-02 signal is low although this
signal is not used.

7) Data Output

The audio signal data processed by TC9179F can
be output in serial or parallel format. The format
is selected by the pin 37 P/SSE signal. In this
system, this signal is set high for serial transfer.

The data are transferred in sequence from the
16-bit MSB and output as the pin 47 DA-7 signal.
The bits are synchronized with the pin 48 BCK
signal and a change is made to the following bit
at the rise timing. The pin 50 WDCK signal is in-
verted every 8 bits and 1 symbol, and 1 word starts
at the rise timing. The pin 51 L/RG signal is in-
verted every word, with a low level indicating the
left channel signal and a high level the right chan-
nel signal.

e TNANANNNNANNNAANLANNNN
MLCK |

WDCK

L/RG |

DA-7 | MSB-eee CCH-L  ---dLSB[MSB  CH-R

Fig. 10.13 Serial data output timing chart

53



CLD-900/KU

8) Data Status Output
The signal for monitoring externally the error de-
tection results of the C1 and C2 correction and the
RAM data quantities is created at the data status

output.
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Fig. 10.14 Data status output timing chart

e AO,A1 and A2 indicate the data quantities inside the RAM.

A0 A1 A2 | Data quantity
0 0 0] -4 frames
1 0 0] -3 frames
0 1 0| -2 frames
1 1 0f -1 frame
0 0 1] +1 frame
1 0 1| +2 frames
0 1 1] +3 frames
1T 1 1| +4 frames
BO,B1 and B2 indicate the error detection results with C1 correction.
BO B1 B2 Contents Correction | CI1EP
0 0O No error --- 0
1 00 1 symbol error 1 symbol 0
1 10 2 symbols error 2 symbols 1
0 0 1 Error detection not possible --- 1
C0,C1 and C2 indicate the error detection results with C2 correction.
Co C1 c2 Contents Correction | C2EP
0 0O No error --- 0
1 00 1 symbol error 1 symbol 0
01 0 2 symbols error 2 symbols 0
110 3 symbols error 3 symbols 0
0 0 1 Data correction not possible --- 1
1 0 1 Uncorrectable frame --- A

Az A=1 (ALGC=Tow )
A=C2EP (ALGC=high)

Fig. 10.15 Contents of data status signal




10.7 CD/SPINDLE MOTOR DRIVE CIRCUIT

When the loop of the focus servo circuit on the
SRVB circuit board closes, the FOCS LOCK signal
is sent to LOLB and CDDM. Z1 (PD3032) on the
LOLB circuit board sets pin 32 (B port 7 bits)
high. As a result, Q6 is turned off, after which Q7
is driven into conduction, and the switch based on
the Q8 FET is set to the closed state.

The FOCS LOCK signal sent to CDDM is further
sent to Z24 and Z25 and the spindle motor starts
rotating in the forward direction by the differential
pulses created by C33.

The FOCS LOCK signal inverted by Z24 is sup-
plied to pin 21 of Z7 (TC9178F) as the P/S signal.
The circuit for detecting frequency errors starts
operating by the pin 21 P/S signal being set high
but since the motor speed is still slow, the AFCO
signal is kept fixed at the high level and the fre-
quency servo is not locked and so the APCO signal
is fixed at a duty cycle of 50%.

The FSPS signal is, naturally, high and the G pin
of the PLL circuit is low which means that the PLL
operation is inhibited. During this time the AFCO
signal is high and so the spindle motor starts ac-
celerating at maximum capacity.

Shortly thereafter until the F.S. signal pattern is
detected, the FSPS signal is low, the PLL circuit
starts operating and the TMO signal output is per-
mitted.

When being frequency-locked is judged from the
PBF'S signal, the DMLD signal is high, the phase
servo also starts operating and it reaches a stable
state.

APCO

——
VR 2
R64

CLOCK CONT =——

Cc33

CD SPDL RTN
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Since both the AFCO and APCO are pulse-width-
modulated signals, they are converted into level
data by the low-pass filter.

When the stop mode is established, the FOCS
LOCK signal is high. When, further, the Z7 P/S
signal is low, the AFCO signal is fixed at the low
level.

However, Q8 on the LOLB circuit board is kept
on for approximately 0.5 sec. by the integrating
circuit, and a drive input of the reverse direction
is supplied to the spindle motor which then de-
celerates rapidly. When it stops during playback
at the outer circumference, the playback speed is
low and so after stopping, it reaches the region
where it rotates in reverse.

VR1 of the integrating circuit serves to adjust this
braking time and to set the time until the spindle
motor stops at the inner and outer circumferences
to the same level.

P/S OVRG | AFCO APCO

L|LorH L | D.C.=50%

Normal-operation

Fig. 10.16 Frequency and phase servo inhibiting

R3I
=7V

) Q9
3
CD SPDL DRV
- el

225

Qi
D!
++5V SPDL MOTOR

Z24

Fig. 10.17 CD/spindle motor drive circuit
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10.8 D/A CONVERTER CIRCUIT

The digital data demodulated at the DCDR section
are sent to the AUDF section as the serial signal. In
order to indicate the data timing, the BCK signal,
L/RG signal and WDCK signal are all sent along
with the digital data. The BCK signal is the bit
clock signal (0.71us cycle) and the WDCK signal
is the word (16 bits) clock signal (11.4us cycle).
The L/RG signal is inverted word by word and it
indicates the left and right channels.

713 (CX-20017) in the AUDF section is a special-
purpose D/A converter IC for CD player systems.
The data and other signals are first input into Z13.
The D/A conversion operations, consisting of the
data storage, integration using the stored data and
sending of the integrating signal, are repeated word
by word. A time equivalent to 3 words is required
for D/A conversion and the present data are
delayed by a time equivalent to 2 words and out-
put.

The various operations are described below center-
ing mainly on the left channel signals.

1) Data Storage

The data are sent in sequence from the MSB, the
16 bits are divided into the high-order 8 bits and
low-order 8 bits and these are respectively stored
in separate registers.

2) Integration Using Storage Data

The WDCK signal is inverted by Z18 (TC40H004P)
2/6 and supplied to pin 8 of Z13 as the WCLK
signal and also to pin 12 as the CC signal.

When the WCLK signal is low, the register circuit
contents are sent to the latch circuits. When the
CC signal is low, the DCL signal at pin 23 is high
(0V) for about 2us, the switch composed of the
Q10 FET closes and the C50 charge is discharged.
At the same time, the data in the latch circuits
are sent to the counter circuits where they become
the preset values.

Using the counter circuit outputs, the high-order
and low-order bit circuits control the constant-
current circuit switches. The two current values
output from the constant-current circuits are set
in proportion to the current flowing to pin 16 and
the current controlling the high-order bits is 256
times higher than that controlling the low-order
bits.

The two switches are closed when the counter
circuit presetting is completed.

When the DCL signal returns to low (negative
potential), Q10 is switched off. At the same time,
the counter circuits start the countdown of the
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