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¢ Pin Functions

Pin No. | Pin name | /O Function
1 FOK 0 Output of Focusing Servo Allowed, Active at Comparator Output “"H"". Connects Load Resis-
tor {PNP Open Collector).
2 RFi I Inputs RF Summing Amp Output by a C coupling.
3 RFO o} RF Summing Amp Output, Eve Pattern Test Point.
4 RF — | RF Summing Amp Inverted Input, Connects Feedback CR to ® - @.
5 PD 1 | RF -V Amp (1) inverted Input, Current Input by connection to PIN Diodes B + D.
6 PD 2 | RF 1-V Amp (2) Inverted Input, Current input by connection to PIN Diodes A + C.
7 AGND — Small Signal Analog Channel Ground
8 E I E -V Amp Inverted Input, Current Input by connection to PIN Diode E.
9 EFB O | E -V Amp Output Connects Feedback CR to & — (@.
10 FFB O | FI-V Amp Output Connects Feedback CR to (@ — (.
11 F I F 1-V Amp Inverted Input, Current Input by connection to PIN Diode F.
12 GND - GND
13 Vee - Negative Power Supply
14 FE @ | Focus Error Amp Non-Inverted Input, Connects CR for Low Pass Filter.
15 FE @ i Focus Error Amp Inverted Input
16 FE O | Focus Error Amp Output, Connects Feedback CR to (8 —
17 TE e} Tracking Error Amp Output
18 MIRR 0 Mirror Comparator Output (active at ‘‘H’’}, Connects Load Resistor (PNP Open Collector).
19 HC | Mirror Hold Capacitor connecting pin
20 EFM o} EFM Comparator Output
21 VSEL | Auto-Asymmetry Control Amp Reference Input Level setting pin; Vcc when under * 5V
Power Supply, GND when under + 10V Power Supply
22 ASY I Auto-Asymmetry Control Input
23 DVce — | Positive Power Supply for EFM Comparator
24 Vee - Positive Power Supply
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¢ Pin Functions

Pin No. | Pin name | /O Function

1 TG2 Tracking amplifier gain-switching pin; either open or at the GND level.

2 TA @ Non-inverted input of operational amplifier 2.

3 TEO Output of operationat amplifier 4.

4 TE @ Inverted input of operational amplifier 4.

5 SENSE 0] Output indicating the internal status of SSP determined by ADDRESS sent from the CPU to SSP
(varies with the value of ADDRESS in the internal serial register (Note 1)).

COMMAND ADDRESS | gpng EXPLANATION
D7,D6,D5,D4
F When focus zero cross or focus error voitage is

FOCUS CONTROL e zc over O V, use high level focus pull operations.
TRACKING CONTROL 00l AS When ATSC input level exceeds the

window comparator level, then 1.

Tracking zero cross

Plus or minus tracking error decision output
TRACKING MODE Pl TZC Use for one track jump.

Adjust DIRC to LOW at the time of FWD JUMP

TZC search or REV JUMP TZC search.

6 C.SET o} Track-counting signal output at the time of high-speed access.

7 XRST | Clears all internal registers when the CPU-to-SSP level is Low; connected to CPU RESET (Note2).

8 DATA | CPU-to-SSP serial data transfer; input from LSB; DO to D7.

9 XLT | Latching of CPU-to-SSP serial data (transfers data in the internal serial shift register to each address-
decoded latch); transfers data at the Low level; the level must be changed to High immediately at the
completion of transfer as no edge trigger method is applied.

10 CLK 1 CPU-to-SSP serial data transfer clock pulses; data is fetched at the negative-going edge; the level
must be H before and after transfer.
More than More than T T
5uS 5uS More than 10uS
I More than OuS
e | 1 [7°7°7° | I --------- | l
More than 10uS
More than 10uS
P i I l
Performance of Command
11 MIRR | Mirror signal input from the RF amplifier.
12 TZC Tracking-error signal input by capacitor coupling; The time constant is determined according to the
condition of one-track jump, but is normally 2 kHz.
13 TE Tracking error signal input
14 ISET For setting current to determine the focus search voltage, tracking jump voltage, and sled-feeding
voltage.
15 Vce Power supply pin; normally at +5V.




¢ Pin Functions

Pin No. Pin name 1/0 Function
1 FSW o Spindle motor output filter time constant select output.
2 MON 0] Spindle motor ON/OFF control output.
3 MDP o} Spindle motor drive output. Rough control during CLV-S mode and phase control
during CLV-P mode.
4 MDS o} Spindle motor drive output. Speed control during CLV-P mode.
5 EFM | EFM signal input from RF amp.
6 ASY o EFM signal slice leve! control output.
7 MIRR | MIRROR input from RF amp.
8 VCOO e} VCO output. When locked to EFM signal, f = 8.6432 MHz.
9 VCOI | VCO input.
10 TEST I ov)
11 PDO e} EFM signal and VCO/2 phase comparison output.
12 VSS — GND (O V)
13 CLK | Serial data transfer clock input from CPU. Data latching clock rise edge.
14 XLT | Latch ir]put frgm CPU. Latching 8-bit shift register data {serial data from CPU) to
respective registers.
15 DATA | Serial data input from CPU.
16 XP.ST | System reset input. Reset at L.
17 Cnin [ Tracking pulse input.
18 SENS 0 Outputting internal state according to address.
19 MUTG | Muting input with internal register A ATTM at L, normal state when MUTG is low and
no sound when it is high.
20 CRCF e} Output the CRC result of subcode Q
21 EXCK | Clock input for subcode serial output.
22 SBSO 0 Subcode serial output.
23 suBQ 0 Subcode Q output.
24 SCOR e} Subcode sync SO + S1 output.
25 WFCX (0] Wirite frame clock output. When frame synch is locked, f = 7.35 KHz.
26 RFCX o} Read frame clock output. Crystal system 7.35 KHz.
27 GTOP e} Frame sync protection state display output.
28 GFS o} Frame sync lock state display output.
29 DBO8 170 External RAM data terminal. DATAS8 (MSB)
30 DBO7 1/0 External RAM data terminal. DATA7
31 DBO6 /O External RAM data terminal. DATAG6
32 DBO5 110 External RAM data terminal. DATASB
33 VDD — Power supply (+5 V)
34 DB04 110 External RAM data terminal. DATA4
35 DBO3 1/0 External RAM data terminal. DATA3
36 DBO2 110 External RAM data terminal. DATA2
37 DBO1 /0 External RAM data terminal. DATA1 (LSB)
38 RAO1 0 External RAM address output. ADDRO1 (LSB)
39 RAQ2 (o} External RAM address output. ADDRO2
40 RAO3 e} External RAM address output. ADDRO3
41 RAO4 (0] External RAM address output. ADDRO4




Pin No. | Pin name | I/O Function

16 SRCH Connected to the capacitor which determines the time constant of charging and discharging curves
for focus search.

17 Vee Power supply pin; normally at —5V.

18 FS3 Focus amplifier gain-switching pin; either open or at the GND level.

19 ATSC Input of data indicating that mechanical impact has been applied to the player; inputs tracking errors
via BPF in simplified operation; should be connected to GND when not in use.

20 FE Forcus error signal input.

21 FEO Output of operational amplifier 1.

22 FE & Inverted input of operational amplifier 1.

23 SLO Output of operational amplifier 3.

24 SL @ Inverted input of operational amplifier 3.

25 SL @ Non-inverted input of operational amplifier 3.

26 DIRC | Used at the time of one-track jump; normally High; inverts the direction of track-Jump pulses at the
Low level; establishes the normal tracking mode when set to go High immediately after the inversion;
goes Low for a specified period at the detection of positive- and negative-going edges of TZC.

27 TAO Qutput of operational amplifier 2.

28 TA @ Inverted output of operational amplifier 2.

29 TG1 Tracking amplifier gain-switching pin; either open or at the GND level.

30 GND GND pin of the IC. 4

Note: Functions above describe the applications in typical exarmples only.
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Pin No. Pin name 1/0 Function

42 RAOS5 (o} External RAM address output. ADDRO5

43 RAO06 0 External RAM address output. ADDRO6

44 RAQ7 0 External RAM address output. ADDRO7

45 RAO8 o} External RAM address output. ADDROS8

46 RAOQ o} External RAM address output. ADDRO9

47 RA10 (o} External RAM address output. ADDR10

48 RA11 ¢] External RAM address output. ADDR11 (MSB)

49 RAME o} Write enable signal output to external RAM (active when low).

50 RACS 0 Chip select signal output to external RAM (active when low).

51 Cam o} Crystal 1/2 frequency division output. f = 4.2336 MHz.

52 Vss — GND (0 V)

53 XTAL | Crystal oscillation circuit input. f = 8.4672 MHz.

54 XTAO e} Crystal oscillation circuit output. f = 8.4672 MHz.

55 C2FL e} E‘orr:ects state output. When currently corrected C2 series is incorrectable, it becomes
igh.

56 C2PO e} C2 pointer display output. Synchronized to audio data output.

57 RAOV o} +4 frame jitter absorption RAM overflow and underflow display output.

58 SLOB 1 Audio data output code select input. Two’s compiement output when low, offset

binary output when high.

59 PSSL | ngio data output mode select input. Serial output when low, parallel output when
igh.

60 APTR o Aperture compensation control output. High with R-ch.

61 APTL (e] Aperture compensation control output. High with L-ch.

62 DAO1 o} DAO1 (parallel audio data LSB) output when PSSL is H. C1F1 output when PSSL is L.

63 DAO2 (0] DAO2 output when PSSL is high, C1F2 output when PSSL is low.

64 DAO3 (0] DAO3 output when PSSL is high, C2F1 output when PSSL is low.

65 DAO4 (6] DAO4 output when PSSL is high, C2F2 output when PSSL is low.

66 DAO5 (e} DAOS5 output when PSSL is high, UGFS output when PSSL is low.

67 DAO6 (¢] DAOQB6 output when PSSL is high, WFCK output when PSSL is low.

68 DAQ7 (0] DAO7 output when PSSL is high, FCKV output when PSSL is low.

69 DAOS8 (0] DAO08 output when PSSL is high, FCKX output when PSSL is low.

70 DAQ9 o DAOQ9 output when PSSL is high, PLCK output when PSSL is low.

71 DA10 (e} DA 10 output when PSSL is high, LRCK output when PSSL is low.

72 DA11 0 DA 11 output when PSSL is high, C4LR output when PSSL is fow.

73 Vob — Power supply (+5 V).

74 DA12 o} DA 12 output when PSSL is high, DENL when PSSL is low.

75 DA13 [0} DA13 output when PSSL is high, DENR when PSSL is low.

76 DA14 (o} DA14 output when PSSL is high, C210 when PSSL is fow.

77 DA15 0] DA15 output when PSSL is high, C210 when PSSL is low.

78 DA16 (0] ]DA16 (parallel audio data MSB) output when PSSL is high, DATA output when PSSL is

ow.
79 WDCX 0 88.2 KHz strobe signal output.
80 LRCX [0} 44.1 KHz strobe signal output.
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¢ Pin Functions
Pin No. Pin name 1/0 Function
1 XTAL | Input for crystal oscillator (16.9344 MHz)
2 AMPO 0 Output for crystal osciltator {16.9344 MHz)
3 TSET1 | Input for testing (Normally connected to Vss)
4 CDCK 0 Clock output (8.4672 MHz)
5 LRCK | 44.1 kHz strobe input
6 WCLK | 88.2 kHz strobe input
7 DATA I Serial data input {Two’s complement, MSB first)
8 BCLK I Bit clock input (input for serial data)
<] X2sC | Input for output format selection (High offset binary, low two’s complement)
10 TEST2 | Input for test {normally connected to Vss)
1 05 o} Timing signal
12 Vss — GND pin (OV)
13 06 0 Timing signal
14 TEST3 0] Test data output (normally open)
15 TEST4 0] Test data output {normally open}
16 TESTS o} Test data output {normally open)
17 TEST6 o} Test data output (normally open)
18 TEST7 0 Test data output {normally open)
19 DOUT (o} Serial data output (MSB first)
20 01 0 Timing signal
21 02 0 Timing signal
22 03 0] Timing signal
23 04 (o} Timing signal
24 Voo - Power supply pin {+5V)
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® Pin Functions

Pin No. Pin name Function
1 DVee Digital system power supply terminal: —5V
2 SuUB IC substrate: Be sure to connect to Pin 1.

3 SCLK System clock output terminal
4 Vce Digital system power supply terminal: +5V
5 ON/OFF Terminal to determine the system clock on/of
6 LATCH Clock terminal of D type latch
7 LRCK LRCK input terminal
8 WCLK WCLD input terminal
9 BCLK BCLK input terminal
10 DIN DIN (data input terminal)
1 LRCKOUT LRCK output terminal
12 CcC CC input terminal: MSB first
13 DGND Digital system ground terminal
14 DVee Digital system power supply terminal: —5V
15 DCR Right channel discharge drive signal output terminal
16 ISET Integration current setting terminal
17 IOUTR Right channel current output terminal
18 I0UTL Left channel current output terminal
19 NC No connection
20 AVee Analog system power supply terminal
21 AGND Analog system ground terminal
22 DGND Digital system ground terminal
23 DCL Left channel discharge drive signal output terminal
24 DCBIAS Discharge circuit bias terminal
25 CcouT Clock generator output terminal
26 CIN Clock generator positive input terminal
27 CIN Clock generator negative input terminal
28 DGND Digital system ground terminal
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3. CIRCUIT DIAGRAM

3.1 SERVO SECTION

Servo control in this CD player is performed using two
LSIs (CX20109, CX20108) configured around a system con-
trol CPU. Each LSl is connected to the CPU by a data bus.
All control is conducted using the serial data from the CPU.
The data pattern will be described later.

The primary servo control systems of the CD player are
listed below.
1. Focus servo
2. Tracking servo
3. Spindle servo
An explanation of these three systems follows.

3.1.1 The Focus Servo Loop

Purpose:

To control the distance between lens and disk so as to keep
the laser beam focused on the pits on the disc surface.
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B6é ¢ System control
TC12 When focus OK becomes ""H’’ it is still not
PD3037 within the S-curve. SENSE output becomes

System contrtol

“t/* after confirming that SENSE and focus
OK are both “*H’". The focus is closed by the
SENSE output when the zero cross point is
|, Finally, the focus OK signal is confirmed
one more time, after which acceleration of
the spindle motor is begun.




FOCUS SERVO
When the focus servo does not lock, focus-in is performed
one more time. If the result is still unsatisfactory, focus-

Serial data output to P8 of IC6
by the CPU. CLK XLT is also

in operation is stopped.

outputed.
Y

START-UP CONDITIONS
1. Disc is loaded.
2. Laser diode is emitting a beam.

The internal circuitry of 1C6 is
shown in fig. 0-0. The signal used
for up/down movement of the fo-

3. Focus start-up data is being output from the system con-

trol PD3037 (IC?).

SUMMARY OF OPERATION
1. Lens is forcibly moved down and then up (internally

2.

processed by CX20108 (IC6)).

The related signals are as follows when the zero cross

is located during this lens movement:

a) SENS output: Goes to focus lock after generation.*1

b) Focus OK output (H level): If system control does not
confirm the existence of this output, focus lock is
not performed. Furthermore, this output is checked
again before proceeding to the next step.

¢) Focus error signal: Generates zero cross (s-curve).

detected using the —

*1: When zerko cross is ]:the disc set LED lights
SENS output,

and the focus servo loop
is closed.

cus lens is output from P21 of

—

The RF output is sent to P5 and

P6 of IC5.
Y

The RF signal is compared at the
FOK circuit and the FOK signal is
output from IC5 P1 to the CPU.

i

If the RF signal becomes Iarger\
than the FOK circuit comparator
level, FOK output is sent to the
CPU so that the CPU is aware that
an input for which the focus ser-

vo can be applied exists. )

When the CPU receives the FOK
signal, the down edge of the
SENS signal is judged to be the FO
ER signal zero cross point.

If the SENS output becomes H,\
data to close the focus servo loop
at the down edge is sent from the
CPU to P8 of IC8. J

3. The next step is acceleration of the spindle motor and
tracking.
Refer to the focus servo block diagram.

When focussed at the zero cross
point of the FO ER signal.

f

Data from the CPU causes the in-
ternal circuitry of IC6 to be as
shown in fig. 3-00, closing the fo-
cus servo.

Comparative
i
3 s
RF output ; ' Se--
i
FOK _ [
Fo.ER 7/ \ FO .ER
. y 4
JE A,
‘\ /’
e
——- SENS
r H
] H
SENS L L
Fig. 3-3

l Qutputs after two unsuccessful focussing attempts.
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1.

mmary of Operation

When the FOK signal is confirmed by the system con-
trol, acceleration of the spindle motor begins and the
“*start tracking’’ data are output.

. The RF and TE signals are obtained from the pickup.

The RF signal is then used to produce the MIRR signal.
When RF exists, this signal is “‘L”’; when RF does not
exists, the MIRR signal is ““H”’. This provides the in-
dispensable data needed to close tracking. (The MIRR
signal is also used for judgment of the outer edge mir-
ror and track count during search and jump.)

. The system control indirectly knows that tracking has

begun because of (1) when the RF signal exists, the MIRR
signal is “L” and (2) the G FS signal (see the spindle ser-
vo explanation).

. The next step is spindle lock.

Refer to the tracking servo block diagram for details.

0—

X'tal system

3.1.3 Spindle Servo Loop

Purpose:

To control disc rotation speed so that constant linear veloci-
ty(CLV) is maintained. (Disc speed is gradually lowered as
the pickup moves from the inside of a disc to the outside as
the disc is played.)

Standard:

The servo controls the spindle rotation speed to maintain
the frame synch encoded in the disc pits at 7.35 kHz.

Start-up conditions
1. Proper focusing (FOK signal)

Summary of Spindle Lock Operations

1. When the focus OK signal is confirmed by the system con-
trol, spindle acceleration is triggered for an interval of
.300m sec.

2. When tracking (with ON TRACK) has begun and the PLL

is locked, CX23035 generates an “H”’ GF'S signal.

3. This GFS signal is how the system contro! knows the
tracking and spindle servo loops are locked.
Refer to the spindle servo block diagram for details.

p3 n
[ -]
T

= - 1

g tg | J Focus

servo circuit
. Spindle servo

Spindle | pm Pre amp circuit
motor Carriage

Tracking
servo circuit

1 cstesa)
£ nJmos2s

=
X'tal timing
simulator

;rL' {VCO)

EFM

RFCK CPU ]
interface

€8 (1/2)
,Ir NJMO82S

TAT256F

- The longest interval of
the EFM pattern is meas-
ured to obtain disc rota-
tion information from the
EFM signal.

1c9 F-=) 26
€X-~23035

0 TP4-7

15
- Depending on its mode,

the CLV control output
has one of four values.
During start-up, the
phase servo (PLL servo)

DATA

GFs 23|

System

control
ict2
PD3037

[ Spindle motor "H’” when spindle is locked

Block diagram of spindle servo

Fig. 3-8

is applied to lock the
speed when speed ap-
proaches the reference
speed.




3.1.2 Tracking Servo Loop

PURPOSE:
To control horizontal alignment of the CD pickup so that the

e

laser beam is accurately aimed at the pits on the disc sur-
face. On/off switching of the tracking servo is used during
track jump and search to locate the desired point on the disc.

4

—
I |

t Focus
servo circuit

)

_L-l Pre a

- Spindt Spindie servo
Start-up Conditions motar e '_‘Icircuit |
. . Cari
1. Proper focusing (FOK signal) orage
2. Spindle motor ratatin. Tracking
servo circuit
Fig.3-5 Tracking servo loop circuit
+ Tracking is closed (TM7) by monitoring the rela-
tionship between the phase of the mirror signal
and TE signal. At this time, the tracking
Envelope 18 open/close switch at pin 13 of CX20108 is
detector MIRR signal closed.
Waveform
s shaping ic12  PD3037
= M V Ret LT
_'{ . ; {Focus OK) System
< F OK control
W > 25
b + l ]
.., EFM
20
105 (172) 35, )2 IC6 cx20t08 ]
CX20109
S r——"- r—1
: | ? ?
Q |
| ] b
! \, W
1 8 !
p—— | ~
! +
- To TM7 !
TE signal f2 > LOGIC ?\ i [' IC3(1/2) Carriage moto
— i
- AN | )
\ ! L
\\ L '_J,,
Tracking 162 1 25
413 ] | open/close ? ? +5
1{2 L TG1 fp
£, - T™ay ) TM3 5 —t
Wi—e " 3 N\ TRACKIN
L, Y 3/ M AAA-O—A > AdA—- ~AMP 27 ot 7
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IC5 (2/2)
¢cx20108 !

Tracking gain adjustment

Block diagram of tracking servo

Fig. 3-6
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Initial Settings for Reading of Table of Contents

Conditions:

* Carriage is inside and the inside switch S102
is on.

* Loading is completed and loading switch
S101is on.

START

Laser diode on.

First focussing attempt.

Successful focussing?

NO

|
PD-7010, PD-9010 only |

Disc set LED lights.

L

Spindle motor kick.

!

Spindle motor rotation by rough
servo.

Tracking attempt.

YES

NO A spindle

If GFS
signal is longer

motor locked?

than two seconds is,
level “'L""?

Spindle motor lock.

Disc set LED lights.
(Only PD-5010)

[ SR |

Second attempt.

VCO free run conditions

CPU determines that motor is
locked if GFS signal (TP4-1) is
e

Start of TOC reading.

NOAreading

at least x sec.
elapsed since beginning
of TOC reading?

Cee

completed?

CPU determines that TOC reading
is completed when the end data
in the TOC is detected.

® Tracking servo is open.

Focus servo is open.
Laser diode is off.

Spindle motor is stopped.

YES

‘Waiting for key input.’




The operations described in this flow chart are carried out in

TEST MODE.

‘ Power switch on. ’

$

Is the CPU reset?

Manual Search (FWD) key on

Is the tray in
the open completion
mode?

NO

—/

Press the open/close key.

When tray begins moving out: Pin
6 of IC4 goes to ’L’" and the load-
ing motor begins to rotate.

While tray is open: Pin 31 of IC12

is “’L"" and pin 32 is “"H"".

backward track search key.
Laser diode on.

Troubleshooting: See reset circuit
defect.

If PD-9010X, PD-7010 cannot
carry out this operation, then
the TEST MODE isn't set
properly.

Focus servo operation.-<

YES

mode)

Load a disc.

Press the close key.

When tray begins moving in: Pin
6 of IC4 goes to “’H’’ and the
loading motor begins to rotate.

Completion of clamping: Pin 32 of
IC12 goes to *’L" and pin 31 goes
to “H".

e

Does pin 10 of
IC12 go to ““H'"?

YES

Press track forward key. Focus
servo closed.

Does objective
lens move up and
down?

Troubleshooting

Troubleshooting

Refer to tracking servo on opera- <
tion.

Is focus servo OK?

YES

Press play key.

Refer to on operation of spindle
servo. (rough servo for the test

pin 5 of connector
4 using an oscilloscope. Is
there a voltage

YES

Spindle motor rotates.

Confirm using the focus return

signal (TP1 FR).

Press the pause key.

Tracking withdraw command is
sent to each IC from IC12 via the
data bus.

lYES

Is there a
tracking return signal?
(TP-9)

YES

Troubleshooting

Troubleshooting

Is pin 11 of IC12 “'H""?

NO

Troubleshooting

Tracking servo close OK.

display section lit
(flickering slightly) and the
seconds reading

Disc play mode.

End of test mode.




Timing Chart

® Timing Chart

(POWER ON—PLAY)

: Designed on the basis of PD-9010/7010.

(Refer to PD-9010/7010 for IC Pin Nos., etc.)

-z
T
N = rG
(I i Rt [ e ! b
* No disc ‘ O
POWER SW 0/C SW . Loading out Disc PLAY SW L Loading in
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complate *pPD-5010 is 7seg. (D201).
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3.2 CIRCUIT DESCRIPTIONS

(1) Preamp

This section processes the output signal received from
the pickup and then sends signals to the servo section of
the next stage, the demodulator and the controller.
CX20109 and other parts of the preamp are described below.

The IC is a 24-pin flat package; its internal configura-
tion is shown in fig. 3-9. '

A description of the internal parts of the IC follows.

1. RF amp
The pin diode currents input at PD1 and PD2 each un-
dergo I-V conversion at the 60kohm equivalent input resis-
tors of RF I-V amps (1) and (2). Then (B1 + B2 + B3 +
B4), added at the RF summing amp, is output to RFO.
(An eye pattern check can be performed at this terminal.)
The low frequency component of the RF0O output volt-
age VRFO is:
VRFO = —[(R30 + R32)/10kohms] x (VA + VB)
= [(R30 + R32)/10kohms] x (iPD1 + iPD2) x 60kohms

Furthermore, C1 and R3, have been provided because they
are necessary for equalizing the EFM eye pattern.

MIRROR MIRROR r— PEAK  HOLD — 168 (/2
‘AP
an  CouPLtaToR
i

24
vee

23
] ovee

€
¢
$ CORRENT VOLTAGE .
ror T ar aue '—rj Focus Focus_ox
S

oK AMP

COMPARATOR
7? VEE D
¥

CONTROL  AMP

AGND GNO
LT

TRaCKING
¢ 7 canon e 1\

Fig. 3-9

This equalizer raises high range gain at an external cir-
cuit. The equalizer has a response peak in the high range
to compensate for the drop in high range gain in the IC
itself. The RFO0 output (pin 3) is an RF (DC) signal having
a peak of 2.3V (DC) and a bottom of 0.5V (DC).

The high range pole setting is 2.5.MHz, however this is
attenuated above around 1MHz because of the high range
characteristics of the op amp inside the IC. As a result, the
amplitude of high range signals such as 3T is raised.

EYE PATTERN

RF ©
/ 8
1d-
1€
/ B3 PD2
1< A - 10k
PD2 + va
RF |-V amp (2) RF summing amp
/ B2
PD1{
/ B4
ol s ~ 10k
IPD 1 + VB
RF 1-V amp (1)
Fig. 3-10

2. Focus error amp

The difference between the output of the RF I-V amp
() (B2 + B4) and RFI-Vamp (2) (B1 + B3), Bl + B3 — B2
— B4, is computed and output.

cai
o
L]
R27
15)FE ©
-(B1+B3) va 'Sk -
-(B2+B4) VB + '€
15k FE
Focus error amp
(9 Fe®
ca7 R36

1

Fig. 3-11 Focus error amp circuit

When R27 = R36, the FE output voltage (low frequency)
is:

VFE = R27/15kohms) x VA-VB = R27/15kohms

x (iPD2 - iPD1) x 60k

C21, C27 is needed to prevent leakage of the EFM com-
ponent into the focus error output. Due to the gain setting,
R27 = R36 = 100 and C21 = C27 = 56 (PF). That means
fc = 28.4kHz. For the pin 16 output, a 5V p-p output in
the form of an S curve is output.

3. Tracking error amp

+VvCC

AN
m

g;f‘b
=
©) ¢
\/

E IV amp |

m
-
@

/ X111

F )
Cc VF Tracking error amp
1 O— >

—Ivns L

3

1

c26 F I-V amp

3

-
-
@

Fig. 3-12 Tracking error amp circuit

The current of the sidespot pin diode that is input at
E and F undergoes I-V conversion at the E and F I-V amps
(R28 and R29 + VRS) in the following manner:

3VE = iAR28

VF = iC (R29 + VR5)

Then, the difference between the two I-V amps is cal-
culated at the tracking error amp to produce the output
(E = F). The gain of the tracking error amp for 11 (21dB)
is:

VTE = (VE — VF) x 11 = (iA - iC) x R28 x 11
(25, C26 is required to prevent leakage of the EFM compo-
nent into the tracking error output.

The gain setting makes R28 = R29 + VRS = 150kohms
and C25 = C26 = 47PF. Here, fc = 22.6kHz.

R29 + VR5 includes adjustment VR. This is tracking er-
ror balance for the purpose of obtaining a DC balanced
tracking error signal such as the one shown in figure 3-17.
It is needed primarily to perform tracking jump properly.
The output of pin 17 is a 4V p-p tracking error signal.

4. Focus OK circuit
The focus OK circuit makes the timing window for
switching on the focus servo from the focus search mode.

From RF summing amp

cas

Focus OK comparator

h
Fig.3-13 Focus OK circuit

The threshold value VTH of the focus OK comparator
is set so that it is reversed when VG = — 0.4V. Therefore
the focus OK comparator is reversed when
VRFO = VC = 0.4V. The threshold value of this compara-
tor is stable due to the accuracy of the reference voltage
within the IC.

C28 determines the time constants for the EFM com-
parator, mirror circuit high-pass filter and focus OK amp
low-pass filter. This makes it possible to prevent the worsen-
ing of the black error rate caused by the RF envelope loss
when scratches and other disc damage is encountered.

In this system, 0.00474F is used as the optimum value
for C28. For this value, fc = 3.4kHz and the RF offset cur-
rent is unnecessary.



5. Mirror circuit

After amplifying the RFI signal, peak and bottom hold
are performed. For peak hold, the time constant is such
that the 30kHz traverse can also be followed. For bottom
hold, the time constant is such that the rotation cycle enve-
lope fluctuations can be followed.

The DC restored envelope signal is obtained by per-
forming differential amplification of these peak/bottom
hold signals. By comparing this signal with the signal held

by peak hold at 2/3 of the peak level using the large time
constant, the mirror output is obtained. In other words,
mirror output is ‘L’ when over a track (row of pits) and
“H’ when between tracks (rows of pits). Furthermore,
“H" is also output when a defect is detected. The time con-
stant for mirror hold must be sufficiently larger than the
traverse signal.

& Mirror hold amp

—OD

AAA

+ 1k c20

()

AAA
(444

Peak + h - HC

bottom X1 f

hold - O) ®

Mirror amp ; e + @ R24
P MIRR
Mirror comparator
1.8V
RFO

ov

|

(peak hold)

o

(bottom hold)

=
_q:.._—_::_

Fig.3-14 Mirror circuit



6. EFM comparator

The EFM comparator serves to convert the RF signal
into a signal having two values. Problems caused by disc
asymmetry can not be dealt with by AC linkage alone.
Therefore, the EFM comparator reference voltage is con-
trolled by using the fact that a 1.0 occurrence probability
becomes 50% for each of the two EFM signals.

Because this EFM comparator is a current switch type
unit, the H and L levels do not become the same as that
of the power supply voltage. It is, therefore, necessary to

Auto asymmetrical
control amp ASY

apply feedback through a CMOS buffer. R25, R90, C22 and
C60 are the low-pass filter needed to obtain DC +2.5V.
If fc is 500Hz or more, leakage of the reduced component
of EFM becomes serious, resulting in a worsening of the
block error rate. This system has two stages, one in which
R25 = 100kohms and C22 = 0.47xF so that fc = 3.4Hz and
a second in which R90 = 10kohms and C60 = 0.01uF so
that fc = 1.6kHz.

CX23035
rR2s roo I~

EFM comparator

'\
RF I +

Fig. 3-15 EFM comparator circuit

Servo Section

This section uses an external control signal for focus ser-
vo, tracking servo and carriage servo operation (normal
servo operation) and special servo control operation such
as focusing and track jump. Its primary component is a IC
CX20108 chip. To improve servo performance with regard
to disc scratches and other disc defects, a discrete defect cor-
rection circuit is included.

The IC is a 30-pin flat package having a construction
as shown in figure 3-16. A description of each section fol-
lows. The operation modes and data of this IC are shown
in Table 3-1.

T
ADDRESS | DATA '
COMMAND i | SENSE
D7 D6 D5 D4] D3 D2 Dt oo |
| FS4 | FS3 | FS2 | FS{ |
FOCUS CONTROL 0 0O O O,FOCUS | GAIN |SEARCHISEARCHI FZC
| ON | DOWN! ON | up !
1 T T |
VANTI !BREAK | T62 TG! |
o1 i
TRACKING CONTROL [0 ©O ISHOCK | ON | AN SET % ! AS
1 1
| TRACKING i step ¥ i
(o] |
TRACKING MODE [0 O t O VA ! s I TzC
1 1 1
TRACKING MODE SLED MODE
D3 D2 Dt DO
OFF o o OFF 0 o0
ON (] 1 ON o 1
FWD JUMP 1 0 FWD MOVE 1 )
REV JUMP 1 1 REV MOVE 1 1
Table 3-1

B ©
SENSE ¢ out SRCH__ 16,

FOCUS  ON/OFF

FE Focus
20 AMP  FEQ
N2
Focus
UP70OWN
=TTl &l Fs2
COMPARATOR 400 e
! Focus 22

Fs3
[° o5

[1Z¢ comparator
2 2

 a—
(iR 11

XT_ o

<

<
TIC =

COMPARATOR
3

arsc
19

LoGic

111

TRACKING TMTM TM TMTM
GAIN v a5

I ?h---

'
8 BIT SMIFT RESSTER :
'

R ]

CoMPARATOR 23

UPNORMAL  TG2

VEE TG e

e ™E
3 red ® TRACKING
3 2 AN suep
I L@ Rad ssi
- 27 25
SLED i
o7 OFF
/ sLO
s TEQ [ @ vee | ) 6ND
Fig. 3-16



1. Command codes

The modes of both IC CX20108 and the demodulator IC
CX23035, which will be discussed later, are controlled by
the serial data (from the control microcomputer). All types
of detection outputs are output from the “‘SENS’’ termi-
nal. These control data and detection outputs link the con-
trol microcomputer, CX20108 and CX32035 in the form of
a control bus line. The DATA, C, LK (serial) for mode con-
trol and XLT timing for starting execution are shown in
figure 3-17.

DATA
oﬂmXDzXos D4X054XDSX D7
-
CLK !

[

[
| !
/) | k |
frwex Twex) U 1p
1 1/FCK 1 |
]
XLT '
Execution of command A_],_
P lTtw
—
Fig. 3-17
Standard )
Item Code Unit
Min. | Std. | Max.
Clock frequency |FCK 250 kHz
Clock pulse width [TwWCK| 2 ps
Set-up time TSU | -0.1 S
Hold time TH 4 ps
Delay time TD 4 s
Latch pulse width | TWL 1 us
Table 3-2

2. Focus-in sequence
(a) Focus servo

The focusing sequence moves the lens to within the fo-
cus S-curve and closes the servo loop at the center of the
S. For moving the lens up and down, the following sec-
tion of the IC is used.

FOCUS ERROR

Fig. 3-18

Operation of FS1 and FS2 is as follows. The numbers
shown in fig. 3-18 (and in this section) are pin numbers of
CX20108. opl is the op amp used for the focus servo. The
FS2 output is sustained at the reverse terminal. For 1, FS2
is on and operates as a normal voltage follower. For 0, FS2
becomes a switch to give this output a high impedance.
FS1 is simply a current switch that is off for 1 and produces
a current of 60uA for 0. The 60p A figure is the value when
240uA is sent to ISET (pin 14). The focus search voltage
can, therefore, be produced by using FS1 and FS2.

In this system, 89uA is fed to ISET. That means the posi-
tive current supply is 22xA and the negative current sup-
ply is 11pxA. Here, the voltage of pin 16 is:

When FS1 is off: —11xA x 20kohms = — 0.22V
When FS1 is on: (22 — 11)sA x 20kohms = + 0.22V
This is returned to original form and used to perform
up/down lens movement. Furthermore, all current supplies
for the tracking servo drive described below are 22uA.

Focus servo on

Applied for about

80
mSec 300mSec P | .
Lens o _.l 300 msec. ($08) FOCUS - LOCK
up/down  [$O1) DOWN up Focus | o
voltage l// ($02) ($03) CLOSE FOK confirmation
FOCUS FOCUS FOCUS F3C chattering
PULL(+) PULL (=) PULL(+)  absorbtion time — 500y Sec
i
" Focus FOCUS - OK
FOK output FOCUS-NG ,z&;ro ISFAOSS | :
(cx20109) L :c eck interva
SENS = FOCUS ZERO CROSS period
H [
Sl — P——
- ($10) —
$ FZC CHLTTERING L Focus zero cross detection
Focus
error O J WMWW

Fi

In the sequence shown in fig. 3-19, focusing is being per-
formed. First, for lens up/down movement, FS1 of fig. 3-18
causes the control microcomputer to reset CX20108 when
power on is reset. As a result, the internal register becomes
$00, the focus mode. At this time, FS1 is on so the voltage
at pin 16 is +0.22V.

Although the focusing sequence is as shown in fig. 3-19,
positive charging of pin 16 when power is switched on cor-
responds to lens drive in the downward direction. Conse-
quently, switching FS2 on immediately would cause the
lens to move downward rapidly. To prevent this from oc-
curring, FS1 is switched off and negative charging is per-
formed. FS2 is then switched on to begin the drive
sequence only after pin 16 has reached ground potential
(approximately).

The usual sequence is as follows. The lens is lowered
(max. of Imm) and then raised. When the lens approaches
the S-curve, “‘FOK’’ (the focus output based on the RF out-
put) goes to ‘‘H’’, the center of the S-curve is detected us-
ing the SENS output and the servo loop is closed.

" 7
\ A
\._/ ™~Second half of S-curve is lost

S-curve When focusing is not done.

g. 3-19

The maximum amount of lens movement in the upward
direction is also Imm (see fig. 3-19). If focusing can not
be done the first time, the lens is lowered and raised again
in a second attempt to attain proper focusing. Focusing is
attempted no more than two times. If proper focusing is
still not possible, the unit proceeds to a processing routine.

For focus error zero cross detection in this system, a
window comparator in CX20108 is used. The input for this
comparator is pin 19 ““ATSC”. As is shown in the table,
comparator output is obtained from ‘‘SENS’’ when in the
tracking control mode. By doing this, instability occurring
immediately before and after a focus error and mistaken
zero cross point detection due to focus error offset are
eliminated. Here, the threshold is about £0.65V.



(b) Main loop

This loop consists of a one stage low range gain com-
pensator, one stage high range phase compensator and two
stage high-cut filter for high range noise attenuation. The
main loop is designed to provide a residual error of under
— 1 um as well as excellent playability, taking into consider-
ation the above characteristics and disc standards (including
pickup actuator performance).

3. Tracking servo
(a) Brake mode circuit

The brake mode circuit is constructed to make possible
the smooth closing of tracking when the pickup and disc
are moving in relation to each other. The directions of pick-
up and disc movement are detected using the phase rela-
tionship between the envelope and tracking error (at RF).
Switching is conducted in such a way that the accelerat-
ing side of the tracking error is cut. Consequently, only
the decelerating side is used. This operation, called the
brake mode, is shown in fig. 3-20 and 3-21. External con-
trol of the activity and inactivity of this mode is possible.

The brake mode is used when closing tracking after
focusing. By doing this, smooth focus closing is possible
even for tracks (lines of pits) whose distance to the pick-
up is varying greatly due to disc eccentricity, warping and
other factors.
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RF® Envelope . Wave shaping H @ ™7
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(b) Main loop

There are two gain settings for normal disc play, the nor-
mal gain setting and the higher gain setting for track jump.
The main loop consists of a one stage fixed low range gain
compensator, one stage switching reduced gain compen-
sator, one stage fixed high range phase compensator, one
stage switching high range phase compensator and two
stage high range noise cut filter.

As shown in the diagram, there are two low range and
two high range stages at the normal gain setting and two
low range and one high range stage at the high gain set-
ting. Fig. 3-22 shows the circuit configuration of this sec-
tion. For normal gain, both TG1 and TG2 are on; for the
high gain, both TG1 and TG2 are off.

CX20108

Tracking error

The drive current supply is, as was shown earlier, 22uA.
Therefore, in this system the output voltage of pin 27 is the
voltage obtained when this current is applied to the resis-
tance between pins 28 and 27 (9.1kohms). In this case, the
output voltage is 200mV. This becomes the kick and brake
drive voltage (the output voltage of pin 27). This output volt-
age is then used for current drive of the tracking actuator
in the final driver.

kick and brake

? drive
Current for kick and

brake drive

—_—— - ——(2)= (28— = ——— 27 )——
TA @ TG1 TAO TAO
"‘V‘V
RS54 l
RS7 Cc39 R 49
R53 RS0 To driver stage
c40 S
S R47
\ Cc35
|
High range
Low range R48
| S —
Low range \ HT /
High range
Fig.3-22



4. Carriage servo

The return resistance voltage of the tracking actuator
current driver final stage is used as the input (see fig. 3-23).
The required carriage movement components are obtained
by using the filter characteristics.

The carriage movement drive is performed by con-
trolling the current supply in CX20108 with the serial data
so that the output is a DC voltage. Because this type of

Gain

!

About 20dB

|

%— Eccentricity component

Frequency (Hz)

o

5. Defect processing circuit

This circuit detects disc defects (scratches, dirt, etc.) and
switches the focus servo loop equalizer to improve playa-
bility when defects are encountered. @ is the output of the
leading beam of the 3-beam tracking pickup. It is obtained
from the preamp. This output changes in the manner
shown on the right when a defect is encountered.

The output is amplified at IC7 2/2 and ends up as shown
in diagram due to a eapacitor that extends the dropoff
in the output. By routing this output through a comparator,
output becomes correct from the beginning of the
defect period to the point where the 2.4msec. time con-
stant component is extended (after the defect period has
ended). The focus servo equalizer is switched by using this
procedure. Equalizer switching is executed by switching
the Transistors of Q2 and Q3 on using output.

® o——cr—
Fig. 3-23 VA
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(3) Demodulator

The demodulator is composed primarily of LSI CX23035;

it also includes a small amount of added-on circuits. Its

functions are:

1. Bit clock regeneration using the EFM-PLL circuit.

2. Demodulation of the EFM data.

3. Detection, protection and internal extension of the
frame synch signal.

4. Powerful error detection and correction.

5. Interpolation using averaging or previous value hold.

6. Demodulation of the sub-code and error detection for
sub-code Q.

7. CLV servo for the spindle motor.

8. 8-bit tracking counter.

9. CPU interface using the serial bus.

Of these nine functions, an external circuit is required
for the PLL section and CLV servo. All other functions are
performed by the LSI alone. Here, the external discrete cir-
cuitry will be discussed.

The external circuitry consists of a loop filter and its

amplifier and VCO.
Pin 11 “PDOQ” of CX23035 emits an output when an error
is encountered. The loop filter is a low-pass filter for this out-
put having a 70Hz pole and 1.6kHz zero point. The output
is amplified by the error amp and sent to VCO. The main
amplifier of VCO is within CX23035.

An output signal is produced from MDP and MDS
according to the CLV servo mode of CX23035. The mixed.
filter section is a low-pass filter having a cut-off at about
500Hz and the loop filter is a low-pass filter having a cutoff
at about 300kHz. FSW switches the mixed filter cutoff to
about 20Hz with regard to the CLV servo motor. MON causes
the loop filter output to become 0V; it is operated by the stop
motor.

S |

CLV servo section Loop filter
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2. AUDIO SECTION
In the high end models of this CD player series, a digi-

tal filter is employed. This digital filter is IC CX23034. It

doubles the sampling frequency to 88.2kHz; it is a 16-bit

96 tap FIR filter. By using this filter:

1. Group delay near the cut-off frequency is greatly
reduced.

2. The cut-off characteristics are almost perfect. In addi-
tion, high end distortion is lower and signal transmis-
sion performance is improved.

Other audio circuits are basically the same as those of con-
ventional components, however, except for the top of the line
model, deemphasis switching and muting are performed by
transistors. Also, deemphasis is switched on during manual
search to reduce high range noise. Muting is provided to sup-
press noise produced when power is switched on. It is con-
trolled by a timing signal from a discrete circuit.



3. OPTICAL SECTION
(1) Optical path and elements

Objective lens

Multi-lens .
Collimator lens

Haif prism

Diffraction grating

Semiconductor laser

Fig.3-29 Optical path and elements

The path of the laser beam and arrangement of the op-
tical elements are shown in fig. 3-29. The semi-conductor laser
emits a beam of light having a wavelength of 780 ym. It is
barely within the range of visibility. The beam is produced
form an extremely small point and has an elliptical distribu-
tion. It is dispersed in a conical shape.

To produce the beam used to detect tracking error, the
beam is passed through a diffraction grating that splits the
beam into three beams, the primary beam (zero order) and
two side beams (* 1 order). A small amount of higher or-
der elements are also produced, but these are lost with-
out being used. Next, the beams are passed through a half
prism where 50% of the energy is lost. Details of the half
prism are described later in this publication.

The collimator lens produces a completely collimated
beam. The diameter of the collimated beam is large enough
to cover the movement of the objective lens. The beam is
then condensed a spot having an extremely small diameter
by the objective lens before going on to the disc. Part of
the beam is then reflected back from the disc, diffracted
and routed back through the objective lens where the
returning beam is collimated and then the collimator lens
where the beam is condensed.

When this beam reaches the half prism, 50% passes
through the grating and returns to the laser diode. The oth-
er 50% is reflected by the prism to the multiple lens that
has the functions of both a concave and cylindrical lens.
This beam then goes to the photo diode alley where an elec-
trical signal having a strength proportional to the intensi-
ty of the beam is produced. This completes the discussion
of the optical path. Next, its features compared with those
of a video disc player will be discussed.

The first feature is that the outgoing path is a straight
line. That means no auxiliary parts to alter the light path
are needed, so overall tolerances can be minimized. As a
result, adjustments of optical part installation locations are
also minimized. The development of the double shaft ac-
tuator for use in the parallel drive method allowed the ob-
jective lens unit to be reduced in size. This makes it possible
to maintain very satisfactory performance while using com-
pact optical parts.

The second feature is the half prism. In the video disc
player optical system, the outgoing and incoming light
paths are separated by a 1/4 wavelength panel and polariz-
ing beam splitter. The reasons why the half prism can be
used in a CD player but not a video disc player are primar-
ily:

(1) Although a semi-conductor laser diode is much smaller
than an He-Ne laser, it nevertheless has a fairly high opti-
cal output power. Therefore, the energy loss caused by the
half mirror is not a problem.

(2) (A) shows an He-Ne laser beam reflected from

(3) Both video and compact discs tend to polarize light be-
cause they are made of a resin based material that is not
perfectly flat. In video discs, the amount of polarization
is carefully checked against an established standard. In
compact discs, the limitation is not very strict. Because of
the lack of a strict standard, CD players normally use an
extremely accurate 1/4th wavelength plate. In actual use,
however, this plate can not function properly due to polar-
ization of the laser beam caused by the disc. A half prism,
on the other hand, is not at all affected by polarization of
the laser beam. Consequently, a very stable optical path
can be made.

Another feature of this optical system is the use of a
parallel drive unit to allow optimum utilization of the ob-
jective lens at all times. As is shown in fig. 3-30, the beam
from the laser diode is converted into a completely colli-
mated beam by the collimator lens. The parallel drive unit
causes the objective lens to move parallel and perpendic-
ular to the beam. Therefore, the optical path is not often
affected by movement of the objective lens within the col-
limated light cluster.

Another feature of the optical section is the use of a
multiple lens. This lens prevents the focusing point depth
on the photo diode from becoming two shallow, a prob-
lem that has appeared as optical sections have become
more compact. It is an effective way to permit lowering
of the installation accuracy required by the photo diode.
This multiple lens is a cylindrical lens having the functions
of a concave lens. Previously, there were two beams and
both a concave and cylindrical lens. In this pickup, how-
ever, one lens performs both functions, thereby allowing
a further reduction in size.

When designing the optical section of a CD player, the
most important point is the degree by which differences
between various compact discs can be dealt with. To do
this, it is desirable to have a very short wavelength. The
wavelength actually being used is 780pm because this is
the shortest wavelength possible today with mass produced
pickups.



The NA of the objective lens should also be made as
small as possible to deal with disc variations. However,
reducing NA adversely affects the performance of the op-
tical system as a whole. Aberrations caused by differences
between discs are generated geometrically in a form
proportional to 1/NA2, 1/NA3, 1/NA4 ... Furthermore, the
E.F.M. signal level decreases almost in proportion to NA
under these conditions. Taking these factors into con-
sideration and after many test calculations and experi-
ments, it was determined that NA should be 0.45.

\ Tracking

Focus cail ** ’ "=

{2) RF and servo signals

The beam, which has been reduced to an extremely
small spot by the objective lens, now strikes the disc side
on which the signal is located. Part of the beam is then
reflected back to the objective lens and photo diode. A di-
agram showing how this beam is reflected off the disc is
shown in figure 3-35. (A) shows what happens when the con-
centrated beam is directed at a pit. Normally, this reflected
light would disrupt the output light beam. In the laser diodes
used in CD players, however, noise is reduced instead, result-
ing in stable performance. This property is very advantageous
for.the half prism which allows only half of the light energy
to pass.

A pit and (B) shows the same beam when reflected from
a space between pits. In case (A), the beam is diffracted, so
the dark part of the beam does not return to the objective
lens. Instead, only the center of the beam passes through the
objective lens and reaches the photo diode. In case (B), there
is no diffraction because the beam does not strike a pit. There-
fore, the entire beam is reflected back to the photo diode,
producing brighter beam than when a pit is reached. In this
system, the data on the disc, which is represented by pits,
is covered into an electrical signal at the photo diode accord-
ing to the intensity (brightness) of the reflected beam. The
RF signal is then produced from this electrical signal by the
computation circuit.
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0 order
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(A) (B)
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Fig. 3-36 shows how the focus signal is detected. (1) is
when the beam from the laser diode is accurately focused on
the disc by the objective lens. (2)shows what happens when
the disc comes closer to the pickup and (3) shows what hap-
pens when the disc moves farther away. The grating and con-
cave lens, which have no direct effect on the focusing are not
shown in the diagram.

In case (1), the beam emanating from point 01 is reflect-
ed and diffracted on the disc surface to produce the con-
densed beam (02). In case (2), the beam is directed at a
point farther than that of beam 02. Fig. 3-37 shows the
properties of the cylindrical lens. Since the cylindrical lens
is shaped as shown in the diagram, the lens is operated in
the vertical direction of the diagram, not the horizontal direc-
tion. 1 through 7 shows the shape of the beam at each point.
between points 2 and 6, which are in a straight line, the beam
is circular at point 4. Point 6 corresponds to beam 02 of fig.
3-36. If we assume that fig. 3-37 shows mode (1) of fig. 3-36,
that means the beam is circular because the photo diode is
located at point 4. In mode (2) of fig. 3-36, the location of
the photo diode is closer to the cylindrical lens than it was
in fig. 3-87. That means the shape of the beam is the same
as that of point 3 (an ellipse that has a longer width than
height). In mode (3) of fig. 3-86, the shape of the beam is that
of point 5, an ellipse that has a longer height than width.
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Fig.3-33 Cylindrical lens

These beam shapes are shown in fig. 3-36. By perform-
ing a (B1 + B3) — (B2 + B4) computation using the B1-B4
photo diode quartering elements, the focus signal is produced.

Let’s consider what happens as the objective lens is
gradually moved closer to the disc. If the objective is fair-
ly far from the disc, only a small amount of light will be
returned to the photo diode. Furthermore, since the return-
ing light is quartered, the focus signal would be 0.

If the objective lens is moved closer to the disc until
point 7 of fig. 8-37 is reached, the shape of the beam at the
photo diode becomes an ellipse that is higher than it is wide.
The focus signal would then be positive because (B1 + B3)
is greater than (B2 + B4). However, after the peak (vertical
line) is reached at point 6, it begins to return to zero. If it
becomes zero at point 4, the beam becomes an ellipse that
is wider than it is high because (B1 + B3) is less than (B2
+ B4) and the focus signal be comes negative. After peak-
ing at point 2, the focus signal returns to zero just as when
the objective lens is too far from the disc. Focusing signals
produced in the above manner are shown in fig. 3-38. Due
to its shape, this is called an S-curve, an important graph that
expresses the properties of the focus signal.

Infocus

- —_—

Away from disc Toward disc

Fig.3-34 S-curve

Since the real purpose of the focus servo is to maintain
the focus signal at zero, only a tiny section at the center of
the S-curve appears as residual error.

Fig. 3-39 shows how the tracking signal is detected. The
beam from the laser diode is divided into three beams. The
+1 order beams on either side of the 0 order beam are used
to produce the tracking signal. These two beams are, like the
0 order beam, are directed at the disc in a tiny spot. In prin-
ciple, the spots of the two side beams are an equal distance
from the center spot as shown in fig. 3-39. (The actual dis-
tance is much greater than that shown in the figure.) These
two side beams are reflected and diffracted and returned to
their respective detection elements in the photo diode. If these
two elements detect the same intensity from both beams, it
can be assumed that the primary (0 order) beam is correctly
following the line of pits on the disc. Fig. 3-40 shows the rela-
tionship between the track and the output of each photo di-
ode element (A, B and C).

Pit Tracking path

Fig.3-35 Detection of tracking error
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Fig.3-36 Tracking error and the RF signal




PD5010 OPERATIONS
Power on mode

1.
2.

Pickup is returned to the home position (inside SW on).
Load disc except when the disc tray is not completely
open (open SW on). If the tray is all the way out, noth-
ing needs to be done.

. If the disc is properly loaded, the DISC SET LED lights,

the table of contents is read, the number tracks on the
disc is displayed in the 7-segment display for 4 seconds
and then the first track number is displayed.

Examples of PD-5010 Displays (for a disc having 10 tracks)

When power is turned on.

[ ) ]

When TOC is read.

. If no disc is in the player, the 7-segment display reads

“0Q.

. The spindle motor and carriage motor stop.
. The laser diode is switched off.
. Digital mute is switched on. Analog mute is switched

on for about 2 seconds after power is switched on and
then switched off.

4 seconds later

I~
LI

Ll

{71
ol

rod
ol

Fig. 3-37

Open/Close

1.

If the open key is pressed during loading-in or the clamp
mode, the program and table of contents data are
cleared and the disc tray opens. If the open key is
pressed during disc play, all operations are stopped and
the disc tray opens. The 7-segment display reads ‘‘OP”’
from the time the open key is pressed until open oper-
ation is completed after which the display switches to
400",

. If the close key is pressed during loading-out or the open

mode or if the disc tray is pushed inward, loading-in is
performed. The disc LED lights when the disc is properly
loaded, the table of contents are read, the tracks con-
tained in the disc are displayed by the 7-segment dis-
play and the disc stops rotating. The track display is
shown for only 4 seconds after which the first track
number or first programmed track number is shown.

. If loading in/out operation is not completed after 3

seconds has passed, the unit judges that a loading prob-
lem exists and performs all steps up to that point in the
reverse order. If loading-out can not be completed af-
ter 3 seconds a second time, the disc tray is stopped in
its present position. This operation is always complet-
ed in the disc tray open direction.

4.

Open operation is judged to be completed when the open
switch is on (OPEN terminal on) and close operation
when the clamp switch is on (CLMP terminal on).

Mode Pin OPEN C
Loading out complated L
During the loading H
Loading in complated H

H:+5V

r‘IIE
=

L:o0v

5.

6.

Table 3-3

If the spindle is stopped due to a GFS abnormality or
focusing problem, loading-out operation is not per-
formed until the 7-second period needed for the disc
to come to a complete stop has elapsed.

Pick-up home position, SPDL, STOP, LD OFF.



Play Pause
1. If the play key is pressed during the loading or stop 1. If the pause key is pressed during disc play, the pause

mode, the play LED lights, the pickup moves to the

home position.

a) LD (laser diode) on.

b) Focus down for 0.3 sec., up

¢) Detection of proper focusing and focus zero cross
(SENS terminal).

d) Focus servo on (disc set LED ON: only PD7010
and PD-9010X)

e) Spindle acceleration for 0.3 sec.

f) Tracking servo and spindle servo closed.

g) Carriage servo closed.

h) Completion of GFS (PLL lock mode H; lock), FOK
(focus lock H; lock) and monitor table of contents
reading. (disc set LED ON: PD-5010 only)

After the above set-up operations have been performed,
the beginning of the first track is located, digital mut-
ing is released and disc play is started.
. Deemphasis or/off switching is automatically performed
by constantly reading sub-code Q.
. To prevent the generation of abnormal noises, digital mut-
ing is switched on if the GFS lock is released for 16 or
more continuous frames, and switched off if the GF'S re-
mains locked for 16 or more continuous frames. Further-
more, if the lock is off for more than two seconds at a time
the player judges that an abnormal condition exists and
switches to replay operation.
. If the FOK signal is NG (low) for 100msec. or more, the
player judges that focus is not correct and switches to
replay operation.
. If the present address is equal to the previous address
or the address read one second later, the player judges
that skipping has occurred. The previous address is then
located and disc play is resumed from that point. If the
skipping is detected again at the same address, restora-
tion processing is not conducted.

. Replay operation

If search, play, pause or scan can not be continued due

to a GFS or focus problem, all servo circuits are switched

off for a moment without moving the carriage. The car-
riage is then driven again to locate the original address
after which the player returns to the play or pause

mode. This procedure is called replay operation. If a

problem occurs again during replay operation, howev-

er, the player is stopped.

. During disc play, all keys except the program keys can

be used.

LED lights and the player switches to the pause mode
at that point. If track search is then performed, the play-
er returns to the pause mode at the address (sec.) where
search was completed. Pause is released by pressing the
pause or play key.

. If the pause key is pressed during the stop or search

mode, the pause LED lights and the player returns to
the pause mode at the address (sec.) where search was
completed. During the stop mode, the pause LED goes
out if the pause, stop or clear key is pressed.

. Digital muting is on during the pause mode.
. The tracking and carriage servo loops are switched off

for a moment when jumping. All servo loops are closed
at all other times.

. Indicates beam movement during the pause mode.

If the pause key is pressed at point A, data is read, jump
reverse (point A) is performed and data is read (point
B). If the data at point B are at least one second smaller
than those at point A, the disc is played. If the differ-
ence is less than one second, jump reverse is performed.
Play is started at the point where the difference be-
comes smaller by one second or more. Jump reverse is
performed at the point (point D) where the difference
becomes one second or more compared with point A.

Pause key on: A... repeated

Address larger than at point A (in seconds)

When pause is released, play is resumed after perform-
ing 2 or 3 reverse track jumps. The display remains at
point A until point A is passed.

Stop

1.

When disc play has ended or when the stop/clear key
is pressed, all operations are stopped, the pickup returns
to the home position and the display shows the first
track on the disc or, if the player was in the program
mode, the first programmed track.

Repeat and pause are also cancelled.

. If the stop/clear key is pressed during the stop mode,

the program is cleared.
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Fig. 3-38

Manual search fwd/rev

1. Operates only during the play and pause modes.

2. If the manual search-FWD or REV key is pressed dur-
ing the play or pause mode, the elapsed time of the track
currently being searched is shown in the 7-segment dis-
play for as long as the key is held down and forward
or reverse search is conducted. The player returns to
the play or pause mode when the key is released.

3. Manual search during disc play causes sound to be heard
at fixed intervals (-12dB, deemphasis on). After the key
is pressed, the first 4 seconds are passed over at five
times normal disc play speed as the play LED slowly
flashes on and off. The speed then changes to 20 times
normal speed and the play LED rapidly flashes on and
off.

How N times normal speed movement is done.

CAB D

Fig. 3-39

4. Manual search during the pause mode is silent. Search
speed is 60 times normal disc play speed and the play
LED flashes on and off even more rapidly.

5. If manual search is used to return the pickup to the be-
ginning of the first song, the player switches to the
pause mode. If the pickup is advanced to the leadout
track, the 7-segment display shows the letter “‘E’’ and
the player switches to the pause mode.

6. Manual search during program play causes the pickup
to move rapidly forward or backward only over the cur-
rent song. If the pickup reaches the previous song, the
player switches to the pause mode at the beginning of
the current song. If the pickup reaches the next song,
the player switches to the pause mode at the end of the
current song.

During normal disc play, T is the amount of time re-
quired to go from point A to B (the time is about the same
for movement from point C to A).

. T
[ ]
A

Therefore, moving to point D over the same time period
required to perform forward jump four times at point A
means that movement is being done at five times normal play
speed. In the same manner, moving to point E over the
amount of time required to perform reverse jump six times
also means that movement is being done at five times nor-
mal play speed. High speed movement is performed, there-
fore, by altering the number of jumps and the intervals. For
example, it is possible to move in the same manner to point
D by using one forward jump at an interval of t/4.



Track Search

1. If the track search key is pressed during the play or
pause mode to raise or lower the track number shown
by the 7-segment display, track search is performed.

2. The pickup moves forward one track if the track search
forward key is pressed once and moves ahead continu-
ously one track at a time if the key is held down. If the
track search reverse key is pressed once, the pickup
returns to the beginning of the current track. If the key
is held down, the pickup moves continuously back one
track at a time.

3. If the table of contents has been read, forward and re-
verse track search is possible over the entire disc. If the
table has not been read, search is possible only from
track 1 through track 99.

4. During program play, track search (skip) is possible over
the programmed tracks.

5. If the play key is pressed after having selected a par-
ticular track number using the track search keys dur-
ing the stop mode, disc play is started from the track
number shown by the 7-segment display.

6. Reverse track search is not possible while using search
for the first track on the disc (or the first programmed
track). Forward track search is not possible while us-
ing search for the last track on the disc (or the last pro-
grammed track).

Program Inputs

1. If a track search key is used to set the displayed track
number to a particular number and then the program
set key is pressed (during the stop mode), the track num-
ber shown by the 7-segment display will be pro-
grammed. At this time, the program LED lights to show
that the track is now stored in the memory. For all fol-
lowing tracks, the program LED indicator lights for a
moment to show that they have been stored. If a track
number not on the disc is input, that input is automati-
cally cleared. _

2. The range over which track numbers can be specified
using the track search keys is the entire disc is the table
of contents has been read and from track 1 to 99 if the
table has not been read. If the table has not been read,
program contents will be checked after the table is read
and track numbers not on the disc automatically
cleared.

. The program can contain up to 27 steps.

. After a program has been entered, additions can be
made but program checking and corrections are not pos-
sible.

5. The program can be cleared by pressing the stop/clear

key when the player is in the stop mode.

>

Program Play

After entering a program (program LED is on), pressing the
play key causes the programmed tracks to be played in or-
der. During program play, the 7-segment display shows the
number of the track currently being played. If a track
search key is pressed during program play, search is pos-
sible over all programmed tracks. If a manual search key
is pressed during program play, the pickup can be moved
rapidly forward and backward only over the current track.

Program Clear

To clear program contents, press the open key or, during
the stop mode, the stop key. Program contents will not be
cleared if the stop key is pressed during program play.
Program LED on

Repeat

If the repeat key is pressed during normal disc play, the
repeat LED lights and the entire disc is played repeated-
ly. The repeat mode is cancelled by pressing the repeat,
stop/clear, open/close or power key.
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PLAY PALSE TRACK TRACK - M.SEARCH.! A
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PD07010, 9010X OPERATIONS

1.Power on mode

a) The pickup is returned to the home position (inside SW
on).

b) Loading-in except when the disc tray is completely
opened (open SW on). If the tray is all the way out, noth-
ing happens.

¢) If a disc is loaded, the disc LED lights and the table of
contents is read. The number of tracks on the disc and
total playing time are then displayed for four seconds
after which the first track/index number is displayed.

Example of PD-7010, 9010X display (for disc having 10
tracks)

When power is turned on.

d) If a disc is not loaded, the player mode immediately af-
ter power is switched on is maintained.

e) The spindle motor and carriage motor are stopped.

f) The laser diode is switched off.

g) Digital muting is switched on. Analog muting is switched
on for about 2 seconds after power is switched on and
then switched back off.

TIME
i rr 15 nnrn
TRACK LiLg INDEX HHHH MIN | SEC Ly
OO0 00 ooOoogooogoooooAo
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =»
O PLAY O PAUSE O DiIsC
When TOC is read.
TOTAL
1M ~
TRACK  {f1  INDEX MIN & sEC P
HE B B BEE B ERERENO0O0OOOO0OOO
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =
O PLAY O PAUSE M DiISC
4 seconds later
TIME
XN m nr mr
TRACK Ll INDEX i MIN I SEC iy
HE B B E R EERERM0COO0OOOOO
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =
O PLAY O PAUSE W DISC

Fig. 3-41



2. Open/Close

a) If the open key is pressed during loading-in or the clamp
mode, program and table of contents data are cleared
and the disc tray opens. If this key is pressed during disc
play, all operations are stopped and the disc tray opens.
The fluorescent display reads “‘OPEN"’ from the time
the key is pressed until open operation is completed.

b) If the close key is pressed during loading-out or the tray
open mode or if the disc tray is pushed inward during
the open mode, loading-in is performed. If a disc is load-
ed, the disc LED lights, the table of contents is read,
the tracks and total playing time of the disc are dis-
played and the player goes to the stop mode. The track
display is held for only four seconds.
If loading in/out operation is not completed after 3
seconds has passed, the unit judges that a loading prob-
lem exists and performs all steps up to that point in the
reverse order. If loading-out can not be completed af-
ter 3 seconds a second time, the disc tray is stopped in
its present position. This operation is always complet-
ed in the disc tray open direction.

d) Open operation is judged to be completed when the open
switch is on (OPEN terminal GND) and close operation
when the clamp switch is on (CLMP terminal GND).

e) If the spindle is stopped due to a GFS abnormality or
focusing problem, loading-out operation is not per-
formed until the 7-second period needed for the disc
to come to a complete stop has elapsed.

f) Pick-up home position, SPDL, STOP, LD OFF.

C

~

Mode Pin OPEN CLMP

Loading out complated L H H:+5V

During the loading H H

L.oading in compiated H L L:0V
Table 3-5

Play

1.

If the play key is pressed during the loading or stop
mode, the play LED lights, the pickup moves to the
home position.

a) LD (laser diode) on.

b) Focus down for 0.3 sec., up

¢) Focus servo switched on, disc set LED switched on.

d) Spindle acceleration for 0.3 sec.

e) Tracking servo and spindle servo closed.

f) Carriage servo closed.

g) Completion of GFS (PLL lock mode H; lock), FOK (fo-
cus lock H; lock) and reading of monitor table of con-
tents.

After the above set-up operations have been performed,

the beginning of the first track is located, digital mut-

ing is released and disc play is started.

. Deemphasis on/off switching is automatically performed

by constantly reading sub-code Q.

. To prevent the generation of abnormal noises, digital

muting is switched on if the GFS lock is released for 16
or more continuous frames (about 2.2 msec.). Muting
is switched back off after GF'S has remained locked for
at least 16 continuous frames. If the lock is off for more
than 2 seconds at one time, the player judges that an
abnormal situation exists and switches to replay oper-
ation.

. If the FOK signal is NG (low) for 100msec. or more, the

player judges that focus is not correct and switches to
replay operation.

. If the present address is equal to the previous address

or the address read one second later, the player judges
that skipping has occurred. The previous address is then
located and disc play is resumed from that point. If the
skipping is detected again at the same address, restora-
tion processing is not conducted.

. Replay operation

If search, play, pause or scan can not be continued due
to a GFS or focus problem, all servo circuits are switched
off for a moment without moving the carriage. The car-
riage is then driven again to locate the original address
after which the player returns to the play or pause
mode. This procedure is called replay operation. If a
problem occurs again during replay operation, howev-
er, the player is stopped.

. During disc play, all keys except the program keys can

be used.



Pause

1.

Pause released

If the pause key is pressed during disc play, the pause
LED lights and the player switches to the pause mode
at that point. If track search is then performed, the play-
er returns to the pause mode at the address (sec.) where
search was completed. Pause is released by pressing the
pause or play key.

. If the pause Kkey is pressed during the stop or search

mode, the pause LED lights and the player returns to
the pause mode at the address (sec.) where search was
completed. During the stop mode, the pause LED goes
out if the pause, stop or clear key is pressed.

. Digital muting is on during the pause mode.
. The tracking and carriage servo loops are switched off

for a moment when jumping. All servo loops are closed
at all other times.

Fig. 3-42

Stop

1.

When disc play has ended or when the stop/clear key
is pressed, all operations are stopped, the pickup returns
to the home position and the display shows the first
track on the disc or, if the player was in the program
mode, the first programmed track.

Repeat and pause are also cancelled.

. If the stop/clear key is pressed during the stop mode,.

the program is cleared.

5. Indicates beam movement during the pause mode.

If the pause Key is pressed at point A, data is read, jump
reverse (point A) is performed and data is read (point
B). If the data at point B are at least one second smaller
than those at point A, the disc is played. If the differ-
ence is less than one second, jump reverse is performed.
Jump reverse is performed at the point (point D) where
the difference becomes one second or more compared
with point A.

Pause key on: A... repeated

Address larger than at point A (in seconds)

When pause is released, play is resumed after perform-
ing 2 or 3 reverse track jumps. The display remains at
point A until point A is passed.

— '—-’ — I—— — l——
Pause key pressed S A IA B~B—~C ,C
— F'-= G — Repeat

Address larger than at point A (in seconds)



Manual search fwd/rev

1.
2.

Operates only during the play and pause modes.

If the manual search-FWD or REV key is pressed dur-
ing the play or pause mode, the elapsed time of the track
currently being searched is displayed for as long as the
key is held down and forward or reverse search is con-
ducted. The player returns to the play or pause mode
when the key is released.

. Manual search during disc play causes sound to be heard

at fixed intervals (-12dB, deemphasis on). After the key
is pressed, the first 4 seconds are passed over at five
times normal disc play speed as the play LED slowly
flashes on and off. The speed then changes to 20 times
normal speed and the play LED rapidly flashes on and
off.

. Manual search during the pause mode is silent. Search

speed is 60 times normal disc play speed and the play
LED flashes on and off even more rapidly.

. If manual search is used to return the pickup to the be-

ginning of the first song, the player switches to the
pause mode. If the pickup is advanced to the leadout
track, the display shows the word ““END’’ and the play-
er switches to the pause mode.

. Manual search during program play causes the pickup

to move rapidly forward or backward only over the cur-
rent song. If the pickup reaches the previous song, the
player switches to the pause mode at the beginning of
the current song.

How N times normal speed movement is done.

Ol

Fig. 3-43

During normal disc play, T is the amount of time re-

quired to go from point A to B (the time is about the same
for movement from point C to A).

E)

Therefore, moving to point D over the same time period

required to perform forward jump four times at point A
means that movement is being done at five times normal play
speed. In the same manner, moving to pint E over the amount
of time required to perform reverse jump six times also me-
ans that movement is being done at five times normal play
speed. High speed movement is performed, therefore, by al-
tering the number of jumps and the intervals. For example,
it is possible to move in the same manner to point D by using
one forward jump at an interval of t/4.

Track Search

1.

If the track search key is pressed during the play or
pause mode to raise or lower the track number shown
by the fluorescent display, track search is performed.
The play LED slowly flashes on and off during search
operation to show that search is being performed. The
play LED returns to normal when search is finished.

. The pickup moves forward one track if the track search

forward key is pressed once and moves ahead continu-
ously one track at a time if the key is held down. If the
track search reverse key is pressed once, the pickup
returns to the beginning of the current track. If the key
is held down, the pickup moves continuously back one
track at a time.

. If the table of contents has been read, forward and re-

verse track search is possible over the entire dise. If the
table has not been read, search is possible only from
track 1 through track 99.

. During program play, track search (skip) is possible over

the programmed tracks.

. If the play key is pressed after having selected a par-

ticular track number using the track search keys dur-
ing the stop mode, disc play is started from the track
number shown by the fluorescent display.

. Reverse track search is not possible while using search

for the first track on the disc (or the first programmed
track). Forward track search is not possible while us-
ing search for the last track on the disc (or the last pro-
grammed track).



Program Play

1. If the play key is pressed after loading a program (pro-
gram RAM-LED on), the programmed sequence of tracks
will be played in order.
During program play, the number of the track current-
ly being played is displayed. If a track search key is
pressed during program play, search is possible over all
programmed tracks. If a manual search key is pressed
during program play, the pickup can be moved rapidly
forward and backward only over the current track.

Program Clear

To clear program contents, press the open key or, during
the stop mode, the stop key. Program contents will not be
cleared if the stop key is pressed during program play.
Program LED on

Repeat

If the repeat key is pressed during normal disc play, the
repeat LED flashes on and off and the entire disc is played
repeatedly. If this key is pressed during program play, all
programmed tracks are played repeatedly. The repeat
mode is cancelled by pressing the repeat, stop/clear,
open/close or power key.

Time
The time key is pressed to switch between the elapsed time
and remaining time display modes.

Keys
The 0-9 numeric keys are used for direct track selection
and program entries.

PROGRAMMING
Program Input

1. Program Entries

Program input is possible only during the stop mode. A
desired track number is specified by the numeric keys and
then the program key is pressed to store that number in
the memory. If the table of contents has been read, track
numbers not on the disc will not be accepted. If the table
has not been read (for example, when the tray is still open),
all track numbers will be accepted. Any numbers not on
the disc will then be cleared automatically after the table
of contents has been read.

As tracks are programmed, the total playing time of the
program up to that point is displayed. Up to 32 steps can
be stored in the memory.

2. Program Checking

After a program has been entered, the programmed track
numbers can be displayed one by one in order by pressing
the track key when the player is in the stop mode.

3. Program Play

When a program has been entered, pressing the play key
causes the programmed tracks to be played in order. Dur-
ing program play, it is possible to add more tracks by per-
forming the programming entry procedure but it is not
possible to change or delete program entries.

4. Program Clear

Program contents are cleared if the open/close key is
pressed. During program play, pressing the stop key stops
disc play but it does not clear program contents. The stop
key must be pressed once more to clear program contents
as well.

Repeat

When the repeat key is pressed during normal disc play,
the repeat indicator lights and the entire disc is played
repeatedly. During program disc play, the programmed
tracks are played repeatedly. Repeat is cancelled if the re-
peat key is pressed once again.

&



EXAMPLE

During the stop mode

Pause for step 3

TIME
' n ot nn nn
TRACK G, moes 0 min O sec O <PAUSE>
B W B W R E BB EEROOQODODODRDO
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 = TOTAL
5} n n
O PLAY O PAUSE M DISC TRack 3f  woex 0P w1 sec 28
pGM O O O O R OO AR DODO0OQOQOCOODBCAO
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =
O PLAY W PAUSE M DISC
Track 5 for step 1 <PROGRAM>
TIME TOTAL TOTAL
ack 1 INDEX MIN SEC n n
TR 5s TRack PR woex 3 wmn 08 sec 78
mE M W EE B E R ENBRQOOODO o PGM 0 OO O® OO mRO0ODOC0OCOCOOd
1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 =» 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =
O PLAY O PAUSE B DISC O PLAY O] PAUSE m DISC
<PROGRAM>
TOTAL
TRack f1§  woex 7 { MK oy sec 1§ Track 2 for step 4
PGMDDDDIDDDDDDDDDDD
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 = n TOTAL
T O PAUsE B DEc TRACK UE INDEX MIN SEC
pM 0 O O O Wm OO m O OCOOQOGOO2O
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =
O PLAY [0 PAUSE W DISC
Track 8 for step 2 <PROGRAM>
TOTAL TOTAL
n MIN SEC I
TRACK UB INDEX TRACK UE INDEX U‘-f MmN f 1 sEC l-{g
PGMDDDDIDDDDDDDDE\DD pcM O B C O W O OB OOOQOOQC OO
1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 = 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =»
O PLAY [ PAUSE @ DISC O PLAY [ PAUSE W DISC
<PROGRAM> Programming is completed and the total playing time of
the three tracks is 11 min. 43 sec.
TOTAL
n n n
TRACK UE INDEX UE MIN UB SEC EE
PGMDDGDIDDIDDDDDDDD
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =
g PLAY [ PAUSE M DISC

Fig. 3-44




Index Search

During the play or pause mode, pressing the INDEX FWD
key moves the pickup ahead to the beginning of the next
index. The INDEX REV key moves the pickup back to the
beginning of the present index. Using the INDEX FWD/REV
keys during search causes the pickup to move to the in-
dex following (or preceding) the index currently being
searched.

EXAMPLE

To search track 3 of a disc containing 10 tracks.

TIME

Do - @& =

1 2 3 4 5 10 11 12 13 14 15

TRACK 03 INDEX a
=
6
[}

W PLAY

(NDEX FWD>

TIME
n
TRACK 33 INDEX uc-’ MIN SEC
OO m m m @ B @80 O00O0QOQO
1 2 3 4 S5 B 7 8 9 10 11 12 13 14 15 =
W PLAY [J PAUSE M DISC
GNDEX REWVD
TIME
n
TRACK {_"'3 INDEX u‘ MIN SEC
0O Om @ ®E @@ s ® 00 O0O0OaO
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 =
B PLAY [ PAUSE ® DISC

Index search is not possible during program disc play.

Fig. 3-45

Display Functions

Pressing the time key switches the display progressively
through three modes: time, remain and total. If a program
has been entered, the remain and total modes show the
remaining and total playing time of all programmed tracks.
If the time key is pressed after entering a track number
using the numeric keys, the total playing time of that track
is displayed for four seconds.
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Fig. 3-47
[@ZXXTRD Key operation
D SREEEY Not key operation
KEY | OPEN > n led >l - <« »> K | D
STOP/ PROGRAM| TIME 1o REPEA
conditio CLOSE PLAY PAUSE TRACK TRACK CLEAR L_____' MSEARCHRA | MSEARCHF | INSEARCHR | INLS.F KEY i
Play O X O O O O X O O O O O O O
Pause 0] O O O O O X O O O @] O O O
Stop O O O O O O O X X O O O O O
During the
track serch o x O o O ) X X x O O O @) O
During the
manual x x X x X X x x x X X X X X
search
Loading is o o o o 0 o) o x x
complated O @] O O @]
During the
loading in O © © O o x X x X O O Q (@] e}
During the
loading out O o © X X x X x X X x © x ©
During the
index serch O x o o o o x X x O O @] O @]

Table 3-6
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Fig. 3-48
Q-veee Key operation
Xoeuee Not key operation
KEY | OPEN > n lad [ m << > K< | B 10
condin C/I_D ce| PLAY | PAUSE | TRACK | TRACK SIEDEQ MSEARCHA | MSEARCHF | INsEARCHR| INSF | TVE | ey | FEPRAT
onditio
Play O X O O O O x O O @] ] O O O
Pause @] O O O O O X O O O O O O O
Stop @] O O O O @] O X X O O O O O
During the
X
track serch o O o o (@] X X X O O @] O @)
During the
manual X X X X X x x X X X X X X X
search
Loadingis | o o o 0 o o x x o olol|o]| o
complated
During the
toading in O O O O O X X X X O O O O O
During the
loading out o O O X x X X x X x x e} x o
During the
index serch O x O O o o) x X X @] O O O e}
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