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© An optical disk player provided with tilt servo

unit. A quadrant type photodetector (5) is used as

disk tilt detecting means, and the push-pull output is

issued as a disk tilt detecting signal. By simulta-

neous use of the photodetector (5) of the pickup (P),

there is no need to use special-purpose tilt sensor,

and this contributes to compact design of the pickup

(P) and to the reduction of manufacturing cost.
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The present invention relates to an optical disk

player, and more particularly to an optical disk

player provided with tilt servo unit.

In an optical video disk player, when disk-

shaped recording medium such as video disk

(hereinafter simply referred to as "disk") placed on

a turntable is warped, the information recording

surface of the disk is tilted relative to the optical

axis of the information reading light beam, which is

irradiated from the pickup, and coma aberration

occurs. As the result, the influence of the adjacent

track becomes stronger, and this leads to the in-

crease of crosstalk. To overcome this problem, a

tilt servo unit is used, which detects the tilt of the

information recording surface relative to optical axis

of the information reading light beam by a so-

called tilt sensor and controls the tilt of the pickup

according to the detected output so that the optical

axis of the information reading light beam is kept

perpendicular to the information recording surface

at all times.

As such tilt servo unit, various arrangements

have been proposed in the past. Because all of

these arrangements have special-purpose tilt sen-

sors near the pickup, and this hinders compact
design for pickup and also means the increased

production cost.

Tu sulve these piublems, ll iu ubject of H ie

present invention is to offer an optical disk player

provided with a tilt servo unit, which does not

require a tilt sensor for exclusive use, thereby

contributing to compact design of the pickup and

lower manufacturing cost.

The optical disk player according to the

present invention comprises: a pickup provided

with an objective lens for converging an irradiated

light beam on the information recording surface of

the disk and with a photodetector for receiving a

reflected light beam from the information recording

surface through the objective lens, the objective

lens and the photodetector being integrally and

movably arranged; a tracking servo unit consisting

of a servo loop, including means for generating a

tracking error signal, indicating the deviation of the

irradiated light beam spot in radial direction of the

disk in relation to the recording track of the disk

and also means for deviating the irradiated light

beam spot in radial direction of the disk according

to the tracking error signal; and a tilt servo unit for

controlling the irradiated light beam to be per-

pendicular to the optical axis of the information

recording surface according to a disk tilt detecting

signal, comprising disk tilt detecting means for

obtaining the disk tilt detecting signal by detecting

the tilt of the information recording surface in rela-

tion to the optical axis of the irradiated light beam,
wherein the photodetector consists of a pair of

photoelectric conversion elements arranged at least

in such manner that it is divided into two parts

along the direction of the recording track, and the

disk tilt detecting means issues the differential out-

put of the light receiving output of the pair of

5 photoelectric conversion elements when said servo

loop is in closed state and issues said disk tilt

detecting signal.

In the optical disk player according to the

present invention, at least a pair of photoelectric

10 conversion elements divided into two parts along

the recording track direction are furnished as the

photodetector of the pickup, and the differential

output of the light receiving outputs of the pair of

photoelectric conversion elements is obtained when
75 the tracking servo loop is in closed state and it is

issued as the disk tilt detecting signal. In the draw-

ings:

Fig. 1 is a cross-sectional view of an arrange-

ment of the pickup used in the optical disk

20 player of this invention;

Fig. 2 is a block diagram showing an arrange-

ment of signal processing system of the optical

disk player of this invention;

Fig. 3 is a theoretical diagram showing the rela-

25 tionship between the disk tilt and the disk tilt

detecting signal;

Fig. 4 shows the waveforms of a tracking error

signal—

(

a), reading—RF-signal-(b),"and"sample-

pulse (c);

30 Fig. 5 and Fig. 6 are block diagrams showing

actual arrangements of the sample pulse gen-

erating circuits; and

Fig. 7 shows operating waveforms of the circuits

of Fig. 5 and Fig. 6.

35 In the following, an embodiment of the present

invention will be described in detail with reference

to the accompanying drawings.

Fig. 1 is a cross-sectional view of an arrange-

ment of the pickup P to be used in an optical disk

40 player of this invention. In the body 1 of this pickup

P, there are provided a laser light source 2 for

- emitting laser light beam, a mirror 2 for reflecting

this laser light beam in the direction of the disk D,

an objective lens 4 for converging the incident light

45 beam on the information recording surface of the

disk D, and a photodetector 5 for receiving the

reflected light beam from the disk D through the

objective lens 4. Being driven by a tracking ac-

tuator (not shown), the body 1 including the objec-

50 tive lens 5 and the photodetector 5 is integrally

movable in the radial direction (<—) of the disk. The

body 1 is integrally movable in the direction of

optical axis by a focus actuator (not shown). Actual

arrangement of such pickup P by the present ap-

55 plicant is described in detail in the specification of

the Japanese Patent Application No. H2-1 35726 by

the present applicant.

Next, description is given on an arrangement of

2
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signal processing system of the optical disk player

according to the present invention in connection

vwth Fig. 2.

First, the photodetector 5 incorporated in the

pickup P is a so-called quadrant type photodetec-

tor comprising 4 photoelectric conversion elements

5a - 5d having the light receiving surface divided

into four parts by the division line Li along the

tangential direction of the track and by the division

line L2 perpendicular to it. It is arranged in such

manner that the center O of the light receiving

surface coincides with the optical axis of the re-

flected light beam from the disk D when the track-

ing state is adequately arranged. Of these 4 pho-

toelectric conversion elements 5a - 5d, the outputs

Sa and Sc of the photoelectric conversion elements

5a and 5c and the outputs Sb and Sd of the

photoelectric conversion elements 5b and 5d dis-

posed on diagonal lines are added by the adders 6

and 7 respectively. Also, the outputs of the sides

divided by the division line L2 , i.e. the outputs Sa
and Sd of the photoelectric conversion elements 5a

and 5d, and the outputs Sb and Sc of the pho-

toelectric conversion elements 5b and 5c are ad-

ded by the adders 8 and 9.

The added outputs (Sa + Sc) and (Sb + Sd)

of the adders 6 and 7 are supplied to the phase
comparator 14 through BPFs (band pass filters) 10

and 11 and limiters (LIM) 12 and 13. The phase

comparator 14 outputs the voltage proportional to

the phase difference of these two inputs. The
phase difference output of the phase comparator

14 is issued as a tracking error signal through LPF
(low pass filter) 15. The polarity and the level of the

tracking error signal indicate the deviation direction

and the deviation of the information reading beam
spot in radial direction of the disk in relation to the

recording track of the disk D. This tracking error

signal is selectively supplied to the tracking ac-

tuator (not shown) by a loop switch 16.

As described above, of the phase difference

generated between the outputs of 4 photoelectric

conversion elements 5a - 5d, the phase variation

component, which varies according to the deviation

of the information reading beam spot in radial di-

rection of the disk in relation to the recording track,

is detected, and the tracking error signal is gen-

erated. This is the so-called time difference detec-

tion method (the Japanese Patent Application Laid

Open No. S57.181433). and this method is ad-

vantageous in that it is not adversely affected by

the deviation of intensity distribution of the re-

flected light beam.

On the other hand, the added outputs (Sa +

Sd) and (Sb + Sc) of the adders 8 and 9 are

supplied to the subtractor 17, and the difference

between two outputs is obtained. This differential

output {(Sa + Sd) - (Sb + Sc)} is directly issued

as a disk tilt detecting signal when the tracking

servo loop is closed. If it is open, the sample hold

output by sample and hold circuit 18 is selected by

the selection switch and it is issued as the disk tilt

5 detecting signal through LPF 20. This disk tilt de-

tecting signal indicates the tilt of the information

recording surface of the disk D to the optical axis

of the information reading light beam. Specifically,

as shown in Fig. 3, when the disk D is tilted by the

10 angle AO from the surface perpendicular to the

optical axis of objective lens 4 in the radial direc-

tion, the optical axis of reflected fight beam is

shifted, and the beam spot is also displaced on the

light receiving surface of the quadrant type

rs photodetector 5. Accordingly, of 4 photoelectric

conversion elements 5a - 5d, DC offset corre-

sponding to the tilt of the disk D is generated on

the differential output {(Sa + Sd) - (Sb + Sc)} of

the sum of the outputs on the sides divided by the

20 division line Li along the tangential direction of the

track. This displacement of the beam spot is

f*2Ad, where f is the distance between the objec-

tive lens 4 and the disk D. The disk tilt detecting

signal thus obtained is supplied to the tilt actuator

25 (not shown) of the tilt servo mechanism, which

controls the optical axis of the information reading

light beam to be perpendicular to the information

recording surface of the disk D. As the tilt servo

mechanism, the one disclosed in the Japanese
30 Utility Model Application Laid Open No. S59-

168835 may be used. Thus, the disk tilt detecting

signal is used as the driving signal for the tilt motor

of the above tilt servo mechanism.

DC offset generated on the outputs {(Sa + Sd)

35 + (Sb + Sc)} is also generated by relative posi-

tional division between objective lens 4 and the

quadrant type photodetector 5. According to the

present invention, the objective lens 4 and quad-

rant type photodetector 5 are moved integrally, and
40 no offset occurs due to the relative positional de-

viation of objective lens 4 and quadrant type

photodetector 5. Therefore, DC offset generated on
the outputs {(Sa + Sd) + (Sb + Sc)} might as

well be regarded as caused by the disk tilt.

45 Because the quadrant type photodetector 5 for

detecting the tracking error signal is simultaneously

used for the generation of the disk tilt detecting

signal, there is no need to provide an exclusive

detector, which has hindered compact design of

so pickup in the past. This contributes to the compact
design of the pickup P and to the reduction of the

manufacturing cost.

The added outputs (Sa + Sd) and (Sb + Sc)

of the adders 8 and 9 are further supplied to the

55 adder 21 , and the sum of two outputs is obtained.

The total sum of the outputs {(Sa + Sd) + (Sb +

Sc)} of the photoelectric conversion elements 5a -

5d are supplied to the reproduction processing

3
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system as the reading RF signal, and it is supplied

to an input (b) of the sample pulse generating

circuit 23 through an envelope detection circuit 22.

The sample pulse generating circuit 23 uses the

tracking error signal as another input (a) and gen-

erates the sample pulse (c) of the sample hold

circuit 18 at zero-cross timing of the tracking error

signal (a) according to the tracking error signal (a)

and RF envelope signal (b) on on-track state, i.e.

when the information reading beam spot is on the

recording track.

When the differential output {(Sa + Sd) - (Sb

+ Sc)} is held by sample hold at zero-cross timing

of the tracking error signal (a) on on-track state

with the tracking servo loop in open state and when
DC component of the hold output is issued as the

disk tilt signal, an accurate disk tilt detecting signal

can be obtained even when the tracking servo loop

is in open state as during searching.

Fig. 5 and Fig. 6 show actual arrangements of

sample pulse generating circuit 23.

In Fig. 5, RF envelope signal (a) is supplied to

CL (clear) inputs of D-FF (flip-flop) 51 and 52, and

the tracking error signal (a) or (a') is supplied to a

clock input of D-FF 51 . It is further inverted by the

inverter 53 and is supplied to a clock input of D-FF

52. Q outputs of D-FF 51 and 52 are suuplied to a

"trigger input of MMV (munoslable mu ltivib r ato r )
55"

through OR gate 55. Then, the output pulse of this

MMV 55 becomes the sample pulse (c).

On the other hand, in Fig. 6 ( RF envelope

signal (b) is supplied to a D input of D-FF 61 , and it

is further inverted by the inverter 62 and is sup-

plied to an input of AND gate 63. The tracking error

signal (a) or (a*) is supplied to a clock input of D-FF

62 and becomes an input of EX-OR gate 64. Q
output of D-FF 61 is supplied to another input of

EX-OR gate 64, and the output of EX-OR gate 64

is supplied to another input of AND gate 63. The
output of AND gate 63 is supplied to a trigger input

of MMV 65. The output pulse of this MMV 65 is

turned to sample pulse (c). ~ -

Fig. 7 shows operating waveforms of the cir-

cuits of Fig. 5 and Fig. 6. (a) - (g) or (g
1

) represent

the waveforms of the signals (a) - (g) or (g*) in each

of these figures.

In the above embodiment, description has

been given to the case where the tracking error

signal is generated by the time difference method

in a so-called beam system using the quadrant

type photodetector 5, whereas the generation of

the tracking error signal is not limited to the time

difference method, and the so-called 3-beam meth-

od as widely known may be used. In case

photodetector 5 is not simultaneously used for the

generation of the tracking error signal as in the

case of 3-beam method, there is no need to use
the quadrant type photodetector as the photodetec-

tor 5, and 2-division photodetector may be used,

which consists of a pair of photoelectric conversion

elements with the light receiving surface divided

into two parts by division line along the direction of

5 the recording track.

Also, a straight line is used as the division line

of the photodetector in the above embodiment,
while the present invention is not limited to this. As
disclosed in the Japanese Provisional Patent Pub-

io lication No. 63-285732, the photodetector may be

divided by a curve, which is produced by projec-

ting the straight line in parallel or perpendicular to

the recording track on the disk on the photodetec-

tor through objective lens or optical component,

75 generating astigmatism for focusing.

As described above, in the optical disk player

of this invention, a photodetector consisting of at

least a pair of photoelectric conversion elements

divided into two parts along the direction of the

20 recording track provided as the photodetector of

the pickup, and the differential output of the light

receiving outputs of the pair of photoelectric con-

version elements is obtained when tracking servo

loop is in closed state, and this is issued as the

25 disk tilt detecting signal. Accordingly, there is no

need to use a special-purpose sensor, which has

been an obstacle in achieving compact design of

the pickup. Th is cunli ibules lu compact design uf~

the pickup and to the reduction of manufacturing

30 cost. Also, accurate detection can be accomplished

because detection unit is on the optical axis.

Claims

35 1. An optical disk player, comprising:

a pickup provided with an objective lens

for converging an irradiated light beam on the

information recording surface of the disk and

with a photodetector for receiving a reflected

40 light beam from said information recording sur-

face through the objective lens, said objective

lens~ and said photodetector being integrally

and movably arranged;

a tracking servo unit consisting of a servo

45 loop, including means for generating a tracking

error signal, indicating the deviation of said

irradiated light beam spot in a radial direction

of the disk relative to a recording track of the

disk and also means for deviating said irradi-

50 ated light beam spot in the radial direction of

the disk according to the tracking error signal;

and

a tilt servo unit for controlling said irradi-

ated light beam to be perpendicular to an

55 optical axis of said information recording sur-

face according to a disk tilt detecting signal,

comprising disk tilt detecting means for obtain-

ing the disk tilt detecting signal by detecting

4
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the tilt of said information recording surface

relative to the optica! axis of said irradiated

• light beam, wherein said photodetector con-

sists of at least a pair of photoelectric conver-

sion elements arranged in such manner thai

said photodetector is divided into two parts

along the direction of said recording track, and
said disk tilt detecting means issues a differen-

tial output of light receiving outputs of said pair

of photoelectric conversion elements when
said servo loop is in a closed state and issues

said differential output as said disk tilt detect-

ing signal.

a sample hold output of the sample hold

means is issued as said disk tilt detecting

signal.

2. An optical disk player as claimed in Claim 1, 75

wherein said photodetector consists of 4 pho-

toelectric conversion elements where said pair

of photoelectric conversion elements are fur-

ther divided along a direction parpendicular to

said recording track; 20

said tracking error signal generating

means detects a phase variation component
varying according to said deviation from a

phase difference generated between the out-

puts of said 4 photoelectric conversion ele- 25

ments, and issues it as said tracking error

signal; and

said disk tilt detecting means obtains a

differential output of sums of the outputs of

pairs of said photoelectric conversion elements 30

divided along the direction of said recording

track, of said 4 photoelectric conversion ele-

ments, and issues it as said disk tilt detecting

sign^l.

35

3. An optical disk player as claimed in Claim 2,

wherein means for issuing a sum total of the

outputs of said 4 photoelectric conversion ele-

ments is provided as reading RF signal.

40

4. An optical disk player as claimed in Claim 1,

wherein said disk tilt detecting means is pro-

vided with sample hold means for sample-

holding said differential output at a zero-cross

timing of said tracking error signal when said 45

irradiated light beam spot is on said recording

track with said servo loop in an open state, and
a sample hold output of the sample hold

means is issued as said disk tilt detecting

signal. so

5. An optical disk player as claimed in Claim 2,

wherein said disk tilt detecting means is pro-

vided with sample hold means for sample-

holding said differential output at a zero-cross 55

timing of said tracking error signal when said

irradiated light beam spot is on said recording

track with said servo loop in an open state, and

BNSDOCID: <EP 046B613A2_t_>
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© Optical disk player.

© An optical disk player provided with tilt servo

unit. A quadrant type photodetector (5) is used as

disk tilt detecting means, and the push-pull output is

issued as a disk tilt detecting signal. By simulta-

neous use of the photodetector (5) of the pickup (P).

there is no need to use special-purpose tilt sensor,

and this contributes to compact design of the pickup

(P) and to the reduction of manufacturing cost
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