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1
OPTICAL DISC APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is a Reissue of U.S. application Ser. No.

09/660,766 (filed Sep. 13, 2000) which issued as U.S. Pat.
No. 6,400,663 (issued Jun. 4, 2002).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to an optical disk apparatus
for optically reproducing/recording a signal from/to an
information medium (e.g., an optical disc) using a light
beam from a light source such as a semiconductor laser.
More particularly, the present invention relates to an optical
disc apparatus which performs a focus servo.

2. Description of the Related Art

In order to optically reproduce/record information from/to
an mmformation medium using a light beam from a light
source such as a laser, 1t 1s necessary to perform a focus
servo so that the focal point (converging point) of the laser
beam always stays on the imnformation surface of the infor-
mation medium. In order to achieve this, an operation called
a focus pull-1n 1s performed. That 1s to move an object lens,
prior to the focus servo, so that the focal point of the laser
beam 1s brought to the information surface of the informa-
tion medium.

According to a conventional method such as described 1n
Japanese Laid-open Publication No. 62-33340, 11 the focus
pull-in fails, the rotation and the phase of the disc 1s shifted
and the focus pull-in 1s attempted again. FIG. 20 shows an
optical disc apparatus performing the focus servo by a focus
pull-in 1n such a manner.

The optical disc apparatus 1n FIG. 20 includes an optical
system for irradiating a light beam on a disc 101 (1.e., an
information medium) and forming a light beam spot 111
thereon. The optical system includes a light source 103, e.g.,
a semiconductor laser, for generating a light beam 110 and a
converging lens 107. The optical disc apparatus further
includes a disc motor 102 for rotating the disc at a predeter-
mined number of revolutions. The light beam 110 emuitted
from the light source 103 1s converged by the converging
lens 107, whereby the light beam spot 111 1s formed on the
information surface of the disc 101. A focus actuator moves
the converging lens 107 1n a direction perpendicular to the
disc surface, thereby changing the position of the focal point
of the light beam. The reflecting light from the light beam
spot 111 on the disc 101 passes through the converging lens
1077 and then enters a 4-region photodetector 109.

The 4-region photodetector 109 1s divided into four
regions A to D. The signals detected by the diagonally posi-
tioned regions are added together by an adder 121, whereby
summation signals are created. Specifically, the signals
detected by the regions A and D are added to create a sum-
mation signal A+D), and the signals detected by the regions B
and C are added to create a summation signal B+C. The
summation signal B+C 1s then subtracted from the summa-
tion signal A+D, whereby a differential signal 1s created. A
focus error signal FE 1s created from the differential signal
by using an astigmatic method in which the differential sig-
nal 1s smoothed by a low pass filter (LPF) 123. The focus
error signal FE 1s mput to a digital signal processor (DSP)
125, and then through filter calculation such as adding,
multiplying, shift processing by a focus servo control section
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125a, a drive signal FOD 1s created and output from the DSP
125. The current of the drnive signal FOD 1s amplified by a
focus driving circuit 126, thereby driving a focus actuator
127. Accordingly, the focus servo 1s achieved.

During a reproducing/recording of the information, the
optical disc not only rotates but also moves up and down in a
direction perpendicular to the information surface of the
disc, 1.e., axial deviation occurs. Reterring to FIG. 21, the
problem of the focus pull-in will now be described in the
case where the axial deviation 1s significant. FIG. 21 shows
the relationship between the focal point of the light beam
and the position of the information surface on the disc.

As shown 1n FIG. 21, 1n the case where the relative speed
of the information surface of the disc to the focal point 1s
great due to the axial deviation during a high-speed rotation
of the disc, the focus servo can not follow the axially deviat-
ing motion of the disc and therefore the focus pull-in fails.
As a result, the focus servo 1s not achieved. In order to solve
this problem, 1n the conventional example shown 1n FIG. 20,
the rotation phase of the disc 1s detected using a rotation
phase detector 112 and the focus pull-in section 125b 1n the
DSP 125 repeatedly conducts the focus pull-in attempt by
changing the movement of the focal point of the converging
lens, as shown by a through d in FIG. 21. Based on the
detected rotation phase of the disc, the focus pull-in 1s
repeated. When the rotation phase of the lens comes to the
point where the relative speed of the information surface of
the disc to the focal point becomes mimmum, the focus
servo 1s achieved.

When a disc 1s rotated for high-speed reproduction, the
acceleration of eccentricity and the acceleration of axial
deviation of the optical disk increase in proportion to the
square ol the rotation speed of the disc. In order to follow
this acceleration of the axial deviation, the gain crossover
point of the servo system and the thrust of the actuator are
increased according to the conventional method. However, a
significant axial deviation of the disc reduces the range of
the disc rotation phase 1n which the speed of the axial devia-
tion 1s at or below the level at which a successtul focus
pull-in 1s possible. Therefore, it 1s possible to change the
focus point of the light beam by small steps. This reduces the
possibility of obtaining the rotation phase in which a suc-
cessiul focus pull-in 1s possible. As a result, the number of
focus pull-in attempts increases and thus i1t takes longer
before a successtul focus pull-in.

SUMMARY OF THE INVENTION

According to one aspect of this mvention, there 1s pro-
vided an optical disc apparatus imncluding: a converging sec-
tion for converging a light beam and 1rradiating a rotating
information medium with the converged light beam; a mov-
ing section for moving the converging section, thereby mov-
ing a converging point of the converged light beam 1n a
direction perpendicular to an information surface of the
information medium; a converging state detection section
for generating a focus servo signal which represents a con-
verging state of the light beam on the mformation medium
based on retlected light or transmuitted light of the light beam
from the information medium; a focus servo control section
for controlling the moving section based on the focus servo
signal, so that the light beam reaches a predetermined con-
verging state on the information medium; and a focus pull-in
section for turning ON the control by the focus servo control
section, wherein the focus pull-in section turns ON the con-
trol by the focus servo control section in a case where the
focus pull-1n section determines that the converging point of
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the light beam 1s located in the vicinity of the minimum
velocity position on the information medium axial deviation.

In one embodiment of the invention, the optical disc appa-
ratus further includes an S-shape signal detection section for
detection S-shape signals which appear 1n the focus servo
signal when the converging point of the light beam contacts
the information surface of the information medium, wherein
the focus pull-in section determines whether or not the con-
verging point of the light beam 1s located 1n the vicinity of
the minimum velocity position on the mformation medium
axial deviation.

In another embodiment of the invention, the optical disc
apparatus further includes a detected interval measuring sec-
tion for measuring an interval between temporally adjoining,
two of the S-shape signals, wherein the focus pull-1n section
determines that the converging point of the light beam 1s
located 1n the vicimity of the minimum velocity position on
the information medium axial deviation when the interval
exceeds a predetermined first period of time.

In still another embodiment of the invention, the S-shape
signal detection section detects the S-shape signals by either
moving the converging point of the light beam toward or
away from the information surface of the information
medium, or making the converging point of the light beam
wait at a predetermined position.

In still another embodiment of the invention, the S-shape
signal detection section detects the S-shape signals by retry-
ing to move the converging point of the light beam toward
the information surface of the mformation medium at a pre-
determined speed, 1n the case where the 1interval 1s not output
from the detected interval measuring section after the elapse
ol time required for one revolution of the information
medium.

In still another embodiment of the invention, a retry speed
of the converging point of the light beam 1s set so as to be
smaller than a speed of the previous toward or away from the
information surface of the information medium.

In still another embodiment of the 1invention, the S-shape
signals are detected by making the converging point of the
light beam wait at a predetermined position in the case
where the interval 1s not output from the detected interval
measuring section after the elapse of the first period.

In still another embodiment of the mvention, the optical
disc apparatus further includes a time width measuring sec-
tion for measuring a time width of a predetermined portion
of an S-signal, wherein the focus pull-in section determines
that the converging point of the light beam 1s located 1n the
vicinity of the minimum velocity position on the information
medium axial deviation when the interval exceeds a prede-
termined second period of time.

In still another embodiment of the invention, the S-shape
signal detection section detects the S-shape signal by either
moving the converging point of the light beam toward or
away from the information surface of the information
medium, or making the converging point 1n the light beam
wait at an predetermined position.

In still another embodiment of the invention, the S-shape
signal detection section detects the S-shape signals by retry-
ing to move the converging point of the light beam toward
the information surface of the invention medium at a prede-
termined speed, in the case where the interval 1s not output
from the detected interval measuring section after the elapse
ol time required for one revolution of the information
medium.

In still another embodiment of the mnvention, a retry speed
of the converging point of the light beam 1s set so as to be
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smaller than a speed of the previous motion toward or away
from the information surface of the information medium.

In still another embodiment of the invention, the S-shape
signal detection section detects the S-shape signals by mak-
ing the converging point of the light beam wait at a predeter-
mined position in the case where the interval 1s not output
from the detected interval measuring section aiter the elapse
of the time required for one revolution of the information
medium after the time when one of the S-signals was
detected, or the elapse of the first period which 1s slightly
shorter than the time required for one revolution of the infor-
mation medium.

In still another embodiment of the invention, the focus
pull-in section turns ON the control by the focus servo con-
trol section when 1t 1s detected that the level of the focus
servo control section reaches a predetermined pull-in level.

In still another embodiment of the invention, the focus
pull-in section further includes a moving speed switching
section for switching the moving speed of the converging
point of the light beam 1n response to the polarnity of the
S-signals when the focus pull-in section moves the converg-
ing point of the light beam toward or away from the informa-
tion surface of the information medium.

In still another embodiment of the invention, the focus
pull-in section further includes a moving speed switching
section for switching the moving speed of the converging
point of the light beam 1n response to the polarnty of the
S-signals when the focus pull-in section moves the converg-
ing point of the light beam toward or away from the informa-
tion surface of the information medium.

In still another embodiment of the mvention, the optical
disc apparatus further includes a rotation speed measure-
ment section for measuring the rotation speed of the infor-
mation medium wherein the focus pull-in section sets the
first period of time or the predetermined speed based on the

rotation speed measured by the rotation speed measurement
section.

In still another embodiment of the imvention, the optical
disc apparatus further includes a rotation speed measure-
ment section for measuring the rotation speed of the infor-
mation medium wherein the focus pull-in section sets the
second period of time or the predetermined speed based on
the rotation speed measured by the rotation speed measure-
ment section.

In still another embodiment of the ivention, the optical
disc apparatus further includes a information medium 1den-
tification section for 1dentifying the type of the information
medium by a signal based on reflecting light or transmitting
light from the information medium, wherein the focus pull-
in section determines a moving speed or a waiting position
of the converging point of the light beam when the focus
pull-in section moves the converging point of the light beam
toward or away from the information surface of the informa-
tion medium, or makes the converging point of the light
beam wait at a predetermined position.

In still another embodiment of the invention, the conver-
sion point of the light beam, moving toward the information
surface of the mformation medium, 1s kept at a predeter-
mined driving value based on the detection result of the type
of the information, whereby the conversion point of the light
beam 1s kept from approaching unnecessarily close to the
information medium.

In still another embodiment of the ivention, the optical
disc apparatus includes a lower limit detection section for
detecting the lower limit of an output signal of the focus
servo control section or an input signal thereotf during the
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operation of the focus servo control section, and a lower
limit storing section for storing the detected lower limiat,
wherein, 1n the case where the focus servo control section 1s
restarted after the focus servo control section 1s OFF: 1t 1s
determined that the converging point of the light beam 1s 1n
the vicinity of the minimum velocity position on the infor-
mation medium axial deviation position when the convers-
ing point of the light beam contacts on the information sur-
tace of the information medium until the output signal or the
drive signal reaches the lower limit by driving the moving
section; and the focus pull-1n section performs a retry opera-
tion which restarts the control by the focus servo control
section when 1t 1s determined that the level of the focus servo
signal reaches a predetermined pull-in level.

In still another embodiment of the invention, the lower
limit storing section stores move then one lower limit which
corresponds to more than one location located 1n the radius
direction of the information medium, and the optical disc
apparatus further includes a calculation section for calculat-
ing the lower limit corresponding a predetermined location

1n a radius direction of the information medium based on the
at least one lower limait.

In still another embodiment of the invention, the lower

limit detection section operates during the operation of the
focus servo control section, whereby the stored value of the
lower limit storing section 1s continuously updated.

Thus, the invention described herein makes possible the
advantages of providing an optical disc apparatus capable of
performing a quick and stable focus servo even in the case
where the optical disc rotates at a high speed and the axial
deviation 1s significant.

These and other advantages of the present invention will
become apparent to those skilled 1n the art upon reading and
understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a structure of an optical disc device
according to Example 1 of the present invention;

FI1G. 2 illustrates the determination of the positional rela-
tionship between the focal point of the converging lens and
the information surface of the disc according to Example 1;

FIG. 3 1s a flowchart for the determination process of FIG.

2;
FI1G. 4 illustrates a focus pull-in according to Example 1;

FIG. 5 illustrates the determination of the positional rela-
tionship between the focal point of the converging lens and
the information surface of the disc according to Example 1;

FIG. 6 illustrates the determination of the positional rela-
tionship between the focal point of the converging lens and
the information surface of the disc according to Example 1;

FI1G. 7 illustrates the determination of the positional rela-
tionship between the focal point of the converging lens and
the information surface of the disc according to Example 1;

FIG. 8 illustrates the wavelorms of S-shape signals 1n a
focus error signal FE;

3

FIG. 9 illustrates the wavelforms of S-shape signals 1 a
focus error signal FE;

FIG. 10 1llustrates the wavelorms of S-shape signals in a
focus error signal FE;

FIG. 11 1llustrates a structure of an optical disc device
according to Example 2 of the present invention;

FI1G. 12 1llustrates the determination of the positional rela-
tionship between the focal point of the converging lens and
the information surface of the disc according to Example 2;
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FIG. 13 1s a flowchart for the determination process of
FIG. 12;

FIG. 14 illustrates the determination of the positional rela-
tionship between the focal point of the converging lens and
the information surface of the disc according to Example 2;

FIG. 15 1llustrates a structure of an optical disc device
according to Example 3 of the present invention;

FIG. 16A 1llustrates the relationship between the thick-
ness of the disc base material and the focal point;

FIG. 16B 1illustrates the relationship between the thick-
ness of the disc base material and the focal point;

FIG. 16C 1illustrates the relationship between the thick-
ness of the disc base material and the focal point;

FIG. 17 1s a flowchart 1llustrating the determination of the
positional relationship between the focal point of the con-
verging lens and the information surface of the disc accord-
ing to Example 3;

FIG. 18 1llustrates a structure of an optical disc device
according to Example 4 of the present invention;

FIG. 19A 1llustrates the movement of the information sur-
face of the disc due to the axial deviation.

FIG. 19B illustrates the waveform of the focus error signal
(FE) generated 1n response to the movement 1n FIG. 19A.

FIG. 19C 1illustrates the waveform of the output signal of
the focus servo control section 125a (LPF output) through a
low pass filter.

FIG. 20 1llustrates a structure of a conventional optical
disc device; and

FIG. 21 illustrates the focus pull-in operation according to
the conventional optical device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A rotating optical disc sways up and down 1n a perpen-
dicular direction to the information surface (1.e., axial devia-
tion of the disc occurs). The axial deviation occurs 1n syn-
chronization with the rotation of the disc motor and the
speed of the axial deviation 1s smallest when the information
surface reaches the phase in the swaying range which 1s
nearest to the object lens (1.e., the lower axial deviation
limit). Since the relative speed of the information surface of
the disc to the focal point becomes minimum when the focal
point of the light beam 1s at the minimum velocity position,
the focus pull-in 1s achieved 1n this phase of the disc. The
term lower axial deviation limit i1s herein alternatively
referred to as the minimum velocity position on the informa-
tion medium axial deviation.

In view of the above, a focus pull-1n section in the optical
disc apparatus of the present invention {first determines
whether or not the focal point of the light beam 1s located in
the vicinity of the minimum velocity position on the infor-
mation medium axial deviation. If it 1s determined that the
focal point of the light beam 1s located 1n the vicinity of the
minimum velocity position on the information medium axial
deviation, the focus pull-in section turns ON a control of a
focus servo control section. This position determination 1s
carried out using S-shape signals which appear 1n a focus
servo signal when the focal point of the light beam contacts
the information surface of the information medium.

Examples of the present invention will now be described
with a special reference to structures and methods used for
the position determination by the focus pull-in section.

EXAMPLE 1

FIG. 1 shows a structure of an optical disc apparatus 100
according to Example 1 of the present invention.
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The optical disc apparatus 100 includes an optical system
for irradiating a light beam on a disc 101 (1.e., an information
medium) and forming a light beam spot 111 thereon. The
optical system includes a light source 103, e.g., a semicon-
ductor laser, for generating a light beam 110, a coupling lens
104, a polarization beam splitter 105, a polarization holo-
gram c¢lement 106, and a converging lens 107. The optical
disc apparatus 100 further includes a disc motor 102 for
rotating the disc at a predetermined number of revolutions
per minute. The rotation speed of the disc 101 can be
detected by the frequency generator (FG) 130. The light
beam 110 emitted from the light source 103 1s converged by
the converging lens 107, whereby the light beam spot 111 1s
formed on the information surface of the disc 101. A focus
actuator 127 moves the converging lens 107 1n a direction
perpendicular to the disc surface, thereby changing the posi-
tion of the focal point of the light beam. The reflecting light
from the light beam spot 111 on the disc 101 passes through
the converging lens 107 and then enters a 4-region photode-
tector 109. Although the 4-region photodetector 109 1n the
structure 1n the FIG. 1 detects reflecting light from the disc
101, the 4-region photodetector 109 may alternatively detect
transmitted light by appropriately modifying the structure of
the apparatus or the arrangement of the sections in the appa-
ratus.

The 4-region photodetector 109 1s divided into four
regions A to D. The signals detected by the diagonally posi-
tioned regions are added together by an adder 121, whereby
summation signals are created. Specifically, the signals
detected by the regions A and D are added to create a sum-
mation signal A+D, and the signals detected by the regions B
and C are added to create a summation signal B+C. The
summation signal B+C 1s then subtracted from the summa-
tion signal A+D, whereby a differential signal 1s created. A
tocus error signal FE 1s created from the differential signal
by using an astigmatic method in which the differential sig-
nal 1s smoothed by a low pass filter (LPF) 123. The focus
error signal FE represents the converging state of the light
beam and 1s herein alternatively referred to as a focus servo

signal. The focus error signal FE 1s mput to a digital signal
processor (DSP) 125 through an A/D converter 1251.

The DSP 125 1ncludes a focus servo control section 125a,
a focus pull-in section 125p, and a switch 125¢g for closing a
focus servo. These elements are constituted using a core
program (U code, etc.) stored in the DSP 125. The focus
pull-in section 125p includes a control section 123q, an
S-shape signal detection section 125h, a detected interval
measuring section 123d, an interval comparing section 125c¢,
and a lens position moving section 1251. The DSP 1235 also
includes the A/D converter 1251 for taking in the focus error
signal FE and a D/A converter 1257 for outputting a focus
driving signal FOD.

The focus error signal FE 1s mput to the focus pull-in
section 125p and the focus servo control section 125a
through the A/D converter 1251. At the beginning of the
focus pull-in operation, the switch 125¢ 1s coupled to the
lens position moving section 1251, The focus pull-in section
125p performs the pull-in operation based on the focus error
signal FE (This operation will be described later 1n more
detail).

If the pull-in 1s successiul, switch 125g switches so as to
be coupled to the focus servo control section 1235a and then
the focus servo control section 125a carried out filter calcu-
lations such as adding, multiplying, and/or shiit processing,
thereby creating the focus driving signal FOD, which 1s then
output to a focus driving circuit 126 through the D/A con-
verter 1235). The focus driving circuit 126 amplifies the cur-
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rent of the focus driving signal FOD and drives a focus
actuator 127. Accordingly, the focus servo 1s achieved 1n a
manner where the light beam 110 on the disc 101 brought
into a predetermined converging state.

With reference to FIGS. 2 and 3, the focus pull-in opera-
tion will now be described 1n more detail. According to the
focus pull-in operation of the present mnvention, a position
determination 1s first carried out 1n which whether or not the
converging point of the light beam 1s located 1n the vicinity
of the mmmimum velocity position on the mmformation
medium axial deviation 1s determined. FIG. 2 illustrates the
determination of the positional relationship between the
focal point of the converging lens and the information sur-
face of the disc, and FIG. 3 1s a flowchart for explaining the
determination process of FIG. 2.

In order to prevent a collision of the converging lens 107
with the disc 101, the 1nitial distance between the converging
lens 107 and the disc 101 should be set with an appropnate
allowance. In this state, the focal point of the light beam 1s at
Point O. The switch 125g 1s coupled to the lens position
moving section 1251, and the output of the lens position
moving section 1251 1s output as the focus driving signal

FOD through the D/A converter 125;.

The lens position moving section 1251, which 1s con-
trolled by the control section 125q, outputs triangle shape
waves for maintaining the position of the converging lens
107, or triangular waves for moving the converging lens 107
toward or away from the disc 101 at a predetermined speed.

The focus driving signal FOD, which 1s output from the
lens position moving section 1251 through the D/A converter
1251, 1s used for moving the converging lens 107 toward the
information surface of the disc 101. The focus driving signal
FOD 1s set so as to move the converging lens 107 from Point
O to Point A 1n FIG. 2 at a relatively high speed, thereby
reducing the time required for the operation (Step S10 in

FIG. 3).

S-shape signals appear 1n the focus servo signal when the
converging point of the light beam contacts the information
surface of the mnformation medium (e.g., at point A). The
S-shape signals are detected by the S-shape signal detection
section 125h. When the detected S-shape signal 1s mput to
the control section 125q from the S-shape signal detection
section 125h, the control section 125q instructs the lens posi-
tion moving section 1251 so as to move the converging lens
107 1 a direction away from the information surface of the
information medium in a manner where the light beam fol-
lows the points B, C, D. . . at a relatively low speed (Steps
S11, S12, and S13). The relatively low speed 1s preferably a
speed sulficiently lower than the velocity of the axial devia-
tion of the disc, so that the detection of the S-shape signal 1s
accurately carried out.

The detected interval measuring section 123d measures
the time of an interval of temporally adjacent pairs of
S-shape signals. The interval comparing section 125¢ com-
pares the interval detected by the detected interval measur-
ing section 125d and a predetermined first period T1. The
first period T1 1s preferably set as the time required for sub-
stantially one revolution of the disc or slightly shorter. When
the interval detected at any moment of the operation exceeds
the first period T1 (Point H 1n FIG. 2), the control section
125q determines that the Convergmg point of the light beam
1s located 1n the vicinity of the minimum velocity position on
the information medium axial deviation.

Based on this determination result, the control section
1259 then determines the level of the focus error signal FE
for turning ON the control of the focus servo control section
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125a. This operation will now be described with reference to
FIG. 4. When 1t 1s determined that the converging point of
the light beam 1s located in the vicinity of the minimum
velocity position on the information medium axial deviation
(1.e., 1n the vicinity of Point H in FIG. 2), the control section
125q starts moving the converging lens 107 toward the disc
101 by quite small steps. As the converging lens 107
approaches to the disc 101, the focus error signal FE changes
as shown 1n FI1G. 4. When the focus error signal FE reaches
the focus pull-n level (i.e., Point P 1n FIG. 4), the control
section 125 switches the switch 125g so as to couple the
switch 125¢g to the focus servo control section 123a (1.e., the
focus servo 1s closed). The output of the focus servo control
section 123a 1s output through the D/A converter 12357. In
response to this output, the converging point of the light
beam i1s pulled in toward the target control point M. The light
beam follows the disc 101 so as to create a predetermined
converging state at Point M (Steps S14, S135, S16). The pull-
in level can be set 1n terms of, e.g., the amount of the axial
deviation, the number of disc revolution, control level of the

focusing or tracking, or the like.

As shown 1 FIG. §, 11 the output of the detected interval
measuring section 125d exceeds the time T2 required for the
one revolution of the disc, 1t 1s determined that the focal
point of the converging lens 107 has already passed by the
lower axial deviation limit. Therefore, the control section
125g moves the converging lens 107 toward the information
surface of the disc 101 at a still lower speed (in order to
stabilize the pull-in, 1t 1s preferable to set the speed lower
than the speed at which the converging lens 107 was moved
away from the disc). The pull-in level 1s determined with
regard to the subsequently detected focus error signal FE and

then the switch 125g 1s switched, thereby the focus pull-in
operation 1s achieved (Steps S17 and S18 in FIG. 3).

As shown 1 FIG. 6, if the next S-shape signal i1s not
detected (1.e., the detected interval measuring section 125d
does not generate an output) even atter the elapse of the first
period T1 after the time when the previous S-shape signal 1s
detected, the control section 1259 sends an 1nstruction signal
to the lens position moving section 1251 so as to stop the
motion of the lens position moving section 1251, thereby
making the converging point of the light beam wait at Point
(G, which 1s located 1n the vicinity of the lower axial devia-
tion limit. As the disc deviates down toward the converging,
lens 107, next S-shape signal 1n the focus error signal FE 1s
detected. With regard to the S-shape signal, the focus pull-in
level 1s determined 1n the manner described above. Based on
the result of the level determination, the control section 123q
outputs a signal for switching the switch 125g which 1s
coupled to the lens position moving section 12351, to be
coupled to the focus servo control section 125a (Point H 1n
FIG. 6), whereby the output of the focus servo control sec-
tion 125a 1s output through the D/A converter 1235;. The
focus servo 1s thus achieved. According to this method, the
time required for the focus pull-in can be reduced.

When the focal point exceeds the upper side of the infor-
mation surface of the disc 101, the time required for the
tocus pull-1n can be reduced by lowering the converging lens
107 at a relatively high speed, as shown 1n FIG. 7. In order to
determine whether the focal point 1s located at the upper side
ol the information surface or the lower side of the informa-
tion surtace, the polarity of S-shape signals in the focus error
signal FE 1s used. This determination process will now be

described with reterence to FIGS. 8 and 9.

As shown 1n FIGS. 8 and 9, S-shape signal detection lev-
els L1 and L2 are set so as to be levels which are approxi-
mately 50% of one half of the amplitude of an S-shape signal
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in the focus error signal FE. The S-shape signal detection
section 125h detects that the level of the focus error signal
FE reaches L1 and L2, and then outputs to the control sec-
tion 1259 a 81gnal Wthh indicates that the level of the focus
error signal FE 1s beyond the levels L1 and L2. When the
polarity of the focus error signal FE changes in L1-L.2 order,

the control section 125g moves the converging lens 107
away from the information surface of the disc 101 at a rela-
tively high speed. When the polarity of the focus error signal
FE changes in L.2-L1 order, the control section 125q moves
the converging lens 107 away from the mformation surface
of the disc 101 at a relatively low speed. The operation
described above provides the motion of the converging lens
107 as described in FIG. 7, thereby reducing the time
required for the converging lens 107 to reach the lower axial
deviation limit, which 1s the phase the focus pull-in 1s pos-
sible. Such a section for switching the moving speed of the
converging lens 107 in response to the polarity of the
S-shape signal may be incorporated into the control section
125q.

Furthermore, by providing a structure 1n which the output
of the frequency generating circuit (FG) 130 mnputs to the
control section 123q, it 1s possible to detect the number of
the disc revolutions per minute, whereby an automatic set-
ting of the first period T1 and the one rotation time 12, which
are used for the comparison with the intervals of the S-shape
signals. With such a configuration, it 1s also possible to
switch the moving speed of the converging lens 107 toward/
away from the disc 101 in terms of the number of the disc
revolution.

As described above, according to Example 1 of the
present invention, the pull-in operation 1s started after
detecting that the converging point of the light beam 1is
located 1n the vicinity of the position where the axial devia-
tion velocity of the disc 1s substantially minimum.
Therefore, even 1f the rotation speed of the disc 1s high and
the axial deviation speed 1s significant, 1t 1s possible to pre-
vent the disc from colliding to the converging lens 107 and
prevent an overcurrent from flowing, thereby achieving a
stable focus pull-in.

Although according to the optical disc apparatus 100 1n
FIG. 1, the disc 101 is positioned horizontally and the con-
verging lens 107 1s located under the disc 101, the present
invention 1s not limited by the positional relationship
between the disc and the converging lens. For example, the
disc can be placed vertically and the converging lens can be
moved horizontally. This 1s also applicable to Examples 2 to
4 described later.

Sections usually included in an optical disc apparatus,
such as a tracking control section, a tracking drive circuit, a
tracking actuator, etc. are not shown 1 FIG. 1. Conventional
structures can be used for these sections, and thus the expla-
nation thereof 1s omitted. This 1s also applicable to Examples
2 to 4 described later.

EXAMPLE 2

An optical disc apparatus according to Example 2 of the
present invention will now be described. According to
Example 2, whether or not the converging point of the light
beam 1s located 1n the vicinity of the mimimum velocity posi-
tion on the mformation medium axial deviation 1s deter-
mined by a focus pull-in section by measuring the time
width of a predetermined portion of an S-signal in a focus
error signal FE. With reference to FIG. 10, the principles for
the process will now be described.

FIG. 10 illustrates an S-shape signal 1n a focus error signal
FE. The level L represents the level of the amplitude, which
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1s 50% of half the amplitude of the S-shape signal, and T
represents the time interval between the time at which the
amplitude reaches the level L and the time at which the
amplitude returns the level L. Shorter the interval T, faster
the relative speed of the information surface to the converg-
ing lens 107, and longer the interval T, slower the relative
speed of the mnformation surface to the converging lens 107.
A small relative speed means that the converging point of the
light beam 1s located 1n the vicinity of the minimum velocity
position on the information medium axial deviation. Accord-
ing to the present example, by measuring the time width of a
predetermined portion of an S-signal 1n a focus error signal
FE (i1.e., the portion corresponding to the level L), the rela-
tive speed of the information surface to the converging lens
107 1s detected. The level L 1s not limited to 50% of half the
amplitude of the S-shape signal. It may be set greater or
smaller than 50% of half the amplitude of the S-shape signal.

FIG. 11 1illustrates a structure of an optical disc device
according to Example 2 of the present invention. Configura-
tions other than the focus pull-in section 125p are substan-
tially the same as the configurations shown in Example 1
(FIG. 1). The operation of the focus pull-in section in
Example 2 will now be described. The explanations for the
other sections will be omitted.

As shown 1n FIG. 11, the focus pull-in section according
to the present example includes an S-shape signal time width
measuring section (time width measuring section) 1251
instead of the detected interval measuring section 125d 1n
Example 1 (FIG. 1). The mterval T shown i FIG. 10 1s
measured by the S-shape signal time width measuring sec-
tion 1251.

With reference to FIGS. 11, 12 and 13, 1t will be described

how the process for determining whether or not the converg-
ing point of the light beam 1s located 1n the vicinity of the
mimmum velocity position on the information medium axial
deviation 1s performed by measuring the time width of a
predetermined portion of an S-signal. FIG. 12 illustrates the
determination of the positional relationship between the
tocal point of the converging lens and the information sur-
face of the disc according to the present example, and FIG.

13 1s a tlowchart for explaining the determination process of

FIG. 12.

In order to prevent a collision of the converging lens 107
with the disc 101, the initial distance between the converging
lens 107 and the disc 101 should be set with an appropriate
allowance. In this state, the focal point of the light beam 1s at
Point O. The switch 123g 1s coupled to the lens position
moving section 1251, and the output of the lens position

moving section 1251 1s output as the focus driving signal
FOD through the D/A converter 125;.

The lens position moving section 1251 first outputs a focus
driving signal FOD through an D/A converter 1257, for mov-
ing a converging lens 107 toward an information surface of a
disc 101. The focus driving signal FOD 1s set so as to move
the converging lens 107 from Point O to Point A 1n FIG. 12

at a relatively high speed, thereby reducing the time required
for the operation (Step S20 1n FIG. 13).

At Point A 1n FIG. 12, an output signal of the S-shape
signal time width measuring section 1251 1s input to the con-
trol section 125q from the S-shape signal time width measur-
ing section 1231. The control section 1235q then nstructs the
lens position moving section 1251 so as to move the converg-
ing lens 107 1n a direction away from the imnformation sur-
face of the information medium in a manner where the light
beam follows the poimnts B, C, D. . . at a relatively small

speed (Steps S21, S22, and S23). The relatively small speed
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1s preferably a speed suiliciently lower than the axial devia-
tion velocity of the disc, so that the detection of the S-shape
signal 1s accurately carried out.

A time width comparing section 125k compares the time
width measured by the S-shape signal time width measuring
section 1251 and a predetermined second period T3. The
second period T3 can be obtained from the optical distance
between two S-shape signals and the moving speed of the
beam at that moment (the relative speed determined by the

pull-in speed and the disc rotation speed). For example,
when the optical distance between 11 and 12 shown 1n FIG.
10 1s 10 um and the moving speed 1s 10 mm/s, T3=1 ms.
The control section 125q determines that the interval
detected at any moment of the operation exceeds the second
period T3 (Point G 1n FIG. 12). Based on this determination
result, the control section 125q then determines whether or
not the level of the focus error signal FE reaches a predeter-
mined pull-in level (see FIG. 4). IT 1t does, the control sec-
tion 125q outputs a switching signal to the switch 125¢g, so as
to couple the switch 1235g to the focus servo control section

125a. The output of the focus servo control section 125a 1s
output through the D/A converter 1257, whereby the focus
servo 1s achieved (Steps S24 and S25).

When the focal point 1s beyond the upper side of the infor-
mation surface of the disc 101, the time required for the
focus pull-1n can be reduced by lowering the converging lens
107 at a relatively high speed, as shown 1n FIG. 14. In order
to determine whether the focal point 1s located at the upper
side of the information surface or the lower side of the mfor-
mation surface, the polarity of S-shape signals in the focus
error signal FE 1s used. As shown 1n FIGS. 8 and 9, S-shape
signal detection levels L1 and L2 are set 1n a similar manner
used 1 Example 1, so that the levels L1 and 1.2 are approxi-
mately 50% of half the amplitude of an S-shape signal 1n the
focus error signal FE. The S-shape signal detection section
125h detects that the level of the focus error signal FE
reaches L1 and L2, and outputs the information to the con-
trol section 125q. When the polarity of the focus error signal
changes 1n L1-L.2 order, the control section 125g moves the
converging lens 107 away from the information surface of
the disc 101 at a relatively high speed. When the polarity of
the focus error signal changes in L2-L.1 order, the control
section 125q moves the converging lens 107 away from the
information surface of the disc 101 at a relatively low speed.
The operation described above provides the motion of the
converging lens 107 as described 1n FIG. 14, thereby reduc-
ing the time required for the converging lens 107 to reach the
lower axial deviation limit, which 1s the phase 1n which the
focus pull-1n 1s possible.

As 1 Example 1, by providing a structure in which the
output of the frequency generating circuit (FG) 130 1s mput
to the control section 125q, 1t 1s possible to detect the num-
ber of the disc revolutions per minute, whereby an automatic
setting of the second period T3, which 1s used for the com-
parison with the intervals of the S-shape signals 1s enabled.
With such a configuration, 1t 1s also possible to switch the
moving speed of the converging lens 107 toward/away from
the disc 101 1n terms of “the number of the disc revolutions
per minutes.

As described above, according to Example 2 of the
present invention, the pull-in operation 1s started after
detecting that the converging point of the light beam 1is
located 1n the vicinity of the position where the axial devia-
tion velocity of the disc i1s substantially minimum.
Therefore, even 11 the rotation speed of the disc 1s high and
the axial deviation speed 1s significant, 1t 1s possible to pre-
vent the disc from colliding with the converging lens 107
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and prevent an overcurrent from flowing, which are caused
by a failure of the pull-in. Theretfore, a stable focus pull-in 1s
achieved.

According to the structure in Examples 1 and 2 for deter-
mimng that the converging point of the light beam 1s located
at the lower axial deviation limit, a focus error signal FE 1s
used and the output intervals of S-signals or the time width
of a predetermined portion of an S-signal 1s measured.
However, the present invention 1s not limited to using a focus
error signal FE. Other signals representing the converging
state of the light beam are alternatively used. Examples of
such signals are a total luminous energy signal AS (1.e., the
sum total of 4-region photodetector 109), an RF (radio
frequency) signal, and a tracking error signal. In the case
where such signals are used for the optical disc apparatus of
the present invention instead of an focus error signal FE, the
configurations of the 4-region optical detection 109, the
adder 121, the subtracter 122, the low pass filter, etc., may be
appropriately modified. Furthermore, in the case where an
focus error signal used as 1n Examples 1 and 2, the configu-
rations for generating the focus error signal FE 1s not limited
to the configuration shown 1n the examples. Other configura-
tion may alternatively used for the generation of the focus
error signal FE.

The functions for Example 1 described with regard to
FIGS. 5 and 6 may also implemented in Example 2. In that
case, the detected interval measuring section 125d and the
interval comparing section 125¢ 1 FIG. 1 may be connected
in parallel with the S-shape signal time width measuring
section 1251 and the time width comparing section 125k
between the S-shape signal detection section 125h and the

control section 125q.

According to such a configuration, the focus pull-in
operation 1s performed as described with reference to FIG. 5.
Specifically, 11 the output of the detected interval measuring
section 125d exceeds the time T2 required for one revolution
of the disc, 1t 1s determined that the focal point of the con-
verging lens 107 has already passed by the lower axial devia-
tion limit. Therefore, the control section 125q moves the
converging lens 107 toward the information surface of the
disc 101 at a still lower speed (In order to stabilize the pull-
in, i1t 1s preferable to set the speed lower than the speed at
which the converging lens 107 was moved away from the
disc). The pull-in level 1s determined with regard to the sub-
sequently detected focus error signal FE and then the switch
125¢g 1s switched, thereby the focus pull-in operation 1s
achieved. Furthermore, as described with reference to FIG.
6, i the next S-shape signal 1s not detected (1.¢., the detected
interval measuring section 1235d does not generate an output)
even alter the elapse of the first period T1 after the time
when the previous S-shape signal 1s detected, the control
section 1259 sends an mstruction signal to the lens position
moving section 1251 so as to stop the motion of the lens
position moving section 1251, thereby making the converg-
ing point of the light beam wait at Point GG, which 1s located
in the vicinity of the lower axial deviation limit. As the disc
deviates down toward the converging lens 107, next S-shape
signal 1n the focus error signal FE 1s detected. With regard to
the S-shape signal, the focus pull-in level 1s determined in
the manner described above. Based on the result of the level
determination, the control section 125q outputs a signal for
switching the switch 125g which 1s coupled to the lens posi-
tion moving section 1251, to be coupled to the focus servo
control section 125a (Point H 1n FIG. 6), whereby the output
of the focus servo control section 125a 1s output through the
D/A converter 1257. The focus servo 1s thus achieved.
According to this method, the time required for the focus
pull-in can be reduced.
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EXAMPLE 3

An optical disc apparatus according to Example 3 of the
present 1nvention will now be described. The optical disc
apparatus 1n Example 3 further includes a disc 1dentification
section for identifying the type of the disc loaded in the
optical disc apparatus. Other structures of the optical disc
apparatus i Example 3 are the same as the optical disc
apparatus 1 Example 1 or Example 2. The features to be
identified include packing density and the thickness of the
base matenial.

FIG. 15 1llustrates an optical disc apparatus in Example 1
(FIG. 1) further including such a disc identification section
125r. Other configurations are basically similar to the optical
disc apparatus in FIG. 1, and thus the explanation thereof 1s
omitted. The structure and functions of the disc identifica-
tion section 125r will now be described. Functions of the
optical disc apparatus in Example 2 incorporating the disc
identification section 123r are basically the same as the opti-
cal disc apparatus 1n FIG. 15, and thus the explanation
thereof 1s omitted.

As shown 1n FIG. 15, the disc identification section 125r
includes 1n 1ts interior a digital signal processor (DSP) 125.
By using, e.g., the amplitude of the output of the S-shape
signal detection section 125h, the disc 1dentification section
125r 1identifies the type of the loaded disc 1s either CD (low
density, 650 MB/disc), SD (medium density, 4.7 GB/disc),
or HD (high density, 15 GB/disc). The method for the 1den-
tification utilizes either a focus error signal FE, an AS (total
luminous energy) signal, a TE (tracking error) signal, or an
RF signal, or the calculation results of any one or more of
these. The present mvention 1s not limited by the identifica-
tion method.

Between these discs having different density, the thick-
ness of the base matenial also differs (e.g., CD: d1=1.2 mm,
SD: d2=0.6 mm, HD: d3=0.1 mm). The NA (numerical
aperture) and the wavelength of the laser use for
reproduction/record are changed depending on the type of
the disc.

FIGS. 16 A to 16C each schematically 1llustrate the rela-
tionship between the thickness of the disc base material and
the focal point 1n a CD, a SD, or an HD. As shown 1n FIGS.
16A to 16C, the light beam spot or the focal point changes
depending on the type of the disc. Along with the change of
the focal point, the driving center of the lens (Point M of the
S-shape signal 1n FIG. 4) and the control range of the driving,
center (the level difference between Point M and the peak
value of the S-shape signal) also change. Therefore, when a
CD 1s loaded, for example, the converging lens 107
approaches the disc less than in the case of an HD, and on
the contrary, when an HD 1s loaded, no signal 1s output i1 the
converging lens stays at the same position as in the case of a
CD. The present example of the mnvention provides the disc
identification section capable of identifying the initially
loaded disc and based on the 1dentification result, switching
the speed of the converging point of the light beam moving
toward/away from the disc, the wait position of the converg-
ing lens, and the setting of the driving limit, thereby prevent-
ing the disc from colliding to the converging lens 107 and
prevent an overcurrent from flowing, which are caused by a
failure of the pull-in. Therefore, a stable focus pull-in 1s
achieved.

FIG. 17 1s a flowchart illustrating a focus pull-in
operation, 1n which the atorementioned identification of the
disc 1s performed. For example, when the disc identification
section 125r determines that a CD 1s loaded, the control
section 125q sets the moving speed at Vc, the drive range at
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Lc, and the wait position at Mc. When the disc identification
section 125r determines that an SD 1s loaded, the control
section 125q sets the moving speed at Vs, the drive range at
Ls, and the wait position at Ms. When the disc identification
section 125r determines that a HD 1s loaded, the control
section 125q sets the moving speed at Vh, the drive range at
Lh, and the wait position at Mh (Steps S40 to S45). The
output interval of the S-shape signal 1s measured based on
the set values, and the lower axial deviation limit, which 1s
the position with substantially the minimum velocity of the
information medium axial deviation, 1s detected. As
described above, the optical disc apparatus according to the
present example turther reduces the possibility of a collision
between the converging lens and the disc, thereby improving,
the reliability of the apparatus.

In the case where an optical disc rotates at a low speed
(300 to 550 rpm), such as a CD for musical reproduction, a
successiul pull-in may be possible without detecting the
lower axial deviation limit or the moving speed of the con-
verging lens and the axial deviation velocity may become
close each other. This may reduce the measurement accuracy
of the time width or detected width of the S-shape signal,
and may bring about an adverse effect on the pull-in perfor-
mance. I such 1s the case, by detecting the number of revo-
lution of the disc 101 by FG signal obtained from the disc
motor and estimating the maximum axial deviation velocity,
by setting the suitable moving speed of the converging lens
107, or by providing a feature for canceling the lower axial
deviation limit detection function, the time required for the
pull-in 1s further reduced.

EXAMPLE 4

An optical disc apparatus according to Example 4 of the
present invention will now be described. As described above,
Examples 1 to 3 each provide a structure for detecting that
the converging point of the light beam 1s located at the lower
axial deviation limit while the focus servo 1s not closed.
However, 1t the focus servo 1s off due to an external shock or
a scratch on the disc surface, a retry process for performing
the focus pull-1n again 1s necessary. According to Example 4,
by detecting the lower axial deviation limit while the focus
servo 1s closed, the reliability of such a retry of the pull-in
operation 1s 1mproved.

An optical disc apparatus according to Example 4 may be
provided by incorporating a structure relating to the detec-
tion and storing of the lower axial deviation limit into the
optical disc apparatus according to Example 2. FIG. 18 1llus-
trates an optical disc apparatus including such a structure
relating to the detection and storing of the lower axial devia-
tion limit. Specifically, the optical disc apparatus 1n FIG. 18
includes a low pass filter (LPF) 140, and a lower limait detec-
tion section 141 and a lower limit storing section 142. Sec-
tions other than the structure relating to the detection and
storing of the lower axial deviation limit are basically same
as those 1n FIG. 11, and thus the explanation thereof 1s omit-
ted.

The functions of the structure relating to the detection and
storing ol the lower axial deviation limit will now be
described. When the focus servo 1s closed, the FE mput
through the A/D converter 1s subjected to the filter calcula-
tion for phase compensation, gain compensation, and the
like at the focus servo control section 125a. The FE i1s then
output to the D/A converter 1257 through the switch 125¢.
The output of the D/A converter 1257 1s mput to a focus
driving circuit 126 as a focus driving signal FOD, 1n which
the focus driving signal FOD 1s amplified and mnput to the
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focus actuator 127. The focus actuator 127 drives the con-
verging lens 107 1n a direction perpendicular to the informa-
tion surface of the information medium, thereby the con-
verging point of the light beam 1s controlled so as to always
converge correctly with regard to the information surface of
the information medium.

The output signal of the focus servo control section 125a,
which 1s generated as a sine wave 1n response to the axial
deviation of the disc, 1s output to the lower limit detection

section 141 through the LPF 140. The lower limit detection
section 141 detects, as the lower limit, the minimum point of
the output signal of the focus servo control section 125a.
This point corresponds to the level in which the disc 1s at the
lowest possible position (1.e., the position closest to the con-
verging lens), and the detected lower limit 1s stored in the
lower limit detection section 142. The stored lower limait 1s
continuously updated in terms of the radius position of the
disc 101, the reproduction speed (the number of rotations),
and the continuously changing axial deviation.

In order to achieve a similar effect, the lower limit of the
signal 1input to the focus servo control section 125a may be
used rather than the signal output from the focus servo con-
trol section 125a. In this case, the LPF 140 may be con-
nected to the input terminal of the focus servo control sec-
tion 1235a instead of its output terminal.

I focus 1s out of control due to an external shock or a
scratch on the disc surface, a retry of the focus pull-in 1s
carried out by using the level value stored 1n the lower limait
storing section 142. This process will now be described with
reference to FIGS. 19A to 19C. FIG. 19A 1llustrates the
movement of the information surface of the disc due to the
axial deviation. FIG. 19B illustrates the waveform of the
focus error signal (FE) generated in response to the move-
ment 1n FIG. 19A, FIG. 19C 1llustrates the wavelorm of the
output signal of the focus servo control section 125a (LPF
output) through a low pass filter. In FIGS. 19A to 19C, the
solid lines represent the wavelorms corresponding to the
axial deviation at the outer periphery of the disc, and the
dashed lines represent the wavelorms corresponding to the
axial deviation at the iner periphery of the disc. The focal
point of the light beam 1s located at the inner periphery
when, for example, the operation 1s started, and thus the
lower limit detection section 141 detects the inner periphery
lower limit L(IN1) of the LPF output, which 1s shown by the
dashed line 1n FIG. 19C. The detection method varies, such
as peak hold, sampling, and size detection, but the present
invention 1s not limited by the detection method. When the
focal point of the light beam moves to the outer periphery of
the disc 101 for searching, etc., the axial deviation generally
increases, and the outer periphery lower limit L{(OU1) 1s
detected and stored. Similarly, when the focal point of light
beam 1s located at the in-between location on the disc, the
detected level of the lower limit will be the value corre-
sponding to the amplitude of the axial deviation at the
in-between location (not shown). Accordingly, the stored
level 1s continuously updated 1n response to the location of
the focal point of the light beam.

I1 the focus 1s out of control when the light beam 1s located
at the inner periphery of the disc, the retry of the pull-in 1s
performed by moving the focal point of the light beam
toward the information surface of the disc as shown by the
dashed arrow in FI1G. 19C. When the LPF output reaches the
stored lower limit L(IN1), the output 1s kept unchanged and
the focal point of the light beam waits at the corresponding
location IN1. Then the disc 101 moves toward the focal point
of the hght beam, and at the location IN2, an S-shape signals
shown in FIG. 4 appears in the focus error signal FE. A




US RE41,372 E

17

predetermined pull-in level corresponding to the S-shape
signal 1s then detected, thereby the focus loop i1s closed.
Similarly, if the focus 1s out of control when the light beam 1s
located at the outer periphery of the disc, the retry of the
pull-in 1s performed by moving the focal point of the light
beam toward the information surface of the disc as shown by
the dashed arrow 1n FIG. 19C. When the LPF output reaches
the stored lower limit L(OU1), the output 1s kept unchanged
and the focal point of the light beam waits at the correspond-
ing location OU1. Then the disc 101 moves toward the focal
point of the light beam, and at the location OU2, an S-shape
signal such as that shown in FIG. 4 appears in the focus error
signal FE. A predetermined pull-in level corresponding to
the S-shape signal 1s then detected, thereby the focus loop 1s
closed.

Unlike 1 Example 2, according to Example 4 of the
present mvention, 1t 1s not necessary to gradually move the
converging lens 107 toward the disc for detecting the lower
axial deviation limit, whereby the faster focus pull-in 1s
achieved. Therefore, the optical disc apparatus of Example 4
1s very elfective in the case where the retry of pull-in 1s
performed within a limited process time.

In the structure described above, the lower limit stored 1n
the lower limit storing section 142 1s continuously updated
during a reproduction or a waiting. Alternatively, the optical
disc apparatus according to the present example may be con-
figured to detect and store, at the start of the operation, more
than one lower limit corresponding to more than one loca-
tion located 1n a radius direction of the information medium.
For example, the lower limits at the inner and outer
peripheries, or more than one lower limit at any other of a
plurality of locations, can be stored. Based on the more than
one lower limit stored 1n the lower limit storing section 142,
the suitable lower limits corresponding to desired locations
in a radius direction of the information medium, can be
obtained by calculations such as linear complement or func-
tional approximation. A calculation section for performing
such a calculation may be provided 1n the lower limit storing
section 142. Similar effects can be achieved by using the
lower limit corresponding to any locations on the informa-
tion medium for determining the wait level of pull-in (.e.,

the waiting location) at the location where the focus went out
of control.

Furthermore, by incorporating the structure relating to the
detection and storing of the lower axial deviation limit into
the configuration described in Example 1 or 3, more reliable
optical disc apparatus 1s provided.

As described above, the focus pull-1n section according to
the optical disc apparatus of the present invention first deter-
mines whether or not the focal point of the light beam 1s
located 1n the vicinity of the minmimum velocity position on
the information medium axial deviation. If it 1s determined
that the focal point of the light beam 1s located 1n the vicinity
of the minimum velocity position on the mformation
medium axial deviation, the focus pull-in section turns ON
the control of the focus servo control section. Therefore,
even 1f the rotation speed of the disc 1s high and the axial
deviation speed 1s significant, 1t 1s possible to achieve a
stable focus pull-in and following 1n a reduced time.

Various other modifications will be apparent to and can be
readily made by those skilled 1n the art without departing
from the scope and spirit of this invention. Accordingly, it 1s
not imntended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.
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What 1s claimed 1s:
1. An optical disc apparatus comprising:

a converging section for converging a light beam and 1rra-
diating a rotating information medium with the con-
verged light beam:;

a moving section for moving the converging section,
thereby moving a converging point of the converged

light beam 1n a direction perpendicular to an informa-
tion surface of the information medium;

a converging state detection section for generating a focus
servo signal which represents a converging state of the
light beam on the information medium based on
reflected light or transmitted light of the light beam
from the information medium;

a focus servo control section for controlling the moving,
section based on the focus servo signal, so that the light
beam reaches a predetermined converging state on the
information medium; and

a focus pull-in section for turning ON [the control by] the
focus servo control section; and

an interval measuring section for measurving an interval
between temporally adjoining two of the focus servo
signals appearing in sequence,

wherein the focus pull-in section turns ON [the control
by] the focus servo control section [in a case where the
focus pull-in section determines that the converging
point of the light beam 1s located 1n the vicinity of the
minimum velocity position on the information medium
axial deviation] when detected that the interval between
adjoining two of the focus servo signals exceeds a pre-
determined period of time.

2. An optical disc apparatus according to claim 1, further
comprising an S-shape signal detection section for detecting
S-shape signals which appear in the focus servo signal when
the converging point of the light beam contacts wit2z the
information surface of the invention medium,

wherein the focus pull-in section determines whether or
not the converging point of the light beam 1s located 1n
[the vicinity of the minimum velocity position on the
information medium axial deviation] the vicinity of the
position where the velocity of the information medium
axial deviation is minimum.

3. An optical disc apparatus according to claim 2, further
comprising a detected interval measuring section for mea-
suring an interval between temporally adjoining two of the
S-shape signals,

wherein the focus pull-in section determines that the con-

verging point of the light beam is located in [the vicin-
ity of the mimimum velocity position on the information
medium axial deviation] the vicinity of the position
where the velocity of the information medium axial
deviation is minimum when the interval exceeds a pre-
determined first period of time.

4. An optical disc apparatus according to claim 3, wherein
the S-shape signal detection section detects the S-shape sig-
nals by either moving the converging point of the light beam
toward or away from the information surface of the informa-
tion medium, or making the converging point of the light
beam wait at a predetermined position.

5. An optical disc apparatus according to claim 4, wherein
the S-shape signal detection section detects the S-shape sig-
nals by retrying to move the converging point of the light
beam toward the information surface of the information
medium at a predetermined speed, in the case where the
interval 1s not output from the detected interval measuring
section after the elapse of time required for one revolution of
the information medium.
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6. An optical disc apparatus according to claim 5, wherein
a retry speed of the converging point of the light beam 1s set
so as to be smaller than a speed of the previous motion
toward or away from the information surface of the informa-
tion medium.

7. An optical disc apparatus according to claim 4, wherein
the S-shape signals are detected by making the converging,
point of the light beam wait at a predetermined position in
the case where the interval 1s not output from the detected
interval measuring section atter the elapse of the first period.

8. An optical disc apparatus according to claim 2, further
comprising a time width measuring section for measuring a
time width of a predetermined portion of an S-signal,

wherein the focus pull-1n section determines that the con-

verging point of the light beam is located in [the vicin-
ity of the mimimum velocity position on the information
medium axial deviation] the vicinity of the position
where the velocity of the information medium axial
deviation is minimum when the interval exceeds a pre-
determined second period of time.

9. An optical disc apparatus according to claim 8, wherein
the S-shape signal detection section detects the S-shape sig-
nal by either moving the converging point of the light beam
toward or away from the information surfaces of the infor-
mation medium, or making the converging point of the light
beam wait at an predetermined position.

10. An optical disc apparatus according to claim 9,
wherein the S-shape signal detection section detects the
S-shape signals by retrying to move the converging point of
the light beam toward the information surface of the infor-
mation medium at a predetermined speed, 1n the case where
the interval 1s not output from the detected interval measur-
ing section after the elapse of time required for one revolu-
tion of the information medium.

11. An optical disc apparatus according to claim 10,
wherein a retry speed of the converging point of the light
beam 1s set so as to be smaller than a speed of the previous
motion toward or away from the mformation surface of the
information medium.

12. An optical disc apparatus according to claim 9,
wherein the S-shape signal detection section detects the
S-shape signals by making the converging point of the light
beam wait at a predetermined position in the case where the
interval 1s not output from the detected interval measuring
section aifter the elapse of the time required for one revolu-
tion of the information medium after the time when one of

the S-signals was detected, or the elapse of the first period of

time which 1s slightly shorter than the time required for one
revolution of the information medium.

13. An optical disc apparatus according to claim 1,
wherein the focus pull-in section turns ON the control by the
focus servo control section when 1t 1s detected that the level
of the focus servo control section reaches a predetermined
pull-in level.

14. An optical disc apparatus according to claim 4,
wherein the focus pull-in section further comprises a moving,
speed switching section for switching the moving speed of
the converging point of the light beam in response to the
polarity of the S-signals when the focus pull-in section
moves the converging point of the light beam toward or away
from the information surface of the information medium.

15. An optical disc apparatus according to claim 10,
wherein the focus pull-in section further comprises a moving,
speed switching section for switching the moving speed of
the converging point of the light beam 1n response to the
polarity of the S-signals when the focus pull-in section
moves the converging point of the light beam toward or away
from the information surface of the information medium.
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16. An optical disc apparatus according to claim 4, further
comprising a rotation speed measurement section for mea-
suring the rotation speed of the information medium,

wherein the focus pull-in section sets the first period of

time or the predetermined speed based on the rotation

speed measured by the rotation speed measurement
section.

17. An optical disc apparatus according to claim 9, further

comprising a rotation speed measurement section for mea-

suring the rotation speed of the information medium,

wherein the focus pull-1n section sets the second period of
time or the predetermined speed based on the rotation
speed measured by the rotation speed measurement
section.

18. An optical disc apparatus according to claim 2, further
comprising [a] ar information medium identification section
for 1dentifying the type of the information medium by a
signal based on reflecting light or transmitting light from the
information medium,

wherein the focus pull-in section determines a moving
speed or a waitting position of the converging point of
the light beam when the focus pull-1in section moves the
converging point of the light beam toward or away from
the information surface of the information medium, or
makes the converging point of the light beam wait at a
predetermined position.

19. An optical disc apparatus according to claim 18,
wherein the conversion point of the light beam, moving
toward the information surface of the information medium,
is kept at a predetermined driving value based on [the detec-
tion result of] the type of the information medium, whereby
the conversion point of the light beam 1s kept from approach-
ing unnecessarily close to the information medium.

20. An optical disc apparatus according to claim 1, turther
comprising a lower limit detection section for detecting the
lower limit of an output signal of the focus servo control
section or an mput signal thereof during the operation of the
focus servo control section, and a lower limit storing section
for storing the detected lower limiut,

wherein, [in the case where the focus servo control section
1s restarted atfter the focus servo control section 1s OFF:
it 1s determined that the converging point of the light
beam 1s 1n the vicinity of the minimum velocity posi-
tion on the mmformation medium axial deviation when
the conversing point of the light beam contacts on the
information surface of the information medium until
the output signal or the drive signal reaches the lower
limit by driving the moving section; and the focus pull-
in section performs a retry operation which restarts the
control by the focus servo control section when it 1s
determined that the level of the focus servo signal
reaches a predetermined pull-in level] in the case where
the focus servo control is OFF': if the converging point
of the light beam contacts on the vicinity of the position
at where the velocity of the information medium axial
deviation is minimum when the output signal of the
drive signal veaches the lower limit by moving the con-
version point of the light beam toward the information
surface of the information medium, the focus pull-in
section performs an operation to start the contvol by the
Jocus servo control section.

21. An optical disc apparatus according to claim 20,
wherein the lower limit storing section stores more than one
lower limit which corresponds to more than one location
located 1n the radius direction of the information medium,
and the optical disc apparatus further comprises a calcula-

tion section for calculating the lower limit corresponding a
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predetermined location 1n a radius direction of the informa-
tion medium based on the at least one lower limat.

22. An optical disc apparatus according to claim 20,
wherein the lower limit detection section operates during the
operation of the focus servo control section, whereby the
stored value of the lower limit storing section i1s continu-
ously updated.

23. A digital signal processor for controlling the focus
servo of an optical disk apparatus,

the optical disk apparatus including;

a converging section for converging a light beam and
irradiating a rotating information medium with the
converged light beam;

a moving section for converging a light beam and irra-
diating a rotating information medium with the con-
verged light beam; and

a converging state detection section for generating a
focus servo signal which vepresents a converging
state of the light beam on the information medium
based on reflected light or transmitted light of the
light beam from the information medium,

the digital signal processor having an input coupled to the

focus servo signal comprising:

a focus servo control section for controlling the con-
verging section based on the focus servo signal, so
that the light beam reaches a predetermined con-
verging state on the information medium,; and

an interval measuring section for measuring an inter-
val between temporally adjoining two of the focus
servo signals,

a focus pull-in section for turning ON the focus servo
control section when detected that the interval
between adjoining two of the focus servo signals
exceeds a predetermined period of time.

24. A digital signal processor according to claim 23, fur-
ther comprising an S-shape signal detection section for
detecting S-shape signals which appear in the focus servo
signal when the converging point of the light beam contacts
the information surface of the information medium,

whevrein the focus pull-in section determines whether or
not the converging point of the light beam is located in
the vicinity of the position where the velocity of the
information medium axial deviation is minimum.

25. A digital signal processor according to claim 24, fur-
ther comprising a detected interval measuring section for
measuring an interval between temporally adjoining two of
the S-shape signals,

whevrein the focus pull-in section determines that the con-

verging point of the light beam is located in the vicinity

of the position wherve the velocity of the information

medium axial deviation is minimum when the interval
exceeds a predetermined first period of time.

26. A digital signal processor according to claim 25,

wherein the S-shape signal detection section detects the

S-shape signals by either moving the converging point of the
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converging point of the light beam so as to be smaller than a
speed of the previous motion toward or away from the infor-
mation surface of the information medium.

29. A digital signal processor according to claim 26,
wherein the S-shape signals ave detected by making the con-
verging point of the light beam wait at a predetermined posi-
tion in the case where the interval is not output from the
detected interval measuring section after the elapse of the

fivst period of time.

30. A digital signal processor according to claim 24, fur-
ther comprising a time width measuring section for measur-
ing a time width of a predetermined portion of an S-signal,

wherein the focus pull-in section determines that the con-

verging point of the light beam is located in the vicinity

of the position where the velocity of the information
medium axial deviation is minimum when the interval

exceeds a predetermined second period of time.

31. A digital signal processor according to claim 30,
wherein the S-shape signal detection section detects the
S-shape signal by either moving the converging point of the
light beam toward ov away from the information surfaces of
the information medium, or making the converging point of
the light beam wait at an predetermined position.

32. A digital signal processor according to claim 31,
wherein the S-shape signal detection section detects the
S-shape signals by retryving to move the converging point of
the light beam toward the information surface of the infor-
mation medium at a predetermined speed, in the case where
the interval is not output from the detected interval measur-
ing section after the elapse of time required for one revolu-
tion of the information medium.

33. A digital signal processor according to claim 32,
wherein the focus pull-in section sets the vetry speed of the
converging point of the light beam so as to be smaller than a
speed of the previous motion toward or away from the infor-
mation surface of the information medium.

34. A digital signal processor according to claim 31,
wherein the S-shape signal detection section detects the
S-shape signals by making the converging point of the light
beam wait at a predetermined position in the case where the
interval is not output from the detected interval measuring
section after the elapse of the time requirved for one revolu-
tion of the information medium after the time when one of
the S-signals was detected, or the elapse of the first period of
time which is slightly shorter than the time requived for one
revolution of the information medium.

35. A digital signal processor according to claim 23,
wherein the focus pull-in section turns ON the control by the

Jocus servo control section when it is detected that the level

of the focus servo control section reaches a predetermined

50 pull-in level.

36. A digital signal processor according to claim 26,
wherein the focus pull-in section further comprises a moving
speed switching section for switching the moving speed of
the converging point of the light beam in response to the

light beam toward or away from the information surface of 55 polarity of the S-signals when the focus pull-in section

the information medium, or making the converging point of
the light beam wait at a predetermined position.

27. A digital signal processor according to claim 26,
wherein the S-shape signal detection section detects the

moves the converging point of the light beam toward or away

from the information surface of the information medium.

37. A digital signal processor accorvding to claim 32,
wherein the focus pull-in section further comprises a moving

S-shape signals by retryving to move the converging point of 60 speed switching section for switching the moving speed of

the light beam toward the information surface of the infor-
mation medium at a predetermined speed, in the case where
the interval is not output from the detected interval measur-
ing section after the elapse of time required for one revolu-
tion of the information medium.

28. A digital signal processor according to claim 27,
wherein the focus pull-in section sets the vetry speed of the

65

the converging point of the light beam in response to the

polarity of the S-signals when the focus pull-in section

moves the converging point of the light beam toward or away

from the information surface of the information medium.

38. A digital signal processor according to claim 26, fur-
ther comprising a rotation speed measurement section for
measuring the votation speed of the information medium,
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wherein the focus pull-in section sets the first period of
time or the predetermined speed based on the votation

speed measured by the rotation speed measurement
section.
39. A digital signal processor according to claim 31, fur-
ther comprising a rotation speed measurement section for
measuring the rotation speed of the information medium,

whevrein the focus pull-in section sets the second period of
time or the predetermined speed based on the votation
speed measured by the rotation speed measurement
section.

40. A digital signal processor according to claim 24, fur-
ther comprising an information medium identification sec-
tion for identifving the type of the information medium by a
signal based on reflecting light or transmitting light from the
information medium,

wherein the focus pull-in section determines a moving
speed or a waiting position of the converging point of
the light beam when the light beam toward or away
from the information surface of the information
medium, ov makes the converging point of the light
beam wait at a predetermined position.

41. A digital signal processor according to claim 40,
wherein the focus pull-in section keeps the conversion point
of the light beam, moving toward the information surface of
the information medium, at a predetermined driving value
based on the type of the information medium, whereby the
conversion point of the light beam is kept from approaching
unnecessarily close to the information medium.

42. A digital signal processor according to claim 23, fur-
ther comprising a lower limit detection section for detecting
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the lower limit of an output signal of the focus sevvo control
section ov an input signal thereof during the operation of the
Jocus servo control section, and a lower limit stoving section
Jfor storing the detected lower limit,

wherein, in the case wherve the focus servo control is OFF::
if the converging point of the light beam contacts on the
vicinity of the position at where the velocity of the infor-
mation medium axial deviation is minimum when the
output signal or the drive signal reaches the lower limit
by moving the conversion point of the light beam
toward the information surface of the information
medium, the focus pull-in section performs an opera-
tion to start the control by the focus servo control sec-
tion.

43. A digital signal processor accovding to claim 42,
wherein the lower limit which corresponds to more than one
location located in the vadius divection of the information
medium, and the digital signal processor further comprises

0 a calculation section for calculating the lower limit corre-
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sponding to a predetermined location in a vadius divection of
the information medium based on the at least one lower
limit.

44. A digital signal processov according to claim 42,
wherein the lower limit detection section operates during the
operation of the focus servo control section, whereby the
storved value of the lower limit storing section is continuously
updated.
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