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An optical disk apparatus comprises a focusing means for
focusing a light beam on a recording medium having first
and second information faces; means for moving a focal
point of the light beam 1n a direction substantially perpen-
dicular to the information faces of the recording medium;
means for detecting a reflected light from the recording
medium; means for detecting a focus condition of the light
beam on the basis on an output signal from the reflected light
detecting means; a focus control means for driving the focal
point moving means on the basis of an output signal from the
focus condition detecting means, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; and a focus jumping means for
moving the focal point of the light beam from the first infor-
mation face to the second information face by driving the
focal point moving means.
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FIG. 3(a)
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FIG. 3(b)
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FIG. 5
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FIG. 12
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FIG. 14
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FIG. 17
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FIG, 22
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FIG. 25(a)
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1
OPTICAL DISK 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 is a divisional application of Ser. No. 08/688,294,
filed Jul. 29, 1996, U.S. Pat. No. 6,011,762.] This applica-
tion is a reissue application of U.S. Pat. No. 6,298,019,

issued Oct. 2, 2001, which is a divisional application of Ser.
No. 058/688,294, filed Jul. 29, 1996, now U.S. Pat. No. 6,011,

762, issued Jan. 4, 2000.
FIELD OF THE INVENTION

The present invention relates to an optical disk apparatus
that optically records signals in a recording medium and
reproduces the recorded signals using a laser beam emitted
from a light source, such as a laser. More specifically, the
invention relates to an optical disk apparatus equipped with a
focus control system for controlling focusing of the light
beam 1rradiating the recording medium so that the light
beam 1s focused on a prescribed position of the recording
medium.

BACKGROUND OF THE INVENTION

There 1s an optical disk apparatus 1n which a light beam
emitted from a light source, such as a semiconductor laser, 1s
focused on a disk type recording medium rotating at a pre-
scribed speed, and signals are recorded i, or reproduced
from, the recording medium, as described in Japanese Pub-
lished Patent Application No. Hei1. 7-129968. The disk type
recording medium has a spiral or concentric tracks. The
width of the tracks 1s about 0.6 um, and the pitch of the
tracks 1s about 1.5 um. In order to record signals on the
tracks or reproduce signals recorded on the tracks, a focus-
ing of the light beam irradiating the recording medium 1s
controlled so that the light beam 1s focused on a prescribed
position of the recording medium.

FIG. 19 15 a block diagram illustrating an example of an
optical disk apparatus including a focus control system.

The apparatus shown 1n FIG. 19 comprises a light source
1, such as a semiconductor laser, that emits a light beam &
toward a disk 7 (recording medium), a coupling lens 2, a
polarization beam splitter 3, a polanizing plate 4, a focusing
lens 5, and a disk motor 6 for rotating the disk 7 at a pre-
scribed speed. A light beam 8 emitted from the light source 1
1s collimated by the coupling lens 2, and reflected by the
polarization beam splitter 3 to the polarizing plate 4. The
light beam then travels through the polarizing plate 4 and the

focusing lens 5, and 1s focused on the disk 7 rotated by the
disk motor 6.

This apparatus further comprises a condenser lens 9 and a
split mirror 10 as elements receiving a light beam retlected at
the disk 7. The reflected light beam travels through the
focusing lens 3, polarizing plate 4, the polarization beam
splitter 3, and the condenser lens 9, and 1s then split into two
beams 11 and 15 by the split lens 10. The light beams 11 and
15 are applied to a focus control system and a tracking con-
trol system, respectively.

The focus control system comprises a two-element photo-
detector 12, a preamplifiers 13A and 13B, a differential
amplifier 14, a phase compensator 18, a linear motor 19, a
switch 33, a driving circuit 35, a focus control element
(focus actuator) 36, a logic circuit 40, a comparator 41, and a
chopping wave generator 42. The two-element photodetec-
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tor 12 has two light responsive parts A and B. Output signals
from the light responsive parts A and B are amplified by the
preamplifiers 13 A and 13B, respectively, and are inputted to
the differential amplifier 14. A knife edge detection 1s real-
1zed by the condenser lens 9 and the split mirror 10, and a
signal output from the differential amplifier 14 1s a focus
error signal (hereinafter referred to as FE signal).

The phase of the FE signal in the focus control system 1s
compensated by the phase compensator 18, and the switch
33 opens or closes a loop of the focus control system. When
the focus control system 1s closed by the switch 33, the FE
signal output from the phase compensator 18 1s sent to the
driving circuit 35 through the switch 33. The driving circuit
35 amplifies the FE signal and sends the FE signal to the
focus control element 36. In this structure, when the focus
control system 1s 1n the closed state, the focus control ele-
ment 30 1s driven so that the light beam 1s always focused on
a prescribed position of the disk 7. Further, an output signal
from the chopping wave generator 42 1s also input to the
switch 33. The FE signal 1s also mput to the logic circuit 40
through the comparator 41. The logic circuit 40 controls the
opening and closing operation of the switch 33.

The linear motor 19 moves the focusing lens 5, the focus
control element 36, the polarization beam splitter 3 and the
like 1n the direction transverse to the tracks on the disk 7.
The linear motor 19 1s operated when the focal point of the
light beam 1s moved to a prescribed track.

On the other hand, the light beam 15 from the split mirror
10 15 input to the two-element photodetector 16 in the track-
ing servo system. The photodetector 16 has two light respon-
stve parts C and D, and a difference between output signals
from the respective light responsive parts C and D becomes a
track error signal. The light beam on the disk 7 1n controlled
by this track error signal to correctly scan the tracks on the
disk 7. Since the present imnvention does not relate to the
tracking control, a detailed description of the tracking con-
trol 1s omitted here.

In the optical disk apparatus with the focus control system
shown 1n FIG. 19, the focus control 1s performed as
described below.

Initially, the disk 7 1s rotated by the disk motor 6. When a
prescribed rotating speed 1s reached, the switch 33 selects
the chopping wave generator 42, and the focus control ele-
ment 36 1s operated 1n response to a signal output from the
chopping wave generator 42, whereby the focusing lens 5 1s
moved up and down, 1.e., 1n the direction perpendicular to
the recording face of the disk 7. Thereby, the focal point of
the light beam on the disk 7 moves up and down. At this
time, an S-shaped FE signal (hereimnaiter referred to as S
signal), which appears when the focal point of the light beam
passes through the recording face, 1s detected by the com-
parator 41. By the detection of the S signal, the logic circuit
40 knows whether the focal point of the light beam 1s posi-
tioned 1n the vicinity of the recording face or not. When the
focal point 1s positioned 1n the viciity of the recording face,
the logic circuit 40 controls the switch 33 to select the phase
compensator 18. In this way, the focus servo loop 1s closed,
and the focus control (focus lead-1n) 1s performed so that the
light beam 1s focused on a prescribed target position.

The focus lead-in will be described with reference to

FIGS. 20(a), 20(b), 21, and 22. FIGS. 20(a) and 20(b) illus-
trate a wavelorm of a focusing lens driving signal and a
wavelorm of an FE signal having S signals, respectively, at
the focus lead-1n. FI1G. 21 1llustrates a wavelform for explain-
ing the relationship between the focus lead-in level and S
signals that appear 1n the FE signal at a protection {ilm at the
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surface of the disk 7 and at the recording film when the
focusing lens 5 comes close to and goes away from the disk
7. F1G. 22 1s a flow chart showing a fundamental focus lea-
din procedure 1n the focus control system.

As shown 1n FIG. 22, when the reading and reproducing
apparatus 1s turned on, the disk motor 6 1s turned on and the
disk 7 1s rotated (step S21). When the disk 7 reaches a pre-
scribed rotating speed, the light source 1 1s turned on, and
the semiconductor laser emits light (step S22).
Subsequently, the linear motor 19 1s driven to move the
focusing lens 3 toward the mner circumierence of the disk 7
(step S23). The above-mentioned imtial operation 1s fol-
lowed by the focus lead-1n operation.

In the focus lead-1n operation, 1nitially, the focusing lens 5
1s moved down away from the disk 7, in response to an
output signal from the chopping wave generator 42 (step
S24). Thereatter, the focusing lens 5 1s moved up toward the
disk 7 (step S25). While repeating the up and down move-
ment of the focusing lens 3, 1t 1s detected that the S signal
reaches a prescribed lead-in level (step S26). After the pre-
scribed lead-1n level 1s reached, the logic circuit 40 controls
the switch 33 to select the phase compensator 18, and the up
and down movement the focusing lens 5 1s stopped (step
S27). Then, the focus control system 1s turned on (step S28),
the focus lead-1n 1s ended, and the focus control 1s started.

The detection level (lead-in level) of the comparator 41
tor the focus lead-1n 1s normalized by the amplitudes of the S
signals which are output due to the retlection at the recording
film of the disk 7 and the retlection at the protection film.
That 1s, as shown 1n FIG. 21, the focus lead-in level 1s set
within a linear interval that 1s larger than the peak of the S
signal at the protection film and between the peak of the S
signal at the recording film and the zero level.

When the prior art focus lead-1n process 1s applied to large
capacity optical disks having two or more information faces
as shown 1n FIGS. 6(a) and 6(b), for example, a digital video
disk (hereinatfter referred to as a DVD), S signals appear at
every passing of the focal point of the light beam through
cach information face, so that S signals as many as the infor-
mation faces appear when the focusing lens 1s moved up and
down during the focus lead-in operation. For example, 1n a
dual-layer DVD, as shown in FIG. 7, 1n addition to small S
signals at the protection film, two periodic S signals appear
on each respective information face. Therefore, 1n the prior
art focus control system, when the S signal at the surface
protection film 1s detected by mistake, the focus control
turns on at that part and the focus lead-in ends 1n a failure.
Likewise, when the focus control turns on at the two S sig-
nals on the information face, 1t cannot be detected on which
one of the two information faces that the focus lead-in 1s
performed. Therefore, 1t 1s very difficult to reproduce infor-
mation by selecting one of the two information faces cer-
tainly and performing focus control and tracking control on
the selected information face.

Further, in order to realize a compatibility between a DVD
and a CD, an optical head shown 1n FIG. 1 includes a holo-
gram element 106 that produces two focuses 107a and 107b.
In this case, when the disk loaded in the apparatus has a
single information face like a CD, an S signal appears at
cach focal point, so that 1t 1s difficult to decide at which one
of the two focuses that the focus lead-in should be per-
formed. When the disk loaded in the apparatus 1s a DVD
having two information faces, at least six S signals appear in
the FE signal at each UP or DOWN of the focusing lens 105
as shown 1n FIG. 7. Further, when the surface deflection of
the disk 1s large, the S signals interfere with each other and
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become nonlinear. In this case, it 1s almost 1mpossible to
learn the lead-1n level by measuring the amplitudes of the S
signals and detect the information face on which the focus
lead-1n should be performed.

Furthermore, when the disk loaded 1n the apparatus 1s a
disk having two or more information faces, the eccentricity,
the focus offset value, the tracking ofi-set value, the focus
gain value, the tracking gain value, and the focus error dur-

ing the detection vary for each information face. Therefore,
even though these correction values are approprately set for
one information face, when the light beam 1s moved to
another information face for reproduction or recording of
information, considerable focus error and track error occur
on that information face, whereby the focus control and the
tracking control become unstable. Further, in the detection
of the of tracks, the focus error becomes significant because
the light beam crosses the grooves, so that stable detection
cannot be performed.

Furthermore, the prior art optical disk apparatus 1s not
suited for a CD, a single-layer DVD, a dual-layer DVD, and
a disk of write once read many type, such as a CD-R or a
DVD-R. When such a disk 1s loaded 1n the apparatus, the
apparatus indicates an error or the disk 1s compulsornly
ejected from the apparatus.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide an optical
disk apparatus that can perform a high-speed and stable
focus lead-in operation even when a dual-layer disk or a
multiple-layer disk 1s loaded in the apparatus or when an
optical head for irradiating the disk with a light beam has
two focuses corresponding to disks having different base
material thicknesses.

Another object of the present invention 1s to provide a
highly reliable optical disk apparatus that can move a focus
of a light beam between layers of the disk stably at a high
speed, that can secure sufficient performances of focusing,
tracking, and track seeking for each layer, and that 1s suited
for a large capacity dual-layer or multiple-layer disk.

Other objects and advantages of the invention will
become apparent from the detailed description that follows.
The detailed description and specific embodiments
described are provided only for illustration since various
additions and modifications within the scope of the invention
will be apparent to those of skill in the art from the detailed
description.

According to a first aspect of the present invention, an
optical disk apparatus comprises a focusing means for focus-
ing a light beam on a recording medium having first and
second 1nformation faces; a moving means for moving a
focal point of the light beam focused by the focusing means
in a direction substantially perpendicular to the information
faces of the recording medium; a light detecting means for
detecting a reflected light of the focused light beam from the
recording medium; a focus condition detecting means for
detecting a focus condition of the light beam 1rradiating the
information faces on the basis of an output signal from the
light detecting means; a focus control means for driving the
moving means on the basis of an output signal from the
focus condition detecting means, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; and a focus jumping means for
moving the focal point of the light beam from the first infor-
mation face to the second mmformation face by driving the
moving means.

The focus jumping means comprises an accelerating
means for moving the focal point of the light beam from the
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first information face to the second information face; a tim-
ing signal generating means for generating a timing signal
that operates the focus control means on the basis of an
output signal from the focus condition detecting means; and
a decelerating means for decelerating the moving speed of
the focal point of the light beam 1n response to a signal from
the timing signal generating means.

In this apparatus, 1n the focus control holding state, the
accelerating signal and the decelerating signal, having oppo-
site polarities, are applied to the light beam moving means,
whereby the light beam 1s moved between two information
taces. Further, the light beam’s reaching a target information
face or going a little over the information face 1s detected by
an output from the light beam focusing condition detecting
means, whereby the focus control means 1s operated.
Therefore, 1n a dual-layered disk or a multiple-layer disk, the
focus jumping from one information face to another infor-
mation face can be performed at a high speed, with high
reliability.

According to a second aspect of the present invention, an
optical disk apparatus comprises a focusing means for focus-
ing a light beam on a recording medium having first and
second information faces; a moving means for moving a
tocal point of the light beam, focused by the focusing means,
in a direction substantially perpendicular to the information
faces of the recording medium; a light detecting means for
detecting a reflected light of the focused light beam from the
recording medium; a focus condition detecting means for
detecting a focus condition of the light beam 1rradiating the
information faces on the basis of an output signal from the
light detecting means; a focus control means for driving the
moving means on the basis of an output signal from the
focus condition detecting means, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; and a focus jumping means for
moving the focal point of the light beam from the first infor-
mation face the second information face by driving the mov-
Ing means.

The focus jumping means comprises an accelerating
means for generating an accelerating signal for moving the
tocal point of the light beam from one of the first and second
information faces of the recording medium to the other
information face; and a decelerating means for decelerating
the moving speed of the focal point of the light beam.

In this apparatus, when the recording medium 1s set
horizontally, a product of a peak value and a time 1nterval of
the accelerating signal when the focal point of the light beam
1s moved from the lower information face to the upper infor-
mation face 1s larger than a product of a peak value and a
time interval of the accelerating signal when the focal point
of the light beam 1s moved from the upper information face
to the lower information face. Therefore, a stability of the
focus jumping 1s secure.

According to a third aspect of the present invention, in the
above-mentioned optical disk apparatus, when the recording
medium 1s set horizontally, the peak value of the accelerat-
ing signal, when the focal point of the light beam 1s moved
from the lower information face to the upper information
face, 1s larger than the peak value of the accelerating signal
when the focal point of the light beam 1s moved from the
upper information face to the lower information face, and the
time interval of the accelerating signal 1s the same for both
movements. Therefore, a stability of the focus jumping 1s
secured.

According to a fourth aspect of the present invention, 1n
the above-mentioned optical disk apparatus, when the
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recording medium 1s set horizontally, the time interval of the
accelerating signal, when the focal point of the light beam 1s
moved from the lower information face to the upper infor-
mation face, 1s longer than the time interval of the accelerat-
ing signal when the focal point of the light beam 1s moved
from the upper information face to the lower information
face, and the peak value of the accelerating signal 1s the
same for both movements. Therefore, a stability of the focus
jumping 1s secured.

According to a {ifth aspect of the present invention, an
optical disk apparatus comprises a focusing means for focus-
ing a light beam on a recording medium having first and
second 1nformation faces; a moving means for moving a
tocal point of the light beam focused by the focusing means
in a direction substantially perpendicular to the information
faces of the recording medium; a light detecting means for
detecting a reflecting light of the focused light beam from
the recording medium; a focus condition detecting means for
detecting a focus condition of the light beam 1rradiating the
information faces of the basis of an output signal from the
light detecting means; a focus control means for driving the
moving means on the basis of an output signal from the
focus condition detecting means, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; and a focus jumping means for
moving the focal point of the light beam from the first infor-
mation face to the second mmformation face by driving the
moving means.

The focus jumping means comprises an accelerating
means for generating an accelerating signal for moving the
focal point for the light beam from one of the first and sec-
ond mformation faces of the recording medium to the other
information face; and a decelerating means for generating a
decelerating signal for decelerating the moving speed of the
tocal point of the light beam.

In this apparatus, when the recording medium 1s set
horizontally, a product of a peak value and a time interval of
the decelerating signal, when the focal point of the light
beam 1s moved from the lower information face to the upper
information face, 1s smaller than a product of a peak value
and a time 1nterval of the decelerating signal when the focal
point of the light beam 1s moved from the upper information
face to the lower information face. Therefore, a stability of
the focus jumping 1s secured.

According to a sixth aspect of the present invention, 1n the
above-mentioned apparatus, when the recording medium 1s
set horizontally, the peak value of the decelerating signal,
when the focal point of the light beam 1s moved from the
lower information face to the upper information face, is
smaller than the peak value of the decelerating signal when
the focal point of the light beam 1s moved from the upper
information face to the lower information face, and the time
interval of the decelerating signal 1s the same for both move-
ments. Therefore, a stability of the focus jumping 1s secured.

According to a seventh aspect of the present invention, 1n
the above-mentioned apparatus, when the recording medium
1s set horizontally, the time interval of the decelerating
signal, when the focal point of the light beam 1s moved from
the lower information face to upper imformation face, 1s
shorter than the time interval of the decelerating signal when
the focal point of the light beam 1s moved from the upper
information face to the lower information face, and the peak
value of the decelerating signal i1s the same for both move-
ments. Therefore, a stability of the focus jumping 1s secured.

According to an eighth aspect of the present invention, an
optical disk apparatus comprises a focusing means for focus-
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ing a light beam on a recording medium having first and
second information faces; a moving means for moving a
focal point of the light beam focused by the focusing means
in a direction substantially perpendicular to the information
faces of the recording medium; a light detecting means for
detecting a reflected light of the focused light beam from the
recording medium; a focus condition detecting means for
detecting a focus condition of the light beam 1rradiating the
information faces on the basis of an output signal from the
light detecting means; a focus control means for driving the
moving means on the basis of an output signal from the
focus condition detecting means, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; and a focus jumping means for
moving the focal point of the light beam from the {irst infor-
mation face to the second information face by driving the
moving means.

The focus jumping means comprises an accelerating
means for generating an accelerating signal for moving the
tocal point of the light beam from one of the first and second
information faces of the recording medium to the other
information face; and a decelerating means for decelerating
the moving speed of the focal point of the light beam.

In this apparatus, a product of a peak value and a time
interval of the accelerating signal for moving the focal point
of the light beam from the lower information face to the
upper imnformation face, when the recording medium 1s set
horizontally, 1s larger than a product of a peak value and a
time 1nterval of the accelerating signal when the recording
medium 1s set vertically. Therefore, a stability of the focus
jumping 1s secured.

According to a ninth aspect of the present invention, in the
above-mentioned apparatus, the peak value of the accelerat-
ing signal for moving the focal point of the light beam from
the lower information face to the upper information face,
when the recording medium 1s set horizontally, 1s larger than
the peak value of the accelerating signal when the recording,
medium 1s set vertically, and the time interval of the acceler-
ating signal 1s the same for both cases. Therelfore, a stability
of the focus jumping 1s secured.

According to a tenth aspect of the present invention, 1n the
above-mentioned apparatus, the time interval of the acceler-
ating signal for moving the focal point of the light beam
from the lower information face to the upper information
tace, when the recording medium 1s set horizontally, is
longer than the time interval of the accelerating signal when
the recording medium 1s set vertically, and the peak value of
the accelerating signal 1s the same for both cases. Therefore,
a stability of the focus jumping 1s secured.

According to an eleventh aspect of the present invention,
an optical disk apparatus comprises a focusing means for
focusing a light beam on a recording medium having first
and second information faces; a moving means for moving a
tocal point of the light beam focused by the focusing means
in a direction substantially perpendicular to the information
faces of the recording medium; a light detecting means for
detecting a reflected light of the focused light beam from the
recording medium; a focus condition detecting means for
detecting a focus condition of the light beam 1rradiating the
information faces on the basis of an output signal from the
light detecting means; a focus control means for driving the
moving means on the basis of an output signal from the
focus condition detecting means, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; and a focus jumping means for
moving the focal point of the light beam from the first infor-
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mation face to the second imformation face by driving the
moving means.

The focus jumping means comprises an accelerating
means for generating an accelerating signal for moving the
focal point of the light beam from one of the first and second
information faces of the recording medium to the other
information face; and a decelerating means for generating a
decelerating signal for decelerating the moving speed of the
focal point of the light beam.

In this apparatus, a product of a peak value and a time
interval of the decelerating signal for moving the focal point
of the light beam from the lower information face to the
upper information face, when the recording medium 1s set
horizontally, 1s smaller than a product of a peak value and a
time 1nterval of the decelerating signal when the recording
medium 1s set vertically. Therefore, a stability of the focus
Jumping 1s secured.

According to an twelith aspect of the present invention, 1n
the above-mentioned apparatus, the peak value of the decel-
erating signal for moving the focal point of the light beam
from the lower information face to the upper information
face, when the recording medium 1s set horizontally, 1s
smaller than the peak value of the decelerating signal when
the recording medium 1s set vertically, and the time interval
ol the decelerating signal 1s the same for both cases.
Therefore, a stability of the focus jumping 1s secured.

According to a thirteenth aspect of the present invention,
in the above-mentioned apparatus, the time interval of the
decelerating signal for moving the focal point of the light
beam from the lower information face to the upper informa-
tion face, when the recording medium 1s set horizontally, 1s
shorter than the time 1nterval of the decelerating signal when
the recording medium 1s set vertically, and the peak value of
the decelerating signal 1s the same for both cases. Therelore,
a stability of the focus jumping 1s secured.

According to a fourteenth aspect of the present invention,
an optical disk apparatus comprises a focusing means for
focusing a light beam on a recording medium having {first
and second imformation faces; a moving means for moving a
focal point of the light beam focused by the focusing means
in a direction substantially perpendicular to the information
faces of the recording medium; a light detecting means for
detecting a reflected light of the focused light beam from the
recording medium; a focus condition detecting means for
detecting a focus condition of the light beam 1rradiating the
information faces on the basis of an output signal from the
light detecting means; a focus control means for driving the
moving means on the basis of an output signal from the
focus condition detecting means, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; and a focus jumping means for
moving the focal point of the light beam from the first infor-
mation face to the second mformation face by driving the
moving means.

The focus jumping means comprises an accelerating
means for generating an accelerating signal for moving the
focal point of the light beam from one of the first and second
information faces of the recording medium to the other
information face; and a decelerating means for decelerating
the moving speed of the focal point of the light beam.

In this apparatus, a product of a peak value and a time
interval of the accelerating signal for moving the focal point
of the light beam from the upper information face to the
lower information face, when the recording medium 1s set
horizontally, 1s smaller than a product of a peak value and a
time 1nterval of the accelerating signal when the recording
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medium 1s set vertically. Therefore, a stability of the focus
Jumping 1s secured.

According to a fifteenth aspect of the present invention, 1n
the above-mentioned apparatus, the peak value of the accel-
erating signal for moving the focal point of the light beam
from the upper information face to the lower information
tace, when the recording medium 1s set horizontally, is
smaller than the peak value of the accelerating signal when
the recording medium 1s set vertically, and the time interval
ol the accelerating signal 1s the same for both cases.
Therefore, a stability of the focus jumping 1s secured.

According to a sixteenth aspect of the present ivention,
in the above-mentioned apparatus, the time interval of the
accelerating signal for moving the focal point of the light
beam from the upper information face to the lower informa-
tion face, when the recording medium 1s set horizontally, 1s
shorter than the time 1nterval of the accelerating signal when
the recording medium 1s set vertically, and the peak value of
the accelerating signal 1s the same for both cases. Therelore,
a stability of the focus jumping 1s secured.

According to a seventeenth aspect of the present
invention, an optical disk apparatus comprises a focusing
means for focusing a light beam on a recording medium
having first and second information faces; a moving means
for moving a focal point of the light beam focused by the
focusing means 1n a direction substantially perpendicular to
the mformation faces of the recording medium; a light
detecting means for detecting a reflected light of the focused
light beam from the recording medium; a focus condition
detecting means for detecting a focus condition of the light
beam 1rradiating the information faces on the basis of an
output signal from the light detecting means; a focus control
means for driving the moving means on the basis of an out-
put signal from the focus condition detecting means, and
controlling the light beam so that the focus condition of the
light beam becomes a prescribed focus condition; and a
focus jumping means for moving the focal point of the light
beam from the first information face to the second informa-
tion face by driving the moving means.

The focus jumping means comprises an accelerating
means for generating an accelerating signal for moving the
tocal point of the light beam from one of the first and second
information faces of the recording medium to the other
information face; and a decelerating means for generating a
decelerating signal for decelerating the moving speed of the
tocal point of the light beam.

In this apparatus, a product of a peak value and a time
interval of the decelerating signal for moving the focal point
of the light beam from the upper information face to the
lower information face, when the recording medium 1s set
horizontally, 1s larger than a product of a peak value and a
time 1nterval of the decelerating signal when the recording
medium 1s set vertically. Therefore, a stability of the focus
Jumping 1s secured.

According to an eighteenth aspect of the present
invention, 1n the above-mentioned apparatus, the peak value
of the decelerating signal for moving the focal point of the
light beam from the upper information face to the lower
information face, when the recording medium 1s set
horizontally, 1s larger than the peak value of the decelerating
signal when the recording medium 1s set vertically, and the
time interval of the decelerating signal 1s the same for both
cases. Therefore, a stability of the focus jumping 1s secured.

According to a nineteenth aspect of the present invention,
the above-mentioned apparatus, the time interval of the
decelerating signal for moving the focal point of the light
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beam from the upper information face to the lower informa-
tion face, when the recording medium is set horizontally, 1s
longer than the time interval of the decelerating signal when
the recording medium 1s set vertically, and the peak value of
the decelerating signal 1s the same for both cases. Therelore,
a stability of the focus jumping 1s secured.

According to a twentieth aspect of the present invention,
an optical disk apparatus comprises a focusing means for
focusing a light beam on a recording medium having first

and second imnformation faces; a moving means for moving a
focal point of the light beam focused by the focusing means
in a direction substantially perpendicular to the information
faces of the recording medium; a light detecting means for
detecting a reflected light of the focused signal beam from
the recording medium; a focus control means for detecting a
focus condition of the light beam 1rradiating the information
faces on the basis of an output signal from the light detecting
means, driving the moving means on the basis of the detec-
tion signal, and controlling the light beam so that the focus
condition of the light beam becomes a prescribed focus con-
dition; a focus jumping means for moving the focal point of
the light beam from the first information face to the second
information face by driving the moving means; and a
reflected signal amount storage means for storing signals,
corresponding to the amount of reflected light, which are
detected by the light detecting means when the focal point of
the light beam 1s passed through the first and second infor-
mation faces by driving the moving means so that the light
beam goes away from or close to the recording medium. In
this apparatus, when a focus jumping i1s performed by the
focus jumping means, a gain of the focus control means 1s
changed according to the values stored in the reflected light
amount storage means. Therefore, even when the amount of
reflected light from each information face of a dual-layer
disk or a multiple-layer disk varies and thereby an S ampli-
tude of an FE (focus error) signal varies, or even when the S
amplitude of the FE signal or the like varies between ditfer-
ent disks, apparatuses, or heads, the focus jumping can be
performed stably against these variations.

According to a twenty-first aspect of the present
invention, in the above-mentioned apparatus, when the focus
mumping 1s performed by the focus jumping, means, a focus
control lead-in level 1s set according to the values stored 1n
the reflected light amount storage means. Therefore, when
the lead-1n level at the focus jumping 1s calculated and set
individually, more stable focus lead-1n 1s realized.

According to a twenty-second aspect of the present
invention, 1n the above-mentioned apparatus, a focus control
lead-1n level for the focus jumping 1s set according to an
output signal from the focus control means a gain of which 1s
changed according to the values stored in the reflected light
amount storage means. Therefore, the focus jumping can be
performed stably against variations in the amount of
reflected light from information faces of a dual-layer disk or
a multiple-layer disk, or variations 1n the amplitude of the S
signal between different disks, apparatuses, or heads.

According to a twenty-third aspect of the present
invention, an optical disk apparatus comprises a focusing
means for focusing a light beam on a recording medium
having first and second information faces; a moving means
for moving a focal point of the light beam focused by the
focusing means 1n a direction substantially perpendicular to
the information faces of the recording medium; a light
detecting means for detecting a retlected light of the focused
light beam from the recording medium; a focus control
means for detecting a focus condition of the light beam 1rra-
diating the information faces on the basis of an output signal
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from the light detecting means, driving the moving means on
the basis of the detection signal, and controlling the light
beam so that the focus condition of the light beam becomes a
prescribed focus condition; a focus jumping means for mov-
ing the focal point of the light beam from the first informa-
tion face to the second information face by driving the mov-
ing means; and a focus condition detecting signal storage
means for storing focus condition detecting signals which
are obtained when the focal point of the light beam 1s passed
through the first and second information faces by driving the
moving means so that the light beam goes away from or

close to the recording medium.

In this apparatus, when a focus jumping 1s performed by
the focus jumping means, a gain of the focus control means
1s changed according to the values stored in the focus condi-
tion detecting signal storage means. Therefore, even when
the amount of retlected light from each information face of a
dual-layer disk or a multiple-layer disk varies and thereby an
S amplitude of an FE (focus error) signal varies, or even
when the S amplitude of the FE signal or the like varies
between different disks, apparatuses, or heads, the focus

jumping can be performed stably against there variations.

According to a twenty-fourth aspect of the present
invention, i the above-mentioned apparatus, when the focus
jumping 1s performed by the focus jumping means, a focus
control lead-in level 1s set according to the values stored 1n
the focus condition detecting signal storage means.
Therefore, when the lead-in level at the focus jumping is
calculated and set individually, more stable focus lead-in 1s
realized.

According to a twenty-fifth aspect of the present
invention, 1n the above-mentioned apparatus, a focus control
lead-1n level for the focus jumping 1s set according to an
output signal from the focus control means, and a gain of
which 1s changed according to the values stored 1n the focus
condition detecting signal storage means. Therefore, the
focus jumping can be performed stably against variations 1n
the amount of reflected light from information faces of a
dual-layer disk or a multiple-layer disk, or vanations 1n the
amplitude of the S signal between different disks,
apparatuses, or heads.

According to a twenty-sixth aspect of the present
invention, an optical disk apparatus comprises a focusing
means for focusing a light beam on a recording medium
having first and second information faces; a moving means
for moving a focal point of the light beam focused by the
focusing means 1n a direction substantially perpendicular to
the mformation faces of the recording medium; a light
detecting means for detecting a reflected light of the focused
light beam from the recording medium; a retlected light
amount detecting means for detecting a signal corresponding
to the reflected light amount obtained by the light detecting,
means; a focus condition detecting means for detecting a
focus condition of the light beam 1rradiating the information
faces, according to an output signal from the light detecting
means; division means for dividing a signal from the focus
condition detecting means by a signal from the reflected
light amount detecting means; and a focus jumping means
for moving the focal point of the light beam from the first
information face to the second information face by driving
the moving means on the basis of a signal from the division
means.

Therefore, even though the reflectivity of the recording
medium (disk) significantly varies between the first and sec-
ond information faces or between the Inner circumierence,
the center, and the outer circumtierence of the disk, a lead-in
level of a target Information face can be accurately detected.
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According to a twenty-seventh aspect of the present
invention, an optical disk apparatus comprises a focusing
means for focusing a light beam on a recording medium; a
moving means for moving a focal point of the light beam
focused by the focusing means, 1n a direction substantially
perpendicular to a information face of the recording
medium; a light detecting means having at least two light
responsive parts, for detecting a reflected light from the
recording medium; a focus condition detecting means for
detecting a focus condition of the light beam 1rradiating the
information face, on the basis of a difference of signals out-
put from the two light responsive regions of the light detect-
ing means; a focus control means for driving the moving
means on the basis of an output signal from the focus condi-
tion detecting means, and controlling the light beam so that
the focus condition of the light beam becomes a prescribed
focus condition; and a seeking means for moving the light
beam 1n a direction perpendicular to tracks on the recording
medium and seeking a desired track.

In this apparatus, when a desired track 1s sought by the
secking means, the focus condition detecting means detects
peak levels of signals output from the two light responsive
regions of the light detecting means, and detects a focus
condition of the light beam 1rradiating the information face
from a difference of the detected peak level signals.
Therefore, unwanted defocus caused by track cross 1s
reduced, whereby unwanted count error or focus skipping
during the seeking are avoided. As a result, a stable seeking

performance 1s secured.

According to a twenty-eighth aspect of the present
invention, an optical disk apparatus for reproducing infor-
mation recorded on a recording medium having two infor-
mation faces, by irradiating the recording medium with a
focused light beam, comprises a moving means for moving a
focal point of the light beam irradiating the recording
medium so that the focal point crosses a track on the record-
ing medium; a tracking control means for detecting a posi-
tional error between the focal point of the light beam and the
track on the recording medium, driving the moving means
according to the track error signal, and controlling the light
beam so that the focal point i1s positioned on the track; a
focus jumping means for jumping the focal point of the light
beam to a target information face, which 1s one of the first
information face and the second information face, and seek-
ing the target information face; a decentration signal storage
means for storing decentration signals corresponding to
decentrations of tracks on the first information face and the
second 1nformation face when the jumping and seeking are
performed by the focus jumping means; an adding means for
adding the decentration signals stored in the decentration
signal storage means to an output signal from the tracking
control means; and a system control means for controlling
the system so that a decentration signal, which 1s read out of
the decentration signal storage means and corresponds to the
target information face, 1s added to the tracking control
means, when the jumping and seeking are performed by the
focus jumping means. Therefore, the decentration fol-
lowability 1s improved, and a tracking control system having

a good response to the decentration can be constructed.

According to a twenty-ninth aspect of the present
invention, an optical disk apparatus for reproducing infor-
mation recorded on a recording medium having two nfor-
mation faces, by irradiating the recording medium with a
focused light beam, comprises a moving means for moving a
focal point of the light beam irradiating the recording
medium so that the focal point crosses a track on the record-
ing medium; a tracking control means for detecting a posi-
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tional error between the focal point of the light beam and the
track on the recording medium, driving the moving means
according to the track error signal, and controlling the light
beam so that the focal point 1s positioned on the track; a
focus jumping means for jumping the focal point of the light
beam to a target information face, which 1s one of the first
information face and the second information face, and seek-
ing the target information face; a gain tracking storage
means for storing desired loop gains of the tracking control
means for the first information face and the second informa-
tion face, when the jumping and seeking are performed by
the focus jumping means; a multiplication means for multi-
plying the track gain signals stored 1n the tracking gain stor-
age means by an output signal from the tracking control
means; and a system control means for controlling the sys-
tem so that a tracking gain signal, which 1s read out of the
tracking gain storage means and corresponds to the target
information face, 1s multiplied by the output signal from the
tracking control means, when the jumping and seeking are
performed by the focus jumping means. Therefore, for either
information face, a stable tracking control system can be
constructed.

According to a thirtieth aspect of the present invention, an
optical disk apparatus for reproducing information recorded
on a recording medium having two information faces, by
irradiating the recording medium with a focused light beam,
comprises a moving means for moving a focal point of the
light beam 1rradiating the recording medium so that the focal
point crosses a track on the recording medium; a light detect-
ing means for detecting a reflected light from the recording
medium; a focus control means for detecting a focus condi-
tion of the light beam 1rradiating the information faces of the
basis of an output signal from the light detecting means,
driving the moving means on the basis of the detection
signal, and controlling the light beam so that the focus con-
dition of the light beam becomes a prescribed focus condi-
tion; a focus jumping means for jumping the focal point of
the light beam to a target information face, which 1s one of
the first information face and the second information face,
and seeking the target information face; a focus gain storage
means for storing desired loop gains of the focus control
means for the first information face and the second informa-
tion face, when the jumping and seeking are performed by
the focus jumping means; a multiplication means for multi-
plying the focus gain signals stored in the focus gain storage
means by an output signal from the focus control means; and
a system control means for controlling the system so that a
focus gain signal, which 1s read out of the focus gain storage
means and corresponds to the target information face, 1s
multiplied by the output signal from the focus control
means, when the jumping and seeking are performed by the
focus jumping means. Therefore, for either information face,
a stable tracking control system can be constructed.

According to a thirty-first aspect of the present invention,
an optical disk apparatus for reproducing information
recorded on a recording medium having two information
faces, by 1rradiating the recording medium with a focused
light beam, comprises a moving means for moving a focal
point of the light beam irradiating the recording medium so
that the focal point crosses a track on the recording medium;
a light detecting means for detecting a reflected light from
the recording medium; a focus control means for detecting a
focus condition of the light beam 1rradiating the information
faces on the basis of an output signal from the light detecting
means, driving the moving means on the basis of the detec-
tion signal, and controlling the light beam so that the focus
condition of the light beam becomes a prescribed focus con-
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dition; a focus jumping means for jumping the focal point of
the light beam to a target information face, which 1s one of
the first information face and the second mformatlon face, a
focus position storage means for storing desired target posi-
tions of the focus control means on the first information face
and the second information face when the jumping and seek-
ing are performed by the focus jumping means; and a system
control means for controlling the system so that the target
position of the focus control means 1s changed to a focus
position signal that 1s read out of the focus position storage
means and corresponds to the target information face, when
the jumping and seeking are performed by the focus jumping
means. Theretfore, for either information face, a stable track-
ing control system can be constructed.

According to a thirty-second aspect of the present
invention, an optical disk apparatus for reproducing infor-
mation recorded on a recording medium having two infor-
mation faces, by irradiating the recording medium with a
focused light beam, comprises a moving means for moving a
focal point of the light beam irradiating the recording
medium so that the focal point crosses a track on the record-
ing medium; a tracking control means for detecting a posi-
tional error between the focal point of the light beam and the
track on the recording medium, driving the moving means
according to the track error signal, and controlling the light
beam so that the focal point i1s positioned on the track; a
focus jumping means for jumping the focal point of the light
beam to a target information face, which 1s one of the first
information face and the second information face, and seek-
ing the target information face; a tracking position storage
means for storing desired target positions of the tracking
control means on the first information face and the second
information face, when the jumping and seeking are per-
formed by the focus jumping means; and a system control
means for controlling the system so that the target position
of the tracking control means 1s changed to a tracking posi-
tion signal which 1s read out of the tracking position storage
means and corresponds to the target information face, when
the jumping and seeking are performed by the focus jumping
means. Theretfore, for either information face, a stable track-
ing control system can be constructed.

According to a thirty-third aspect of the present invention,
an optical disk apparatus comprises a focusing means for
focusing a light beam on a recording medium having first
and second imnformation faces; a moving means for moving a
focal point of the light beam focused by the focusing means
in a direction substantially perpendicular to a track on the
recording medium; a light detecting means for detecting a
reflected light from the recording medium at a plurality of
light responsive parts; a phase difierence track error detect-
ing means for generating a phase difference track error sig-
nal corresponding to the positional relationship between the
focal point of the light beam and the track on each informa-
tion face, on the basis of the phase relationship of signals
output from the respective light responsive parts of the light
detecting means; a tracking control means of driving the
moving means according to an output signal from the phase
difference track error detecting means, and controlling the
light beam on the information face so that the focal point of
the light beam seeks the track correctly; a focus jumping
means for jumping the focal point of the light beam to a
target information face, which is one of the first information
face and the second information face, and seeking the target
information face; a phase oifset storage means for storing
delays or leads of signals output from the respective light
responsive parts of the light detecting means, the delays of
leads providing desired values for output signals from the
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phase difference track error detecting means on the first
information face and the second information face, when the
jumping and seeking are performed by the focus jumping
means; and a system control means for controlling the sys-
tem so that the delays or leads of the signals from the respec-
tive light responsive parts of the light detecting means are
changed to a phase offset signal, that 1s read out from the
phase offset storage means and corresponds to the target
information face when the jumping and seeking are per-
tormed by the focus jumping means. Therefore, the offset of
the tracking control means can be always eliminated,
whereby a stable tracking control system can be constructed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating an optical disk appa-
ratus according to the present invention;

FI1G. 2 15 a block diagram 1llustrating a part of the appara-
tus shown i FIG. 1, relating to focus control and focus
lead-1n;

FIGS. 3(a) and 3(b) show a CD and a DVD having differ-

ent base material thicknesses, and wavetorms of UP/DOWN
signals and FE signals;

FIGS. 4(a) and 4(b) show waveforms ol FE signals,
UP/DOWN signals, and AS signals of a CD and a DVD
having different base material thicknesses, respectively;

FIG. 5 1s a tlow chart for explaining a focus lead-in pro-
cess according to the present ivention;

FIGS. 6(a) and 6(b) are cross-sectional views 1llustrating a
dual-layer disk and a multiple-layer disk, respectively,
employed 1n the present invention;

FIG. 7 shows wavelorms of a lens driving signal and an
FE signal, and the position of the focusing lens, for explain-

ing a focus lead-1n operation according to the present imven-
tion;

FIG. 8 shows wavetorms of an FE signal, a lens driving

signal, and an RF signal, for explaining a focus lead-in
operation according to a second embodiment of the present
invention;

FI1G. 9 Is a flowchart for explaining the focus lead-in pro-
cess according to the present invention;

FIG. 10 1s a block diagram 1llustrating a tracking servo
system and a decentration correction part according to the
present invention;

FIG. 11 shows waveforms of an FE signal, a lens driving
signal, and a TE signal when a focus jumping 1s performed,
according to a first embodiment of the present invention;

FIG. 12 1s a flow chart for explaining the focus jumping
process according to the first embodiment of the invention;

FIG. 13 1s a block diagram illustrating a focus control
peak hold section and a control section thereof according to

an eighth embodiment of the present invention;

FIG. 14 1s a schematic diagram for explaining a seeking
for a dual-layer disk according to the eighth embodiment of
the present invention;

FIG. 15 Illustrates wavetforms of F+ and F- during
secking, F+PH and F-PH produced by peak hold of F+ and

F-, FE as a difference of F+ and F—, and FEENYV as a differ-
ence of F+PH and F-PH, accordmg to the eighth embodi-
ment of the invention:

FIG. 16 1s a block diagram 1illustrating an FE detection
circuit using the astigmatic method, according to the eighth
embodiment of the invention;

FI1G. 17 1s a tlow chart for explaining a procedure when a
dual-layer 1s loaded 1n and the apparatus 1s driven according
to the present invention;
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FIG. 18 1s a diagram for explaining a focus jumping
according to the first embodiment of the present invention;

FIG. 19 1s a block diagram 1illustrating a focus servo cir-
cuit according to the prior art;

FIGS. 20(a) and 20(b) show waveforms for explaining a
focus lead-1n operation according to the prior art;

FIG. 21 shows a wavelorm for explaining the focus lead-
in operation according to the prior art;

FIG. 22 1s a flow chart for explaining the focus lead-in
operation according to the prior art;

FIGS. 23(a)-23(1) are schematic diagrams illustrating

light detecting spots when the FE signal 1s positioned at
points A.—I 1n FIG. 18;

FIG. 24 15 a block diagram for explaining a tracking con-
trol offset learning for a disk having two or more information
faces according to a fourteenth embodiment of the present
imnvention;

FIGS. 25(a) and 25(b) show wavelorms of TE signals, FG
signals of the disk motor, and decentration correction signals
produced 1n the DSP, when decentration learning of the disk

1s performed, according to a ninth embodiment of the mnven-
tion;

FIG. 26 1s a block diagram for explaining a tracking con-
trol gain learning for a disk having two or more information
faces, according to a tenth embodiment of the present inven-
tion;

FIG. 27 1s a block diagram for explaining a focus control
gain learming for a disk having two or more information
faces, according to an eleventh embodiment of the present
invention;

FIG. 28 1s a block diagram for explaining a focus control
offset learming for a disk having two or more information

faces, according to a twelith embodiment of the present
invention;

FIG. 29 15 a block diagram for explaining a tracking con-
trol offset learning for a disk having two or more information
faces, according to a thirteenth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

PR.

L1
o

ENT

1. Structure of Optical Recording and Reproducing
Apparatus

FIG. 1 shows an optical disk apparatus 1n accordance with
a first embodiment of the present invention.

As shown 1n FIG. 1, an optical system for irradiating a
disk 101 (recording medium) with light beams 107a and
107b 1s composed of a light source 108, such as a semicon-
ductor laser, a coupling lens 109, a polarization beam splitter
110, a hologram element 106, a focusing lens 105, and a disk
motor 102 for rotating the disk 101 at a prescribed r.p.m. A
light beam emitted from the light source 108 is collimated by
the coupling lens 109 and retlected by the polarization beam
splitter 3 to the hologram element 106. The light beam 1s
splitted 1nto two beams by the beam splitter 3 and the holo-
gram element 106. Thereatter, the two beams are focused by
the focusing lens 105, forming two focuses 107a and 107b 1n
the direction perpendicular to the surface of the disk.

The two light beams 107a and 107b 1rradiate the disk 101
that 1s rotated by the disk motor 102. These two light beams

are used according to the base material thickness of the disk
101. For example, when the disk 101 1s a CD having a thick-
ness of 1.2 mm, the light beam 107b 1s focused on the 1infor-
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mation face. On the other hand, when the disk 101 1s a high-
density disk, such as a DVD having a thickness of 0.6 nmm,
the light beam 107a 1s focused on the information face.

Further, the optical disk apparatus according to the

present Invention 1s applicable to a disk having a plurality of 5

information faces, for example, a dual-layer disk in which
two films, one of which 1s a semi-transparent film, are
bonded with a 2060 um adhesive film like a sandwich as
shown 1n FIG. 6(a), or an N-layer disk in which several
microns thick recording and reproducing films are laminated

as shown 1n FIG. 6(b) (in the Figure, N=4).

This optical disk apparatus further includes a condenser
lens 111 and a four-element photodetector 113, both for
receiving a reflected light from the disk 101. The reflected
light from the disk 101 passes through the focusing lens 105,

the hologram element 106, the polarization beam splitter
110, and the condenser lens 111, and 1s input to the four-
clement photodetector 113. The light beam 1s converted into
electric signals 1n the four element photodetector 113, and
the electric signals are iput to a focus control system FC
and a tracking control system TC.

The tracking control system TC comprises the four ele-
ment photodetector 113, preamplifiers 114a, 114b, 115a and
115b, adders 116 and 117, comparators 118 and 119, a phase
comparator 134, a differential amplifier 120, a gain change
circuit 122, a DSP 129, an A/D converter 124, a driving
circuit 130, and a tracking actuator 103. The light beam
input to the four-element photodetector 113 1s converted to
clectric signals (current) by light responsive parts A, B, C
and D, of the photodetector 113, and the electric signals are
converted to voltage signals and amplified by the preampli-
fiers 114a, 115a, 114b, and 115b, respectively. The amplified
signals are input to the adders 116 and 117, wherein the
signals corresponding to the light responsive parts A and C
of the photodetector 113 are added up by the adder 116 and
the signals corresponding to the light responsive parts B and
D are added up by the adder 117. Thereafter, output signals
from the adders 116 and 117 are digitized by the comparator
119 and 118, respectively, and phases of these signals are
compared by the phase comparator 134. Then, high fre-
quency components of these signals are cut off. The output
signals from the phase comparator 134 are mput to the dif-
terential amplifier 120. It 1s well known that an output from
the differential amplifier 120 shows a result of comparison
of phases of the light beam that includes data on the disk 101
and 1rradiates the photodetector 113, that 1s, 1t shows an error
ol the focal point of the light beam from the track on the disk
101. So, the output from the differential amplifier 120
becomes a track error signal (TE signal), according to the
phase difference method, for controlling the light beam so

that 1t scans the track correctly.

The method for detecting the TE signal 1s not restricted to
the above-mentioned phase difference method. Other
methods, such as a push-pull method and a three beam
method, may be employed.

The TE signal 1s adjusted to a prescribed amplitude (gain)
by the gain change circuit 122. Thereatter, 1t 1s converted to a
digital signal by the A/D converter 124 and input to the DSP
129.

On the other hand, the focus servo system comprises the
four-element photodetector 113, the preamplifiers 114a,
114b, 115a, and 115b, the adders 116 and 117, a differential
amplifier 133, a gain change circuit 121, an A/D converter
123, the DSP 129, a driving circuit 131, and a focus actuator
104.

The output signals from the light responsive parts A, B, C,
and D of the four-element photodetector 113 are converted
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to voltage signals and amplified by the amplifiers 114a,
115b, 114b, and 115a, respectively. Then, the amplified sig-
nals are input to the adders 116 and 117, wherein the signals
corresponding to the light responsive parts A and C of the
photodetector 113 are added by the adder 116 and the signals
corresponding to the light responsive parts B and D are
added up by the adder 117. Thereafter, output signals from

the adders 116 and 117 are input to the differential amplifier
133.

It 1s known that an output signal from the differential
amplifier 133 shows a focus error of the light beam on the
information face of the disk 101. That i1s, the output signal
from the differential amplifier 133 1s a focus error signal (FE
signal), according to the astigmatic method, for controlling
the light beam so that the light beam 1s focused on a pre-
scribed position of the information face of the disk 101. The
method for detecting the FE signal 1s not restricted to the
astigmatic method. Other methods, such as a knife edge
method and an SSD (Spot Sized Detection) method, may be
employed.

The gain change circuit 121 adjusts the amplitude of the
FE signal to a prescribed amplitude (gain) in response to the
amount of light beam corresponding to the reflectivity or the
like of the disk 101. Thereatter, the FE signal 1s converted to
a digital signal by the A/D converter 123 and mnput to the

DSP 129.

FIG. 2 1s a block diagram 1illustrating the focus servo sys-
tem and the focus lead-in system within the DSP 129.

The DSP 129 constitutes a digital control system and
comprises a switch 201, a phase compensating filter 202, a
gain changeable module 203, a switch 204, an S signal

detecting part 205, a level judge part 206, a wavelorm gener-
ating part 207, and a hold part 208.

The FE signal output from the A/D converter 123 is sent
through the switch 201, which opens and closes a loop of the
focus servo system, to the phase compensating filter 202
comprising an adder, a multiplier, and a delay element. The
phase delay of the FE signal in the focus servo system 1s
compensated by the phase compensating filter 202.
Thereatter, the FE signal 1s sent through the gain switch
circuit 203, which sets a loop gain of the focus servo system,
to the switch 204. The switch 204 opens and closes the loop
ol the servo system. Further, when the focus lead-in
performed, the switch 204 sends an UP/DOWN signal for
detecting the information face of the disk 101 by moving the
focusing lens 105, through the D/A converter 209 to the
driving circuit 131 for driving the focus actuator 104. The
FE signal that passes through the switch 204 1s converted to
an analog signal by the D/A converter 209 and input to the
driving circuit 131. In the driving circuit 131, the FE signal
1s subjected to appropriate current amplification and level
change, whereby the focus actuator 104 i1s driven. In this
way, the focus actuator 104 1s driven so that the light beam 1s
always focused on a prescribed position of the disk 101.

At the focus lead-in (when the focus servo control 1s led

in), the wavetorm generator 207 outputs a chopping wave
shaped UP/DOWN signal, turns on the B-C line of the

switch 204, drives the focus actuator 104 through the D/A
converter 209 and the driving circuit 131, and moves the
focusing lens 105 toward the disk 101 and then downward

away from the disk 101.

More specifically, after the A/D conversion, the FE signal
branches 1n the DSP 129 and realizes a focus lead-1n leaning
operation. In this operation, the disk 101 1s rotated, the semi-
conductor laser 108 emuits light, and the wavetform generator
207 outputs the UP/DOWN signal that moves the focusing
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lens 105 toward the disk 101 (UP) and then away from the
disk 101 (DOWN). At this time, 1n the S signal detector 205,

an amplitude of an S signal, which appears 1n the FE signal
during the up and down movement of the focusing lens 105,

1s measured. When the measured amplitude 1s smaller than a
prescribed amplitude, the gain switch circuit 122 1s con-
trolled to reduce the gain. When the measured amplitude 1s
larger than the prescribed amplitude, the gain switch circuit
1s controlled to increase the gain. Therefore, it 1s possible to
make the amplitude of the S signal constant by the output
after the A/D converter 124. The FE signal including the S
signal of the constant amplitude 1s mput to the level judge
part 206. In the level judge part 206, the FE signal 1s com-
pared with a prescribed amplitude level (lead-in level). After
the detection of the lead-1n level, switch 201 1s turned on and
the A-C line of the switch 204 1s turned on to close the focus
servo loop, whereby the focus lead-1n operation 1s achieved.

2. Focus Lead-in Method

A description 1s given of a focus lead-1n method using the
optical disk apparatus according to the present invention. For
simplification, a CD 1s employed as a disk having a base
material thickness of 1.2 mm, and a DVD-ROM (Read Only
Memory Digital Video Disk) 1s employed as a disk having a
base material thickness of 0.6 mm.

As described above, 1n the optical disk apparatus accord-
ing to the present invention, 1n order to secure a compatibil-
ity between a disk having a base material thickness of 1.2
mm, such as a CD, and a disk having a base material thick-
ness of 0.6 mm, such as a DVD, the light beam emuitted from
the light source 108 1s divided into two beams using the
hologram element 106, and the two beams are focused on
the disk. Therefore, when the focusing lens 105, 1.¢., the two
light beams, approaches the disk 101 and goes away from
the disk 101, S signals are detected 1n the FE signal at every
passage of the two light beams through the information face
of the disk. That 1s, S signals due to the light beam for the 1.2
mm thick CD and S signals due to the light beam for the 0.6
mm thick DVD appear as shown in FIGS. 3(a) and 3(b),

respectively.

By the way, the focal point of the light beam for the CD
(heremaftter referred to as CD beam) 1s positioned above the
focal point of the light beam for the DVD (hereinaiter
referred to as DVD beam). So, as shown 1n FIG. 3(a), an
imitial S signal that appears when the focusing lens 105
moves up toward the disk 101 from its lowermost position
shows that the CD beam 1s focused on the information face.
As shown 1n FIG. 3(b), an mitial S signal that appears when
the focusing lens 105 moves downward from the position
nearest to the disk 101 shows that the DVD beam 1s focused
on the information face.

Therefore, when the CD 1s loaded 1n the apparatus, the
focusing lens 105 1s moved down away from the disk with a
mechanical intermediate point as a reference. When the CD
beam spot 1s sulficiently distant from the disk, the focusing
lens 105 1s moved up toward the disk, and an S signal that
appears for the first time 1s detected, whereby the CD beam
can be focused on the imnformation face of the CD. On the
other hand, when the DVD 1s loaded in the apparatus, the
focusing lens 105 1s moved up toward the disk. When the
focusing lens 105 1s suificiently close to the disk, 1.e., when
the DVD beam spot goes through the disk, the focusing lens
105 1s gradually moved away from the disk, and an S signal
that appears for the first time 1s detected, whereby the DVD
beam can be focused on the information face of the DVD.

Since both the CD and the DVD have a diameter of 120
mm, 1t 1s difficult to identify whether the disk loaded 1n the
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apparatus 1s a CD or a DVD. Therelore, as shown 1n FIGS.
4(a) and 4(b), the focusing lens 105 1s once moved down
from the 1mitial position 0 to the point A and then moved up
toward the disk, and an initial S signal amplitude PC that
appears 1n the FE signal at the point B or an imitial signal
amplitude that appears in an AS signal (total light amount
signal, 1.e., total of signals output from the adders 116 and
117) 1s detected, whereby the disk loaded in the apparatus 1s
identified. When the disk 1s a DVD, after the focusing lens
105 reaches the point D nearest to the disk, the focusing lens
105 1s gradually moved away from the disk, and the informa-
tion face of the DVD Is detected by that an S signal QQ, that
appears for the first time reaches a prescribed level LVLI
(point E 1n FIG. 4(a)). At this point E, the focus lead-in 1s
performed. When the disk 1s a CD, after the focusing lens
105 reaches the point D nearest to the disk, the focusing lens
105 1s moved through the point E to the point F farthest from
the disk and then moved upward from the point F, and the
information face of the CD 1s detected by that an S signal R -
that appears for the first time reaches a prescribed level
LVL2 (pomnt G 1n FIG. 4(b)). At this point G, the focus

lead-1n 1s performed.

In this way, a high-speed and stable focus lead-in 1s real-
ized for both the DVD having a base material thickness of
0.6 mm and the CD having a base material thickness of 1.2
mm.

The procedure of the focus lead-in operation will be

described more specifically using FIGS. 4(a), 4(b), and 5.
FIG. 5 1s a flow chart of the focus lead-1n process.

When the disk apparatus 1s turned on, the motor 102
rotates. When a prescribed rotating speed 1s reached, the
semiconductor laser 108 emits light.

Thereaftter, the waveform generator 207 generates a chop-
ping wave signal that drives the lens 105 up and down (U
P/DOWN signal), and the UP/DOWN signal 1s sent through
the switch 204 and the D/A converter 209 to the driving
circuit 131. Recerving the UP/DOWN signal, the driving
circuit 131 drives the focus actuator 104 so that the focusing

lens 105 moves downward to the point A farthest from the
disk shown 1n FIGS. 4(a) and 4(b) (step S1).

When the focusing lens 1035 reaches the point A, the
focusing lens 105 1s then moved up toward the disk 101 (step
S2), and an FE signal 1s sampled (step S3). As shown in FIG.
4(b), when the focusing lens 105 gradually moves upward,
the focal point of the CD beam 107b, which 1s more distant
from the lens than the focal point of the DVD beam 107a,
reaches the information face of the disk at the point B. Since
the S signal P~ due to the CD beam appears in the vicinity of
the point B, the amplitude of this S signal P 1s measured
(step S4).

The amplitude of the S signal P, 1s measured in the fol-
lowing process. That 1s, the FE signal 1s continuously
sampled, a maximum value or a minimum value 1s obtained
by comparing the sampled values of the FE signal, and an
amplitude of the S signal P~ 1s obtained from the maximum
value or the mimimum value.

When the measurement of the amplitude of the S signal
P 1s not completed, the focusing lens 1035 1s moved toward

the disk 101 (N 1n step S5).

When the measurement of the amplitude of the S signal
P, 1s completed (Y 1n step S5), the focusing lens 105 1s
moved toward the point D nearest to the disk (step S6).
Meanwhile since the focal point of the DVD beam 107a
below the focal point of the CD beam 107b also crosses the
information face the S signal P, appears 1n the FE signal as
shown 1n FIG. 4(a), and an amplitude of this S signal P, 1s
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measured (steps S7 and S8). When the focusing lens 105
reaches the point D (step S9 and S10), the amplitude of the S
signal P~ due to the CD beam 1s compared with the ampli-
tude of the S signal PD due to the DVD beam, whereby it 1s
identified whether the disk loaded 1n the apparatus 1s a CD or
a DVD (step S11).

While the focusing lens 105 moves downward from the
point D nearest to the disk 101, the focal point of the DVD
beam 107a 1s the first to cross the information face, and an S
signal corresponding to the DVD beam 107a appears 1n the
FE signal. Next, the focal point of the CD beam 107b crosses
the mformation face, and an S signal corresponding to the
CD beam 107b appears 1n the FE signal.

Therefore, when the disk loaded 1n the apparatus 1s 1denti-
fied as a DVD, as shown 1n FIG. 4(a), 1t 1s detected that the S
signal Q,,, which appears for the first time when the focusing
lens moves away from the point D, reaches the lead-1n level
LVL1, and the focus control 1s performed (steps S19, S20,
S21, 822 and S23).

On the other hand, when the disk loaded in the apparatus
1s 1dentified as a CD, as shown in FIG. 4(b), the focusing
lens 105 1s moved from the point D to the point F, and S
signals that appear during this movement of the lens are
ignored (steps S12 and S13). Then, the focusing lens 103 1s
again moved upward from the point F, and 1t 1s detected that
the S signal R, which appears for the first time during the
upward movement of the lens, reaches the lead-in level

LVL2, whereby the focus control 1s performed (steps S14,
S15, S16, S17, and S18).

In this way, the focus lead-1n 1s realized for the DVD and
the CD. 3.

3. Focus Lead-1n Method for Double-Layer Disk and
Multiple-Layer Disk

FIG. 6(a) 1s a cross-sectional view illustrating a dual-layer
disk 1n which 0.6 mm thick base material layers are bonded
to each other, and FIG. 6(b) 1s a cross-sectional view 1illus-
trating a multiple-layer disk 1n which a plurality of thin sig-

nal films are laminated. Hereinatter, a focus lead-in method
tor the dual-layer disk shown in FIG. 6(a) will be described.

FIG. 7 shows wavelorms of an FE signal and a focus
actuator driving signal, and relative positions of the focusing
lens and the dual-layer disk, when the focusing lens
approaches the dual-layer disk. As shown in FIG. 7, two
continuous S signals (double S signals), for example, P1 and
P2, appear, on the FE signal that 1s obtained from the differ-
ential amplifier 133 and through the gain changeable module
121 and the AD converter 123. A leaning 1s performed so
that the amplitudes of the S signals become constant, a pre-
scribed level in the vicinity of the zero cross point (focal
point) 1s detected, and the focus lead-in 1s performed.

FIG. 8 shows wavelorms of the FE signal at the practical
focus lead-in operation, the RF signal corresponding to the
total amount of reflected light, and the UP/DOWN signal,
1.€., focus driving signal, output from the wavetorm genera-
tor 207. In FIG. 8, the same alphabet as 1n FIG. 7 designates
the corresponding position. FIG. 9 1s a flow chart of the
focus lead-1n leaning process.

In the dual-layer disk shown 1n FIG. 6(a), as in the single-
layer disk, after the A/D conversion, the FE signal branches
in the DSP 129 and realizes a focus lead-in leaning opera-
tion. In this operation, the disk 101 1s rotated, the semicon-
ductor laser 108 emits light, and the waveform generator 207

outputs the UP/DOWN signal that moves the focusing lens
105 toward the disk 101 (UP) and then away from the disk

101 (DOWN). At this time, 1n the S signal detector 2035, an
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amplitude of an S signal, which appears 1n the FE signal
during the up and down movement of the focusing lens 105,
1s measured. When the measured amplitude 1s smaller than a
prescribed amplitude, the gain switch circuit 121 1s con-
trolled to reduce the gain. When the measured amplitude 1s
larger than the prescribed amplitude, the gain switch circuit
121 1s controlled to increase the gain. Therelfore, 1t 1s pos-
sible to make the amplitude of the S signal constant by the
output after the A/D converter 123. The FE signal including
the S signal of the constant amplitude 1s 1nput to the level
judge part 206. In the level judge part 206, the FE signal 1s
compared with a prescribed amplitude level (lead-1n level)
After the detection of the lead-in level, the switch 201 1s
turned on and the A-C line of the switch 204 1s turned on to
close the focus servo loop, whereby the focus lead-1n opera-
tion 1s achieved.

The waveform generator 207 generates an accelerating
pulse signal and a decelerating pulse signal when the light
beam spot moves from the first layer to the second layer or
from the second layer to the first layer. The accelerating
pulse signal and the decelerating pulse signal will he
described later for the first embodiment of the invention.

The relationship between the FE signal and the
UP/DOWN signal output from the waveiorm generator 207
at the focus lead-1n 1s as shown 1n FIG. 7. The focus lead-in
process performed 1n the DSP 129 will be described using
the wavetform showing in FIG. 7 and the flow chart shown in
FIG. 9.

When the disk apparatus 1s turned on, the motor 102
rotates. When a prescribed rotating speed 1s reached, the
semiconductor laser 108 emits light, and the focus lead-in
operation starts.

In FIG. 9, the wavelorm generator 207 generates a chop-
ping wave signal that drives the lens 105 up and down (UP/
DOWN signal), and the UP/DOWN signal 1s sent through
the switch 204 and the D/A converter 209 to the driving
circuit 131. Recerving the UP/DOWN signal, the driving
circuit 131 drives the focus actuator 104 so that the focusing
lens 105 moves upward to the point H nearest to the disk as
shown 1 FIGS. 7 and 8 (step S1). At this time, the focal
point of the light beam 105a 1s positioned above the informa-
tion face L1 of the second layer of the disk.

When the focusing lens 105 reaches the point H, the
focusing lens 105 1s then moved downward away from the
disk 101 (step S2), and an FE si1gnal 1s sampled (step S3). As
shown i FIG. 7, when the focusing lens 105 gradually
moves downward, the focal point of the light beam 107a,
which 1s nearer to the lens than the focal point of the beam
107b, reaches the mnformation face L1 of the second layer of
the disk at the point I. Since an S signal Q2 corresponding to
the L1 face appears 1n the vicinity of the point I, an ampli-
tude of this S signal Q2 1s measured (step S4).

The amplitude of the S signal Q2 1s measured 1n the fol-
lowing process. That 1s, the FE signal 1s continuously
sampled, a maximum value or a minimum value 1s obtained
by comparing the sampled values of the FE signal, and an
amplitude of the S signal Q2 1s obtained from the maximum
value or the minimum value. Further, 1n order to prevent the
precision of the sampled FE signal from being degraded by
circuit noise, noise due to an address part preformated on the
disk; or noise due to scratches on the disk, the sampled FE
signal 1s passed through a digital low-pass filter that 1s con-
stituted by a software processing of the DSP 129, and a
maximum value of a minimum value 1s obtained from the FE
signal that has passed through the digital filter. Thereby, the
amplitude can be measured with high precision.
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When the measurement of the amplitude of the S signal
Q2 1s completed (Y 1n step S5), the focusing lens 105 1is
moved downward (step S6), and the FE signal 1s sampled
(step S7). Since the distance between the second layer L1
and the first layer L0 1s about 40 microns, immediately after
the light beam spot has passed through the point I of the
second layer L1, the light beam reaches the point J of the
first layer LLO. Since an S signal Q1 appears 1n the vicinity of
the point J, an amplitude of this S signal Q1 1s measured as

described for the S signal Q2 (step S8).

When the measurement of the amplitude of the S signal
Q1 1s completed (Y 1n step S9), the focusing lens 105 1s
moved downward to the point E farthest from the disk (step
S10). Meanwhile, since the focal point of the light beam
10°7b crosses the information face, an S signal corresponding
to the focal point appears in the FE signal. When the surface
deflection of the disk 1s significant, the light beams 107a and
107b detect the mformation face at almost the same time and
the two S signals interfere with each other and become non-
linear. However, this portion i1s 1gnored, and the focusing

lens 105 1s moved down to reach the point A farthest from
the disk 101.

When the focusing lens 105 reaches the point A, the
focusing lens 105 1s again moved up from the point A toward
the disk 101. During the upward movement of the lens, since
the focal point of the light beam 107b crosses the informa-
tion face, an S signal corresponding to the focal point
appears 1n the FE signal. When the surface deflection of the
disk 1s significant, the light beams 107a and 107b detect the
information face at almost the same time, and the two S
signals interfere with each other and become nonlinear. So,
it 1s difficult to accurately detect the information faces L0
and L1 with the light beam 107a. Therefore, during this
upward movement of the lens, the detection of S signals 1s
not performed, and the focusing lens 105 1s quickly moved
to the point H nearest to the disk 101 (step S12). At this time,
on the basis of the amplitude of the S signal Q2 of the second
layer and the amplitude of the S signal Q1 of the first layer,
an appropriate focus gain for each of the first and second
layer 1s calculated, and a set value of the gain change circuit
122 1s stored mm a RAM (Random-Access Memory, not
shown 1n the figure) in the DSP 129. Further, an amplitude of
the S signal at the changed gain value 1s calculated, and a
value equal to 10-30% of the amplitude 1s set as a focus

lead-1n level. Thus, calculated lead-1n levels of the first layer
.0 and the second layer L1 are also stored in the RAM 1n the
DSP 129 (steps S13 and S14).

Thereafter, a focus gain value and a lead-in level corre-
sponding to the second layer L1 that 1s detected first by the
light beam 105a when the focusing lens 103 1s moved down-
ward from the point E nearest to the disk 101 are set in the
gain changeable module 122 and the level judge part 207,
respectively (steps S135 and S16). After the setting, the focus-
ing lens 105 1s moved downward (step S17), and the FE
signal 1s sampled (step S18), and the sampled FE signal 1s
compared with the set lead-1n level. When the lead-in level 1s
reached or exceeded, 1t 1s judged that the lead-in level 1s
detected (step S19). Then, the UP/DOWN signal 1s stopped
(step S20) to stop the downward movement of the lens 105.
Finally, the switch 201 1s turned on and the A-C line of the
switch 204 1s turned on to close the focus servo loop (step
S21), whereby the focus lead-1n 1s completed.

After the focus lead-in on the information face L1 that 1s
reached first by the focal point of the light beam, the light
beam 1s moved to a prescribed information face adjacent to
the information face L1, and signals are recorded in or repro-
duced from this information face. The method of moving the
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light beam between the two information faces will be
described later for the first embodiment of the invention.

Further, as described above, 1n steps S13 and S14, the S
signals corresponding to the information faces L0 and L1 are
measured, the set values of the gain changeable module 122
corresponding to the amplitudes of the S signals are stored 1n

the RAM and the lead-1n levels of the information faces L0
and L1, when the changed sat values attain prescribed
amplitudes, are calculated. The stored gain set values of the
information faces L0 and L1 are set for a target information
face when focus jumping 1s performed. Further, the calcu-
lated lead-in levels are set for the respective information
faces. The set value of the gain changeable module may be
obtained from an amplitude of a signal proportional to the
amount of reflected light, for example, the AS signal or the
RF signal. This processing will be described 1in more detail
for the second and third embodiments of the invention

In the focus lead-in method according to the present
invention after the focusing lens 105 1s once moved up to the
point H nearest to the disk 101 from the mechanical interfer-
ence point, the focusing lens 105 1s moved down to the point
A Tfarthest from the disk 101, and the amplitude of the S
signal 1s measured. Then, the leaning of gain or the like 1s
executed. Thereatter, the focusing lens 105 1s again moved
up to the pomnt H and then moved down from the point H,
and the S signal of the information face L1 that appears first

1s detected, whereby the focus 1s led 1n the information face
L1.

Here, the focusing lens 105 1s once moved down to the
point A with the mechanical intermediate point as a refer-
ence and then moved up from the point A to the point H, and
the S signal that appears 1n the FE signal 1s detected, and the
gain 1s leaned. Thereafter, the S signal of the information
face L1 that appears first when the focusing lens 105 is
moved down from the point H 1s detected, whereby the focus
Is led in the information face LL1. As a result, the time
required for the focus lead-1n 1s reduced.

As described above, when a two-layer disk or a multiple-
layer disk 1s loaded 1n the apparatus, the focus 1s always led
in an information face that 1s farthest from the focusing lens
and, thereafter, the focus 1s moved to another information
face as desired using a focus jumping means according to the
first embodiment of the invention which will be described
later. Therefore, a reliable focus lead-1n 1s performed and a
move to a desired information face 1s possible.

By employing the focus lead-in method according to the
present invention, in a recording and reproducing apparatus
including an optical system having two focuses (light
beams) corresponding to disks of different base material
thicknesses, even when dual-layer or multiple-layer disks of
different base material thicknesses are loaded 1n the
apparatus, since the detection and measurement of S signals,
the gain change, and the lead-in level leaning can be per-
formed accurately by the two light beams corresponding to
the respective disks, the focus can be led 1n the recording and
reproducing face that 1s detected first, with high reliability.

Embodiment 1

A focus jumping from one information face to another
information face 1n an optical disk apparatus according to
the first embodiment of the invention will be described here-
inafter with reference to FIGS. 1, 2, 10-12, 18, and 23. In
this first embodiment, a dual-layer disk having two informa-
tion faces L0 and L1 1s employed. However, the focus jump-
ing method according to the first embodiment of the mven-
tion may be applied to other multiple layer disks having
more than two imnformation faces.
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FIG. 10 1s a block diagram 1illustrating the tracking servo
system 1n the DSP 129 shown in FIG. 1. FIG. 11 shows
wavelorms of an FE signal, a positive and negative pulse
signal FEJMP generated in the waveform generator and
applied to the focus servo system, and a TE signal, when

focus jumping 1s performed from L0 to L1, and from L1 to
LO0.

FIG. 18 shows the relative positions of the disk and the
focusing lens (light beam) and the relationship between the
FE signal and the focus jumping pulse signal FEIMP, when
the focus jumping from L0 to L1 1s performed. FIGS. 23(a),
23(b), 23(c), 23(d), 23(e), 23(1), 23(g), 23(h), 23() show
spots detected by the photodetector when the FE signal 1s
positioned at points A, B, C, D, E, F, G, H, and I 1n FIG. 18,
respectively.

Initially, the fundamental operation according to this first
embodiment of the invention will be described.

As shown 1n FIG. 18, when the focusing lens gradually
moves toward the dual-layer disk, the focal point of the light
beam passes through the information faces L0 and L1, and
two periodic sine wave shaped signals, 1.e., S signals, appear
in the FE signal.

It 1s desired that the amount of reflected light from the
information face L0 1s approximately equal to that from the
information face L1 to make the performance of the infor-
mation face L0 approximately equal to that of the informa-
tion face L1. For this purpose, the reflectivities of the infor-
mation faces L0 and L1 should be about 30% and about 70%
respectively. Since the S signal appears within a range of
7—10 um from the top and the bottom of each information
face, the distance between adjacent information faces should
be sufliciently larger than this range so that the S signal
generated by reflected light from an information face 1s not
adversely affected by reflected light from another informa-
tion face. In this first embodiment, the distance between the
information faces L0 and L1 1s about 40 um.

When the focal point of the light beam approaches the
information face L0, since the reflected light from the 1nfor-
mation face L0 increases, the amplitude of the FE signal
increases with the negative polarity from the approximate O
level (point A). The amplitude attains a peak at point B and,
thereatfter, 1t gradually decreases toward the O level. When
the O level 1s reached (point C), the focal point of the light
beam 1s position on the information face LO. When the focal
point of the light beam goes away from the information face
L0, the amplitude of the FE signal increases with, the posi-
tive polarity, attains a peak at point C, and then decreases to

the 0 level.

Further, when the focal point of the light beam passes
through the information face L0 and approaches the infor-
mation face L1, since the reflected light from the informa-
tion face L1 increases, the amplitude of the FE signal
increases with the negative polarity from the approximate O
level (point E). The amplitude attains a peak at point F and,
thereatfter, 1t gradually decreases toward the O level. When
the O level 1s reached (point ), the focal point of the light
beam 1s positioned on the information face L1. When the
tocal point of the light beam goes away from the information
face L1, the amplitude of the FE signal increases with the
positive polarity, attains a peak at point H, and then
decreases to the 0 level. By the passage of the focal point of
the light beam through the information faces L0 and L1, two
periodic S signals appear as shown 1n FIG. 18.

When focus jumping 1s performed from L0 to L1, the
tracking servo system 1s turned off, and an accelerating pulse
signal and a decelerating pulse signal as shown 1n FIG. 18

5

10

15

20

25

30

35

40

45

50

55

60

65

26

are applied to the focus servo system while holding the focus
control. For example, when the focus control 1s performed
following the information face LO (point C), the focus con-
trol 1s held, and an accelerating signal having a prescribed
amplitude of a positive polarity 1s applied during the period
t. By the accelerating signal, the light beam moves from the
information face L0 toward the information face LL1. Even
though the accelerating signal becomes zero before the light
beam reaches the information face L1, the light beam moves
toward the information face L1 by inertia. At this time, in the
FE signal, two S signals appear on the positive side of L0,
1.€., between points D and E, and on the negative side of L1,
i.e.j between points E and F, and the light beam reaches the
information face L1.

In order to sufliciently reduce the moving speed of the
light beam when 1t reaches the mformation face L1 so that
the focus lead-1n 1s stably performed on the information face
L1, a decelerating signal having a prescribed amplitude of a
negative polarity, opposite the positive polarity of the accel-
erating signal, 1s applied during a period of time from point
E where the S signal becomes approximately zero, that 1s, an
intermediate point between the information faces L0 and L1,
to poimnt G where the light beam reaches L1 or point R0
where the light beam goes a little over the information face
L1, whereby the moving speed of the light beam 1s reduced.
Smce the amplitude of the S signal 1n the. FE signal varies 1n
the vicinity of point E due to surface deflection of the disk or
the like, a lead-1n level of the focus control 1s set at a point
where the light beam goes a little over the information face
L1, and the decelerating signal 1s made zero at the moment
when this lead-1n level 1s detected, whereby the focus control
1s quickly performed. Thereby, the light beam follows the
information face L1 (point (), and the focus jumping is
completed. Therefore, as shown 1n FIG. 11, when the accel-
erating signal and the decelerating signal are applied while
appropriately changing the polarity, a stable focus jumping
from L0 to L1 or from L1 to L0 1s realized.

FIG. 12 1s a flow chart illustrating the focus jumping pro-
cess realized by the DSP 122. Hereinatter, the focus jumping
process will be described using FIGS. 11 and 12.

When a focal point of a light beam 1s moved from the first
layer L0 to the second layer L1 or from the second layer L1
to the first layer L0, as 1n the above-mentioned focus control
process, a pulse signal FOIMP 1s produced 1n the waveform
generator 207 and applied to the servo system by a software
processing within the DSP 122, whereby the focal point of a
light beam 1s moved from an iformation face to another
information face, 1.e., focus jumping, 1s realized.

For example, when the focus jumping from L0 to L1 1s
performed, 1nmitially, the switch 301 shown in FIG. 10 1s
turned off to turn oif the tracking servo system (step 1).
Then, the B-C line of the switch 204 shown in FIG. 2 1s
turned on to hold a focus driving signal by the hold part 208
(step S2).

Next, an accelerating pulse A0 of a jumping pulse
(FEIMP pulse) 1s produced 1n the waveform generator 207
shown 1n FIG. 2, and the accelerating pulse A0 1s applied
through the switch 204, the DA converter 209, and the driv-
ing circuit 131 to the focus actuator 104 (step S3). The pulse
width and the peak value of the accelerating pulse A0 are set
according to the sensitivity of the focus actuator 104 and the
surface deflection of the disk 101. When a prescribed pulse
1s applied to the focus servo system, the focusing lens 105
moves upward, 1.€., toward the information face L1. With the
upward movement of the lens 105, an S signal appears as

shown 1n FIG. 11 (left side in the figure).
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When 1t 1s detected that the S signal reaches the reference
level 0, 1.e., when the zero cross level of the FE signal (or an
amplitude level 1n the vicinity of the zero cross level) 1s
detected (step S4), the gain set value of the gain change
circuit 122 1s changed to a gain set value of the information
face L1 (step S5), and the focus lead-in level 1s set to a focus
lead-1n level of the mformation face L1 by the level judge
part 206 (step S6), whereby the S signal and the lead-1n level
ol the information face L1 are accurately detected.

Further, a decelerating pulse B0 produced in the wave-
form generator 207 1s applied (step S7). By the decelerating
pulse B0, a brake 1s applied to the focusing lens 105 that IS
moving toward the information face L1. So, when the F
signal reaches the lead-1n level RO of the information face Jl
(Y In step S5), the moving speed of the focusing lens 105 1s
almost the minimum, 1.e., 0. At this time, the output of the
decelerating pulse B0 1s stopped, and the A-C line of the
switch 204 1s immediately turned on to turn on the focus
servo system (step S9), whereby, 1n the vicinity of the lead-
in level point R0, the focus 1s stably led 1n. Thereafter, dur-
ing the period of time from RO to UO, 1t 1s confirmed that the
focus 1s normally led 1n, by the TE signal (or RF signal)
exceeding a prescribed value (step Sbl). Finally, the switch
301 shown 1n FIG. 10 1s turned on at point U0 1n FIG. 11 to
turn on the tracking servo system (step S11), and the pre-
scribed track and sector address are sought (step S12).

Although the accelerating pulse 1s applied for the constant
period of time t and the decelerating pulse 1s applied for the
period of time during which the focusing lens 105 moves
from the mtermediate point between L0 and L1 to L1, these
periods may be set as follows. That 1s, a maximum value or a
mimmum value of the amplitude of the S signal 1s stored in

the RAM (not shown), and a level corresponding to a pre-
scribed rate of the maximum value or the minimum value
(preferably, 60-80%) 1s obtained as a comparator level.
Then, the sampled FE signal 1s compared with the compara-
tor level. The maximum value of the S signal 1s detected by
that the FE signal becomes larger than the comparator level
and, thereaiter, smaller than the comparator level. Likewise,
the minimum value of the S signal 1s detected by that the FE
signal becomes smaller than the comparator level and,
thereatter, larger than the comparator level. When the maxi-
mum value 1s detected 1n this way, the accelerating pulse 1s
stopped and the decelerating pulse 1s output. When the mini-
mum value 1s detected, the decelerating pulse 1s stopped and

the accelerating pulse 1s output. In this case, the timing of

acceleration and the timing of deceleration can be desirably
changed by the comparator level. Especially, when the tim-
ing 1s appropriately quickened within a range of the perfor-
mance of the focus actuator 104, unwanted positional devia-
tion due to surface deflection of the disk 1s sigmificantly
reduced, so that the focus jumping can be performed at a
higher speed.
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As described above, according to the first embodiment of 50

the present invention, using the focus jumping means, 1n the
focus control holding state, the accelerating signal and the
decelerating signal, having opposite polarities, are applied to
the focusing lens driving means, whereby the light beam 1s
moved between two information faces. Further, the light
beam’s reaching a target information face or going a little
over the information face 1s detected by the amplitude level
of the FE signal, 1.¢., by an output from the light beam focus-
ing condition detecting means, whereby the focus control 1s
performed. Therefore, 1in a multiple-layer disk, the focus
jumping from one layer to another layer can be performed at
a high speed, with high reliability.

Embodiment 2

An optical disk apparatus according to a second embodi-
ment of the present invention can perform the above-
mentioned focus jumping stably against vanations in the

disk.

55

60

65

28

As described above, i a dual-layer disk having first and
second layers (information faces) L0 and L1, 1t 1s desired to
design these layers L0 and L1 so that the amount of reflected
light from the first layer L0 1s approximately equal to that
from the second layer L1 by controlling the reflectivities of
these layers LO and 1. However, because of variations in
the material of the disk or variations in the intermediate layer
between the first and second layers L0 and L1, the amount of
reflected light from the first layer L0 (the second layer 1L1)
varies from a desired value. This variation appears as a varia-
tion in the FE signal, the AS signal, or the RF signal.

If the amplitude of the FE signal varies, the gain of the
focus servo system varies when the focus moves to a target
information face, resulting in unstable focus lead-in. When
the variation 1s significant, the lead-in level for detecting that
the focus has passed through the target information face 1s
detected incorrectly or 1s not detected, resulting in unstable
focus jumping.

In order to solve these problems, as shown in FIG. 8,
amplitudes of two S signals, which appear 1n the FE signal
corresponding to the information faces L0 and L1 of the
dual-layer disk, are measured, and the gain of the FE signal
in the gain changeable module 121 shown in FIG. 2 1s
changed on the basis of the measured values so that pre-
scribed amplitudes are attained at the information faces L1
and L0. Further, the measured amplitudes or the gain set
values of the gain changeable module 121 on the basis of the
measured amplitudes are stored in the RAM within the DSP
129 shown 1n FIG. 2. When the focus jumping 1s performed,
the gain of the FE signal 1s changed to the set value on the
basis of the amplitude of the S signal of each information
tace (step S5 in FI1G. 12). Further, the focus lead-1n level 1s
set 1n the level judge part 206, corresponding to the S ampli-
tude of the FE signal after the gain change (step S6).

When the thickness of the intermediate layer of the dual-
layer disk 1s very thick and varies, the amount of reflected
light from the information face L1 significantly decreases as
compared with the information face L0. Therefore, even
though the S signal of the information face LLO has a pre-
scribed amplitude, the amplitude of the S signal of the infor-
mation face L1 becomes smaller than the prescribed ampli-
tude. In this case, the S amplitudes of the information faces
L0 and L1 are measured and stored at the time of focus
lead-in. When the focus jumping 1s performed from the
information face L0 to the information face L1, the set gain
of the gain change circuit 121 1s increased so that the stored
S amplitude of the information face L1 becomes a prescribed
amplitude.

In this second embodiment of the invention, the ampli-
tudes of the S signals corresponding to the respective infor-
mation faces or set values of the gain change circuit 121 on
the basis of these amplitudes are stored 1n the RAM 1n the
DSP 129 and the stored values are set when the focus jump-
ing 1s performed. Therefore, even when the amount of
reflected light from each information face of the dual-layer
disk (or a multiple-layer disk) varies and the amplitude of
the S signal 1n the FE signal corresponding to each informa-
tion face varies or even when the amplitude of the S signal
varies between different disks, apparatuses, or heads, the
focus lead-in can be performed stably against these varia-
tions.

Furthermore, the lens moving speed for the focus lead-1n.
at the starting of the apparatus, 1s different from the lens
moving speed for the focus jumping. Usually, the lens mov-
ing speed 1s higher at the focus jumping than at the focus
lead-in. Theretfore, considering this difference in the lens
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moving speed, the FE gain of the gain change circuit 121 1s
changed on the basis of the S amplitude of the FE signal that
1s calculated and stored when the light beam passes through
cach information face at the starting and, after the change,
the lead-1n level at the focus jumping 1s set to a level differ-
ent from the focus lead-in level at the starting, for the S
signal having an amplitude approximating the prescribed
amplitude, whereby more stable focus lead-1n 1s realized.

As described above, the optical disk apparatus according
to this second embodiment 1s equipped with a storage means
for storing focus condition detecting signals which are
obtained when the focal point of the light beam i1s passed
through the first and second information faces of the disk by
driving the focusing lens so that the light beam goes away
from or close to the recording medium. When the focus
jumping 1s performed by the focus jumping means, a gain of
the focus servo means 1s changed according to the values
stored 1n the focus condition detecting signal storage means.
Further, a focus control lead-1n level for the focus jumping 1s
set according to an output signal from the focus control
means, a gain of which 1s changed. Therefore, the focus
jumping can be performed stably against vaniations in the
amount of retlected light from information faces of a dual-
layer disk or a multiple layer disk, or variations in the ampli-

tude of the S signal between different disks, apparatuses, or
heads.

Further, since the lead-in level at the focus jumping 1s
calculated on the basis of the S amplitude of the FE signal
that 1s stored at the starting of the apparatus, considering the
lens speed for the focus lead-1n at the starting of the appara-
tus and the lens speed for the focus jumping, and the lead-in
level 1s set individually. Therefore, more stable focus lead-1n
1s realized.

Embodiment 3

In this third embodiment of the invention, a structure for
operating the focus jumping stably against variations 1n the
disk or the like and the focus jumping operation will be

described

As described above, the variation in the amount of
reflected light from the information faces L0 and L1 appears
as a variation i1n the amplitude of the FE signal, the AS
signal, or the RF signal. Therefore, the amplitude of the AS
signal, the RF signal, or the envelope detection signal of the
RF signal 1s proportional to the amplitude of the FE signal.
Therefore, the amplitude of the FE signal can be easily sup-
posed from the amplitude of the AS signal, the RF signal, or
the envelope detection signal.

Therefore, 1n this third embodiment of the invention,
when the focus 1s led 1n the dual-layer disk, amplitudes of
two S signals, which appear 1n the AS signal (refer to FIG. 4)
or the RF signal (not shown) simultaneously with the S sig-
nals 1n the FE signal and respectively corresponding to the
first and second information faces L.O and .1, are measured,
and the gain of the FE signal in the gain changeable module
121 shown 1n FIG. 2 1s changed on the basis of the measured
values so that prescribed amplitudes are attained at the infor-
mation faces L1 and L0. Further, an amplitude of the FS
signal supposed from the measured amplitude of the AS
signal, the RF signal, or the envelope detection signal, or a
set value of the gain changeable module 121 on the basis of
the amplitude 1s stored in the RAM in the DSP 129. When
the focus jumping 1s performed, the gain of the FE signal 1s
changed to a set value on the basis of the stored amplitude of
the S signal of each information face (step 35 i FIG. 12).
Further, the focus control lead-1n level 1s set corresponding
to the S amplitude of the FE signal after the gain change

(step S6).
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Since the focus lead-1n level 1s set corresponding to the S
amplitude of the FE signal after the gain change, as in the
second embodiment of the mnvention, the focus jumping can
be stably performed.

In this third embodiment of the invention, the AS signal,
the RF signal, or the RF envelope signal, which are propor-
tional to the S signal, 1s measured, and the measured value or
a set value of the gain changeable module 121 on the basis of
the measured value 1s stored in the RAM 1n the DSP 129
and, when the focus jumping 1s performed, the stored value
1s set. Therefore, even when the amount of reflected light
from each information face of a dual-layer disk or a
multiple-layer disk varies and the amplitude of the S signal
in the PE signal corresponding to each information face
varies, or even when the amplitude of the S signal varies
between different disks, apparatuses, or heads, the focus
lead-1n can be performed stably against these variations.

Further, considering both the lens speed for the focus
lead-1n at the starting of the apparatus and the lens speed for
the focus jumping, the lead-in level at the focus lead-1n 1s
realized.

Furthermore, when a signal obtained by dividing the FE
signal by the total of outputs from the adders 116 and 117
shown 1n FIG. 1, 1.e., total light amount signal AS, or a signal
obtained by changing the set gain of the gain change circuit
121 according to the amplitude of the total light amount
signal AS, 1s used 1n place of the FE signal to be sampled at
the focus jumping, even when the reflectivity of the disk
significantly varies between the information faces L1 and the
information face L0 or between the inner circumierence, the
center, and the outer circumierence, the lead-in level of the
target information face can be accurately detected.

When the focus moves from the information face L1 to
the information face L0, the FE signal and the FEIMP pulse
become as shown 1n FIG. 11 (right side 1n the figure). Also in
this case, the focus jumping can be realized by process steps
similar to those described above.

In the foregoing description, the focus jumping 1s per-
formed while holding the control signal mput to the D/A
converter 209 shown i FIG. 2, 1.e., the FE dniving signal.
However, when surface deflection of the disk 1s
considerable, the FE signal input to the switch 201 shown 1n
FIG. 2 1s passed through a high frequency cut-off filter to
climinate noise component, and this signal 1s held during the
focus jumping and then sent through the D/A converter 209
to the drniving circuit 131. In this case, unstable factors

caused by positional error due to the surface deflection are
absorbed.

As described above, the optical disk apparatus according
to this third embodiment 1s equipped with a focusing condi-
tion detecting signal storage means for storing a signal
detecting the focusing condition of the light beam, which
signal 1s obtained when the light beam passes through first
and second information faces when the focusing lens is
driven so that the light beam approaches the disk or goes
away from the disk. When the focus jumping 1s performed,
the gain of the FE signal that changes the S amplitude 1s set
to a value on the basis of an amplitude of the FE signal
supposed from the AS signal, the RF signal, or the envelope
detection signal which are stored in the storage means, and
the lead-1n level of the focus control 1s set according to the S
amplitude of the FE signal after the gain change. Therefore,
even when the amount of retlected light from each 1informa-
tion face of the dual-layer disk (multiple-layer disk) varies
and the S amplitude of the information face varies, or when
the S amplitude varies between different disks, apparatuses,
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or heads the focus jumping can be performed stably against
these variations.

Further, considering both the lens speed for the focus
lead-1n at the starting of the apparatus and the lens speed for
the focus jumping, the gain 1s changed on the basis of the
amplitude which 1s measured and stored when the light
beam spot passes through each information face at the start-
ing of the apparatus and the amplitude of the AS signal, the
RF signal, or the RF envelope signal, and then the focus
lead-1n level at the focus jumping after the gain change i1s
calculated, and the lead-in level 1s set individually.
Theretfore, more stable focus lead-in 1s realized.

Furthermore, the amplitude of the signal for detecting the
focus condition of the light beam 1rradiating the information
face 1s divided by the amplitude of the signal obtained by
detecting the reflected light amount from the information
face, and the focus jumping from the first information face to
the second information face i1s conducted by moving the
light beam according to the result of the division. Therefore,
even when the reflectivity of the disk sigmificantly varies
between the inner circumference, the center, and the outer
circumierence of the disk, the lead-in level of the target
information face can be accurately detected, resulting 1n an
accurate focus jumping.

Embodiment 4

In order to secure a high stability of the focus jumping, the
peak values of the accelerating pulse and the decelerating
pulse, when the focus jumping 1s performed, must be set in
due consideration of the sensitivities of the focus actuator
104, surface deflection of the disk 101, vibration from the
outside, and the like.

When the optical disk apparatus 1s a horizontal type opti-
cal disk apparatus in which a disk 1s set horizontally, the
acceleration of the focusing lens 105 driven by the focus
actuator 104 1s 1 G (G: gravitational acceleration) when the
accelerating direction 1s upward. When the accelerating
direction 1s downward, the acceleration of the lens 105
driven by the focus actuator 104 1s -1 G therefore, the mov-
ing speed of the focusing lens 105 i1s lower 1n the upward
direction than in the downward direction.

In this fourth embodiment of the invention, 1n order to
achieve a stable focus jumping by canceling this difference,
the peak value of the accelerating pulse A0 when the light
beam spot (focusing lens 105) moves upward (L0—L1), 1s
made larger than the peak value of the accelerating pulse Al
when the light beam spot moves downward (L1—L0).

In place of the peak value of the accelerating pulse, the
time interval of the accelerating pulse may be changed. In
this case, the time interval of the accelerating pulse A0,
when the light beam spot moves upward (L0—L1), 1s made
longer than the time interval of the accelerating pulse Al
when the light beam spot moves downward (L1—L0).

Alternatively the product of the peak value multiplied by
the time 1nterval may be controlled. In this case, the product
of the accelerating pulse A0, when the light beam spot
moves upward LLO0—L1) 1s made larger than the product of
the accelerating pulse A1 when the light beam spot moves

downward (L1—L0).

In any case, when the difference 1n the accelerations of the
focusing lens 105 between the upward movement and the
downward movement 1s set to about 2 G, a stability of the
focus jumping can be secured 1n any moving directions.

As described above, according to the fourth embodiment
of the mnvention, the focus jumping means includes an accel-
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erating means for generating an accelerating signal that
moves the focal point of the light beam {from an information
face to another mmformation face of the disk and a decelerat-
ing means for decelerating the moving speed of the focal
point of the light beam. When the disk 1s set horizontally, the
peak value of the accelerating signal, the time interval of the
accelerating signal, or the product of the peak value and the
time interval when the focal point moves upward 1s made
larger than that when the focal point moves downward.
Therefore, a stability of the focus jumping can be secured 1n
any case.

Embodiment 5

Although the peak value of the accelerating pulse 1s con-
trolled to cancel the difference 1n the moving speed of the
light beam spot between the upward movement and the
downward movement in the fourth embodiment of the
invention, the peak value of the decelerating pulse may be
controlled.

That 1s, 1n this fifth embodiment of the invention, the peak
value of the decelerating pulse B0, when the light beam spot
moves upward (L0—L1), 1s made smaller than the peak
value of the decelerating pulse B1 when the light beam spot
moves downward (L1—=L1L0). In place of the peak value of the
decelerating pulse, the time interval of the decelerating pulse
may be changed. In this case, the time 1nterval of the decel-
erating pulse B0, when the light beam spot moves upward
(L0—L1), 1s made shorter than the time interval of the decel-
erating pulse B1 when the light beam spot moves downward
(L1—L0).

Alternatively, the product of the peak value multiplied by
the time interval may be controlled. In this case, the product
of the decelerating pulse B0, when the light beam spot
moves upward (L0—L1), 1s made smaller than the product
of the decelerating pulse B1 when the light beam spot moves

downward (L1—=L0).

In any case, when the difference in the accelerations of the
light beam spot between the upward movement and the
downward movement 1s set to about 2 G, a stability of the
focus jumping can be secured.

As described above, according to the fifth embodiment of
the invention, the focus jumping means includes an acceler-
ating means for generating an accelerating signal that moves
the focal point of the light beam from an information face to
another information face of the disk and a decelerating
means for decelerating the moving speed of the focal point
of the light beam. When the disk 1s set horizontally, the peak
value of the decelerating signal, the time interval of the
decelerating signal, or the product of the peak value and the
time interval, when the focal point moves upward, 1s made
larger than that when the focal point moves downward.
Therefore, a stability of the focus jumping can be secured 1n
any case.

Embodiment 6

An optical disk apparatus according to a sixth embodi-
ment of the present Invention 1s a horizontal and vertical
type optical disk apparatus having both a mechamsm for
setting a disk vertically and a mechanism for setting a disk
horizontally. In the apparatus, a DC component of the driv-
ing current of the focus actuator 104 after the turning on of
the focus control, 1.e., a DC value at the Input node of the
D/A converter 209, 1s detected and, according to the magni-
tude of the detected value, whether the disk 1s set horizon-
tally or vertically 1s identified. According to the result, the
accelerating pulse and the decelerating pulse are set at the,
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optimum values. Therefore, even when the surface detlec-
tion of the disk 1s considerable or the sensitivity of the focus
actuator has no margin, stable focus jumping is realized.

When 1t 1s 1identified that the disk 1s horizontally set, the
accelerating pulse or the decelerating pulse 1s controlled as
described for the fourth or fifth embodiment of the mvention.

On the other hand, when 1t 1s identified that the disk 1s
vertically set, 1t 1s assumed that the moving speed of the
accelerating pulse and the moving speed of the decelerating
pulse, when the light beam spot moves from L0 to L1, be
equal to the moving speed of the accelerating pulse and the
moving speed of the decelerating pulse when the light beam
spot moves from L1 to L0, respectively. As described above,
when the disk 1s horizontally set, the focusing lens 105 1s
influenced by a gravitational acceleration of +1 G when the
light beam spot moves from L0 to L1, and 1t 1s influenced by
a gravitational acceleration of —1 G when the light beam spot
moves from L1 to LO. Therefore, the downward moving
speed (L1—=L0) 1n case of the horizontal setting 1s higher
than the moving speed 1n case of the vertical setting, and the
upward moving speed (L0—L1) in case of the horizontal
setting 1s lower than the moving speed 1n case of the vertical
setting.

In this sixth embodiment of the invention, in order to
achieve a stable focus jumping by canceling this difference,
when the light beam spot moves from the bottom to the top
of the disk (L0—L1), peak value or the time interval of the
accelerating pulse A0V 1n the vertical setting or the acceler-
ating pulse AOH 1n the horizontal setting 1s changed.

More specifically, the product of the peak value and the
time 1nterval of the accelerating pulse AOH 1n the horizontal
setting, when the light beam spot (focusing lens) moves
upward (L0—L1), 1s set at a value larger than the product of
the peak value and the time interval of the accelerating pulse
A0V 1n the vertical setting when the light beam spot moves

(the product 1s the same for LO—=L1 and L1—=L0).

Alternatively, the time interval of the accelerating pulse 1s
fixed for both the horizontal setting and the vertical setting,
and only the peak value of the accelerating pulse may be
changed. More specifically, the peak value of the accelerat-
ing pulse AOH 1n the horizontal setting, when the light beam
spot moves upward (LL0—L1), 1s set at a value larger than the
peak value of the accelerating pulse A0V In the vertical set-
ting when the light beam spot moves (the peak wave 1s the
same for LO—L1 and L1—=L0). Or, the peak value of the
accelerating pulse 1s fixed for both the horizontal setting and
the vertical setting, and only the time interval of the acceler-
ating pulse may be changed. That 1s, the time 1nterval of the
accelerating pulse AOH 1n the horizontal setting when the
light beam spot moves upward (L0—L1), 1s set at a value
larger than the time interval of the accelerating pulse A0V 1n
the vertical setting when the light beam spot moves.

In place of the accelerating pulse, the decelerating pulse
may be changed. That 1s, the product of the peak value and
the time interval of the decelerating pulse BOH in the hori-
zontal setting, when the light beam spot moves upward
(L0—L1), 1s set at a value smaller than the product of the
peak value and the time interval of the decelerating pulse

BOV 1in the vertical setting when the light beam spot moves
(the product 1s the same for LO—L1 and L1—=L0).

Alternatively, the time 1nterval of the decelerating pulse 1s
fixed for both the horizontal setting and the vertical setting,
and only the peak value of the decelerating pulse may be
changed. That 1s, the peak value of the decelerating pulse
BOH 1n the horizontal setting, when the light beam spot
moves upward, (L0—L1), 1s set at a value smaller than the
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peak value of the decelerating pulse BOV In the vertical
setting when the light beam spot moves (the peak wave 1s the
same for LO0—L1 and L1—=L0). Or, the peak value of the
decelerating pulse 1s fixed for both the horizontal setting and
the vertical setting, and only the time 1nterval of the deceler-
ating pulse may be changed. That 1s, the time 1nterval of the
decelerating pulse BOH 1n the horizontal setting, when the
light beam spot moves upward (L0—L1), 1s set at a value
smaller then the time interval of the decelerating pulse BOV
in the vertical setting when the light beam spot moves.

Embodiment 7

When the light beam spot (focusing lens) moves down-
ward (L1—=L0) in the horizontal setting, since the focusing
lens 1s 1nfluenced by a gravitational acceleration of -1 G
with respect to the L1 to L0 movement in the vertical setting,
the downward moving speed of the light beam spot 1n the
horizontal setting 1s higher than the moving speed of the
light beam from L1 to L0 1n the vertical setting.

In this seventh embodiment of the invention, in order to
achieve a stable focus jumping by canceling this difference,
when the light beam spot moves from the top to the bottom
of the disk (L1—=L0), the peak value or the time interval of
the accelerating pulse A0V 1n the vertical setting or the
accelerating pulse AOH 1n the horizontal setting 1s changed.

More specifically, the product of the peak value and the
time 1nterval of the accelerating pulse AOH 1n the horizontal
setting, when the light beam spot (focusing lens) moves
downward (L1—L0), 1s set at a value smaller than the prod-
uct of the peak value and the time interval of the accelerating
pulse A0V 1n the vertical setting when the light beam spot
moves (the product 1s the same for LO—L1 and L1—=L0).

Alternatively, the time interval of the accelerating pulse 1s
fixed for both the horizontal setting and the vertical setting,
and only the peak value of the accelerating pulse may be
changed. More specifically, the peak value of the accelerat-
ing pulse AOH 1n the horizontal setting, when the light beam
spot moves downward (L1—10), 1s set at a value larger than
the peak value of the accelerating pulse A0V 1n the vertical
setting when the light beam spot moves (the peak wave 1s the
same for LO—L1 and L1—=L0). Or, the peak value of the
accelerating pulse 1s fixed for both the horizontal setting and
the vertical setting, and only the time interval of the acceler-
ating pulse may be changed. That 1s, the time 1nterval of the
accelerating pulse AOH in the horizontal setting, when the
light beam spot moves downward (L1—=L0), 1s set at a value
larger than the time interval of the accelerating pulse A0V 1n
the vertical setting when the light beam spot moves.

In place of the accelerating pulse, the decelerating pulse
may be changed. That 1s, the product of the peak value and
the time interval of the decelerating pulse BOH 1n the hori-
zontal setting, when the light beam spot moves downward
(L1—=L0), 1s set at a value smaller than the product of the
peak value and the time interval of the decelerating pulse
BOV 1n the vertical setting when the light beam spot moves

(the product 1s the same for LO—L1 and L1—=L0).

Alternatively, the time 1nterval of the decelerating pulse 1s
fixed for both the horizontal setting and the vertical setting,
and only the peak value of the decelerating pulse may be
changed. That 1s, the peak value of the decelerating pulse
BOH in the horizontal setting, when the light beam spot
moves downward (L1—=1.0), 1s set at a value smaller than the
peak value of the decelerating pulse BOV 1n the vertical set-
ting when the light beam spot moves (the peak wave S the
same for LO0—L1 and L1—=L0). Or, the peak value of the

decelerating pulse 1s fixed for both the horizontal setting and
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the vertical setting, and only the time interval of the deceler-
ating pulse may be changed. That 1s, the time interval of the
decelerating pulse BOH 1n the horizontal setting, when the
light beam spot moves downward (L1—=L0), 1s set at a value
smaller than the time interval of the decelerating pulse BOV
in the vertical setting when the light beam spot moves.

In the focus lead-in method mentioned above, at the start-
ing or restarting of the apparatus, the focus lead-in 1s per-
formed first on the second layer L1 of the dual-layer disk,
that 1s, information face farthest from the source of the light
beam (focusing lens). So, when this layer 1s regarded as an
initial reference, the first focus jumping direction at the start-
ing of the apparatus 1s decided. More specifically, the direc-
tion 1n which the focus i1s led 1n first and moved by the first
focus jumping 1s always the direction toward the first L0
layer of the dual-layer disk, 1.e., toward the source of the
laser beam. However, when the information face where the
focus of the light beam 1s led in first 1s not a correctly
detected face or when the focus of the light beam, which 1s
led 1n a target information face, 1s undesirably jumped to
another information face by accident, such as a shock from
the outside, since there 1s no more information face in the
prescribed focus jumping direction in the dual-layer disk as
described above, the focus control ends 1n a failure. In this
case, however, the focus of the light beam can be returned to
the information face by restarting the apparatus. In case of a
multiple-layer disk, the focus of the light beam can be
moved 1n both directions by the focus jumping through 1t
depends on the position of the information face where the
focus 1s led 1n. After the focus jumping, tracking 1s led 1n,
and address information on the track 1s read. Or, the focus of
the light beam 1s moved to a prescribed information track,
and layer information on the track 1s read, whereby 1t 1s
confirmed that the present position 1s incorrect. Therelore,
by performing the restarting of the apparatus or the correc-
tion jumping with the address information, the focus of the
light beam can be returned to a prescribed information face.

Furthermore, the number of the information face, which 1s
now subjected to the focus control, may be stored 1n the state
where the address has been read. In this case, even when the
focus control fails or the focus of the light beam 1s led 1n
another information face due to vibration or shock, the focus
can be returned to the information face which has been under
reproducing or recording.

Embodiment 8

A description 1s given of an optical disk apparatus accord-
ing to an eighth embodiment of the invention.

The optical disk apparatus according to this eighth
embodiment cancels defocus during seeking and realizes
stable seeking. FIG. 13 1s a block diagram 1llustrating a part
of the optical disk apparatus for the peak hold processing of
the FE signal and the focus control in the DSP 122. FIG. 14
1s a cross-sectional view illustrating the positional relation-
ship between the focusing lens 105, the light beam 107a, and
the disk 101 for explaining the seeking process. FIG. 15
illustrate wavelorms of F+ and F- signals before and after
peak hold, respectively, and waveforms of an FEENYV signal
and an FE signal which are difference signals of the F+ and
F- signals and an FE signal, when seeking 1s executed 1n the
arrow direction A. FIG. 16 1s a block diagram 1llustrating the
FE detecting part using the astigmatic method.

Because of the errors 1n adjustment of optical elements,
such as the photodetector 113, track cross modulation signal
levels of the F+ and F- signals vary. Theretfore, as shown 1n

FIG. 15, the FE signal, which 1s a difference signal of the F+
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and F- signals, 1s adversely affected by the track cross,
resulting 1n defocusing. Therefore, since a disturbance
caused by the track cross 1s mixed during seeking, defocus-
ing occurs, whereby the amplitude of the Te signal 1s
reduced or the S/N ratio 1s degraded. As a result, counting of
the TE signal for detecting the position of the light beam in
the track direction becomes impossible. Further, when the
defocus increases, focus skipping occurs, so that the focus
cannot move to a target track.

As shown in FIG. 1, the F+ and F- signals, which are

obtained from the photodetector 113 through the preamplifi-
ers 114 and 115, are subjected to peak hold by the peak hold
circuits 125a and 125b, that is, upper side peaks (peaks on
the mirror side of the disk 101) of these signals are held,
whereby signals F+PH and F-PH, which are not adversely
alfected by the track cross during seeking, are generated as
shown 1n FIG. 15. The FEENYV signal 1s obtained by measur-
ing a difference between these signals F+PH and F-PH.

This FEENYV signal 1s put 1n the gain changeable module
127, wherein an optimum gain (amplitude) 1s set for the
FEENYV signal. Then, the FEENYV signal 1s sent through the
A/D converter 128 to the DSP 129. Since ordinary focus
control, focus lead-in, and focus jumping need suificient
response, the B-C line of the switch 401 1n the DSP 129 1s
turned on, and a process similar to the process described for
the prior art apparatus 1s performed. During seeking, since
influences by the track cross that appear in the FE signal
only 1n the seeking must be eliminated, the A-C line of the
switch 401 1s turned on. In this way, the FE signal, produced
by the focus control when an ordinary tracking control 1s
ON, 1s changed to the FE signal that i1s input under the focus
control during the seeking, whereby undesired defocus
caused by the track cross 1s reduced and undesired count
error or focus skipping during the seeking are avoided. As a
result, a stable seeking performance 1s secured.

Although 1n this eighth embodiment the astigmatic
method 1s employed for detecting the FE signal, other detec-
tion methods may be employed. However, since there 1s a
tendency for the track cross to increase the influence, the
cifect of the FE detection using the astigmatic method 1s
significant.

As described above, according to the eighth embodiment
of the mnvention, when a desired track 1s sought by a seeking
means, the focusing condition detection means 1s con-
structed so that peak levels of output signals from two light
responsive parts of the light detecting means are detected
and the focusing condition of the light beam 1rradiating the
information face 1s detected from a difference of the peak
level detected signals. Further, the FE signal, produced by
the focus control when an ordinary tracking control 1s ON, 1s
changed to the FE si1gnal that 1s input under the focus control
during the seeking, whereby undesired defocus caused by
the track cross 1s reduced and undesired count error or focus
skipping during the seeking are avoided. As a result, a stable
secking performance 1s secured.

Embodiment 9

A description 1s given of a decentration learning for a
multiple-layer disk 1n an optical disk apparatus according to
a ninth embodiment of the invention, using FIGS. 10, 25(a),
and 25(b). In this embodiment, a dual-layer disk 1s
employed.

FIGS. 25(a) and 25(b) show TE signals when a decentra-
tion of the disk 1s learned and FG signals of the disk motor,

and a decentration correction signal produced in the DSP
129.
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When the optical disk apparatus 1s turned on and the dual-
layer disk 1s loaded In the apparatus, the disk motor 102 1s
rotated at a prescribed speed (DMON). Next, the semicon-
ductor laser 108 1s oscillated (LDON), and the focus of the
light beam 107a emitted from the laser 108 1s led in the
second layer L1 of the dual-layer disk. In the state where the
tocus 1s led 1n the second layer L1, a sine wave shaped track
cross signal appears on the TE signal due to a decentration.

The FG signal of the disk motor 1s a pulse signal having a
prescribed pulse number for one rotation according to the
rotation of the motor. In the figure, the pulse number 1s ten.

[ 1

Therefore, in order to count the pulse number of the TE
signal for one rotation of the motor (FG10 pulse), the DSP
129 produces a one rotation 1 pulse that 1s obtained by divid-
ing the FGIO pulse, and detects the O cross of the TE signal
during the 1 pulse and counts the frequency of the O cross,
whereby a decentration of the disk 1s measured.

After the measurement of the decentration. DIl at the
information face L1 1s completed, the DSP 129 stores the
information of the decentration D11 at the information face
L1 in the decentration memory 306. Thereatter, the focus of
the light beam 1s moved to the information face L0 by the
focus jumping mentioned above.

On the information face L0, as described above, the track-
ing control 1s turned off and the focus control 1s turned on.
Then, from the sine wave shaped track cross signal shown 1n
FIG. 25(b), the DSP 129 detects the pulse number of the TE
signal during one rotation of the motor (FG10 pulse) by, for
example, counting the frequency of the O cross, whereby the
decentration of the disk 1s measured. After the measurement
of the decentration on the information face L.0, the DSP 129
stores the information of the decentration at the information
face L0 1n the decentration memory 309.

After the storage of the decentrations of the imnformation
faces L1 and L0 in the decentration memory 309, the DSP
129 generates a sine wave shaped correction signal that 1s
synchronized with the FG signal of the motor and with the
FG divided one rotation signal, referring the decentration of
the information face on which the light beam 1s now con-
trolled. Then, the DSP 129 input this correction signal
through the composition circuit 304 to the tracking servo
system, whereby the decentration followability 1s increased.
Theretfore, 1 either case where the focus of the light beam
moves from L0 to L1 or from L1 to L0 1n the dual-layer disk,
when the focus jumping 1s performed to a target information
face, a tracking servo system having a good response to the
decentration can be constructed by changing the stored
decentration mnformation used when the correction signal 1s
generated.

By the way, a variety of methods for measuring and cor-
recting the decentration have been proposed, and this ninth
embodiment of the invention 1s not restricted by the method
mentioned above.

As described above, according to the ninth embodiment of
the ivention, decentration signals corresponding to decen-
trations of tracks on the first information face and the second
information face stored and, when the focus jumping 1s con-
ducted to a target information face, the decentration signal
corresponding to the target information face 1s added to an
output of a tracking servo system. Therefore, when the focus
jumping 1s conducted two information faces of the dual-
layer disk, by changing the stored decentration information
for generating correction signals for the focus jumping,
according to the target information face, the decentration
tollowability of each mnformation face 1s improved, whereby
a tracking servo system having a good response to the decen-
tration can be constructed.
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Embodiment 10

A description 1s given of a tracking control gain learning
for a multiple-layer disk in an optical disk apparatus accord-
ing to a tenth embodiment of the imnvention, using FI1G. 26. In
this tenth embodiment a dual-layer disk 1s employed.

FIG. 26 1s a block diagram 1llustrating the inner structure
of the DSP 129 for explaining at tracking servo system and a
gain learning section according to the tenth embodiment of
the present invention.

When the optical disk apparatus 1s turned on and the dual
layer disk 1s loaded in the apparatus, the disk motor 102 1s
rotated at a prescribed speed (DMON). Next, the semicon-
ductor laser 108 1s oscillated (LDON), and the focus of the
light beam 107a emitted from the laser 108 1s led in the
second layer L1 of the dual-layer disk. Thereatter, the track-
ing servo system 1s turned on, and the tracking control gain
learning 1s started.

The gain measuring part 311 1n the DSP 129 applies a
disturbance A of a frequency 1n the vicinity of the gain cross-
over frequency to the tracking servo system, and receives a
tracking error signal TE (signal at the input node of the
phase compensator) and a signal that has made around of the
tracking servo loop (output signal from the switch 301) after
the application of the disturbance A. Then, the gain measur-
ing part 311 calculates an open-loop again G from the two
signals, calculates a correction value to a desired tracking
gain irom the calculated present gain, and sends a signal
corresponding to the correction value through the switch
312a to the gain changeable module 303, whereby the
present tracking gain 1s changed to the desired tracking gain.

In case of the dual-layer disk, a correction value to a
desired tracking gain 1s calculated from the present gain
measured for the information face L1, and a switch value
corresponding to the correction value 1s applied through the
switch 312a to the gain changeable module 303 and,
simultaneously, the switch value 1s stored 1n the gain storage
part 312.

When the measurement of the gain at the information face
L1 and the storage of the switch value are completed, the
focus of the light beam 1s moved to the information face LO
by the above-mentioned focus jumping.

In a similar process as mentioned above, a correction
value to a desired tracking gain 1s calculated from the
present gain measured for the information face L0, and a
switch value corresponding to the correction value 1s input to
the gain changeable module 312, whereby the present gain 1s
changed to the desired gain. Simultaneously, the switch
value 1s stored 1n the gain storage part 312.

After the correction values of the tracking control gains
are calculated for the information faces L1 and L0, the gain
storage part 312 stores the changed values of the gain
changeable module 303, which are the correction values of
the tracking control gains for the information faces L0 and
1. Then, the DSP 129 sends a gain switch value stored 1n
the gain storage part 312 and corresponding to the informa-
tion face on which the light beam 1s now controlled to the
gain changeable module 312 through the switch 312a, so
that an optimum tracking gain 1s set for the information face.
Theretfore, 1n either case where the focus of the light beam
moves from L0 to L1 or from L1 to L0 1n the dual-layer disk,
when the focus jumping 1s performed, according to the target
information face, the tracking gain is learned and the track-
ing gain 1s changed to an optimum value for the information
face, whereby a stable tracking servo system can be con-
structed for either information face.
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In this tenth embodiment of the invention, the loop gain 1s
obtained by applying a disturbance and detecting the loop
transier signal of the disturbance. However, the method of
measuring the gain 1s not restricted thereto.

As described above, according to the tenth embodiment of
the present invention, In the dual-layer disk, when the focus
of light beam moves from one information face to the other
information face, the tracking gain 1s learned at the previous
focus jumping, and the tracking gain at the present focus
jumping 1s changed to an optimum value for the target infor-
mation face. Therefore, a stable tracking servo system can be
constructed for erther information face.

Embodiment 11

A description 1s given of a focus control gain learning for
multiple-layer disk in an optical disk apparatus according to
an eleventh embodiment of the invention, using FIG. 27. In
this embodiment, a dual-layer disk 1s employed.

FIG. 27 1s a block diagram illustrating the inner structure
of the DSP 129 for explaining a focus servo system and a
gain learning section according to the eleventh embodiment
of the present invention.

When the optical disk apparatus 1s turned on and the dual-
layer disk 1s loaded 1n the apparatus, the disk motor 102 1s
rotated at a prescribed speed (DMON). Next, that semicon-
ductor laser 108 1s oscillated LDON), and the focus of the
light beam 107a emitted from the laser 108 1s led in the
second layer L1 of the dual-layer disk. Thereatfter, the focus
servo system 1s turned on, and the focus control gain learn-
ing 1s started.

The gain measuring part 211 1 the DSP 129 applies a
disturbance B of a frequency 1n the vicinity of the gain cross-
over frequency to the focus servo system, and receives a
focus error signal FE (si1gnal at the mput node of the phase
compensator 202) and a signal that has made a round of the
focus servo loop (output signal from the switch 201) after
the application of the disturbance B. Then, the gain measur-
ing part 211 calculates an open-loop gain from the two
signals, calculates a correction value to a desired focus gain
from the calculated present gain, and sends a signal corre-
sponding to the correction value through the switch 21 2a to
the gain changeable module 203, whereby the present focus
gain 1s changed to the desired focus gain.

In the case of the dual-layer disk, a correction value to a
desired focus gain 1s calculated from the present gain mea-
sured for the information face .1, and a switch value corre-
sponding to the correction value 1s applied through the
switch 212a to the gain changeable module 203 and,
simultaneously, the switch value 1s stored 1n the gain storage
part 212.

When the measurement of the gain at the information face
L1 and the storage of the switch value are completed, the
focus of the light beam 1s moved to the information face L0
by the above mentioned focus jumping.

In a similar process as mentioned above, an correction
value to a desired focus gain 1s calculated from the present
again measured for the mformation face L0, and a switch
value corresponding to the correction value 1s mput to the
gain changeable module 202 through the switch 212a,
whereby the present gain 1s changed to the desired gain.
Simultaneously, the switch value 1s stored 1n the gain storage
part 212.

After the correction values of the focus control gains are
once calculated for the information faces L1 and L0, the gain
storage part 212 stores the changed values of the gain
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changeable module 203, which are the correction values of
the focus control gains for the information faces L0 and L1.
Then, the DSP 129 sends the gain switch value stored 1n the
gain storage part 212 and corresponding to the information
face on which the light beam 1s now controlled to the gain
changeable module 212 through the switch 212a, so that an
optimum focus gain 1s set for the information face.
Therefore, 1n either case where the focus of the light beam
moves from L0 to L1 or from L1 to L0 1n the dual-layer disk,
when the focus jumping is performed, according to the target
information face, the focus gain 1s learned and the focus gain
1s changed to an optimum value for the information face,

whereby a stable focus servo system can be constructed for
either information face.

In this eleventh embodiment of the invention, the loop
gain 1s obtained by applying a disturbance and detecting the
loop transfer signal of the disturbance. However, the method
of measuring the gain 1s not restricted thereto.

As described above, according to the eleventh embodi-
ment of the present invention, in the dual-layer disk, when
the focus of light beam moves from one mformation face to
the other information face, the focus gain i1s learned at the
previous focus jumping, and the focus gain at the present
focus jumping 1s changed to an optimum value for the target
information face. Therelore, a stable focus servo system can
be constructed for either information face.

Embodiment 12

A description 1s given of a focus control offset learning for
a multiple-layer disk in an optical disk apparatus according
to a twellth embodiment of the present invention, using FIG.
28. In this embodiment, a dual-layer disk 1s employed.

FIG. 28 1s a block diagram 1llustrating the inner structure
of the DSP 129 for explaining a focus servo system and an
olfset learning section according to the twelfth embodiment
ol the present invention.

When the optical disk apparatus 1s turned on and the dual-
layer disk 1s loaded in the apparatus, the disk motor 102 1s
rotated at a prescribed speed (DMON). Next, the semicon-
ductor laser 108 1s oscillated (LDON), and the focus of the
light beam 107a emitted from the laser 108 1s led in the
second layer L1 of the dual-layer disk. Thereatfter, the focus
servo system 1s turned on, and the focus control offset learn-
ing 1s started.

An RFENYV signal, which 1s obtained by envelope detec-
tion of the RF signal, 1s input to the DSP 129. The DSP 129
measures the amplitude of the RFENYV signal by the focus
position seeking part 213 and applies a signal so that the
amplitude attains a maximum value through the switch 214a
to the composition circuit 204, whereby the focus offset 1s
corrected.

In case of the dual-layer disk, on the information face LI,
the RFENYV signal 1s measured while shifting the focus posi-
tion by applying a signal to the composition circuit 204, and
a focus position at which the RFENYV signal attains a maxi-
mum value 1s sought by the focus position seeking part 213,
whereby the offset correction value 1s obtained. Then, the
obtained focus oilset correction value 1s input to the compo-
sition circuit 204 through the switch 214a to correct the
focus offset and, simultaneously, the focus offset correction
value 1s stored 1n the focus offset storage part 214.

When the seeking of the focus offset for the information
face L1 and the storage of the oflset correction value are
completed, the focus of the light beam 1s moved to the infor-
mation face L0 by the above-mentioned focus jumping.

In a similar process as mentioned above, a focus offset
correction value 1s calculated from a focus position sought
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for the information face 1.0, and this focus offset correction
reaction value 1s input to the composition circuit 204 through
the switch 214a to correct the focus position and,

simultaneously, the focus offset correction value is stored 1n
the focus ofiset storage part 214.

After the focus offset correction values are once sought
tor the information faces L1 and L0, the focus oifset storage

part 214 stores the focus control ofl

set correction values for
the information faces L0 and LL1. When the focus control 1s
performed, the DSP 129 reads the offset correction value
corresponding to the information face on which the light
beam 1s now controlled from the storage part 214, and sends
the offset correction value through the switch 214a to the
composition circuit 204 so that an appropriate offset correc-
tion for the information face 1s performed, whereby the light
beam 1s focused on a correct position of the mmformation
face.

Therefore, 1n e1ther case where the focus of the light beam
moves from L0 to L1 or from L1 to L0 1n the dual-layer disk,
when the focus jumping 1s performed, according to the target
information face, the focus offset if learned, and the locus
offset value 1s changed to an optimum value for the informa-
tion face. Theretfore, for either information face, a stable
focus control performance can be secured and the margin of
the reproduced signal can be increased.

In this twelfth embodiment of the invention, the focus
offset for each of the mnformation faces LLO and L1 1s learned
and corrected at a position where the RFENYV signal attains a
maximum value. However, an intermediate point between
two points where the amplitudes of the RFENYV signal are
the same may be sought because the focus posﬂ;lon where
the RFENYV signal attains a maximum value 1s supposed to
be the intermediate point between the two points.

Furthermore as a signal for detecting the focus offset, in
place of the RFENYV signal, the TE signal, the jitter signal of
the reproduced signal, the C/N of the reproduced signal, the
number of data errors, or the error rate may be employed.
That 1s, this twelfth embodiment of the invention 1s not
restricted by the ofifset detection method with the RFENV
signal.

As described above, according to the twelith embodiment
of the mvention, when focus jumping 1s performed 1n the
dual-layer disk, a focus control offset correction value corre-
sponding to a desired target position of the focus control
means on each of the first information face and the second
information face of the disk 1s stored in the focus position
storage means and, when focus jumping 1s performed this
time, the target position of the focus control means 1is
changed to an optimum value for the target information face.
Theretore, a stable focus servo system can be constructed for
either information face.

Embodiment 13

A description 1s given of a tracking control offset learning
for a multiple-layer disk 1n an optical disk apparatus accord-
ing to a thirteenth embodiment of the present mvention,
using FIG. 29. In thus embodiment, a dual-layer disk 1s
employed.

FIG. 29 1s a block diagram illustrating the inner structure
of the DSP 129 for explaining a tracking servo system and an

offset learning section according to the thirteenth embodi-
ment of the present invention.

When the optical disk apparatus 1s turned on and the dual-
layer disk 1s loaded in the apparatus, the disk motor 102 is
rotated at a prescribed speed (DMON). Next, the semicon-
ductor laser 108 1s oscillated (LDON), and the focus of the
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light beam 107a emitted from the laser 108 1s led in the
second layer L1 of the dual-layer disk: Thereafter, the track-
ing control offset learning 1s started. In the state where the
focus 1s led 1n, a sine wave shaped track cross signal as
shown 1n FI1G. 25(a) appears on the TE signal due to a decen-
tration.

A tracking offset corrector 313 samples the sine wave
shaped TE signal, detects a maximum value and a minimum
value, and calculates a tracking offset from a difference
between these values. Alternatively, the tracking offset may
be obtained by an integration of the sampled TE value. The
tracking oflset corrector 313 calculates a correction value to

be applied to the composition circuit 304 from the calculated
offset. The tracking offset corrector 313 stores the value 1n
the RAM within the tracking offset corrector 313 and cor-
rects the tracking offset input to the composition circuit 304.

When the measurement of the tracking ofiset and the stor-
age of the correction value for the information face L1 are
completed, the focus of the light beam 1s moved 1s the 1nfor-
mation face L0 by the above-mentioned focus jumping.

On the information face 1.0, as described above, the track-
ing control 1s turned off and the focus control i1s turned on.
Then, the tracking oifset 1s measured by detecting a maxi-
mum value and a mimmimum value of the sine wave shaped
tracking cross signal shown in FIG. 25(a) or by integrating
the track cross signal. After the offset measurement for the
information face L0 1s completed, an offset correction value
for the information face L0 1s stored 1n another RAM 1n the
tracking oifset corrector 3 13.

After the storage of the tracking oflset correction values
of the information faces .1 and L0 in the RAMSs, the track-
ing offset corrector 313 in the DSP 129 selects the offset
correction value of the information face on which the light
beam 1s now controlled. This offset correction value 1s input
to the composition circuit 304, whereby the tracking offset 1s
corrected.

Therefore, 1n either case where the focus of the light beam
moves from L0 to L1 or from L1 to L0 1n the dual-layer disk,
when the focus jumping 1s performed to a target information
face, a focus oflset correction value corresponding to the
target information face 1s set, whereby the offset of the track-
ing servo system can be always eliminated, resulting 1n a
stable tracking servo system.

By the way, a variety of methods have been proposed for
the measurement and correction of the offset, and this thir-
teenth embodiment of the invention 1s not restricted by the
method mentioned above.

As described above according to the thirteenth embodi-
ment of the present invention, when focus jumping 1s per-
formed 1n the dual-layer disk, a tracking offset correction
value corresponding to a desired target position of the track-
ing control means on each of the first information face and
the second information face of the disk 1s stored in the track-
ing position storage means and, when focus jumping is per-
formed this time, the target position of the tracking control
means 1s changed to an optimum value for the target infor-
mation face. Therefore, a stable tracking servo system can be
constructed for either information face.

Embodiment 14

A description 1s given of a tracking control offset learning
for a multiple-layer disk in an optical disk apparatus accord-
ing to a fourteenth embodiment of the present ivention,
using FIG. 24. In this embodiment, a dual-layer disk 1s
employed.

FIG. 24 1s a block diagram 1llustrating the 1nner structure
of the DSP 129 for explaining a phase difference tracking
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servo system and a section for correcting an offset due to the
phase difference (heremnafter referred to as a phase ditfer-
ence offset) according to the fourteenth embodiment of the

present invention.

When the optical disk apparatus 1s turned on and the dual-
layer disk 1s loaded in the apparatus, the disk motor 102 1s
rotated at a prescribed speed (DMON). Next, the semicon-
ductor laser 108 1s oscillated (LDON), and the focus of the
light beam 107a emitted from the laser 108 1s led in the
second layer L1 of the dual-layer disk. In the state where the
focus 1s led 1n, a send wave shaped track cross signal as
shown 1n FI1G. 25(a) appears on the TE signal due to a decen-
tration.

In the DSP 129, the lens shifter 310 apphes a signal to the
composition circuit 304 and gives an oflset to the tracking
actuator 103 by compulsorily ﬂowmg current 1n the actuator
103, whereby the focusing lens 105 1s shifted by about +300
um. In the state where the lens 103 1s shifted, the symmetry
detector 318 samples the sine wave shaped TE signal
detects a maximum value and a minimum value of the T.
signal, and calculates a symmetry Voii+ tracking on the posi-
tive side of the lens shift. Alternatively, this symmetry may
be obtained by integrating the sampled TE value.

Next, the polarity of the output signal from the lens shifter
317 1s changed so that the lens 105 1s sifted by about —300
um. In this state, the symmetry detector 318 samples the sine
wave shaped TE signal, detects a maximum value and a
mimmum value of the TE signal, and calculates a symmetry
Voii- of tracking on the negative side of the lens shift.
Alternatively, this symmetry may be obtained by integrating
the sampled TE value.

Then, the variable delay elements 3135 and 316 vary the
delay (or lead) Pd1 so that the difference of the positive and
negative lens-shift offsets attains a mimimum value.

When the setting of the delay of the variable delay ele-
ments 315 and 316, which delay 1s a correction value of the
phase difference offset of the phase difference tracking on
the information face L1, and the storage of the set value in
the phase difference correction value storage part 319 are
completed, the focus of the light beam 1s moved to the infor-
mation face L0 by the above-mentioned focus jumping.

On the information face L0, the tracking control 1s turned
olif and the focus control 1s turned on, an optimum delay Pd0
for correcting the phase difference oil

L

set 15, obtained.

When the delays (or leads) Pd1 and Pd0 of the variable
delay elements 315 and 316 for the information faces L1 and
L0, respectively, are obtained, output values for setting the
delays are mput to the phase difference correction value stor-

age part 319.

After the phase difference correction value storage part
319 once stores the set values Pd1 and Pd0 for correcting the
phase difference oifset of the phase difference tracking, the
DSP 129 selects a delay corresponding to the information
face on which the light beam 1s no controlled, and sends this
delay through the switch 319a to the variable delay circuits

315 and 316.

Therelore, in either case where the focus of the light beam
moves from L0 to L1 or from L1 to L0 1n the dual-layer disk,
when the focus jumping 1s performed to a target information
face, the delay (Pd1 or Pd0) of the variable delay Circuits
315 and 316 corresponding to the target Information face 1s
set, the offset of the tracking servo system when the lens 105
1s shifed can be always eliminated, resulting 1n a stable
tracking servo system.

By the way, a variety of methods
the measurement and correction of the o

have been proposed for

it il

set, and this four-
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teenth embodiment of the invention 1s not restricted by the
method mentioned above.

As described above, according to the fourteenth embodi-
ment of the present mvention, a phase difference track error
signal corresponding to the positional relationship between
the focal point of the light beam and the track on each infor-
mation face i1s produced on the basis of the phase relation-
ship of signals output from respective light responsive parts
of the light detecting means which receives reflected light
from the recording medium. The tracking control means
controls the tracking by driving the light beam moving
means according to an output signal from the phase ditfer-
ence track error detecting means. Delays or leads of signals
output from the respective light responsive parts of the light
detecting means, which delays or leads provide desired val-
ues for output signals from the phase difference track error
detecting means on the first information face and the second
information face of the recording medium, are stored while
performing focus jumping and seeking by the focus jumping
means. When focus jumping and secking are actually per-
formed for a target information face, the delays or leads of
the signals from the respective light responsive parts of the
light detecting means are changed to the phase offset signal
that 1s read out from the phase offset storage means and
corresponds to the target information face. Therefore, in the
dual-layer disk, when focus jumping 1s performed between
the two information faces, since the focus offset correction
value corresponding to the target information face is set, the
olfset in the tracking servo system can be always eliminated,
whereby a stable tracking servo system can be constructed.

What 1s claimed 1s:

1. An optical disk apparatus comprising:

a focusing means for focusing a light beam on a recording,
medium having first and second information faces;

a moving means for moving a focal point of the light beam
focused by said focusing means in a direction substan-
tially perpendicular to the imformation faces of the
recording medium;

a light detecting means for detecting a reflected light of
the focused light beam from the recording medium;

[a focus control means for detecting a focus condition of
the light beam 1rradiating the information faces on the
basis of an output signal from said light detecting
means, driving said moving means on the basis of the
detection signal, and controlling the light beam so that
the focus condition of the light beam becomes a pre-
scribed focus condition;]

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information
Jaces on the basis of the digital signal from the light
detecting means;

a focus control means for driving said moving means and
controlling the light beam so that the focus condition of
the light beam becomes a prescribed focus condition on

the basis of an output signal from said focus condition
detecting means,

a focus jumping means for jumping the focal point of the
light beam to a target information face which 1s one of
the first information face and the second information
face by driving said moving means; and

a storage means for storing signals obtained when the
focal point of the light beam 1s passed through the first
and second information faces by driving said moving,
means so that the light beam goes away from or close to
the recording medium;

wherein, when a focus jumping 1s performed by said focus
jumping means, a gain of said focus control means 1s
changed according to the values stored 1n said storage
means.
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2. An apparatus as claimed 1n claim 1, wherein said stor-
age means stores signals corresponding to an amount of
reflected light which 1s detected by said light detecting
means when the focal point of the light beam 1s passed
through the first and second information faces by driving
said moving means so that the light beam goes away from or
close to the recording medium.

3. An apparatus as claimed in claim 2, wherein, when the
focus jumping 1s performed by said focus jumping means, a
focus control lead-in level 1s set according to the values
stored 1n said storage means.

4. An apparatus as claimed in claim 2, wherein a focus
control lead-1n level for the focus jumping is set according to
the value stored 1n said storage means, a gain of which 1s
changed according to the values stored in said storage
means.

5. An apparatus as claimed 1n claim 1, wherein said stor-
age means stores focus condition detecting signals obtained
when the focal point of the light beam 1s passed through the
first and second information faces by driving said moving
means so that the light beam goes away from or close to the
recording medium, wherein said focus condition detecting,
signal comprises at least one of a gain, an offset, and a level,
and wherein, when the focus jumping 1s performed by said
focus jumping means, at least one of a gain, an offset, and a
level of said focus control means 1s changed according to the
values stored 1n said storage means.

6. An apparatus as claimed 1n claim 5, wherein, when the
focus jumping 1s performed by said focus jumping means, a
focus control lead-in level 1s set according to the values
stored 1n said storage means.

7. An apparatus as claimed in claim 5, wheremn a focus
control lead-1n level for the focus jumping 1s set according to
the value stored 1n said storage means, a gain ol which 1s
changed according to the values stored in said storage
means.

8. An optical disk apparatus for reproducing information
recorded on a recording medium having two information
faces, by irradiating the recording medium with a focused
light beam, said apparatus comprising:

a moving means for moving a focal point of the light beam
irradiating the recording medium so that the focal point
crosses a track on the recording medium:;

a tracking control means for detecting a positional error
between the focal point of the light beam and the track
on the recording medium, driving said moving means
according to the track error signal, and controlling the
light beam so that the focal point 1s positioned on the
track:

a focus jumping means for jumping the focal point of the
light beam to a target information face, which 1s one of
the first information face and the second information
face, and seeking the target information face;

a storage means for storing tracking condition signals for
the first information face and the second information
face;

an arithmetic means for performing an arithmetic opera-
tion on the tracking condition signals stored in said
storage means with an output signal from said tracking
control means, and

a system control means for controlling the system so that a
tracking condition signal which 1s read out of said stor-
age means and corresponds to the target information
face 1s used to adjust the output signal from the tracking
control means, when the jumping and seeking are per-
formed by said focus jumping means.
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9. An apparatus as claimed 1n claim 8, wherein the track-
ing condition signals stored 1n said storage means are decen-
tration signals which corresponding to decentrations of
tracks on the first information face and the second informa-
tion face, said arithmetic means 1s an adding means for add-
ing the decentration signals stored in said storage means to
the output signal from said tracking control means, and said
system control means controls the system so that a decentra-
tion signal which 1s read out of said storage means and cor-
responds to the target information face 1s added to the output
signal from said tracking control means, when the jumping
and seeking are performed by said focus jumping means.

10. An apparatus as claimed 1n claim 8, wherein the track-
ing condition signals stored in said storage means are
desired loop gains of said tracking control means for the first
information face and the second information face, said arith-
metic means 1s a multiplication means for multiplying the
track gain signals stored 1n said storage means by an output
signal from said tracking control means, and said system
control means controls the system so that a tracking gain
signal which 1s read out of said storage means and corre-
sponds to the target mformation face 1s multiplied by the
output signal from the tracking control means, when the
jumping and seeking are performed by said focus jumping
means.

11. An optical disk apparatus as claimed in claim 1,
wherein said signals stored in said storage means are desired
loop gains of said focus control means for the first informa-
tion face and the second information face, and said optical
disk apparatus further comprising:

a multiplication means for multiplying the focus gain sig-
nals stored 1n said storage means by an output signal
from said focus control means: and

a system control means for controlling the system so that a
focus gain signal which 1s read out of said storage
means and corresponds to the target information face 1s
multiplied by the output signal from said focus control
means.

12. An optical disk apparatus as claimed in claim 1,
wherein said signals stored in said storage means are servo
offsets corresponding to desired target positions of said
focus control means on the first information face and the
second information face, and said optical disk apparatus fur-
ther comprises:

a system control means for controlling the system so that
the target position of said focus control means 1is
changed to a focus position signal that 1s read out of
said storage means and corresponds to the target infor-
mation face.

13. An optical disk apparatus as claimed in claim 8,
wherein said signals stored in said storage means are servo
offsets corresponding to desired target positions of said
tracking control means on the first information face and the
second information face, and said optical disk apparatus fur-
ther comprises:

a system control means for controlling the system so that
the target position of said tracking control means 1s
changed to a tracking position signal that 1s read out of
said storage means and corresponds to the target infor-
mation face.

14. An optical disk apparatus as claimed 1n claim 8, fur-

ther comprising:

a light detecting means for detecting a reflected light from
the recording medium at a plurality of light responsive
parts;

a phase difference track error detecting means for generat-
ing a phase difference track error signal corresponding
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to the positional relationship between the focal point of point of the light beam in response to the timing sig-
the light beam and the track on each information face, nal from said timing signal generating means.
on the basis ot the phase relationship of signals output 17. A digital signal processor for controlling a light beam
from the respective light responsive parts of said light of an optical disk apparatus on a recorvding medium having
detecting means; and 5 first and second information faces, the optical disk appara-
wherein said tracking control means drives said moving tus including a focusing lens for focusing a light beam on the
means according to an output signal from said phase recording medium having first and second information

difference track error detecting means, and controls the
light beam on the information face so that the focal
point of the light beam seeks the track correctly;

wherein said storage means stores delays or leads of sig-
nals output from the respective light responsive parts of
said light detecting means, the delays or leads provid-
ing desired values for output signals from said phase
difference track error detecting means on the first infor-

mation face and the second information face; and

wherein said system control means controls the system so

that the delays or leads of the signals from the respec-

tive light responsive parts of said light detecting means

are changed to a phase offset signal that 1s read out from

said storage means and corresponds to the target infor-

mation face when the jumping and seeking are per-
formed by said focus jumping means.

15. An optical disk apparatus as claimed in claim 8,

wherein said storage means stores a parameter of a focus

faces, a moving unit for moving a focal point of the light
beam focused by the focusing lens in a divection substan-
10 tially perpendicular to the information faces of the vecording
medium, a photodetector for detecting a veflected light of the
Jocused light beam from the recovding medium, an AD con-
verter for converting an output signal from the photodetec-
tov to a digital signal, the digital signal processor compris-
15 Ing:

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information
Jaces on the basis of the digital signal from the AD

converter;

20 a focus control means for driving the moving unit and
controlling the light beam, so that the focus condition of
the light beam becomes a prescribed focus condition on
the basis of an output signal from said focus condition
detecting means,; and

control and a tracking control corresponding to the first and 2 afocus jump ing means J or driving the moving unit so that
second information face, and the parameter of the focus con- the focal point of f{w light E?eam moves from one of ?he
trol and tracking control is changed when a jumping is per- Jirst _a”d second inf« ormatior faces of the recording
formed by said focus jumping means. medium to the other information face;

16. 4 digital signal processor for controlling a light beam SQfdfOCHSJHmeﬂg means comprfsmg{ |
of an optical disk apparatus on a recovding medium having an accelerating means for generating an accelerating
first and second information faces, the optical disk appara- signal for moving the focal point of the light beam
tus including a focusing lens for focusing a light beam on the Jfrom one of said first and second information faces of
recording medium having first and second information the recording medium to the other information face;
faces, a moving unit for moving a focal point of the light 15 and | | | |
beam focused by the focusing lens in a divection substan- a decelerating means for generating a decelerating sig-
tially perpendicular to the information faces of the recovding nal for decelerating the moving speed of the focal
medium, a photodetector for detecting a veflected light of the point of the light beam;
focused light beam from the recording medium, an AD con- wherein the digital signal processor is arranged and con-
verter for converting an output signal from the photodetec- Jigured such that a peak value and/or a time interval of
tor to a digital signal, the digital signal processor compris- the accelerating signal are changeable according to the
ing. moving dirvection of the focal point of the light beam.

a focus condition detecting means for detecting a focus 18. The digital signal processor of claim 17,

condition of the light beam irradiating the information wherein a peak value and a time inferval of accelerating

faces on the basis of the digital signal from the AD signal are determined so that a product of a peak value

converter, and a time interval of the accelerating signal is varied

a focus control means for driving the moving unit and according to the moving direction of the focal point of

controlling the light beam, so that the focus condition of the light beam.

the light beam becomes a prescribed focus condition on 19. The digital signal processor of claim 18,

the basis of an output signal from said focus condition 55  wherein, when the optical disk apparatus functions as a

detecting means, and horizontal-type optical disk apparatus, a product of a

a focus jumping means for driving the moving unit so that peak value and a time interval of the accelerating sig-

the focal point of the light beam moves from one of the nal when the focal point of the light beam is moved from

first and second information faces of the rvecording the lower information face to the upper information
medium to the other information face; 55 face is larger than a product of a peak value and a time
said focus jumping means comprising: interval of the accelerating signal when the focal point
an accelerating signal generating means for generating of the light bean _fS movea{ﬁ’om the upper information
an accelerating signal for moving the focal point of Jace to f{?e’ Zower mformarmnface.. |
the light beam from one of the first and second infor- 20. An optical disk apparatus comprising:
mation faces of the recovding medium to the other 60 a focusing means for focusing a light beam on a recording
information face; medium having first and second information faces;

a timing signal generating means for generating a tim- a moving means for moving a focal point of the light beam
ing signal that operates said focus control means on focused by said focusing means in a direction substan-
the basis of the output signal from the AD converter, tially perpendicular to the information faces of the
and 65 recovding medium;

a decelerating means for generating a decelerating sig- a light detecting means for detecting a reflected light of

nal for decelerating the moving speed of the focal the focused light beam from the recording medium;
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a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information
Jaces on the basis of an output signal from the light
detecting means;

a focus control means for driving said moving means on >
the basis of an output signal from said focus condition
detecting means, and controlling the light beam so that
the focus condition of the light beam becomes a pre-

scribed focus condition; and

a focus jumping means for moving the focal point of the 10

light beam from the first information face to the second
information face by driving said moving means;
said focus jumping means comprising;

an accelerating means for generating an accelerating 15
signal for moving the focal point of the light beam
from one of the first and second information faces of
the recording medium to the other information face;
and

a decelerating means for decelervating the moving
speed of the focal point of the light beam;

wherein the accelerating signal is determined by a digital
signal processor, and a product of a peak value and a
time interval of the accelerating signal for moving the
focal point of the light beam from the lower information -5
Jace to the upper information face when the optical disk
apparatus functions as a hovizontal-tvpe optical disk
apparatus, is larger than a product of the peak value
and the time interval of the accelerating signal when
said optical disk apparatus functions as a vertical-tvpe 3
optical disk apparatus.

21. The optical disk apparatus of claim 20,

20

wherein said digital signal processor controls the light

beam emitted from the optical disk apparatus which
performs recovding into the rvecovding medium having 35
the first and second information faces,

said digital signal processor comprises:

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information
Jaces on the basis of the digital signal from the AD
converter,

40

a focus contrvol means for driving the moving unit and
controlling the light beam, so that the focus condition of
the light beam becomes a prescribed focus condition on
the basis of an output signal from said focus condition
detecting means; and

45

a focus jumping means for drviving the moving unit so that
the focal point of the light beam moves from one of the
first and second information faces of the recording s
medium to the other information face;
said focus jumping means comprising;
an accelerating means for generating an accelervating
signal for moving the focal point of the light beam
from one of said first and second information faces of 55
the recording medium to the other information face;
and

a decelerating means for generating a decelerating sig-
nal for decelerating the moving speed of the focal
point of the light beam, 60

said digital signal processor is adjusted such that a
peak value and/or a time interval of the accelerating
signal are changeable according to the moving
dirvection of the focal point of the light beam, and

the peak value and the time interval of the accelerating 65
signal are determined so that a product of the peak
value and the time interval of the accelerating signal

50

is varied according to the moving dirvection of the
focal point of the light beam.
22. An optical disk apparatus comprising:

a focusing means for focusing a light beam on a vecording
medium having first and second information faces;

a moving means for moving a focal point of the light beam
Jocused by said focusing means in a divection substan-
tially perpendicular to the information faces of the
recording medium;

a light detecting means for detecting a reflected light of
the focused light beam from the recording medium;

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information
Jaces on the basis of an output signal from said light
detecting means,

a focus control means for driving the moving means on the
basis of an output signal from said focus condition
detecting means, and controlling the light beam so that
the focus condition of the light beam becomes a pre-
scribed focus condition; and

a focus jumping means for moving the focal point of the
light beam from the first information face to the second
information face by driving said moving means;

said focus jumping means comprising;
an accelerating means for generating an accelerating

signal for moving the focal point of the light beam
from one of the first and second information faces of
the vecording medium to the other information face;
and

a decelerating means for decelervating the moving
speed of the focal point of the light beam;

wherein the accelerating signal is determined by a digital
signal processor, and a product of a peak value and a
time interval of the accelerating signal for moving the
Jocal point of the light beam from the upper information
Jace to the lower information face when the optical disk
apparatus functions as a hovizontal-type optical disk
apparatus is smaller than a product of the peak value
and the time interval of the accelerating signal when
said optical disk apparatus functions as a vertical-type
optical disk apparatus.

23. The optical disk apparatus of claim 21,

wherein said digital signal processorv controls the light
beam emitted from the optical disk apparatus which
performs recording into the recovding medium having
the first and second information faces,

said digital signal processor comprises:

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the informa-
tion faces on the basis of the digital signal from the
AD converter;

a focus control means for drviving the moving unit and
controlling the light beam, so that the focus condi-
tion of the light beam becomes a prescribed focus
condition on the basis of an output signal from said
focus condition detecting means; and

a focus jumping means for driving the moving unit so
that the focal point of the light beam moves from one
of the first and second information faces of the
recovding medium to the other information face;

said focus jumping means comprising;
an accelerating means for genervating an accelerat-

ing signal from moving the focal point of the light
beam from one of said first and second informa-
tion faces of the rvecording medium to the other
information face; and
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a decelerating means for generating a decelerating
signal for decelerating the moving speed of the
focal point of the light beam;

said digital signal processor is adjusted such that a
peak value and/or a time interval of the accelerat- 5
ing signal ave changeable according to the moving
divection of the focal point of the light beam, and

the peak value and the time interval of the accelerat-
ing signal are determined so that a product of the
peak value and the time interval of the accelerat-
ing signal is varied accovding to the moving direc-
tion of the focal point of the light beam.

24. A digital signal processor for controlling a light beam
of an optical disk apparatus on a vecording medium having
first and second information faces, the optical disk appara-
tus including a focusing lens for focusing a light beam on the
recorvding medium having first and second information
faces, a moving unit for moving a focal point of the light
beam focused by the focusing lens in a divection substan-
tially perpendicular to the information faces of the recording
medium, a photodetector for detecting a veflected light of the
Jocused light beam from the recovding medium, an AD con-
verter for converting an output signal from the photodetec-
tor to a digital signal, the digital signal processor compris-
Ing.:

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information
faces on the basis of the digital signal from the AD
converter,
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a focus control means for driving the moving unit and X
controlling the light beam, so that the focus condition of
the light beam becomes a prescribed focus condition on
the basis of an output signal from said focus condition
detection means; and

a focus jumping means for driving the moving unit so that
the focal point of the light beam moves from one of the
first and second information faces of the recording
medium to the other information face;

35

said focus jumping means comprising;

an accelerating means for generating an accelerating ,,
signal for moving the focal point of the light beam
from one of said first and second information faces of
the recording medium to the other information face;
and

a decelerating means for generating a decelerating sig- -
nal for decelerating the moving speed of the focal
point of the light beam,

wherein the digital signal processor is arvanged and con-
figured such that a peak value and/or a time interval of
the decelevating signal arve changeable according to the s
moving direction of the focal point of the light beam.

25. The digital processor of claim 22,

wherein a peak value and a time interval of decelerating
signal ave determined so that a product of a peak value
and a time interval of the decelevating signal is varied 55
according to the moving dirvection of the focal point of
the light beam.

26. The digital signal processor of claim 23,

wherein, when the optical disk apparatus functions as a
horizontal-type optical disk apparatus, a product of a 60
peak value and a time interval of the decelerating sig-
nal when the focal point of the light beam is moved from
the lower information face to the upper information
face is smaller than a product of a peak value and a
time interval of the accelerating signal when the focal 65
point of the light beam is moved from the upper infor-
mation face to the lower information face.
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27. An optical disk apparatus comprising:

a focusing means for focusing a light beam on a vecording
medium having first and second information faces;

a moving means for moving a focal point of the light beam
Jocused by said focusing means in a divection substan-
tially perpendicular to the information faces of the
recovding medium;

a light detecting means for detecting a reflected light of
the focused light beam from the recording medium;

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information
Jaces on the basis of an output signal from said light
detecting means,

a focus control means for driving said moving means on
the basis of an output signal from said focus condition
detecting means, and controlling the light beam so that
the focus condition of the light beam becomes a pre-
scribed focus condition; and
a focus jumping means for moving the focal point of the
light beam from the first information face to the second
information face by driving said moving means;
said focus jumping means comprising;
an accelerating means for generating an accelerating
signal for moving the focal point of the light beam
from one of the first and second information faces of
the vecording medium to the other information face;
and

a decelerating means for genervating a decelerating sig-
nal for decelerating the moving speed of the focal
point of the light beam,

wherein the decelevating signal is determined by a digital
signal processor, and a product of a peak value and a
time interval of the decelerating signal for moving the
Jocal point of the light beam from the lower information
Jace to the upper information face when the optical disk
apparatus functions as a hovizontal-type optical disk
apparatus, is smaller than a product of the peak value
and the time interval of the decelerating signal when
the optical disk apparatus functions as a vertical-type
optical disk apparatus.

28. The optical disk apparatus of claim 23,

wherein said digital signal processor controls the light
beam emitted from the optical disk apparatus whickh
performs vecording into the rvecovding medium having
first and second information faces,

said digital signal processor comprises:

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the informa-
tion faces on the basis of the digital signal from the
AD converter;

a focus control means for driving the moving unit and
controlling the light beam, so that the focus condi-
tion of the light beam becomes a prescribed focus
condition on the basis of an output signal from said
focus condition detecting means; and

a focus jumping means for driving the moving unit so
that the focal point of the light beam moves from one
of the first and second information faces of the
recovding medium to the other information face;

said focus jumping means comprising;

an accelerating means for generating an accelerating
signal for moving the focal point of the light beam
from one of said first and second information faces of
the vecording medium to the other information face;
and
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a decelerating means for generating a decelevating sig-
nal for decelerating the moving speed of the focal
point of the light beam,

said digital signal processor is adjusted such that a peak
value and/or a time interval of the decelerating signal >
are changeable according to the moving direction of
the focal point of the light beam, and

the peak value and the time interval of the decelerating
signal are determined so that a product of the peak
value and the time interval of the decelerating signal is
varied according to the moving direction of the focal
point of the light beam.

29. An optical disk apparatus comprising:

10

a focusing means for focusing a light beam on a recording

. . . . 15
medium having first and second information faces;

a moving means for moving a focal point of the light beam
Jocused by said focusing means in a divection substan-
tially perpendicular to the information faces of the

recording medium; 20

a light detecting means for detecting a reflected light of
the focused light beam from the recording medium,

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the information

Jaces on the basis of an output signal from said light
detecting means,

25

a focus control means for driving said moving means on
the basis of an output signal from said focus condition
detecting means, and controlling the light beam so that

the focus condition of the light beam becomes a pre-
scribed focus condition; and

30

a focus jumping means for moving the focal point of the
light beam from the first information face to the second
information face by driving said moving means;
said focus jumping means comprising;
an accelerating means for generating an accelervating
signal for moving the focal point of the light beam
from one of the first and second information faces of
the recording medium to the other information face;
and

a decelerating means for generating a decelerating sig-
nal from decelerating the moving speed of the focal
point of the light beam,

40

wherein the decelerating signal is detevmined by a digital
signal processor, and a product of a peak value and a
time interval of the decelerating signal for moving the
Jocal point of the light beam from the upper information
Jace to the lower information face when the optical disk
apparatus functions as a hovizontal-tvpe optical disk
apparatus, is larger than a product of the peak value
and the time interval of the decelerating signal when
the optical disk apparatus functions as a vertical-type
optical disk apparatus.

30. The optical disk apparatus of claim 26,

45
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wherein said digital signal processor controls the light

beam emitted from the optical disk apparatus which
performs recorvding into the rvecovding medium having
first and second information faces,

said digital signal processor comprises: 60

a focus condition detecting means for detecting a focus
condition of the light beam irradiating the informa-
tion faces on the basis of the digital signal from the
AD converter;

a focus contvol means for driving the moving unit and
controlling the light beam, so that the focus condi-

tion of the light beam becomes a prescribed focus

65
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condition on the basis of an output signal from said
focus condition detecting means; and

a focus jumping means for driving the moving unit so
that the focal point of the light beam moves from one
of the first and second information faces of the
recovding medium to the other information face;

said focus jumping means comprising;

an accelerating means for generating an accelerating
signal for moving the focal point of the light beam
from one of said first and second information faces of
the vecording medium to the other information face;
and

a decelerating means for genervating a decelevating sig-

nal for decelerating the moving speed of the focal
point of the light beam;

said digital signal processor is adjusted such that a peak
value and/or a time interval of the decelerating signal
are changeable according to the moving dirvection of
the focal point of the light beam, and

the peak value and the time interval of the decelerating
signal are determined so that a product of the peak
value and the time interval of the decelerating signal is
varied according to the moving dirvection of the focal
point of the light beam.

31. A digital signal processor for controlling a light beam
of an optical disk apparatus on a recording medium having
first and second information faces, the optical disk appara-
tus including a focusing lens for focusing a light beam on the
recording medium having first and second information
faces, a moving unit for moving a focal point of the light
beam focused by the focusing lens in a divection substan-
tially perpendicular to the information faces of the recording
medium, a photodetector for detecting a veflected light of the
Jocused light beam from the recovding medium, an AD con-
verter for converting an output signal from the photodetec-
tor to a digital signal, the digital signal processor compris-
Ing:

a focus condition detecting means for detecting a focus

condition of the light beam irradiating the information
Jaces on the basis of the digital signal from the AD

converter;

a focus control means for drviving the moving unit and
controlling the light beam, so that the focus condition of
the light beam becomes a prescribed focus condition on
the basis of an output signal from said focus condition
detecting means and a plurality of parameters; and

a focus jumping means for drviving the moving unit so that
the focal point of the light beam jumps to a target infor-
mation face which is one of the first information faces
and the second information faces; and

a storage means for storing signals obtained when the
Jocal point of the light beam is passed through the first
and second information faces by driving the moving

unit so that the light beam goes away from or close to
the recovding medium;

wherein, when a focus jumping is performed by said focus
Jumping means, at least one of the plurality of param-
eters are changed according to the values stoved in the
storage means.

32. A digital signal processor of claim 27,

wherein, when a focus jumping is performed by said focus
Jumping means, a gain of said focus control means is
changed accorvding to the values stoved in the storage
means.

33. An apparatus as claimed in claim 28, wherein said

storage means stoves signals corvesponding to an amount of
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reflected light which is detected by said light detecting
means when the focal point of the light beam is passed
through the first and second information faces by driving
said moving means so that the light beam goes away from or
close to the recording medium.

34. An apparatus as claimed in claim 29, wherein, when
the focus jumping is performed by said focus jumping
means, a focus control lead-in level is set according to the
values stoved in said storage means.

35. An apparatus as claimed in claim 29, wherein a focus
control lead-in level for the focus jumping is set accovding to
the value stoved in said storage means, a gain of which is
changed according to the values stored in said storage
means.

36. An apparatus as claimed in claim 28, wherein said
storage means storves focus condition detecting signals

obtained when the focal point of the light beam is passed

through the first and second information faces by driving
said moving means so that the light beam goes away from or
close to the recording medium, wherein said focus condition
detecting signal comprises at least one of a gain, an offset,
and a level, and wherein, when the focus jumping is per-
Jormed by said focus jumping means, at least one of a gain,
an offset, and a level of said focus control means is changed
according to the values stoved in said storage means.

37. An apparatus as claimed in claim 32, wherein, when
the focus jumping is performed by said focus jumping
means, a focus control lead-in level is set according to the
values stoved in said storage means.

38. An apparatus as claimed in claim 32, wherein a focus
control lead-in level for the focus jumping is set according to
the value stored in said storage means, a gain of which is
changed according to the values stored in said storage
means.

39. A digital signal processor for controlling light beam of

an optical disk apparatus on a recovding medium having
first and second information faces, the optical disk appara-
tus including a moving unit for moving a focal point of the
light beam irradiating the rvecovding medium so that the
focal point crosses a track on the recorvding medium, the
digital signal processor comprising.

a tracking control means for detecting a positional error

between the focal point of the light beam and the track

on the recorvding medium, driving the moving unit
according to the track evvor signal, and controlling the
light beam so that the focal point is positioned on the
track;

a focus jumping means for jumping the focal point of the

light beam to a target information face, which is one of

the first information face and the second information
Jace, and seeking the target information face;

a storage means for stoving tracking condition signals for
the first information face and the second information
face;

an arithmetic means for performing an avithmetic opera-
tion on the tracking condition signals stored in said
storage means with an output signal from the tracking
control means; and

a system control means forv controlling the system so that a
tracking condition signal which is vead out of the stor-
age means and corvespond to the target information
Jace is used to adjust the output signal from the tracking
control means, when the jumping and seeking are per-
Jormed by said focus jumping means.
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40. An apparatus as claimed in claim 35, wherein the
tracking condition signals stored in said storage means are
decentration signals which corresponding to decentrations
of tracks on the first information face and the second infor-

> mation face, said arvithmetic means is an adding means for
adding the decentration signals stored in said storage means
to the output signal from said tracking control means, and
said system control means controls the system so that a
decentration signal which is vead out of said storage means

and corresponds to the target information face is added to
the output signal from said tracking contvol means, when the
Jumping and seeking are performed by said focus jumping
means.

41. An apparatus as claimed in claim 35, wherein the
tracking condition signals stored in said storage means are
desired loop gains of said tracking control means for the first
information face and the second information face, said
arithmetic means is a multiplication means for multiplying
the track gain signals stored in said storage means by an
output signal from said tracking control means, and said
system control means controls the system so that a tracking
gain signal which is read out of said storvage means and
corresponds to the target information face is multiplied by
the output signal from the tracking contvol means, when the
Jumping and seeking are performed by said focus jumping
means.

42. An optical disk apparatus as claimed in claim 28,
wherein said signals storved in said storage means are
desired loop gains of said focus control means for the first
information face and the second information face, and said
optical disk apparatus further comprising,
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a multiplication means for multiplyving the focus gain sig-
nals stoved in said storage means by an output signal

35 from said focus control means; and

a system control means for controlling the system so that a
focus gain signal which is read out of said storage
means and corresponds to the target information face is
multiplied by the output signal from said focus control
means.

43. An optical disk apparatus as claimed in claim 28,
wherein said signals stored in said storage means arve servo
offsets corresponding to desived target positions of said
focus control means on the first information face and the
45 second information face, and said optical disk apparatus

Jurther comprises:

40

a system control means for controlling the system so that
the target position of said focus control means is
changed to a focus position signal that is read out of
said storage means and corresponds to the target infor-
mation face.

44. An optical disk apparatus as claimed in claim 35,
wherein said signals stored in said storage means are servo
offsets corresponding to desived target positions of said
2> tracking control means on the first information face and the

second information face, and said optical disk apparatus

Jurther comprises:
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a system control means for controlling the system so that
the target position of said tracking contvol means is
changed to a tracking position signal that is vead out of
said storage means and corrvesponds to the target infor-
mation face.
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