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Description

OPTICAL INFORMATION RECORDING APPARATUS, OPTICAL INFORMATION
RECORDING METHCD, CPTICAL INFORMATICN REPRCDUCING APPARATUS,
OPTICAL  INFORMATION REFRODUCING  METHOD, AND  OPTICAL

INFORMATION RECORDING MEDIUM

Technical Field -

The present invention relates to an optical information
recording apparatus, an optical information recording method,
an optical information reproducing apparatus, an optical
information reproducing method, and an optical information
recordingmedium. The present invention is preferably applied
te an optical information recording/reproducing apparatus
that records information in an optical recording medium using,
for example, a light beam, and reproduces the information from

the optical information recording medium using the light beam.

Background Art

In the past, optical disk drives that employ a disk-1ike
optical disk as an optical information recording medium have
widely prevailed as optical information recording/reproducing
apparatuses. As the optical disk, a compact disc (CD), a
digital versatile disc (DVD), a Blu-ray disk (registered

trademark, BD), or the like is generally adopted.



In general, in the conventicnal optical disks, main data
i1s recorded as information in the form of a record mark in a
signal reccrding surface, which reflects a light beamn, by
forming irregularities or varying a reflectance. Among the
optical disk drives, an optical disk drive that records
sub-data by forming a code mark, which has a different
reflectance, on a recording track on which a record mark is
formed, so that the code mark will be superposed on the record
mark has been proposed (refer to, for example, patent document
1;.

In the optical disk drive, various contents including
a musical content and a video content or various pieces of
informationincludingvariouskindsofcwiaitemsforccmputers
are recorded in an optical disk, In recent Y&ars, an amoun
of information has incxeased.'along' with a trend toward
high-definition video oxr high-qualitymusic. Inaddition, the
number of conteﬁts to be recorded iﬁ one optical disk is
requested to be increased. Accordingly, the optical disk is
regquested to have a larger capacity.

As one of techniques for increasing the capacity of an
cptical disk, an optical disk drive that forms multiple record
marks In the thickness direction of a homogeneous recording
layer, and thus records information in multiple mark layers
has been proposed (refer to, for example, patent document 2.

Patent document 1 refers to Patent No. 354410, and patent



document 2 refers to JP-A-~2008-71433.

As for the optical disk drive described in the patent
document 2, the method of recording or reproducing main data
is proposed. However, a methéd of recording or reproducing
sub-data in the same manner as the conventional optical disk

drive does has not been proposed.

Disclosure of the Invention

Embodiments of the present invention propose an optical
information recording apparatus and an optical information
recording method capable of recoxrding sub-data, an optical
information reproducing apparatus and an optical information
reproducing method capable of reproducing the sub-data, and
an optical information recording medium from which the sub-data
can be reproduced.

According to a first aspect, there is provided an optical
information recording apparatus compriging: an objective lens
that concentrates information light and irradiates it to an
cptical information recording medium in which information is
recorded in the form of a record mark by irradiating the
information light, which is emitted from a light source and
has an intensity equal to or larger than a predetermined
intensgity, to the optical information recording medium; a focus

shift unit that shifts the focus of the information light in



a focuging direction in which the cbjective lens recedes from
or approaches to the optical information recording medium, and
thus shifts the focus of the information light to a target depth
to which the information light should be irradiated; a
main-data recording unit that forms a record mark along a
virtual irradiation line in a virtual record mark layer of the
optical information recording medium by controlling the light
source according to information based on main data, and thus
forms the record mark in the virtual record mark layer; and
a sub-data recording unit that shifts the target depth in the
focusing direction according to information based con sub data,
and thus forms the record mark with the center of the record
ﬁark deviated in the focusing direction from the irradiation

line within the recocrd mark layer.
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Accordingly, 1in the optical information recording
apparatus, the sub-data can be embedded in the record mark in
the form of which the main data is recorded.

According to a second aspect, there is provided an
opticalinformationrecordingn@thodcomprising:51recordnﬁrk
forming step of, when forming a record mark along a virtual
irradiation line in an optical information recording medium
by irradiating information 1ight, which is emitted froma light
source, to the optical information recording medium, in which
information ig recorded in the form of the record mark by
irradiating the information light, which is emitted from the

light source and has an intensity equal to or larger than a



predetermined intensity, according to information based on
main data, shifting the focus of the information light in a
focusingdirectionaccordingjxainformatianbasedcxlsub—data,
and thus forming the record mark with the center of the record
mark deviated in the focusing direction from the irradiation

line.
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Accordingly, the optical information recording method
can embed sub-data in a record mark in the form of which main
data is recorded.

According to a third aspect, there is provided an optical
information reproducing apparatus comprising: a light source
that emits information 1light; an objective lens that
concentrates the information light and irradiates it to an
optical information recording medium; a record mark detection
unit that detects the presence or absence of a record mark
formed along a wvirtual irradiation line in the optical
information recording medium on the basis of a reflected light
beam that is the information light reflected from the optical
information recording medium; and a deviation detection unit.
that detects the presgence or absgence of a deviation of the
center of the record mark from the irradiation line in the
focuging direction,‘in which the objective lens recedes from
or approaches to the optical information recording medium, on

the basis of the reflected light beam.



Accordingly, the optical information reproducing

apparatus -can reproduce main data according to the presence
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or absence of a record maxk, and reproduce sub-data according
to the presence or absence of a deviation of the center of the
record mark from the irradiation line.

According to a fourth aspect, there is provided an
optical information reproducing method comprising: a light
receiving step of receiving a reflected light beam that ig light
emitted from a light source and reflected from an optical
information recording medium; and a detection step of detecting
the presence or absence of a record mark on the basis of the
reflected light beam, and detecting the presence or absence
of a deviation of the center of the record mark from an
irradiation line in a focusing direction, in which the
objective lens recedes from or approaches to the optical
information recording medium, on the basis of the reflected

light beam.



Accordingly, the optical information reproducing method
can reproduce main data according to the presence or absgence
of a recocrdmark to be detected withmodulated information 1ight,
and reproduce sub-data accoxding tc the presence or absence
of a deviation c¢f the center of the record mark from the
irradiation line.

According to a £ifth aspect, there is provided an optical
information recording medium comprising: a recording layer in
which main data is recorded according to the presence or absence
of a record mark formed with irradiation of information light,
sub-data is recorded by forming the record mark with the center
of the record mark deviated in a focusing direction parallel
to the light axig of the information light, and the irradiated

information light is modulated by the record mark.
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Accordingly, the optical information recording medium
makes it possible to reproduce main data according to the
presence or absence of a record mark, and to reproduée sub-~data
aqcording to the presence cor absence of a deviation of the
center of the record mark from an irradiation line.

According to a sixth aspect, there is provided an optical
information recording apparatus comprising: an objective lens
that concentrates information light and servo light for servo
control and irradiates them to anoptical information recording
medium in which information is recorded in the form of a record
mark by irradiating the information light, which is emitted
from a light source and has an intensity egual to or larger
than a predetermined intensity, to the optical information
recording medium; an objective lens drive unit that drives the
objective leng go that the servo light will be focused on a
reflecting layer which is formed in the optical information
recording medium and reflects at least part of the servo light;
a focus shift unit that separates.the focus of the information
light from the focus of the servo light by an arbitrary distance
in a focusing direction, in which the objective lens approaches

to or recedes from the optical information recording medium,



by changing the spherical aberration of the serveo light, and
ggquares the focus of the information light with a target depth
to which the information 1light should be irradiated; a
main-data recording unit that forms a record mark along a

virtual irradiation liﬁe in the optical information recording
medium by controlling the 1ight source according to information
bagsed onmain data; and a sub-data recording unit that deviates
the center of the record mark from the irradiation line by
shifting the target depth in the focusing direction according

to information based on sub-data.
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Accordingly, the optical information recording
apparatus can form a record mark along an appropriate
irradiation line while implementing high-definition focusing
control with a reflecting layer as a reference, and can
appropriately deviate the record mark from the irradiation
line.

According to a seventh aspect, there is provided an
optical information reproducing apparatus comprising: an
objective lens that concentrates information light for
information reproduction and servo light for servo control,
and irradiates them; an objective lens drive unit that drives
the objective lens so that the serve light will be focused on
a reflecting layer which is formed in an optical information
recording medium and reflects at least part of the servo light;
a focus shift unit that separates the focus of the information
light from the focus of the servo light by an arbitrary distance

in a focusing direction, in which the objective lens approaches



to or recedes from the optical information recording medium,
by changing the spherical aberration of the information light,
and squares the focus of the information light with a target
depth to which the information light should be irradiated; a
record mark detection unit that detects the presence or absence
of a record mark, which is formed aloﬁg a virtuai irradiation
line in the optical information recording medium, on the basis
of a reflected 1light beam that is the information light
reflected from the opticel information recording medium; and
adeviation detection unit that detects the presence or absence
of a deviation ofrthe center of the record mark from the
irradiation line in the focusing direction, in which the
objective lens recedes from or apprcoaches to the optical
information recording medium, on the basis of the reflected

light beam.
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Accordingly, the optical information reproducing
apparatus can implement focusing control using servo light that
ig unsusceptible to a deviation of the center of a record mark
from an irradiation line, and can therefore reiiably detect
the presence or absence of the deviation representing sub-data
by reliabkly irradiating information light to the irradiation
line.

According to an eighth aspect, there is provided an
optical information recording medium comprising: a recording

layer in which main data is recorded with the presence or



absence of a record mark formed along a virtual irradiation
line, sub-data is recorded by forming the record mark with a
center of the record mark deviated from the virtual irradiation
line in a focusing direction perpendicular tc a record mark
layver in which the virtual irradiation line is formed, and the
irradiated information light is modulated.by the record mark;
and a reflecting layer that reflects at least part of servo
light irradiated in order to sguare the '‘position of the
informaticon light in the reccrding layer with an arbitrary

position.
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Accordingly,intheopticalinformationxecordingmedium,
focusing control that employs servo light unsusceptible to a
deviation of the center of a record mark from an irradiation
line can be implemented. Therefore, the information kight can
be reliably irradiated to the irradiation line, and the
presence or absence of the deviation representing sub-data can
be reliably detected from the modulated information light.

According to embodiments of the present invention, there
are provided an optical information recording apparatus and
an optical information reeording method capable of embedding
sub-data in a record mark in the form of whiéh main data is
recorded, and thus recording the sub-data.

According to embodiments of the present invention, there
are provided an optical information reproducing apparatus and
an optical information reproducing method capable of
reproducing main data according to the presence or absence of
a record mark, reproducing sub-data according to the presence

or absence of
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a deviation of the center of the record mark from an irradiation
line, and thus reproducing the sub-data.

According to embodiments of the present invention, there
is provided an optical information recording medium from which
main data can be reproduced according to the presence or absence
of a record mark detected with demodulated information l1ight,
sub—datacanl%areproducedaccordingtx:thepresencecn:absence
of a deviation of the center of the record mark from an
irradiation line, and the sub-data can be reproduced.

Further, according to embodiments of the present
invention, there is provided an optical information recording
apparatus capable of forming a record mark along an appropriate
iiradiation line while implementing high-definition focusing
control with a reflecting layer as a reférence, appropriately
deviating a record mark from the irradiation line, and thus
recording sub-data.

Further, according to embodiments of the present invention,
there ls provided an optical information reproducing apparatus
capable of implementing focusing control using serve light
unsusceptible to a deviation of the center of a record mark from
an irradiation line, reliably detecting the presence or absence
of the deviation, which represents sub-data, by reliably
irradiating information light to an irradiation line, and thus
reproducing the sub-data.

Further, according to embodiments of the present

invention, there is
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rovidedanopticalinfo;mationr&cordimgmedim&inwhichsince
focusing control employing servo light unsusceptible to a
deviation of the center of a record mark from an irradiation
line can be implemented, information light can be reliably
irradiated to an irradiation line, the presence or absence of
the deviation which represents sub-data can be reliably
detected fromthe modulated information 1ight, and the sub-data

can be reproduced.

Brief Description ¢f the Drawings

Fig. 1 is a schematic diagram showing the appearance of
an optical disk;

Fig. 2 1s a schematic diagram showing the internal
censtruction of the optical disk;

Fig. 3 includes schematic diagrams for use in explaining
the formaticen (1) of a reccrd mark:

Fig. 4 is a schematic diagram for use in explaining the
formation {2) of a record mark;

Fig. 5 includes schematic diagrams for use in explaining
embedment of sub-data and various kinds of signals;

Fig. 6 is é schematic diagram showing the configuration
of an optical disk drive;

Fig. 7 is a schematic diagram showing the construction
of an cptical pickup:

Fig. 8 i1s a schematic diagram for use in explaining the
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light path of a red light beam;
(1)

Fig. 9 is a schematic diagram showing the construction
of a detection field in a photodetecter;

Fig. 10 is a schematic diagram for use in explaining the
light path of a blus light beam;
Fig.

11l is a schematic diagram for use in explaining
s

selection of a light beam by a pinhole plate;
V3

Fig. 12 is 2 schematic diagram showing the construction

of the detecticn field in the photodetector:

Fig. 13 is a schematic diagram showing the configuration
of a recording control unit;
Fig.

information
ambodiment ;

14 is a schematic diagram for use in explaining
recording processing performed

in a first
Fig. 15 is a schematic diagram showing the configuration
of a reproducticn control unit employed in the
ambodiment
Fig. 16 is a schemati

First
embodiment;

diagram for use in explaining
Fig, 17 includes

information reproducing processing performed in the first
B schematic

showing
ig.
infermation

diagrams the
construction of an optical pickup employved in an optical
information recording apparatus;

18 is a schematic diagram for use in explaining

recording processing performed in a
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embodiment;

Fig. 19 is a schematic diagram showing the construction
of an optical pickup included in an optical information
reproducing apparatus;

Fig. 20 is a schematic diagram showing the configuration
of a reproduction contrel unit emploved in the second
embodiment;

Fig. 21 is a schematic diagram for use in explaining
information reproducing processing performed in the second
embodiment; and

Fig. 22 includes schematic diagrams showing the

configuration of & copy prevention svystem.

Best Mode for Carrving Out the Invention

Referring to the drawings, an embodiment of the present
invention will be described below.

(1} First Embodiment

{1-1) Construction of an optical disk

To begin with, an optical disk 100 employed as an optical
information,recording'medium,in the present invention will be
described below. As seen Ifrom the appearance diagram shown
in Fig. 1, the optical disk 100 is formed 1ike a disk, which
has a diameter of approximately 120 mm, as a whole similarly
to the conventional LD, DVD, and BD, and has a bore 100H in

the center therecof.
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The optical disk 100 includes, as seen from the seciticnal
view shown in Fig. 2, a recording layer 101, in which
information 1s recorded, in the center thereof, and has the
surfaces of the recording layer 101 sandwiched betwesen
substrates 102 and 103.

Incidentally, the thickness tl of the recording layer
101 1= approximately 0.3 mm, and the thicknesses 2 and +3 of
the substrates 102 and 103 are approximately 0.6 mm.

The substrates 102 and 103 are made of a material, for
example, polycarbonate or glass, and each transmit 1ight, which
is routed through cne surface thereof, to the opposite surface
at a high transmittance. The substrates 102 and 103 hava a
certain degree of strength and £i11 the role of protecting the
recording layer 101, The surfaces of the substrates 102 and
103 nay be.finished by non-reflection coating in order to
prevent unnecessary reflection.

The optical disk 100 includes a reflecting surface 104
¢n the interface between the recording layer 101 and substrate
103. The reflecting layer 104 is made of a dielectric
multilayer £ilm or the like, and reflects both a blue light
beam Lbl that is blue laser light having a wavelength of 405
nm, and a red light beam Lrl that is red laser light having
a wavelength of 6¢0 nm.

The reflecting layer 104 has guide grooves for tracking

servo formed therein. More particularly, helical tracks are
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formed with lands and grooves similar to those in typical BD-R
(recordable) disks. To the tracks, addresses that are serial
numbers are assigned at intervals of a predetermined recording
unit. A track in orlfrom which information is recorded or
reproduced can be identified with the address.

In the reflecting layer 104 {that is, the interface
between the recording layer 101 and substrate 103), pits or
the like may be formed inplace of the guide grooves. Otherwise,
the guide grooves and pits may be combined.

When the red light beam Lrl is irradiated from the side
cf the substrate 102, the reflecting laver 104 reflects the
red light beam to fhe side of the substrate 102. Hereinaftrer,
the reflected 1ight beam shall be called a red light beam Lx2.

The red light beam Lr2 is supposed to be employed in,
for example, an optical disk drive in positional control for
an objective lens OL (that is, focusing control and tracking
contrel), which concentrates the red light beam Lrl, for the
purpose of squaring the focus Fr of the red light beam Lrl with
a target tzaék (hereinafter called a dasired serve track) in
the reflecting laver 104.

In reality, when information is recorded in the optical
disk 100, the red light beam Lri is, as shown in Fig. 2,
concentrated by the objective lens OL having been positionally
controlled, and focused on a desired servo track in the

reflecting layer 104.
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The blue light beam Lbl that shares a light axis Lx with
the red light beam Lrl and is concentrated by the obiective
lens OL is transmitted by the substrate 102, and focused on
a pesition in the recording laver 101 equivalent to the desired
serve track. At this time, with the obiective lens CL as a
reference, the focus Fb of the blue light beam Lbl is located
nearer than the foous Fr on the common light axis Lx is, that
is, on a closer gide.

When information is recorded in the optical disk 100,
a recordmark RM realized with, for example, a bubble is formed
in a portion within the recording layer 101 in which a light
intensity is equal to or larger than a predetermined inﬁensity
because of the concentration of the blue licht beam Lbl for
information recording having a relatively large light
intensity ({that is, in the wvicinity of the focus Fb). For
example, assuming that the wavelength A of the blue light beam
Lbl is 405 nm, the numerical aperture NA of the objective lens
CL is 0.5, and the refractive index n of the objective lens
0L is 1.5, the record mark RM whose diameter RMr and @eight
RMh are on the order of 1 um and 10 pm respectively is formed.

Further, the optical disk 100 is designed s¢ that the
thickness tl of the receording layer 101 (= 0.3 mm) will be much
larger than the height RMh of the record mark RM. Therefore,

the optical disk 100 undergoes multilayer recording during

which the record mark RM is recorded by varving a distance d



within the recording layer 101 from the reflecting layer 104
(hereinafter called a depth), and multiple mark recording
layers Y are thus, as shown in Figs. 3(A) and (B), accumulated
on one another in the thickness direction of the optical disk
100. The mark reccrding layers Y refer to virtual lavers, and
the border hetween adjoiniﬁg mark recording layers Y does not
exist in reality.

In this case, when the depth & of the focus Fb of the
blue light beam Lb within the recording laver 101 of the optical
disk 100 is adjusted, the depth of the record mark RM is varied.
For example, 1f the distance p3 between mark recording layers
Y {that is, the height of the mark recording layer ¥Y) is set
to approximately 15 um iﬁ consideration ¢f the mutual
interference between record marks RM, approximately twenty
markrecozdinglayerschmnbeformedwithinth@recordinglayer
161. As for the distance p3, aside from approximately 15 um,
any of other various values may be adopted in consideration
cf the mutual interference between record marks RM.

In the recording layer 101, as shown in Fig. 3(2&), reccrd
marks RM whose mark lengths range from 3T to 11T are formed.
Main cata representing main information is supposed to be
recorded according to the length of the reccrd mark RM and the
length of a space in a tracking direction in which the record
mark RM is not formed.

The recording layer 101 is, as shown in Fig. 4, supposed



to have the blue light beam Lbl irradiated to any of helical
irradiation lines ineachof themark recording layers Y therein.
Therefore, when the record marks RM are formed along the
irradiation.lines'ILiJ1the recording layer 101, helical tracks
TR having the irradiation 1lines TL as centers thereof are formad,
The tracks TR refer to virtual tracks, and the border beiween
adjoining tracks TR does not actually exist.

When information is reproduced from the optical disk 160,
similarly to when informastion 1s recorded therein, the
obijective lens OL (Fig. 2) i1s positionally controlled so that
the red light beam Lrl concentrated by the objective lens 0L
will be focused on a degired servo track in the reflecting layer
104, |

Further, the optical disk 100 is designed s¢ that the
focus Fb of the blue light beam Lbl for information reading
which is concentrated via the same c¢biective lens 0L and has
arelatively small light intensitywill be focusedonaposition
in the recording layer 101 equivalent to both a position on
a closer side of a desired servo track and a target depth
(hereinafter called a target mark position).

At this time, the record mark RM recorded at the position
cf the focus Fb reflects the blue light beam Lbl due to 2
difference in a refractive index from the surroundings, and
the blue Iight beam Lb2 is generated from the record mark RM

recorded at the ftarget mark position. Specifically, the
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recording layer 101 modulates the blue 1ight beam Lbl accerding
to the preéence or absence of the recocrd mark RM, and produces
the bilue light beam Lb2.

As mentioned above, when information i1s recorded in the
optical disk 100, if the red light beam Lrl for pesitional
control and the blue light beam Lbl for information recording
are employed, the record mark EM is formed as information at
a position in the recording layer 101 to which the focus Fh
i1s irradiated, that is, a target mark position eguivalent to
both a position on the closer side of a desired serve track
in the reflecting layer 104 and a position at a target depth.

When recorded information is reproduced from the optical
disk 100, if the red light beam Lrl for positiocnal control and
the blue light beam Lbl for information reading are employed,
the blue light beam Lb2 i1s generated from the record mark RM
recorded at the positicn of the focus Fb, that is, at the target
mark pesition.

In addition to the foregoing constitution, the optical
digk 100 is designed so that when the record mark RM is formed
while being deviated from the irradiation line TL in a focusing
direction, not only main data representing main information
is recorded but also sub-data representing subordinate
information is embedded or recorded.

Specifically, in the recording layer 101 of the optical

disk 100, the record mark RM is formed along the irradiation



line TL. Hcwever, the center line Cge of the record mark RM
in the focusing direction is slightly deviated from the
irradiation line TL according to sub-data,

The outwofmfocus quantity AMc of the center line Cy from
the irradiation line TL is set to, for example, about 1/50 of

th

0]

thickness p3 of the mark reccrding laver Y {(that is, the
height of the track TR) for fear it may adversely affect an
aﬁount of liéht of the blue light beam Lb2.

Therefore, as shown in Fig. 5(B}, the optical disk 100
hardly affects a reproduction signal SRFE to be produced based
cn the blue light beam Lb2. Therefore, the optical disk 100
permits, similarly to the conventional optical disk drives,
repxoduéfhn1ofmaindaﬁabasedcnlthexeprodactionsignalSRF‘

As mentloned above, during information reproducing
processing, the objective lens OL is displaced so that the red
light beam Lrl will be focused on the reflecting laver 104 of
the optical disk 100, and focusing control is implemented. As
shown in Fig. 3{C}, the optical disk 100 will not affect z red
focusing error signal SFEr produced based on the red 1light bean
Lr2.

In contrast, the signal level of a blue focusing error
signal SFEb produced based on the blue light beam Lb2 varies
depending on the presence or absence of a deviation of the
record mark RM. Therefore the optical disk 100 produces, as

shown in Fig. 5(D}, the blue focusing error signal SFEb, and



thus permits detection of the presence or absence of the
deviation ¢f the recordmark RM in the focusing direction {(that
is, an out-cf~focus quantity AMc} and alsc permits reproduction
of sub-data based on the presence or absence of the deviation.

As mentioned above, the record mark RM ig formed whils
being deviated from the iryadiation line TL in the focusing
direction according to sub-data. Therefore, main data can be
reproduced from the reproducticon signal SRF  as it
conventicnalliy is, but the reproduction signal SRF will not
hardly affected. Further, sub~data can be reproduced from the
opticel disk 160 by detecting the out~ofwfocus guantity AMc
cn the basis of the blue feccusing error signal SFE?.

(1-2) Configuration of an cptical disk drive

&n optical disk drive 20 compatible with the foregoing
optical disk 100 will be described below. The optical disk
drive 20 has, as shown in Fig. 6, the whole therecf organized
and controlled by a system controller 21.

The system contrcller 21 is formedznainl§'with a central
processing unit (CPU; that is not ghown, reads various kinds
of programs including a basic program and an information
recording program from a read-only memory (ROM} that is not
shown, develops the programs in a random access memory {(RAM)
that is net shown, and thus exscutes various kxinds of pieces
of processing including information recording processing and

information reproducing processing.
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For example, when the system controller 21 receives an
information recording instruction, recording information, and
recording address information from external equipment, which
ig not shown, with the optical disk 100 loaded, the systen
controller feeds a driving instruction and the recording
address infeormation to a driving control unit 22, and alsc feeds
the recording information fto & signal processor 23,
Incidentally, the recording address information  is
infermation representing an address, at which the recording
information should be recorded, among the addresses assigned
to the recording layer 101 of the optical disk 100.

In response te the driving instruction, the driving
control unit 22 rotates the optical disk 100 at a predetermined
rotating speed by contrelling driving of a spindle motor 24,
controls driving of a sled motor 25, and thus moves an cptical
pickup 26 to a position consistent with recording address
information in a radial direction of the optical disk 100 (that
is, in an internal-circumference direction or
external-circumference direction) along moving shafts 258 and
25B.

The signal processor 23 produces a record signal by
performing various kinds of pieces of signal processing
including predetermined encoding processing and modulating
processing {for example, eight-to-fourteen modulation (EFM)

processing) on fed recording information, and feeds the record
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signal to the optical pickup Z6.

The optical pickup 26 perxforms focusing control and
tracking control under the control of the driving control unit
22 so as to sguare the irradiated position of the blue light
beam Lbl with a track (hersinafter called a target track) in
the recording layer 101 of the optical disk 100 indicated with
the recording address information, and thus records the record
mark RM consistent with the record signal sent from the signal
processer 23 (a full detail will be given later).

Cn receipt of an information reproduction instruction
and reproducing address information indicating an address of
recording information from, for example, external equipment
(not shownj), the system controller 21 feeds a driving
instruction to the driving contreol unit 22,-aﬁd feeds a
reproducing processing instruction to the signal processor 23.

Similarly to a case where information is recorded, the
driving control unit 22 rotates the optical disk 100 at a
predetermined rotating speed by controlling driving of the
spindle motor 24, contrels driving of the sled motor 25, and
thus moves the optical pickup 26 to a positicon consistent with
the reproducing address information,

The optical pilckup 26 performs focusing control and
tracking control under the control of the driving control unit
22 80 as to sguare the irradiated position of the blue light

beam Lkl with a track in the recording laver 101 of the optical



disk 100 indiéated with the reproducing address information
(that is, a target track), and then irradiates a light beam
of a predeﬁermined amount of light. At this time, the optical
pickup 26 detects the blue light beam Lb2 generated from the
record mark RM in the recording layer 101 of the optical disk
100, and feeds a detection signal consistent with the amount
of light to the signal processor 23 (a full detail will be given
later).

The signal ©processocr 23 produces reproductivs
information by performing various kinds of pisces of signal
processing including predetermined demodulating processing
and decoding processing on the fed detection signal, and feeds
the reproductive information to the system contreoller 21, The
systemcontreller 21 in turn sends the reproductive information
to the external eguipment {ret shown).

As mentioned above, the optical disk drive 20 uses the
system controller 21 to control the coptical pickup 26, and
records information at a target mark position in the recording
layer 101 of the optical disk 100, or reproduces information
from the targset mark @ositicn.

(I-3) Construction of the cptical pickup

Next, the construction of the optical pickup 26 will be
described below. The optical pickup 26 includes, as shown in
Fig. 7, a servo optical system 30 for servo control and an

information optical system 50 for reproducticn or recording



of information.

Theopticalpicmﬁn26routestheredlﬂghtbeanLrl,which
serves as servo light and is emitted from a laser diode 31,
and the blue light besam Lbhl, which serves as information light
and is emitted from a laser diode 51, to the same objective
lens 40 via a servo optical system 30 or an information optical
system 50 respectively, and thus irradiates the beams to the
optical disk 100.

(1-3-1) Zight path of the red light beam

As shown in Fig. 8, in the servo optical system 30, the
red light beam Lrl is irradiated to the optical disk 100 via
the objective lens 40, and the red light beam Lr?2 reflected
from the optical disk 100 is received by a photodetector 43.

Specifically, the laser diode 31 emits rid laser light
that is p~polarized light having & wavelength of approximately
660 nm. Inreality, the laser diode 31 irradiates the red light
heam Lrl of a predetermined amount of light, which includes
diverging rays, under the control of the system controller 21
{Fig. 6}, and routes it toa collimator lens 33, The collimator
lens 33 converts the red light beam Lrl from the diverging rays
to parallel rays, and routes it to a polarization beam splitter
34.

The polarization beam splitter 34 uses a
reflecting/transmitting surface 34S thereof to reflect or

transmit a lic¢ht beam at a ratic that varies depending on the
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deflecting direction af the light beam. The
reflecting/transmitting surface 348 nearly totally transmits
a light beam that is p-polarized light, and nearly totally
reflects a light beam that is s-~polarized light.

The polarization beam splitter 34 nearly totally
transmits the red light beam Lrl that is p-polarized light,
and routes it to a quarter-wave plate 36.

The guarter-wave plate 36 converts the red light beam
Lrl that is p-polarized ilght into, for example, left-handed
circularly polarized light, and routes it to a dichroic prism
37. he dichroic prism 37 uses a reflecting/transmitting
surface 378 thereof to reflect or transmit a light beam
according to the wavelength of the light beam. Accordingly,
the dichroic prism 37 reflects the red 1ight beam Lrl and routes
it to the objective lens 40,

The objective lens 40 concentrates the red light bean
Lrl, and irradiates it tec the reflecting layer 104 of the
optical disk 100. At this time, the red light beam L:l is,
as shown in Fig. 2, transmitted by the substrate 102, reflected
by the reflecting layer 104, and then coriented in a direction
oppesite to the red light beam Lrl. This results in the red
light beam LrZ whose deflecting direction is reverse teo that
of the red light beam Lrl.

Thereafter, the red light beam Lr2 is converted into

parallel rays by the objective lens 40, and routed to the
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dichroicprism37., Thedichroicprism37 reflects the red light
beam LrZ, and routes it to the guarter-wave plate 36.

The quarter-wave plate 36 converts the red light beam
Lr2, which is right-handed circularly polarized light, into
s-pclarized light, and routes i1t To the polarization beam
splitter 34. The polarization beam splitter 34 reflects the
red light beam Lr2, which is s-polarized light, according to
the polarizing direction of the red 1ight beam, and routes it
to a multi~lens 41.

The multi-lens 41 alillows the red light beam Lr2 to
converge, and irradiates the red light beam Lr2, to which an
astigmatism is applied by a cylindrical lens 42, to the
photodetector 43.

In the optical disk drive 20, there is a possibility that
a surface shake or the like may occur in the rotating optical
disk 160. Therefore, there is a possibility that the position
of a desired servo track relative to the obijective lens 40 may
- vary.

Therefcre, in order to cause the focus Fr (Fig. 2) of
the red light beam Lrl to follow a target track, the focus Fr
has to be shifted in a focusing direction that is an approaching
or receding direction with respect to the optical disk 100,
and a tracking direction that is an internal-circumference or
external~circumference direction of the optical disk 100.

The objective lens 40 can be driven in twe axial
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directions, which are the focusing direction and tracking
direction, by & bilaxial actuator 40A.

In the serve optical system 30 (Fig. 8), the optical
positions of variocus kinds of optical parts are adjusted so
that an in-focus state attained when the red light beam Lril
is concentrated by the objective lens 40 and irradiated to the
reflecting layer 104 of the optical disk 100 will be reflected

on an in-focus state attained when the red light beam Lr2 is

!,.J..

concentrated by the multi-lens 41 and i1rradiated te the
photcodetector 43.

The photeodetector 43 has, as shown in Fig. ¢, four
detection fields 434, 43B, 43C, and 43ﬁ gegmented in the form
of a lattice on a surface thereof to which the red light beam
LrZz ds irradiated. A direction indicated with an arrow al
(lengthwise direction in the drawing) corresponds to a track
traveling direction in which the red light beam Lrl propagates
when ixradigted to the reflecting layer 104 {(Fig. 2).

The photodetector 43 uses the detection fields 434, 43B,
43C, and 43D thereof to detect parts of the red light beam Lr2,
produces detection signals SDAr, SDBx, SDCr, and SDDr according

to detected amounts of light, and sends them to the signal

processor 23 {(Fig. 6
The signal processor 23 implemsnts focusing control
accerding to a so~called astigmatism method, calculates a red

focusing error signal SFEr accerding toe an equation (1)
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presented beiow, and feeds it to the driving control unit 22.

SFEr = (SDAr+SDCr) - (SDBr+SDDr) ... (1)

The red focusing error signal SFEx represents a magnitude
of a deviation of the focus Fr of the red light beam Lrl from
the reflecting layer 104 of the optical disk 100.

The signal processcr 23 implements tracking control
according te a so-called push-pull method, calculates a
tracking error signal STEr according to an equation {(2)
presented below, and feeds it tc the driving control unit 22.

STExr = [8DAr+3SDDr) -~ (SDBr+8DCry ... (2}

The tracking error signal STEr represents a magnitude
of a deviation of the focus Fr from a target track in the
reflecting layer 104 of the optical disk 100.

The driving contrel unit 22 produces a focusing driving
signal SFDr on the basis of the red focusing error signal $FEr,
feeds the focusing driving signzl SFDr to the biaxial actuator
40A, and thus impiements feedback control (that is, focusing
control) in the objective lens 40 so that the red light beam
Lrl will be focused on the reflecting layer 104 of the optical
disk 100.

The driving control unit 22 produces a tracking driving
signal on the basis of the tracking error signal STEr, feeds
the tracking driving signal STDr to the biaxial actuator 40A,
and thus implements feedback control (that is, tracking

contrel} in the objective lens 40 so that the red light beam
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Lrl will be focused on a desired serveo track in the reflecting
layer 104 of the optical disk 100.

Incidentally, the biaxial actuator 40A is formed with
a so-called voice coil motor that is a combination of, for
example, a magnet and a coil, and designed to displace the
chiective lens 40 to a position dependent on a driving current
applied to the coil.

As mentioned above, the servoe optical system 30
irradiates the red light beam Lrl to the reflecting layer 104
of the optical disk 100, and feeds the result of reception of
the red 1ight beam Lr2, that is the reflected light of the red
light beam Lrl, to the signal processor 23. Accordingly, the
driving control unit 22 implements focusing control and
tracking control in the ocbiective lens 40 so that the red light
beam Lrl will be focused on a target track in the reflecting
layer 104,

(1-3-2) Light path of the blue light bean

In the information optical system 50, as shown in Fig.
10 similar te Fig. 7, the blue light beam Lbl emitted from the
lager diode 51 via the objective lens 40 is irradiated to the
optical disk 100, and the blue light beam LbZ rsflected from
the optical disk 100 is received by a photodetector 63.

specifically, the laser diode 51 emits blue laser light
having a wavelength of approximately 403 nm. In reality, the

laser diode 51 emits the blue light beam Lbl of a predetermined



amount of light, which includes diverging rays, under the
control of the system controller 21 (Fig. 4), and routes it
te a collimator lens 52. The collimator lens 52 converts the
blue light beam Lbl from the diverging rays to parallel rays,
and routes it to a polarization beam splitter 54.

The polarizaticn beam splitter 54 uses  the
reflecting/transmitting surface 548 thereof to reflect or
transmit a light beam according to the deflecting direction
of the light beam. For example, the reflecting/transmitting
surface 548 nearly totally transmits a light beam that is
p-polarized light and nearly totally reflects a 1ight beam that
is s-polarized bsam.

The polarization beam splitter 54 transmits the blue
light beam Lbl that is p-polarized light, and routes it to a
gquarter-wave plate 57 via a liguid crystal panel (LCP) 56 that
cerrects a spherical aberraition or the like.

The quarter-wave plate 57 converts the blue light beam
Lbl from p-polarized light to, for example, left-handed
circularly polarized light, and routes it to a relay lens 5§.

The relay lens 38 uses a movable lens 58A to convert the
blue 1ight beam Lbl froﬂaparailel,rays‘tOI:onvexging‘rays, uses
a stationary lens 58B to adjust the degree of convergence or
divergence (hereinafter called a converging state) of the blue
light beam Lbl that become diveryging rays after converging,

and then routes it to a mlrror 5%,
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The movable lens 58A is moved iIn the light~axis direction
of the biue light beam Lbl by an actuator 58RAa. In reality,
the relay lens 58 is designed so that the movable lens L5BA is
moved by the actuator 58Aa under the control of the driving
control unit 22 (Fig.4}:u1ordertx>changetﬁwacoavergingstate
of the blue light beam Lbl emitted through the stationary lens
58R.

The mirror 59 reflects the blue light beam Lbl, reverses
the deflecting direction of the blue light beam Lbl that is
circularly pclarized light (for example, from left-handed
circularly pelarized light to right-handed circularily
polarized light), deflects the advancing direction thereof,
and routes it to the dichroic prism 37. The dichroic prism
37 uses the reflecting/transmitting surface 373 thereof to
transmit the blus light.bean1Lb14 and routes it to the obijective
lens 40.

The cbjective lens 40 concentrates the blue light beam
Ibl, and irradiates it to the cptical disk 100. At thisz time,
the blue light beam Lkl 1s, as shown in Fig. 2, transmitted
by the substrate 102, and focused on the inside of the
reflecting layer 101.
| The position of the focus Fb of the blue light beam Lbl
is determined with the converging state thereof attained when
the blue light beam is emitted through the stationary lens 588

of the relay lens 58. Specifically, the focus Fb is shifted
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in the focusing direction within the recording layer 101
according to the position of the movable lens 58A.

More particularly, the information optical system 50 is
designed so that the moving distance of the movable lens 58A
and the shifting distanee cf the focus Fb of the blue light
beam Lbl will have a nearly proportional relationship. For
example, when the movable lens 58A is moved 1 mm, the focus
Fb of the blue light beam Lbl is shifteé 30 pm.

Incidentally, the actuator 58RAa is formed with a
so-called voice coilmotor that is a combination of, for example,
a magnet and & ceill, and displaces the movable lens H8BA to a
position dependent on a relay driving current Uf applied to
the coil.

In reality, in the information optical system 50, when
the position of thé movable lens 58A is controlled by the
driving control unit Z2 {Fig. 4), the depth 4 of the focus Fb
(Fig. Z) of the blue light b@an{Lbi in the recording laver 101
of the optical disk 100 {that is, the distance from the
reflecting layer 104} is adjusted in crder to square the focus
Fb with a target mark position.

Az mentioned above, the information optical system 50
irradiates the blue light beam Lbl via the objective lens 4G,
which is serve-contrelled by the servo optical system 30, in
crder to square the focus Fb in the tracking direction of the

blue light beam Lbl with the target mark position. Further,



the depth d of the focus Fb is adjusted according to the position
of the movable lens 582 included in the relay lens 58, whereby
the focus Fb in the focusing directicn 1s sqguared with the
target mark position.

During receording processing during which information is
recorded in the optical disk 100, the blue light beam Lbl is
concentrated on the focus Fb by the cbhijective lens 50 in order
to form the record mark RM zt the focus Ib.

In contrast, during reproducing processing during which
information recorded in the optical disk 100 is read, if the
record mark RM is recorded near the target mark position, the
blue light beam Lbl concentrated on the focus Fb is reflected
ag the blue l1ight beam Lb2 from the record mark RM, and routed
to the objective lens 40. At this time, the deflecting
direction of the biue light beam LbZ that is circularly
polarized light is reversed (for example, from right-handed
circularly 'polarized light to left-handed circularly
polarized light} due to the reflection from the record mark
RM,

When the record mark RM is not recorded at the focus Fb,
the blue light beam Lkl diverges after converging on the focus
Fo. The bplue light beam Lbl 1is then reflected from the
reflecting layer 104, and routed as the blue light bean Lb2
to the objective lens 40. At this time, the rotating direction

of the blue light beam LbZ that 1ls circularly polarizsd light



is reversed (for example, from right-handed polarized light
to left-handed polarized light) due to the reflection from the
reflecting layer 104,

The objective lens 40 causes the blue light beam Lb2 to
converge to scme extent, and routes it to the dichroic prism
37. The dichrolc prism 37 transmits the blue light beanilbé,
and routes it to the mirror 59.

The mirror 59 reflects the blue light beam Lb2 so as to
reverse the polarizing direction of the blue light beam Lbl
that 18 «circularly polarized light (for example, from
left-handed circularly polarized 1I1ight to right-handed
circularly polarized light), and routes it to the relay lens
58.

The relay lens 58 converts the blue light beam LbZ into
parallel rays, and routes it ﬁo the quarter-wave plate 57. The
quart@f—wave_plate 57 converts the blue light beam Lb2 that
is circularly polarized light into linearly polarized light
{for example, from right-handed circularly polarized light to
s-polarized light), and routes it to the polarization beam
splitter 57 wvia the LCP 56.

The polarization beam splitter 54 uses the
reflecting/transmitting surface 548 thereof to reflect the
blue light beam LbZ that is s-polarized light, and routes it
to a nmulti-lens 60. The multi~lens 60 concentrates the blue

light beam Lbk2Z and routes it to a cylindrical lens 61. The
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cylindrical lens €1 applies an astigmatism to the blue light
beam Lb2, and irradiateg it to the photodetector 63 via a
pinhole plate 62,

As shown in Fig. 11, the pinhole plate 62 is disposed
sc that the focus cf the blue light beam Lb2 concentrated by
the multi~lens 60 (Fig. 9) will be located in a bore 62H, and
therefore transmits the blue light beam Lb2 without any change.

As shown in Fig. 12, the pinhole plate 62 nearly
intercepts light that has a different focus and is reflected
from, fcr example, the surface of the substrate 102 included
inthe optical disk 100, the recordmark RM located at a position
different from the target mark position, or the reflecting
layer 104 (hereinafter called stray light (LN}). As a result,
the photodetector 63 hardly detects an amount of light of the
stray light LN.

As a result, the photodetector 63 is unsusceptible to
the stray light LN, produces a detection signal SDb consistent
with the amount of light of the blue light beam Lb2, and feeds
it to the signal processor 23 {(Fig. &).

The photodetector 63 includes, as shown in Fig. 12, four
detection fields 633, 63B, 63C, and 63D segmented in the form
cf a lattice on the surface therecof tc which the red light beam
Lrz is irradiated. A direction indicated with an arrow a2 (a
sideway direction in the drawing) corresponds to a track

traveling direction in which the biue 1ight beam Lbl propagates
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when irradiated to the recording layer 101.

The photodetector €3 uses the detection fields 634, 6338,
63C, and &3D thereof to detect parts of the blue light beam
Lb2, produces detection signals 8Db (3DAb, S8DBb, SDCb, and
SDRb} according to defected amounts of light, and sends them
toe the signal processor 23 (Filg. 6).

The signal processor 23 uses a so-called astigmatism
method to calculate a blue focusing error signal SFEbL according
io an equaticn (3) presenited below.

SFEb = (SDAR+3DCh} - (SDBb+SDDb) ... {3}

' The signal processor 23 preduces a reproduction signal
SRF according to an eguation (4) presented below, and feeds
it to the signazl processor 23.

SRF = SDAL + SDBb + SDCh + SDDb ... (4)

In this case, the reproduction signal SRF highly
pzecisely rapregents information recorded as the record mark
RM in the optical disk 100. Therefore, the signal processor
23 produces reproductive information by  performing
predetermined demodulating processing or decoding processing
on the reproduction signal SRF, and feeds the reproductive
information to the system controller 21.

As mentioned above, the information optical system 50
receives the blue light beam Lb2 routed from the optical disk
100 to the chijective lens 38, and feeds the result of reception

o the signal processor 23.
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(1-4) Information recording processing

As described previcusly, during information recording
processing, the optical disk drive 20 records main data, which
represents main informetion, in the form of the record mark
RM, displaces the record mark RM in the focusing direction so
&s to record sub-data representing subordinate information.

More particularly, the signal processor Z3 {(Fig. 6) of
the optical disk drive 20 se?arates recording main-data
information Da represented by main data and recording sub-data
information Db represented by sub-data from the recording
information fed from the system controller 21, and feeds them
to a recording control unit 70.

As shown in Fig. 13, a reccrding clock production block
71 incluced in the recording control unit 70 produces a
recording clock CLw serving as a reference, and feeds it to
a main-data record signal pxoduétion block 72 and an embedded
signal production block 73. At this time, the recording
main-data information Da is fed to the main-data record signal
production block 72, while the recording sub-data information
Db is fed to the embedded signal production klock 73.

The main-data record signal production block 72 performs,
as shown in Figs. 14 (A} and (B}{ varicus kinds of pieces of
signal processing including encoding processing and
modulating processing on the recording maiﬂ~&ata information

Da, thus produces a main-data record signal Sw, which is a
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record signal, while squaring the rising and falling timings
of the signal with those of the recording clock CLw, and feeds
it to the embedded signal production block 73 and a laser
centrol block 74,

The embedded signal production block 73 (Fig. 13}
performs various kinds of pieces of signal processing including
encodingprocessingandnmdulatingproceséingcn}theracording
sub-~data information Db,_produces a plus embedded signal Sm+
and a minus embedded signal 8m- while squaring the rising and
falling timings cf the signals with those of the main-data
record signai Sw, and feeds them to the driving control unit
22.

As shown in Fig. 14(C}, the plus embedded signal Sm+
represents the timing of displacing the record mark RM in a
plus direction, that is, toward the incident surface 100A of
the optical disk 100, and has the signal level thereof set to
High over a period egquivalent tQ the record mark RM that should
be displaced in the plus directlion.

Az shown in Fig. 14{(D), the minus embedded signal Sm-
represents the timing of displacing the record mark RM in a
minus direction, that is, toward the back surface 100B of the
optical disk 100, and has the signal level thereof set to High
over a pexioé eguivalent to the record mark RM that should be
displaced in the minus direction.

The driving control unit 22 produces a relay driving
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current UL by shifting a current value, which 1s associated
with the mark recording laver U in which a target track is
located, by a predetermined shift current value Aim during a
period during which each of the plus embedded signal Sm+ and
minus embedded signal Sm—- goes High, and feeds it %o the
éctuator 38Rz included iﬁ the relay lens 58.

The driving control unit 22 designates as a target mark
position {that 1s, a target depth} a position deviated in the
focusing direction {that is, a plus direction or a minus
direction) by a predetermined cut-of-focus guantity AMc from
the irradiation line TL in a target track, and irradiates the
blue light beam ﬁbl to the target mark position.

As a result, the opticzl disk drive 20 can deviate the
record mark RM in the focusing diresction from the irradiation
line TL, to which the blue light beam Lbl should originally
-be irradiated, according to the recording sub-data information
Db, and can embed the recording sub-data information Db at a
peosition in the focusing direction in the record mark RM
representing the recording main-data information Da.

For example, at a time point 0, the main-data record
signal production block 72 raises the signal level of the
main-data record signal Sw from a Low level to a High level
on the basis of the reccrding main-data information Da (Fig.
14(B)). At this time, the embedded signal production block

73 retains the signal levels of the plus embedded signal Sm+
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and minus embedded signal m~ at the Low level on the basis of
the recording sub-data information Db (Figs. 14(C) and (D).

Accordingly, the driving control unit 22 retains the
relay driving current Uf at a current values associated with
themark recording layer Y. The laser control block 74 produces
a laser driving current according to the main-data record
signal 8w, and feeds it to the laser dicde 51. As a result,
the blue light beam Ibl emitted from the laser diode 51 is
irradiated to the irradiation line TL, and the record mark RM
is formed on the irradiation line TL ({Fig. 14(F}}.

At a time peint tl, the main-data record signal
production block 72 lowers the signal level of the main-data
record signal Sw from the High level to the Low level on the
pasis of the recording main-datas information Da (Fig. 14(B)).
At this time, the laser control block 74 produces a laser
driving current accerding to the main-data record signal Sw,
and almost ceases emission of the blue light beam Lba from the
laser diode bHL.

At a time point t2, the main-date record signal
production block 72 raises the signal level of the main data
record signal Sw from the Low level to the High level on the
basis of the recording main~data information Da (Fig. 14(B)}.
At this time, the embedded signal producticn block' 73 raises
the signal level of the plus embedded signal Sm+ to the High

level on the basis of the recording sub-data information Db
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(Fig. 14(C)), while retains the minus embedded signal m- at
the Low level (Fig. 14(D)).

Accordingly, the driving contrel unit 22 adds the
predetermined shift current value A+m to the current value of
the relay driving current Uf associated with the mark recoxding
layer Y. The laser control block 74 produces a laser driving
current according to the main-data record signal Sw, and feeds
it to the laser diode 51. As a result, the blue light beam
bl emitted from the laser diode 51 is irradiated to a position
deviated in a plus direction from the irradiation line TL by
theiout—of~focus quantity AMc, and the record mark RM is formed
at the deviated position (Fig. 14(F)).

At a. time point t3, the main-data record signal
production block 72 lowers the signal level of the main-data
record signal Sw froﬁ the High level to the Low level on the
basis of the recording main-data information Da (Fig. 14(B}).
At this time, the embedded signal production block 73 lowars
the signal level of the plus embeddedksignai,3m+ from the High
level to the Low level. The laser control block 74 produces
a laser driving current according to the main-data record
signal 3w s0 as to almost cease emission of the blue light beam
Ll from the laser diode 51.

At a succeeding time point €4, the main-data record
Signal production block 72 raises the signal level of the

main-data record signal Sw from the Low level to the High lavel
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on the basis of the recording main-data :Lnfc;rmatién Da (Fig.
14 (B)). At this time, the embedded signal production block
73 retains the signal level c¢f the plus embedded signal Sm+
at the Low level on the basis of the recording sub-data
information Db (Fig. 14{C)}, while raises the minus empbeddsd
signal m~- tco the High level (Fig. 14 (D)).

Bccordingly, the driving control unit 22 adds the
predetermined shift current value A-m to the current value of
the relay driving current Uf asscciated with the mark recording
layer Y. The iasez: contrel block 74 produces a laser driving
current according to the maln-data record signal 8w, and feeds
it to the laser diode 531. As a result, the blue light beam
Lbl emitted from the laser diode 51 is irradiated to a position
deviated in a minus direction from the irradiztion line TL by
the out-of-focus gquantity AMc, and the recordmark RM is formed
at thes deviated positicn (Fig. 14(F}).

At @ time point t5, the main~data record signal
production bleck 72 lowers the signal level of the main-data
record signal Sw from the High level to the Low level on the
basis of the recording main-data information Da (Fig. 14'(3} ).
At this time, the embedded signal production block 73 lowers
the signal level of the plus embedded signal Sm- from the High
level to the Low level. The laser control block 74 produces
the laser driving current according to the main-data record

signal 3w so as to almost cease emission of the blue light beam



Ib1l from the laser diode 51.

As mentioned above, the optical disk drive 20 irradiates
the blue light beam Lbl to a target track at the timing
corraspending to the timing.of the recording main-data
informationDa,andthusformstherecordmar&RMsx>astoreco:d
the recording main-data information Da in the recording layer
101. The optical disk drive 20 deviates sach reccerd mark RM
in the focusing direction accerding to the recording sub-data
information Db, and thus records the recording sub-data
information Da in the recording layer 101,

Wnile displacing the cbjective lens 40 on the basis of
the red focusing error signal SFEr, the optical disk drive 20
controls the movable lens 58A included in the relay lens 58
so that the blue light beam Lbl will be irradiated to a target
mark position separated by a depth d with the reflecting‘layer
104 as a reference. At this time, the optical disk drive 20
designates as the target mark position a position deviated in
the focusing direction from the irradiation line TL by the
out~of-focus gquantity AMc.

Accordingly, the optical disk drive 20 displaces the
cbiective lens 40 so that the red light beaﬂ1Lr1.will be focused
on the reflecting laysr 104. Thersafter, control should be
implemented so that the focus Fb of the blue light beam Lbl
will be located at & target depth corresponding to the target

mark pesition with the red light beam reflecting layer 104 zs



a reference. Therefore, the optical disk drive 20 can embed
sub-datza according the position in the focusing direction of
the record mark RM merely by implementing simple control so
as to slightly displace the movable lens 58A according to the
recording sub-data information Di.

(1-3} Infeormation reproducing processing

During information reproducing processing, the signal
processor 23 included in the optical disk drive 20 produces
reproductive main-data information Ra corresponding o the
recording main-data information Da and reproductive sub-data
information Rb corresponding to the recording sub-data
information Db on the basis of the blue light beam Lbl, and
feeds themas reproductive information to the systemcontroller
21.

More particularly, the signal processor 23 produces a
reproduction signal SRF and a blue focusing error signal SFED
from a detection signal SDk, and feeds them te a r@prodﬁction
control unit 80.

As shown in Fig. 15, the reproduction control unit 80
feeds the reproduction signal SRF to a reproductive clock
production block 81 and & main-data information reproduction
block 82, while feeds the blue focusing error signal SFEb o
a2 sub~data information reproduction block 83,

As shown in Figs. 16(B} and (C), the reproductive clock

production block 81 uses, for example, a phase-locked lcop



(PLL) circuit to extract a reproductive clock CLr from the
reproduction signal SRE, and feeds it to the main-data
infermation reproduction block 82,

As shown in Fig. 16(D}, the main-data information
reproductionblock 82 binary-codes the reproduction signal SRF
with the reproductive clock CLr as a reference so as £o produce
a reproductive binary-coded signal SRO, and feeds it to the
submdafa information reproduction block 83, In addition, the
main-data information reproduction block 82 performs various
kinds of pieces of signal processing including demodulating
processing and decoding processing on the reproductive
binary-coded signal SRO so as to produce the reproductive
main-data information Ra, and feeds 1t Lo the system controller
21.

The sub-data informatioﬁ reproduction bleck 83
recognizes the presence or absence of the record mark RM
according to the rising and falling timings of the repreoductive
binary-ceded signal SRO (that is, the length of the record mark
RM and the length of a space ii.%hich the record mark RM is
not formed), detects the presence or absence of a deviation
of the record mark RM in the focusing direction on the basis
of the signal level of the blue focusing error signal SFEb
obtained from the record mark RM, and produces a deviation

detection signal {not shown).

The sub-data informaticn reproduction block 83 performs
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various kinds of pileces of signal processing including
demodulating processing and decoding processing on the
deviation detection signal so as to produce the reproductive
sub~data information Rb, and feeds it to the system controller
21.

For example, at a time point t10, since the reproductive
binary-coded signal SRO rises from the Low level to the High
level, +the sub-data information reproduction block 83
acknowledges that the blue 1ight beam ILbl is irradiated to the
record mark RM (that is, the record mark RM is detected).

At z time point ©1l, since the xeproductive binary-coded
signal SRO falls from the High level to the Low level, the
main-data information reproduction block 82 acknowledges that
irradiation of the blue light beam Lbl to the iecord mark RM
has besen completed, and recognizes the record mark RM as a 37T
mark. At this time, the sub-data information reproduction
block 83 calculates a mean value of signal levels of the blue
focusing error signal SFEb cobtained from the time point tiQ
to the time point til {hereinafter, called an SFE mark mean
value) .

Further, the sub-data information reproduction block 83
decides whichever of three levels the SFEmark mean value ranks.
Specifically, the sub-data information reproduction block 83
decides whether the SFE mark mean value is equal to cr larger

than a first sub~information threshold, falls below the First
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information threshold and is egual ©o or larger than a second
sub~information threshold, or falls below the second
sub-information threshold.

More particularly, 1f the sub-data information
reproduction block 83 decides at the time point t1l that the
SFEmark mean value falls below the first informatién'threshold
and 1s equal to or larger than the second sub-informaticn
threshold, the sub-data information reproduction block 83
acknowledges that the record mark RM 1is formed on the
irradiation line TL, and sets the signal level of the deviation
detection signal to 0.

If the reproductive binary-coded signal SRO riszes from
the Low level to the High level at a time point £12, and lowers
to the Low level at @ time point tl13, the main~data information
reproduction block 82 recognizes the space as a 3T space. At
this time, the sub-data information reproduction block 83
decides, similarly to it does at the time point tl1l, whichever
of three levels the SFE mark mean value ranks.

At the time point t1i3, the main-data information
reproduction block 82 recognizes the record mark RM as a 77T
mark. At this time, if the sub-datsz information reproduction
block B2 decides that the SFE mark mean value is egual to or
larger than the first threshold, the sub-data information
reproduction block 83 acknowledges that the record mark RM is

formed while being deviated in a plus direction, and sets the



signal level of the deviation detection signal to + 1.

_if the reproductive binary-coeded signal SRO rises from
the Low level to the High ievel at a time point t14, and lowers
to the Low level at a time point €15, the main~data information
reproduction block 82 recognizes the space as a 4T space and
recognizes the record mark RM as a 47 mark.

At this-time, the sub-data information repreduction
block 83 decides, similarly to it does at the time point t11,
whichever of the three levels the SFE mark mean value ranks,
If the sub~data information reproduction block 82 decides that
the STE mark mean value falls below the second threshold, the
sub-data information reproduction block 83 acknowledges that
the record mark RM is formed while being deviated in a2 minus
direction, and sets the signal level of the deviation detection
signal to - 1.

As mentioned azbove, the optical disk drive 20 produces
the repzoduction signal SRF on the basis of the blue light beam
Lb2 sc as to reproduce the reproductive main-data information
Ra corresponding to the recording main~data information Da.
The optical disgk drive 20 detects the presence or absence of
a deviation of the reccord mark RM from the irradiation line
TL on the basis of the blue focusing error signal 5FEb, and
thus reproduces the reproductive sub-data information Rb
correspending to the recording sub~data information Db.

The optical diskdrive 20 detects the presence or absence



of a deviation of the record mark RM on the basis of the blue
focusing error signal SFEb while implementing focus control
in the objective lens 40 on the basis of the red focusing error
signal SFEr.

Specifically, the optical disk drive 20 does not
implement control so that the blue light bkeam Lbl will be
irradiated to the center of the record mark RM according té
the blue fogusing error signal SFED. Therefore, the amplitude
of the blue focusing error signal SFEb will depend on the,
cut-cf-focus quantity AMc by which the record mark RM is
deviated from the irradizticn line TL.

Accordingly, the optical disk drive 20 can irradiate the
blue light beam Lbl nearly to the irradiation line TL all the
time, and can therefore largely vary the blue focusing error
signal SFEb according to the out-of-focus quantity AMc of the
record mark RM from the irradiation 1ine TL. As a result, the
optical disk drive 20 can rellably detect a slight deviation
6f the record mark RM from the irradiation line TL, and can
reproduce sub-data with high precision.

{1-6) Actions and advantage

In the foregoing constitution, the optical disk drive
20 concentrates the blue light beam Lbl serving as information
light, and irradiates it tc the optical disk 100 serving as
an optical information recording medium. At this time, the

optical disk drive Z0 shifts the focus Fb of the blue light
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beaﬁtLbi in the focusing direction in which the ohjective lens
40 recedes from or appreoaches to the optical information
recording mediunm, and thus shifts the focus Fb of the blue Light
beam_Lbl toc a target depth to which the blue light beam Lbl
should be irradiated.

The optical disk drive 20 forms the record mark RM along
the virtual irradiation line TL in the optical disk 100 by
controlling the laser dicode 51, which is a light source,
according to the recording main-data information Da based on

main data. The optical disk drive 20 shifts a target depth

.in the focusing direction according to the recording sub-data
information Db based on sub-data, and thus forms the record
mark RM with the center of the record mark RM deviated from
the irradiaticn line TL in the focusing direction.

In the recording layer 101 of the optical disk 100, the
three-dimensional record mark RM is supposed to be formed in
the thick recording layer 101, and a space in which the record
mark RM is not formed exists in the focusing direction.

In the optical disk drive 20, the space in the focusing
direction is utilized so that the record mark RM can be formed
while being deviated in the focusing direction. Thus, the
storage capacity of the reccrdiné layer 101 for main data will
not be varied but sub~data canbe recorded. Namely, the cptical
Gisk drive 20 permits substantial improvement of the storage

capacity of the optical disk 100.
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In the recording layer 101, the height of the track TR
is larger than the height Rih of the record mazrk RM, and the
record marks RM are supposed to be equidistantly formed in the
focusing directicn.

The optical disk drive 20 records sub-data by slightly
deviating the center line Cpr ¢f the record mark RM from the
irradiation line TL. Eventually, since the rscord mark RM is
deviated fromthe irradiation line TL, the necessity of clesely
disposing the record marks RM is nearly obviated. The optical
disk drive 20 can therefore suppress a so-called crosstalk that
is interference of the record marks RM during informaticn
reproduction.

The optical disk drive 20 can form the record mark RM
along the irradiation line TL, though the center line O of
the record mark RM deviates from fThe irradiaztion line TL.
Therefore, during information reproducing processing, an
amount of light of the blue light beam Lb2 is hardly affected
and the excellent reproduction signal SRF can be produced.

Further, the optical disk drive 20 uses the biaxial
actuator 40A serving as an objective lens drive unit to drive
the cbijective lens 40, and uses the objective lens 40 to
concentratetherediightbeamlmlthat;haservolightforfocus
control. The optical disk drive 20 drives the objective lens
4C so that the red light beam Lrl will be focused on the

reflecting laver 104 included in the optical disk 100.
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At this time, the optical disk drive 20 uses the movable
lens 58A serving as a focus shift unit to separate the focus
Fb of the blue light beam Lbl from the focus Fr of the red light
beam Lrl by an arbitrary distance, and thus squares the focus
Fb of the blue light beam Lbl with a target depth to which the
blue light beam Lbl should be irradiated.

Therefore, the optical disk drive 20 can square the focus
Fb of the blue light beam Lkl with the irradiation line TL on
the basis of thé red light beam Lrl. EZventually, the focus
Fb can be sguared with a target mark position by implementing
simple control teo drive the movable lens 58A according to the
out-of-~focus guantity AMc.

In short, the optical disk drive 20 merely shifts the
position of the movable lens 58R according to the mark recording
ftayer Y in which the record mark RM should be formed, but does
not normally displace the movable lens 3BA during a period
during which the record mark RM is formed in the same mark
recording layer ¥. Therefore, the”optical disk drive 20 should
merely siightly displace the movable lens 58A, which is hardly
displaced, according to sub-data. A large load need not be
imposed on the movable lens 58A.

Now, for example, for displacing the center line Cge of
the record mark RM, the peak of the blue focusing errcr signal
SFEb is detected as informaticn during information reproducing

processing. In this case, there is a possibility that a noise

54



abruptly generated in the blue focusing error signal SFEb
cannoet be discriminated from information.

In contrast, the optical disk drive 20 forms each record
mark BRM with the center line Cpc of the record mark RM deviated
from the irradiation line TL in the Ifocusing direction.
Therefore, the optical disk drive 20 can vary the signal level
of the blue focusing error signal SFEb over a period
corresponding to the record mark RM, and can therefore reliably
reproduce information embedded in the record mark RM.

The optical disk drive 20 drives the movable lens 5832
disposed among diverging rays, and can thus freely shift the
focus Fb in the feocusing direction without any restricticn
impesed on the moving distance of the movable lens.SEA.

Further, the optical disk drive 20 produces the
reproduction signal 3RF cn the basis of the blue light beam
Lb2 serving as a reflected light beam that is the blue light
team Lkl reflected from the optical disk 100, and thus detects
the presence or absence of the record mark RM formed along the
virtual irradiation line TL in the optical disk 100. Based
on the presence or absence of the reccrd mark RM, the coptical
disk drive 20 reproduces main data as the repﬁoductive
main~-data information Ra.

Baséd.on an amount of light of the biue light beam Lbl,
the optical disk drive 20 ?roduces the blue focusing srror

signal SFEb, which represents the out~of-focus guantity
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between the focus Fb of the blue light beam Lbl and the record
mark RM in the focusing direction in which the obiective lens
40 recedes from or approaches to the optical disk 10. The
optical disk drive 20 thus detects the out~of-focus quantity.
The optical disk drive 20 reproduces sub-data, which is
recerded by deviating the center line Cyp. of the record mark
BM frem the irradiation line 7L, as the reproductive sub~data
information Rb on the basié of the blue focusing error signal
SFEb.

Thus, the optical disk drive 20 can reproduce both main
data and sub-data that are recorded as the record mark RM in
the recording layer 101,

Further, the optical disk drive 20 drives the objective
lens 40 so that the red light beam Lrl will be focused on the
reflecting layer 104 of the optical disk 100, and sguares the
focus b of the blue light beam Lbl with a target depth, to
which the blue Iight beam Lbl should be irradiated, by
separating the focus Fb of the blue light beam ILbl from the
focus Fr of the red light beam Lrl by an arbitrary distance.

Accordingly, the optical disk drive 20 can implement
focusing control for the focus Fb using the red focusing error
signal SFEr that is unsusceptible of deviation of the record
mark RM from the irradiation line TL, and can therefcre
implement the focusing control highly precisely similarly to

the conventional optical disk drive.



The optical disk d:ive 20 is an optical information
recording/reproducing apparatus capable of recording or
reproducing main data and sub-data in or from the recording
layer 101. Accordingly, the optical disk drive 20 separates
recording information into main data and sub-data at a
predetermined ratio, and records or reproduces the data items.
Therefore, the recording capacity of the optical disk 100 can
be increassd.

The optical disk 100 includes the reflecting layer 104
that reflects at least part of the red light beam Lrl to be
irradiated for positional contrcl. Since the optical disk 100
allows the optical disk drive 20 to implement focusing control
in the objective lens 40 using the red light beam Lrl, the blue
focusing error signal SFEb whose signal level is varied by
embedding sub-data need not be used for the focusing control.
Therefore, the optical disk 100 makes it possible to reproduce
main data and sub-data without affecting the focusing éontrol
to be implemented in the objective lens 4C during information
repreducing processing.

Since positional information is recorded with a grocve
and a land, which are irregularities, in the optical disk 100,
the optical disk drive 20 can resadily implement tracking
contzrol.

According to the foregoing constitution, the optical

disk drive 20 can displace the record mark RM, which represents



main data, toward a space in the focusing directicen which is
created inslide the recording layer 101 which is thick and in
which the three-~dimensional reccrd mark RM ils formed.

Thus, the optical disk drive 20 can embed szub-data in
the record mark with a displacement in the focuéing direction.
Acgordingly, an optical information recording apparatus and
an cptical information recording method capable of recording
sub~data, an optical information reproducing apparatus and an
optical information repreducing method capable of reproducing
the sub-data, and an optical information recording medium in
which the sub-data 1s recorded can be realized.

{1-7) Qther Embodiments

In the foregoing first embodiment, a description has been
made of a case where the movable lens 58A is adopted as a focus
shift unit that shifts the focus Fb of the blue light beam Lbl,
The present invention is not limited to this case. In short,
a spherical saberration generation means that applies =a
spherical aberration to the blue light beam Lbl will do. For

=y

example, any of various optical elements including a
diffractive element, a phase modulation element such as a
liguid crystal element, and an expander which change the phass
of the blue light beam Lbl will do. These optical elements
may be made movable.

In the aforesaid first embodiment, a description has been

nade of a case where each record mark RM is formed with the



center line Cp of the record mark RM deviated in the focusing
direction. The present invention is not limited to this case.
For example, the record mark RM may be formed by gradually
deviaeting the center lLine Cw;within the record mark RM, so that
the record mark RM will be inclined in the focusing direction
with respect to the irradistion line TL. Multiple
cut-of-focus quantities AMc may be designated in order to
deviating the center line Cyc of the record mark R¥ in multiple
stages in the same diresction.

Entheéforesaidfirstembodiment,e&descriptionhasb@@n
made of 2 case where after the record mark RM is formed with
the center line Cp of the record mark RM deviated from the
irradiation line TL, the next record mark RM is formed with
the center line Cy 0f the next record mark RM displaced with
respect to the position of the deviated center line. The
present invention is not limited to this case. For exanple,
after the record mark RM 1s formed while being deviated in a
plus directicn, if the next recordmark RM is formed while being
aligned with the irradiation line TL, the same advantage as
that of the aforesaid embodiment can be provided. Otherwiss,
the record mark RM and the next recoxd mark RM may be
successively formed while being deviated from each other in
the same direction (plus or wminus direction),.

In the aforesaid first embodiment, the present invention

is applied to the optical disk 100 in which the record mark
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RM is formed with a bubble in the recording layer 101 according
to the kluve light beam Lbl having a predetermined intensity
or more. The present invention is not limited to the optical
disk. The present invention may be applied to, for example,
an optical disk in which a hologram is formed in advance all
over the recording layer 101 whose refractive index varie=z with
irradiation of light, and the record mark RM is formed by
destroying the helogranathrough irradiation of the blue light
beam Lbl, or an optical diek 100 in which the three-dimensional
record mark RM having a three-dimensiconal shape is formed by
chénging a refractive index.

Further, the blue light beam 1b emitted from a light
scurce may be separated into the blue light beams Lbl and Lb2,
and irradiated to the same target mark position through both
the surfaces of a voluminal medium 121v (not shown) in order
to form the record mark RM with a hologram. The constitution
of this type of optical disk drive is described in the aforesald
patent document 2.

Further, in the aforesaid first embodiment, a
description has been made of a case where the red light beam
Lrl whose wavelength is different from that of the blue light
beam Lbl is adopted as servo light. The present invention Is
not limited to this case. For example, the blue light beam
Lbl may be separated into porticns, and one of the portions

may be irradiated as a serve light beam to the reflecting layer.
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In this dase, a film that reflects at least part or the whole
of the blue light beam Lbl and red light beam Lrl is adopted
as the reflecting layer.

Further, in the aforesaid first embodiment, a
description has been made of a case where the reflecting layer
104 is interposed between the substrate 103 located on a side
oppesite to the object lens 40 and the recording layer 101,
The present invention is not limited to this case. In short,
as an optical disk, a disk having at least the recording layer
and reflecting layer will do.

For example, the reflecting layer may be interposed
between the substrate 102 located on the side of the cbjective
lens 40 and the recording layer 101. In this case, the
reflecting layer 104 is fcormed as a reflecting/transmitting
layer that reflects 100 % light (red laser light) whose
wavelength is used for servo control of the objective lens 40
and transmiﬁs 100 % light (blue laser light) whose wavelength
is used fgr recording or reproduction. Thus, the red light
beam Lrl is reflected in order to produce the red light beam
Lr2, and the blue 1ight beénbei ig irradiated to a target mark
position.

Further, in the aforesaid first embodiment, a
description has been made of a case where the optical pickup
26 has the constructicon shown in Fig. 7. The present invention

i1z not limited to this case. The arrangement of optical parts,
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the number thereof, and the types thereof can be varied. For
example, a quarter-wave plate may be interposed between the
dichroic prism 37 and objective lens 40 in place of the
guarter-wave plates 36 and 57. The positional relationship
between the servo optical system 30 and information optical
system 50 may be changed, and a dichroic prism that transmits
the red light beam Lrl and reflects the blue light beam Lbl
may be substituted for the optical dichroic prism 37.

Further, in the aforesaid first embodiment, a
description has been made of a case where the record mark RM
is formed in the optical disk 100 shaped like a disk. The
present invention is net limited to this case. For example,
the record mark RM may be recerded in an optical information
recording medium shaped like a cube (parallslepiped).

Further, in the aforesaid first embodiment, a
description has been made of 3 case where: the blue light bean
Lbl whose wavelength is 405 nniis adopted as information light;
and the red light beam Lrl whose wavelength is 660 nm is adopted
as servo light. The present invention is not limited to this
case, There 1is no limitation in the wavelength of the
information l1ight or servo light. Apprepriate wavelengths can
be selected based on the properties of the optical disk 100
and optical disk drive 20,

Further, in the aforesaid Ffirst embodiment, a

description has been made of 3 case where the blue focusing
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error signal SFEb is produced based on the blue light beam Lb2
according to an astigmatism method. The present invention is
not limited to this case. The blue focusing error signal SFEb
may be produced according to any of various methods including,
for example, a knife edge method and an internal/external
differential method. The same applies to the red focusing
error signal 5FEr. The red tracking error signal STEx can be
pﬁéduced according tc any of various methods including a
differential push-pull (DPP) method and a differential phass
detection (DPD} method.

Further, in the aforesaid first embodiment, a
description has beenmade of a case where recording information
is modulated through EFM modulation, and main data is recorded
with the record mark RM whose mark length ranges from 3T to
11T and &2 space. The present invention is not limited to this
case. The recording information may be modulated according
to any of other various modulation methods. Information may
be recorded in such a manner that one record mark RM represents
1-bit information and the presence or absence of the record
mark RM represents 1 or 0.

Further, in the aforesaid first embodiment, a
descripticn has been made of a case where the movable lens 5824
is moved to a position dependent on the relay driving current
Uf. The present invention is not limited to this case. For

example, the movable lens may be controlled so that it will



be moved based on the driving current but will not be displaced
until the driving current is fed next.

Further, in the &aforesaid first embodiment, a
description has been made of a case where the helical
irradiationlines?ﬁJareimaginedjmltheopticaldisklOO. The
present invention is not limited to this case. For example,
the irradiation lines TL may be concentrically or linearly
imagined.

Further, in the aforesaid first embodiment, a
description has been.mad@.of a case where the center line Cye
of the record mark RM is deviated in the focusing direction

rom the irradiation line TL. The present invention is not
limited to this case. The record mark RM may be formed with
the center line Cp thereof deviated in the tracking direction
that is the radial directicn of the optical disk 100.

In this case, sub-data can be reproduced using the blue
tracking error signal S3TEb, which is produced according to an
equation (&) béiow,jjithe same manner as it is in the afecresaid
embodiment. Bven in this case, similarly tc¢ the aforesaid
embodiment, the optical disk drive implements tracking control
according to the tracking error signal STEr based on the red
light beamLr2. Therefore, the sub-data embeddead in the record
mark RM can be reproduced without any adverse effect imposed
on the tracking control of the cobjective lens.

STEb = (SDAb+3DDk} - (SDBb+SDCL) {5}
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Further, iIn the =aforesald first embodiment, a
description has been made of a case where the objective lens
40 serving as an objective lens, the movable lens 58A serving
as a2 focus shift wunit, the main-data recording signal
production block 72 and driving control unit 22 serving as a
main-data recording unit, and the embedded signal production
bleck 73 and driving control unit 22 serving as a sub-data
receording unit are used to constitute the optical disk drive
20 serving as an optical information recording apparatus. The
present invention is not limited to this case. ABlternatively,
the objective lens, focus shift unit, main~data recording unit,
and sub-data recording unit that are realized with any other
various components may be used to constitute the optical
information recerding apparatus in accordance with the present
inventicn.

Further in the aforesaid first embodiment, a description
has been described of a case where the laser diode 51 serving
as a light source, the objective lens 40 serving as an cbijective
iens, the photodetector 63 serving as a record mark detection
unit, and the reproduction contrel unit 80 serving as a
deviation detection unit are used to constitute the optical
disk drive 20 serving as an optical informaiion reproducing
apparatus. The present invention is not limited to this case.
Alternatively, the obliective lens, focus shift unit, record

markdetectionunit, anddeviation detection unit realizedwith
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any other various components may be used to constitute the
optical information reproducing apparatus in accordance with
the present invention.

Further, in the aforesald first embodiment, a
description has been made of a case where the recording laver
101 serving as a recording layer is used to form the optical
disk 100 serving as an optical information recording medium.
The present invention is not limited to this case., The optical
recoxding medium in accordance with the present invention may
be formed using the recording layer realized with any of other
various components.

Further, in the aforesaid first embodiment, a
description has been made of a case where the recording layer
101 serving as a recording layer and the reflecting laver 104
serving as a reflecting layer are used to form the cptical disk
100 serving as an optical information recording medium. The
present inventiocon is not limited to this case. Alternatively,
the recording layer and reflecting laver realized with other
variocus components may be used to form the optical information
recording medium in accordance with the present invention.

{2) S=cond Embodiment

Fig. 17 to Fig. 21 show the second embodiment. The same
reference numerals are assigned to components corresponding
to those of the first embodiment shown in Fig, 1 to Figﬁ 16.

An iterative description will be omitted. The second
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embodiment is different from the first embodiment in a point
that an optical disk 200 does not include the reflecting layer
104 and in a point that an optical information recording
epparatus 120 dedicated to recording is used to record
information and an optical information reproducing apparatus
dedicated to reproduction is used to reproduce information.

{2-1} Construction of an optical disk

.The optical disk 200 ({(not shown) has a three—layér
structure héving both the surfaces of the recording layer 101
sandwiched between the substrates 102 and 103 with the
recording layer 101, in which information is recorded, as a
center,

Therefore, unlike the optical disk 100 empleyed in the
first embodiment, the reflecting layer 104, and the lands and
greooves in the reflecting laver 104 are not formed.

' The thicknesses tl, t2, and ©3 ¢f the recording layer

[
<O
[

and substrates 102 and 103 included in the optical disk
200 are identical to those in the optical disk 100. An
iterative description will be omitted.

(2-2) Configuration of an optical information recording
apparatus

The optical information recording apparatus 120 (not
shown) 1s nearly identical to the optical disk drive 20 (Fig.
6) except & point that it does not include the reproduction

control unit 80 and a point that an optical pickup 126 has a
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different construction. An iterative description will be
omitted.

Ag shown in Fig. 17, the optical pickup 126 of the optical
information recording apparatus 120 irradiates the blue light
beam Lbl tc the optical disk 200.

More particularly, a laser dicde 151 of the optical
pilckup 126 emits the blue light beam Lbl of 405 nm under the
control of the driving control unit 22, and routes it to a
collimator lens 152. |

The collimator lens 152 converts the blue light beam Lbl,
which includes diverging rays, into parallel rays, and routes
1t te an objective lens 140. The objective lens 140
concentrates the plue light beam Lbl, and irradiates it to fhe
optical disk 200.

In the optical pickup 126, the cobjective lens 140
includes a distance detector that detects a disk distance HA
between the cbiective lens 140 and an incident surface 200A
of the optical disk 200.

Assuming that HA denoctes a focal length attained when
the objective lens 140 concentrates the blue light besam Lbl,
Ed denotes an incident surface depth that is a distance from
the incident surface 200A to a target mark position, and n
denotes a refractive index of the optical disk 200 (substrate
102 and recording layer 101), the disk distance HA is expressed

as follows:
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HA = HX -~ (Hdxn) (6]

In the optical information recording apparatus 120, when
the objective lens 140 is driven in the focusing direction in
order to retain the disk distance HA at & designated disk
distance HAs designated based on the incident surface depth
Hd of the target mark position, the blue light beam Lkl can
be irradiated to the target mark position.

More particularly, the distance detector produces a
distancesignalconsistentwithtﬂm&diskdistanceHA,andf@eds
it to the signal processor 23. As shown in Fig. 18 (B}, the
signal processor 23 produces an incident surface displacement
signal 8CK, which represents a magnitude of a difference
between the designated disk distance HAs and detected disk
distance HA, on the basis of the distance signal, and feeds
it to the driving contrel unit 22.

When the plus embedded signal Sm+ and minus enbedded
signal Sm- which are produced by the embedded signal production
block 73 of the recording contrel unit 70 are fed in the same
manner as they are in the first embodiment (Fig. 13), the
driving control unit 22 superposes the incident surface
displacement signal SCK, plus embedded signal Sm+, and minus
embedded signal 3m- on one another so as to produce a focusing
driving current SFD.

Specifically, the driving contrel unit 22 produces a

product by multiplying the incident surface displacement
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signal SCK by a predetermined coefficilent. According to a
veriod during which the signal level of the plus embedded signal
Sm+ and minus embedded signal Sm~ is High, the predetermined
shift current value Amt is added to the product.

For example, at a time point t31, when the plus embedded
signal 8m+ rises to be High, the shift current value A+m is
added to the product in order to produce a focusing driving
current S¥FD. At a time point 32, when the plus embedded gignal
Sm+ falls to be Low, the driving control unit 22 ceases addition
of the shift current value A+m, and the product is calculated
25 the focusing driving current SFD as it is.

At a time point t33, when the minus embedded signal 8m~
rises to be High, the driving contrel unit 22 produces the
Tocusing driving curreﬁt SFD by adding the shift current value
A-m to the product. At a Time point €34, when the plus embeddad
signal 8Sm- falls to be Low, the driving control unit 22 ceases
addition of the shift current value A-m, and calculates the
proeduct as the focusing driving currsent SFD as it is.

The driving control unit 22 feeds the focusing driving
current SFD To a biaxial actuator 140A. The bilaxial actuator
140A drives the objective lens 140 to a position dependent on
the focusing driving current SFD.

As a result, when both the plus embedded signal Sm+ and
minus embedded signal Sm- take on the Low level, the optical

-

information recording apparatus 120 can retain the disk
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distance HA at the designated disk distance HAs, and can square
the focus Fb of the blue light beam Lbl with the irradiztion
line TL.

When either the plus embedded signal Sm+ or the minus
embedded signal Sm~ is High, the cptical informaticn recording
apparatus 120 drives the objective lens 140 so that the disk
distance HA will become different from the designated disk
distance HAs by a distance dependent on the shift current value
Atm (that is, an out-of-focus quantity AMe x a refractive index
).

Aocordingly, the optical infermation  recording
apparatus 120 sguares the focus Fb of the blue light beam Lbl
with a target mark position deviated by the out-of-focus
guantity AMc in the focusing direction {plus direction or minus
direction; from the irradiation Iline TL.

As mentioned so far, the optical information recording
apparatus 120 displaces the objective lens 140 with respect
to the optical disk 200, which does not include the reflecting
layer 104 serving as a reference, so as to shift the focus b
of the blue Ilight beam Lbl, and contrels the disk distance HA
80 as to sguare the focus Fb with a target mark position.

Accordingly, the optical information  recording
apparatus 120 doss not, unlike the first embodiment, reguire
the servo optical system 30. Eventually, the construction of

the optical pickup 12€¢ is simplified.
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(2-3} Configuration of the optical information
reproducing apparatus

The optical information reproducing apparatus 130 (noct
shown} is nearly identical to the optical disk drive 20 (Fig.
6) except a point that it does not include the recording control
unit 70 and a point that the constructions of an optical pickup
160 and a reproduction control unit 180 are different. BAn
iterstive description will be omitted.

As shown in ¥Fig. 1%, the optical pickup 160 of the cptical
information reproducing apparatus 130 irradiates the blue
light beam Lbl to the optical disk 200, and receives the blue
light beam Lb2 that is the blue light beam Lbl reflected from
the optical disk 200.

More particulariy, the laser diode 161 of the optical
pickup 160 emits the blue light bsam Lbl of 405 nm under the
contrel of the driving control unit 22, and routes it to a
collimator lens 162.

The collimator lens 162 converts the blue 1ight beam Lbl,
which includes diverging rays, into parallel rays, and routes
it to g polarization beam splitter 163. The polarization beam
splitter 163 uses the reflecting/transmitting surface 1638
therecf to transmit or reflect the blue light beam Lbl according
to the deflecting direction, transmits the blus light beam Lbl
that is p-polarized light, and routes it to a quarter-wave plate

le4.

12



The quarter-wave plate 164 converts the blue light beam
ILbl, which 1s linearly polarized light, into circularly
polarized light, and routes it to an objective lens 165. The
objective lens 165 concentrates the blue light beam Lbl, and
irradiates it to the optical disk 200.

When the record mark RM i1s formed near a target mark
pesition in the optical disk 200, the blue light beam Lbl is
reflected from the record mark RM, and routed as a blue light
beam Lb2, of which rotating dirsction is reverse to that of
the blus light beam Lbl and which advances 1in an opposite
direction, to the okbjective lens 155. Further, the blue light
beam LbZ 1s converted inte s-polarized light by the
guarter-wave plate 164, and then routed to the polarization
beam splitter 163.

The polarization beam splitter 163 reflects the blus
light beam Lb2, which is s-pclarized light, according to the
deflecting direction theresof, and routes it to a condenser lens
16€. The cendenser lens 166 concentrates the blue light beam
Ib2. BAn astigmatism is applied to the blue light beam Lb2 by
a cylindrical lens 167. The blue light beam 1bZ is then
irradiated tc a photodetector 169 via a pinhole plate 168.

The photodetector 168 has the same construction as the
photodetector 63 (Fig. 12) does, produces detection signals
SDAb to SDBd in the same manner as the photodetector €3 does,

and feeds thenm to the signal processor 23 (Fig. 6).
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The signal processor 23 produces the reproduction signal
SRE and klue focusing error signal SFEb according to the
equations (3) and (4).

Supposedly, infeormation is already recorded in the
optical disk 200, and the rececrd mark RM is formed thersin.
The optical information reprxoducing apparatus 180 uses the
reflected light beam LbZ, which is the blue light beam Lbl
reflected from the record mark RM, to implement focusing
contrel in the objsctive lens 165,

More particularly, the signal processor 23 of the optical
information reproducing apparatus 130 feeds, as shown in Fig.
20, the reproduction signal SRF (Fig. 21{8}) to each of the
repreductive c¢leck preduction block 81 and main-data
infoﬁmation reproduction block included in a reproduction
control unit 180, and feeds the blue focusing error signal SFEb
to a band-pass filter block 183.

Themain-data information reproduction block 82 produces
a reproductive binary-coded signal 5SRO (Fig. 21(D)} while
squaring the timing of production with the timing of the
reproductive clock Chr (Fig. 21(C)} fed from the reproductive
clock production block 81 in the same manner as that included
in the first embodiment. Further, the main-data infqrmation
reproduction block 82 produces the reproductive main-data
information Ra on the basis of the reproductive binary-coded

signal, and feeds it to the system controller 21,
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When the blue focusing error éignai S¥Eb (Fig. 21(E))
is fed to the band~pass filter block 183, the band-pass filter
block 183 performs filtering processing on the blue focusing
error signal SFEb in a predetermined frequency band. As a
result, the blue focusing error signal SFEb is, as shown in
Figs. 21(F} and (G}, separated into a high-frequency band
focusing signal SFEbH having a relatively high frequency and
a low-frequency band focusing signal SFEbL having a relatively
low freguency.

When the obljective lens 165 is made staticonary, the
optical information reproducing apparatus 130 irradiates the
focus Fb of the blue light beam Lbl to the same position all
the time. The irradiated position gradually changes along the
track TR according to the rotation of thé optical disk 200.

Adeviationof the focus Fb from the recordmark RM derived
from a surface shake caused by a distortion of the optical disk
200 or a trouble occurring during mounting is often manifested
as a low frequency at intervals of a cycle dependent on the
rotation of the optical disk 200.

As described previously, in the optical disk 200, each
record mark RM is formed hile being deviated in the focusin
direction from the irradiation line TL. Thus, sub-~data is
embedded,. Therefore, the deviation of the focus Fb from the
record mark RM derived from the sub-data is manifested as a

high frequency in asscciation with each record mark RM.
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Therefore, the high-frequency band focusing signal SFEbH
that is a high-frequency component of the blue focusing error
signal SFEb represents sub-data. The low~Ifrsguency band
focusing signai SFEbL that is a low-frequency component of the
blue focusing error signal SFEb represents the out-of~focus
gquantity of the focus Fb from the irradiation line TL.

The band-pass filter block 183 (Fig. 20) feeds ths
high~frequency focusing signal SFEbH to thé sub~data
information reproduction block ig4, and feeds the
Low~frequency band focusing signal SFEbL to the driving control
unit 22.

The sub-data information reproductionblock 184 performs
various kinds of pieces of signal processing on the
high—frequency 5&:10‘1 focusing signal SFEDH in the same manner
as that of the first embodiment does, thus produces the
reproductive sub-data information Rb, and feeds it to the
system controller 21.

The driving control unit 22 produces a focusing driving
current SFD on the basis of the low-freguency band focusing
signal SFEbL, and feeds it to the biaxial actuator 1652, Thus,
the driving ceontrol unit 22 drives the objective lens 165 so
that although the record mark RM is deviated from the
irradiation line TL, the blue light beam Lbl can be irradiated
to the irradiastion line TL.

As mentioned above, the optical information reproducing
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apparatus 130 separates the blue focusing error signal SFED
into the high-freguency band focusing signal SFEbH that is a
high-frequency component and the lLow-frequency band focusing
signal SFEbL that is a low-freguency component. The optical
information production apparatus 130 produces the
reproductive sub-data information Rb on the basis of the
high-frequency band focusing signal SFEbH, and implements
focusing control in the cbhbiective leng 165 on the basis of the
low~frequency band focusing signal STELL,

Accordingly, the optical information reproducin
apparatus 130 can reproduce sub-data embedded in the record
mark RM without inclusicon of the serve optical system 30 and
distance detector, and can thus have the configuration thereo?
simplified.

The optical information reproducing apparatus 130 drives
the obiective lensg 165 on the basis of the low~frequency band
focusing signal SFEbL produced by removing the high-freguency
component based on sub-data from the blue focusing error signal
SFEb, and can irradiate the blue light beam 1Lbl to the
irradiation line TI. Eventually, the optical information
reproducing apparatus 130 can vary the blue focusing error
signal SFEb according to the sub-data.

{2-4) Actions and advantage

According tq the foregoing constitution, the optical

information recording apparatus 120 detects the disk distance



HA between the objective lans 140 and the incident surface 200A
of the optical disk 200 serving as an optical information
recording medium, and thus detects the relative positional
relationship between the objective lens 140 and optical disk
200. The optical information recording apparatus 120 drives
the cobjective lens 140 sc as to control the disk distance HA,
and thus shifts the focus Fb of the blue light beam Lkl to a
target depth.

Accordingly, in the optical information recording
apparatus 120, a distance detector that detects the diék
distance HA should merely be substituted for the servo optical
system 30, and numercus optical parts for use in servo control
become unnecessary. The configuration of the optical
information recording apparatus 120 can be simplified.

In the optical information recording apparatus 120, the
objective lens 140 is driven in the focusing direction in crder
to shift the focus Fb of the blue light beam Lbi. Thus, in
the optical information recording apparatus 120, unlike in the
optical disk drive 20, the movable lens 58A need not be included.
The cenfiguration of the optical information recording
apparétus 120 can be simplified.

Further, in the optical information reproducing
apparatus 130, the cbjective lens 165 1s driven in the focusing
direction in order to shift the focus Fb of the blue light bsam

Lbl, and the blue focusing errcr signal SFEb representing an
: e g
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out~of-focus quantity is separated into the high-frecuency
band focusing signal SFEDRH, which is a high-frequency component,
and the low-fregquency band focusing signal SFEbL that is a
low~freguency component. In the optical information
reproducing apparatus 130, sub-data is reproduced based on the
high-frequency band focusing signal 3FEbH, and the objective
lens is driven based on the low-freguency band focusing signal
SFEDbL.

Accordingly, in the optical information reproducing
apparatus 130, main data and sub~data are reproduced from the
record mark RM in which the sub-data is embedded. Based on
the blue light beam Lb2 reflected from the record mark RM, that
is, using the record mark RM that has already been recorded,
the objective lens 165 is subjected to focusing control so that
the blue light beam Lbl will be irradiated to the irradiation
line TL.

In the optical informatioa recording apparatus 120,
during information recording processing, the record mark RM
is formed with the center line Cp thereof deviatad in the
focusing direction from the irradiation line TL. Thereafter,
th@nextrecordmarkRMisfbrmedwiththecenterliﬁe(&cfher@of
displaced with respect tc the position of the deviated center
line.

Accordingly, in the optical information reccrding

apparatus 120, the record mark RM next to the record mark RM
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recorded while being deviated from the irradiation line TL can
be recorded on the irradiation line TL or while being deviated
in a reversedirection. The recordmark RM recorded while being
deviated from the irradiation line TL will not be continuocusly
formed, but the record mark RM can be intermittently deviated
frem the lrradiation line TL.

Accordingly, the opitical information  recording
apparatus 120 can set a variation in a signal level, which is
derived from sub-data represented by the blue focusing error
signal SFEb produced during information reproducing
processing performed in the optical infcrmation reproducing
apparatus 130, to a high freguency, and can separate the blue
focusing error signal SFEbH into the high~freguency focusing
signal SFEbH and low-freqguency band focusing signal SFEbL using
the band=-pasgss filter block 183, |

According to the foregoing constitution, the optical
information recording apparatus 120 drives the oblective lens
140 on the basis of the relative positional relationship
between the optical disk 200 and objective lens 140, and thus
irradiates the blue light beam Lbl to a target depth. Therefore,
the optical information recording apparatus 120 does not
require an optical part that receives light for serve cohtrol,
and can have the cenfiguration thereof simplified.

The optical information reproducing apparatus 130 drives

the obhiective lens 165 on the basis of the blue light beam Lb2,
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and thus irradiates the blue light keam Lbl to a target depth.
Therefore, compared with a case where licht for servo control
is ~used -separately, the optical information reproducing
apparatus 130 does not reguire optical parts that irradiate
or receive the light for servo control, and can have the
configuration thereof simplified.

{2~5} Other Embodiments

In the aforésaid second embodiment, a description has
been made of a case where the objective lens 140 included in
the optical information recording apparatus 120 is provided
with a distance detector that measures the disk distance HA.
The present invention is not limited to this case. Forexample,
a sensor that measures the disk distance HA may be disposed
in a stage on_which the optical disk 200 is placed or in the
spindle motox 24.

A target mark pesition need not be detearmined bassd on
the disk distance HA. For example, when a servo record mark
for servo control is formed in advance in the optical disk 200,
the servo recordmark may be used to implement focusing control.
The focusing control may be implemented by irradiating a sexvo
light beam for serve control to the already recorded record
mark RM.

In the aforesaid second embodiment, a description has
been made of a case where the optical information reproducing

apparatus 130 implements focusing control in the objective lens
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165 on the basis cf the klue focusing error signal SFEb. The
present invention is not limited to this case. TFor example,
similarly to the optical information recording apparatus 120,
the disk distance HA measured by a distance detectcr may be

used to implement the focusing control.

|

urther, in the aforesaid sscond embodiment, a
description has been made of a case where the low-freguency
ban& focusing signal SFEbL is used to implement focusing
control in the oblective lens 165. The present invention is
noct limited to this case. For exampls, when the amplitude of
a high-frequency component of the blue focusing error signal
SFﬁb representing sub-data i1s relatively small, the blue
focusing error signal SFEb may be used as it is, 1In this case,
the high-freguency focusing signal SFEbH 1s fully amplified
in order toe reproduce the sub-data. |

(3} Application of the present inventiocn

Next, an applied example of the pregent invention will
be described below by presenting a concrete example. For
convenience' sake, the reference numerals employed in the
optical disk 100 and optical disk drive 20 in azccordance with
the first embodiment will be used to make a description.
However, the second embodiment can also be applied.

{3-1) Copy preventicn system

Es shown in Fig. Z22(A}, in a copy prevention system 210,

main data such as video data or music data i1s recorded in the
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optical disk 100 in the form of the record marl RM. In the
copy preventicn system 210, a disk identification code ED
signifying that the optical disk 100 is an authentic optical
disk 100 is modulated according to a1;redeterminedznéthod, and
recorded as sub-data in the form of a modulated identification
code EDr. The modulated identification code EDr is reccrded
in, for éxample, a table-of-contents (BECC) field on an
innermost circumference by deviating the record mark RM from
the irradiation line TL in the focusing direction.

If the optical disk drive 20 that reproduces the opticel
disk 100 can reproduce the disk identification code ED from
the modulated identification code EDr read from the optical
disk 100, the optical disk drive 20 decides that the optical
disk hasbeen legitimately fabricated, and reproduces malindata
recorded in the optical disk 100.

In contrast, as shown in Fig; 22{B), 1f the modulated
identification code EDr is not recorded in the opticai disk
and the disk identification code ED cannot be reproduced, the
optical disk drive 20 decides that the optical disk is a
fraudulent optical disk 100X such as a so-called pirated disk,
which is illegally duplicated, but is not an authentic optical
d;sk, and does nct reproduce main data from the fraudulent
optical disk 10GX.

In the optical disk 100, since the cut-of-focus quantity

AMc is set to a small value, the optical disk drive 20 that
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records the record mark RM is regquested to implement precise
focusing control, and can discourage a third party from
fabricating the fraudulent optical disk 100X.

In this case, in the optical disk 100, preferably, the
disk identification cocde ED is modulated according to the
predetermined method and recorded as the modulated
identification code EDr. Supposing that a third party tries
to record the modulated identification code EDr in the
fraudulent optical disk 100X, it becomes necessary for the
third party fo modulate the disk identification code ED
according to the same method as the method adopted by the
optical disk 100. 2As a result, the optical disk 100 further
discourages the third party from recording the modulated
identification code EDr. 2As for the modulating method, refer
to the patent deocument 1 or the like.

Specifically, in the copy prevention system 210, a
process of fabricating the fraudulent optical disk 100X that
is reproducible can be made very hard to deo, and sale of the
fraudulent optical disk 100¥ by a third party can be
substantially prevented.

Ag another copy prevention system 211 {not shown), main
data mey be encrypted and reccrded in the form of the record
mark BM and space, and key information necessary to decrypt
the main data may be recorded as sub~data. In this case, both

the main data and sub-data are recorded all over the optical
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disk 190.

Further, as sub-data, data necessary to select or decode
key informaticn may be recorded, or any of various data items
necessary Ior decryption may be recordead.

{3-2} Other applied sexample

Further, the present invention may be applied to any
system other than the copy prevention system.

For example, address informatlion may be recorded as
sub~data. In this case, main data is recorded in the form of
the record mark RM in the leading part of a sector, and address
information is embedded in the record mark RM by displacing
the record mark RM in the leading part with respect to the
irradiation line TL. This cbviates the necessity of recording
the address Information as main daza. Therefore, the
recording capacity of the optical disk 100 can be improved.

Incidentally, subordinately generated information such
as the reproductive frequ@ncy'éf data oz'tﬁe cepying freguency

may ke recorded as sub-~data.

Industrial Applicability

The present inventicn can be applied to optical disk
drives that record or reproduce a large amount of information,
for example, a video content or an audio content, in or from

a recording medium such as an optical disk.



Claims

1. An optical information recording apparatus
comprising:

an objective lens that concentrates information light
and irradiates it to an optical information recording medium
in which information is recorded in the form of a record mark
by irradiating the information light, which is emitted from
a light source and has an intensity equal to or larger than
a predetermined intensity, to the optical information
recording medium;

a focus shift unit that shifts the focus of the
information light in a focusing direction in which the
objective lens recedes from or approaches to the optical
information recording medium, and thus shiftg the foecus of the
information light to a target depth to which the information
light should be irradiated;

a main-data recording unit that forms a record mark along
a virtual irradiation line in a virtual record mark layer of
the optical information recording medium by controlling the
light source according to information based on main data, and
thus forms the record mark in the virtual record mark layer;
and

a sub-data recording unit that shifts the target depth
in the focusing direction according to information based on

sub data, and thus forms the record mark with the center of
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the record mark deviated in the focusing direction from the

irradiaticon line within the recorxd mark layer.

2. The optical information recording apparatus
according to Claim 1, further comprising an objective lens
drive unit that drives the objective lens, wherein:

the objective lens concentrates sexvo light for focusing
control;

the objective lens drive unit drives the cbjective lens
so that the servo light will be focused on a reflecting layer
included in the optical information recording medium; and

the focus shift unit separates the focus o©of the
information light from the focus of the servo light by an
arbitrary distance, and thus squares the focus of the
information light with the target depth to which the

information light should be irradiated.

3. The optical information recording apparatus
according te Claim 2, wherein:

the sub-data recording unit forms each record mark with
the center of the record mark deviated in the focusing direction

from the irradiation line.

4. The optical information recording apparatus

according to Claim 3, wherein after a record mark is formed
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with the center of the record mark deviated in the focusing
direction from the irradiation line, the sub-data recording
unit forms the next record mark with the center of the next
record mark displaced with respect to the position of the

deviated center.

5. The optical information =xecording apparatus
according to Claim 1, wherein the focus shift unit is a
spherical aberration generation means that applies a spherical

aberration to the information light.

6. The optical information zecording apparatus
according to Claim 1, wherein the focus shift unit is an
objective lens movement unit that drivesg the objective lens

in the focusing direction.

7. An optical information recording method

comprising: a record mark forming step of, when forming a record

mark
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along a virtual irradiation line in an optical information
recording medium by irradiating information.light, which is
emitted from a light source, to the optical information
recording medium, in which information is recorded in the form
of the record mark by irradiating the information light, which
ig emitted from the light source and has an intensity equal
to or larger than a predetermined intensity, according to
information based on main data, shifting the focus of the
information 1light in a focusing direction according to
information based on sub-data, and thus forming the record mark
with the center of the record mark deviated in the focusing

direction from the irradiation line.

8. An optical information wreproducing apparatus
comprising:

a light source that emits information light;

an objective lens that concentrates the information
light and irradiates it to an optical information recording
medium;

a record mark detection unit that detects the presence
or absence of a record mark formed along a virtual irradiation
line in the optical information recording medium on the basis
of a reflected light beam that is the information light

reflected from the optical information recording medium; and
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a deviation detection unit that detects the presence or
absence of a deviation of the center of the record mark from
the irradiation line in the focusing direction, in which the
objective lens recedes from or approaches to the optical
information recording medium, on the basis of the reflected

light beam.

S. The optical information reproducing apparatus
according to Claim &, wherein the deviation detection unit
detects the presence or absence of a deviation of the center
of each record mark in the focusing direction from the

irradiation line.

10. The optical information reproducing apparatus
according to Claim 8, wherein after a record mark is formed
with the center thereof deviated in the focusing direction from
the irradiation line, the deviation detection unit detects a
deviation of the next record mark that is formed with the center
thereof dispiacéd‘mith.xespect to the position of the deviated

center.

11, The optical information reproducing apparatus
according to Claim 8, further comprising an objective lens
drive unit that driveg the obiective lens, and a focus shift

unit that shifts the focus of the information light in the
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focusing direction, wherein:

the objective lens concentrates servo light for focusing
control;

the objective leng drive unit drives the objective lens
so that the servo light will be focused on a reflecting layer
included in the optical information recording medium; and

the focus shift unit separates the focus of the
information iight from the focus of the servo light by an
arbitrary distance, and thus squares the focus of the
information light with a target depth to which the information

light should be irradiated.

i2. The optical information reproducing apparatus
according to Claim 8, further comprising an objective lens
drive unit that drives the objective lens on the basis of an
out-of-focus quantity between the record mark and the focus
of the information light, wherein:

a sub-data production unit extracts a component that
represents sub-data superposed in a driving control signal,

and reproduces the sub-data.

13. The optical information reproducing apparatus
according to Claim 8, further comprising:
an objective lens drive unit that driveg the cbjective

lens;
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a sub-data production unit that separates an
out-of-focus quantity between the record mark and the focus
of the information light into a high-frequency component and
a low-freguency component, and produceg the sub-data on the
basis of one of the high-frequency component and low-frequency
component; and

an objective lens drive unit that drives the cobjective
lens on the basis of the other one of the high-frequency

component and low-£frequency component.

14. An optical information reproducing method
comprising:

a light receiving step of receiving a refliected light
beam that is light emitted from a light source and reflected
from an optical information recording medium; and

a detection step of detecting the presence or absence
of a record mark on the basis of the reflected light beam, and
detecting the presence or absence of a deviation of the center
of the record mark from an irradiaticon i1ine in a focusing
direction, in which the objective leng recedes from or
approaches to the optical information recording medium, on the

bagig of the reflected light beam.

15. An optical information recording medium

comprising:
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a recording layer in which main data is recorded
according to the presence or absence of a record mark formed
with irradiation of information light, sub-data is recorded
by forming the record mark with the center of the record mark
deviated in a focusing direction parallel to the light axis
of the information light, and the irradiated information light

is modulated by the record mark.

16. The optical information recording medium
according to Claim 15, further comprising a reflecting laver
that reflects at least part of servo'light irradiated for

positional control.

17. The optical information recording medium
according to Claim 15, wherein positional information is

recorded in the reflecting layer with irregularities or a pit.

18. An optical information recording apparatus
comprising:

an objective lensg that concentrates information light
and servo light for servo control and irradiates them to an
optical information recording medium in which information is
recorded in the form of a record mark by irradiating the

information light, which is emitted from a light source and
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has an intensity equal to or larger than a predetermined
intensity, to the optical information recording medium;

an objective lens drive unit that drives the objective
lens so that the servo light will be focused on a reflecting
layer which is formed in the optical information recording
medium and reflects at least part of the servo light;

a focus shift unit that separates the focus of the
information light from the focus of the servo light by an
arbitrary distance in a ﬁocusing direction, in which the
objective lens approaches to or recedes from the optical
information recording medium, by changing the spherical
aberration of the servo light, and squares the focus of the
information light with a target depth to which the information
light should be irradiated;

amain-data recording unit that forms a record mark along
avirtual irradiationline in the optical information recording
me&imnbycontrolling;he1ightsourceaccordingtoiﬂformation
based on main data; and

a sub~data recording unit that deviates the center of
the record mark from the irradiation line by shifting the target
depth in the focusing direction according to information based

on sub-data.

19. An optical information reproducing apparatus

comprising:
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an objective lens that concentratesg information light
for information reproduction and servo light for servo control,
and irradiates them;

an objective lens drive unit that drives the objective
leng so that the servo light will be focused on a reflecting
layer which is formed in an optical information recording
medium and reflects at least part of the servo light;

a focus shift unit that separates the focus of the
information light from the focus of the servo_light by an
arbitrary distance in a focusing direction, in which the
objective lens approaches to or recedeg from the optical
information recording medium, by changing the spherical
aberration of the information light, and squares the focus of
the information light With. a target depth to which the
information light should be irradiated;

a record mark detection unit that detects the pregence
or absence of a record mark, which is formed along a virtual
irradiétion line in the optical information recording medium,
ont the basis of a reflected light beam that is the information
light reflected from the optical information recording medium;
and

a deviation detection unit that detects the presence or
absence of a deviation of the center of the record mark from
the irradiation line in the focusing direction, in which the

objective lens recedes from or approaches to the optical
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information recording medium, on the basis of the reflected

light beam.

20. An optical information recording medium
comprising:

a recording layer in which main data is recorded with
the presence or absence of a record mark formed along a virtual
irradiation line, sub-data is recorded by forming the record
mark with a center of the record mark deviated from the virtual
irradiatioﬁ line in a focusing direction perpendicular to a
record mark layer in which the virtual irradiation line is
formed, and the irradiated information light is modulated by
the record mark; and

a reflecting layer that reflects at least part of servo
light irradiated in order to sqguare the position of the
information light in the recording layer with an arbitrary

position.
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Abhstract

The present invention can record sub-data. An optical
disk drive (20} controls a laser dicode {51}, which serves as
a light source, according to recording main-data information
{Da) based onmain data, and thus forms a2 record mark {RM) along
a virtual irradiation line (TL} in an optical disk (100). The
optical disk drive (20) shifts a target depth in a focusing
direction according to recording sub-data information (Db)
based on sub-data, and thus forms the record mark (RM} with
the center of the recordmark deviated in the focusing direction

from the irradiation line (TL).



