Description OPTICAL INFORMATION RECORDING APPARATUS,
OPTICAL INFORMATION RECORDING METHOD, OPTICAL
INFORMATION REPRODUCING APPARATUS, OPTICAL
INFORMATION REPRODUCING METHOD, AND OPTICAL
INFORMATION RECORDING MEDIUM Technical Field The present
invention relates to an optical information recording apparatus, an optical
information recording methoq3 an oE_)tigCaI information reproducing
apparatus, an optical informat?osncr%p?o&l?crilng method, and an optical
information recording medium. The present invention is preferably applied
to an optical information recording/reproducing apparatus that records

opTRtOIMationdmainoRti¢at recordinganedim psing, fopexampleadighta 1oy

beam, and reproduces the information from the optical information

rRECEROHiNG medign, using the lightibeamn BaskoreunthAtidn the RashraTus,

optical disk drives that employ a disk-like optical disk as an optical
opTOfomDationvesarding orediuREbave videly prevaifethas optiab OPTICAL

information recording/reproducing apparatuses. As the optical disk, a
IN ksoRhgact discRICID)R a L digitdrvErSatile disc (DVD) , a Blu-ray disk

(registered trademark, BD), or the like is generally adopted. 1 In general,

in the conventional optical disks, main data is recorded as information in

the form of a record mark in a signal recording surface, which reflects a
Teqight Beamib§Lc

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
to 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-like
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 wversatile disc (DVD), a Blu-ray disk (registered

trademark, BD)}, c¢r the like is generally adopted.



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 %video content or vg%ousegieces of information includin%various

kinds Bf YRECTEMS for domiptiard SAke YeRordetFin i optical tigk it data
. recent years, an amount _of.information has increased along with a trend
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Increased. Accordingly, the optical disk is requested to have a larger
£ o GRDAGIY. Asane gt techaigues foringreasing the:capacity ofan gpfical +pe
disk, an optical disk drive that forms multiple record marks in the
op thickness direction afa horaggepgeus escording: layer, aad thus-recards rds
information in multiple mark layers has been proposed (refer to, for
sulkexdaiple, patefibdacument 2)cBatentdockmentl téfera 4@ Paterd NG erent
354410, and patent 2 document 2 refers to JP-A-2008-71433. As for the
refopticakdisk drive destrlbbed thithe patentkdocumbnt2, themnethod ofark is

recording or reproducing main data
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
information including varicus kinds of data items for computers

are recorded in an optical disk. In recent years, an amount
of 1nformation has increased.'along with a trend toward
high-definition videc or high-qualitymusic. In addition, the
number of contents to be recorded in one optical disk is
reguested to be increased. Accordingly, the optical disk is
requested to have a larger capacity.

As one of techniques for increasing the capacity of an
optical disk, an cptical 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



is proposed. However, a method 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 The present invention is made
in consideration of the foregoing point, and intended to propose an optical
information recording apparatus and an optical information recording
method capable of recording sub-data, an optical information reproducing
docabprggé%tug an f%nropt'cal 5[1.{9%’[1%’[5)6] rgpi%d?,lgi.ng _method cqpable qf
reproducing fheSub éﬁa, and an opfical” inférimation recording medium
from;hich {he. fub i3 6] by tepraduced. Iardet fo gecomplish fog o
above object, an optical information recording apparatus in accordarice
doctiiibtie presenl puention ieludes; ap oipctive lens Nl LoNeeMiaESqat 4
information light and irradiates it to an optical information recording
is mpedigasiaavhichdnormation imeecordedin thedorma :ofa record Miask by i ng
irradiating the information light, which is emitted from a light source and
suthas=aneiniensiheequaldonanlasgethan-a preseterntinec ktensityi ta theii sk
optical information recording medium; a focus shift unit that shifts 3 the
dr foeusiofthelinformatiok dight toratargetddepth, to which the information
light should be irradiated, by shifting the focus of the information light in a
focusing direction in which the objective lens recedes from or approaches

~ to the optical
Disclosure of the Invention

The present invention i1s made in consideration of the
foregeing point, and intended to propose anoptical information
recording apparatus and an optical information recording
method capable of recording sub-data, an optical information
reproducing apparatus and an coptical information reproducing
methed capable of reproducing the sub-data, and an optical
informaticon recording medium from which the sub-data can be
reproduced.

In order to accomplish the above object, an optical
informaticn recording apparatus in accordance with the present
invention includes: an objective lens that concentrates
information light and irradiates it to an optical information
recording'mediunlin which informaticon 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



information recording medium; a main data recording unit that forms the
record marks along a virtual irradiation line in the optical information
recording medium by controlling the light source according to information
based on the main data; and a sub-data recording unit that shifts the
target depth in the focusing direction according to information based on
the sub-data, and thus forms the record mark with the center of the
record mark deviated_from the irradiation line in the focusjng direction.

CheatBsrdindly, inf'the' dptical tfofmation Tecorting “agaratss; the subSadia’ °F

can be embedded.in the record mark in .the form of which the. main data j
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mark is formed along a virtual ifradiation line in an optical information

+hde6rding mediym by ircadiating f&f&méyoaéﬁg%mg%istgng@ femia.s 1
light source, to the optical information recording medium in which
infinfefmation isdeeerdedindthefarm of aracordmark-by-sradiatingn: ¢ that

information light, which is emitted from the light source and has an
forntensity equal 1ol ordargerdhana predetenminetr 4 datensity;tolthe opticalhe

information recording medium, shifting the focus of the information light in
op ta forlsing: alireeticre accerdimg! o imformation basedronrsubk-data, tane fhiush t

forming the record mark by deviating the record mark from the
source according to information based on the main data; and
a sub-data recording unit that shifts the target depth in the
focusing direction according to information based on the
sub-data, and thus forms the record mark with the center of
the record mark deviated from the irradiation line in the
focusing direction.

Accordingly, in the optical information recording
apparatus, the sub-data ¢an be embedded in the record mark in
the form of which the main data 1s recorded.

An optical information recording method in accordance
with the present invention incliudes a record mark forming step
of, when a record mark is formed along a virtual irradiaticn
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 a record mark by irradiating

information light, which is emitted from the light scurce and

has an intensity equal to or larger than a predstermined



irradiation line in the focusing direction. Accordingly, the optical
information recording method can embed sub-data in a record mark in the
form of which main data is recorded. Further, an optical information
reproducing apparatus in accordance with the present invention includes:
a light source that emits information light; an object lens that
concentrates the information light and irradiates it to an optical
. information recording medium; a record mark detection unit that detects
1ntgraSredence Or dEenPSE felcorF ek AfHiER is FSiredialdrg & ortiar -

Jirradiation line in the optical information recqording. medium, on the basis
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a1 rQRuie8l information recording mediym: and a deviation detection unit fhat,,
etects the presence’ or absence of a déviation of the™ center o?t’he recor
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objective lens recedes from or approac 0 mation

1 r8omding medium, on, thebasis-ofdhe reflected light:beam. Accordingly,
the optical information reproducing apparatus can reproduce main data

accordingta the presenice 59F absenge ebakecord markeand reproduee od
sub-data according to the presence or absence of a deviation of the

carcenteedf thes recard nark frostthedriastiationding, At epticalinformeationa 1 n
reproducing method in accordance
data is recorded.

Further, an opticael information reproducing apparatus
in accordance with the present inventicn includes: a light
source that emits information light; an cobject lens that
concentrates the information ilight and irradiates it to an
optical information recording medium; a record mark detection
unit that detects the presence or absence of a rescord mark,
which is formed along a virtual irradiation line in the eptical
information recording medium, on the basis of a reflected light
beam which is the information light reflected from the optical
informaticon 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 a
focusing direction, in which the objective lens recedes from
or approaches to the optical information recording medium, on
the pasis of the reflected light beam.

Accordingly, the optical information reproducing

apparatus can reproduce main data according to the presence



with the present invention includes: a light receiving step of receiving a
reflected 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 irradiation line in a
focusing direction, in which an objective lens recedes from or approaches
OF RAREGpticalinfofMaticn Recordir et iR Ba&is Ot e retfeted 1o
N Ii%ht beam. Accordingly, the %Ptic,al information reproducing method can
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redAK o 8.05eeled yin modulated jnformation light, and reproduce
sub-data according to the presence or absence of a deviation of the

centgr,of the, record mark from 5%6:%599&8&199&&@%@%& an Qptical 4o ce

information recording medium in accordance with the present invention

wi dAckidesatescording nlayerinauhich-main data is recgided accordingdos v o
the presence or absence of a record mark to be formed with irradiation of

of inéereiationdight: sab«lada is recordeddnrforming the reeord &dnadewithrom

the center of the record mark deviated in a focusing direction parallel to
a lhelight axisrofé¢hesinformafior dight! aftdhe itadiated ndarmation tightison
modulated by the record mark.
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 an 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 accerding te the presence or absence
of a recordmark to be detectedwithmodulated information 1ight,
and reproduce sub-data according to the presence or absence
of a deviation of the center of the record mark from the
irradiation line.
Further, an optical information recording medium in
acceordance with the present invention includes a recording
layer inwhich: maindata is recordedaccording to the presence

or absence of a record mark to be formed with irradiation of

information light; sub-data is recorded by forming the record



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 reproduce sub-data according to the presence or absence of
a deviation of the center of the record mark from an irradiation line. An
optical information recording apparatus in accordance with the present
invention includes: an objective lens that concentrates information light
and segotrg%ht for servo control and irradiates them to an optical

io
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a1 @ 1egerd. mayk by imadiating the informarion light, which I emitied fom
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objective lens drive unit that drives the “objective lens so that the servo
ma Aight 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 foquscshift unt that separales the focusrof the infermation. lightfromdhe um
focus of the servo light by an arbitrary distance in a focusing direction in
ma keich thecobjectdens recedes frotu©f appicaches to the@ptidang to the
information recording medium, and 7 squares the focus of the information
erdightedtva targetrdepthf te which theriaformation tight skauld bedrradiatédf a
a main data recording unit that forms a record mark along a virtual
acqaadiafion fine W thecostRalpforpiativhsecadimimedidayiation of the

center of the record mark from an irradiation line.

An optical information recording apparatus in accordance
with the present invention includes: an objective lens that
concentrates iInformation light and servo light for servo
control and irradiates themtoanoptical 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 1ight source and has an intensity egqual 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 serve light;
a focus shift unit that separates the focus of the information
light fromthe focus of the servo light by an arbitrary distance
in a focusing direction in which the object lens recedes from

or appreoaches to the optical information recording medium, and



- by controlling the light source according to information 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. Accordingly, the
optical information recording apparatus can form a record mark along an
appropriate irradiation line while implementing high-definition focusing

control vt}g]'gah a reflectlr%g tI yer.asa reference,.and can ,a%proprlate
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invention inclu ns that concentrates and irradiates
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control; an objective lens drive unit that drives the objective lehs so that
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optical information recording medium and reflects at least part of the
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on fegusingedirgctiondirewhich-the objectiverlens: gppraachesa to derecedes the
from the optical information recording medium, and squares the focus of

cernthé informatondight withea tafgetdepth io whithathe dnforiragiarylight. £t ing
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the target depth in the focusing direction according to

information based cn sub-data.

Accordingly, the cptical infermation recording
apparatus can form a record mark along an appropriate
irradiaticn line while implementing high-definition focusing
contrel with a reflecting layer as a reference, and can
appropriately deviate the record mark from the irradiation
iine.

Further, an opticel informaetion reproducing apparatus
in accordance with the present invention includes: an
objective lens that concentrates and irradiates information
light for information reproduction and serve light for servo
control; an cbjective lens drive unit that drives the objective
lens so that the servo licght will be focused on a reflecting
layer which 1is 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



record mark detection unit that detects the presence or absence of a
record mark, which is 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 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
@ r%%&&é@ﬁo?r%?&ﬁ&r%%cﬁ&sq&” e optital ?Ef%ﬁﬁ&ﬁé’r?rgc%‘?&inaf?ﬁ&%ﬁﬁes
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information reproducing apﬁara us can implement focusing control using
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mark from an irradiation line, and can therefore reliably detect the

ceP/ESERCE V] ahsence of the-deviation feprasenting.sub-data byJsgliablyy; 4
~irradiating information light to the irradiation line. An optical information

redeeording imeghum in agcerdanee withdhe prasemdnyeation nglydess dence
recording layer in which main data is recorded according to the presence
of ar absence n=afq retardimark fosmes-alongagvigtual rradidtidnrtineliation
sub-data is recorded by forming the record mark with the center of the
1 irrecordithark déeviated frofothesitradiationdined and ireadiated imfofrhationsis
light is modulated by the record mark;
of a reflected light beam that 1s the infcrmation light
reflected from the optical information recording medium; and
a cdeviation detection unit that detects the presence or absence
of a deviation ¢f the center of the record mark from the
irradiaticn line in the focusing directicn, in which the
cbjective lens recedes from or approaches to the optical
informaticn recording medium, on the basis c¢f the reflected
iight beam.

Bccordingly, the optical informaticn reproducing
apparatus can implement focusing control using servo light that
is unsusceptible to a deviation of the center of a record mark
from an irradiaticn line, and can therefore reliably detect
the presence or absénce of the deviation representing sub-data
by reliakly irradiating information light to the irradiation
line.

An optical informaticon recording medium in accordarnce

with the present invention includes: a recording layer in

whichmain data is reccorded according te the presence or absence



and a reflecting layer that reflects at least part of servo light irradiated in
order to square the position of the information light in the recording layer
with an arbitrary position. Accordingly, in the optical information recording
medium, 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 light can be reliably irradiated to

th diation i dth b the deviati
o Bpfetiriiy S hatk ca Sod Ztﬁ%%%"ée?gi%%"%oin e%r%%'?a’%’% qp Line,

|n1<‘:9rmat|on li ht A rg to the ent |nvent|8n th re are | V|ded
sub- ta.lFﬁ? g rml Sq§.re%F %x‘ w1 e center
an optical'in ormatlon recording apparatus and an optical i orm ion

of 'efarding.method capahle of embedding sup:daia in, & tecord, mark in the ,

form of which main data is recorded, and thus recording the sub-data’
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information reproducing apparatus and an optical information reproducing

andmethegraapable gf repyeducing Maia rdatawecarding tostheresence eervo
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medium from which main data
position.

Accordingly, inthe optical information recording medium,
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 light 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 the present invention, there are provided
an optical information recording apparatus and an optical
information recording method capable of embedding sub-data in
a record mark in the form of which main data is recorded, and
thus recording the sub-data.

According to the present invention, there are provided
an optical information reproducing apparatus and an optical
informaticon 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



can be reproduced according to the presence or absence of a record
mark detected with demodulated information light, sub-data can be
reproduced according to the presence or 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 the present invention, there is
provided an optical information recording apparatus capable of forming a
record mark along an appropriate irradiation line while implementin

@ dRhAiiion folheng EBRIOF vitlFa PSR AR et S8 Faterahe a5 Lon

. _appropriately deviating a,_record mark from the jrradiation line, and thus
llnréaéoﬁﬁﬁg %%ﬁdaﬁgpl%%ﬁé:ﬁ"Ialgcg#g%gst%}?hél %Jrceas'ent invention, there is

i tical inf i ducj t le of .
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implementing focusing control using servo light unsusce eto
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detecting the presence or absence of the deviation, which represents
carSub=datapby Jebablydradiating infernation light 4o andrradiatipndines apd 5

thus reproducing the sub-data. Further, according to the present invention,
redberg imddkpravded aadptical inferamtion Yecerding miediwadnavhichi ght,
since focusing control employing servo light unsusceptible to a deviation
sulpfdiae serner of amrord ntark framandiradiationhkinp candiece or absence
implemented, information light can be reliably
of a deviation of the center of the record mark from an
irradiation line, and the sub-data can be reproduced.

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

Further, according to the present invention, there is
provided an optical information reproducing apparatus capable
of implementing focusing contrel using serve light
unsusceptible to a deviation of the center of a record mark
from an irradiation line, reliably detecting the presence or
absence o¢of the deviation,_ which represents sub-data, by
reiiablyirradiatinginformationlight1x)anirradiationline,

and thus reproducing the sub-data.

Further, according to the present invention, there is



irradiated to an irradiation line, the presence or absence of the deviation
which represents sub-data can be reliably detected from the modulated
information light, and the sub-data can be reproduced. Brief Description
of the Drawings Fig. 1 is a schematic diagram showing the appearance of
an optical disk; Fig. 2 is a schematic diagram showing the internal
construction of the optical disk; Fig. 3 includes schematic diagrams for use
in explaining the formation (1) of a record mark; Fig. 4 is a schematic

BT Ofiagraiifori¥ein Bkplaiiiy the! fFotmafior (2)76f ATecotl faiks kg §1nce
includes schematﬂc dia%rflms, for use in exp aing]% embedment 0
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beam; Fig. 9 is a schematic diagram showing the construction (1) of a
irrdgtectiondield inf photodetediar, Fig.t0 isa schemalic diagramifaruse or
in explaining the light path of a blue light beam;
the deviation which represents sub-data can be reliably

detected fromthe modulated infermation light, and the sub-data

can be reproduced.

Brief Description of the Drawings

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

Fig. 2 1s & schematic diagram showing the internal
constructicon of the optical disk;

Fig. 3 includes schematic diagrams for use in explaining
the formation (1) of a record 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 variocus kinds of signals;

Fig. 6 is a schematic diagram showing the configuration
of an optical disk drive:

Fig. 7 is a schematic diagram showing the construction
of an optical pickup;

Fig. 8 1s a schematic diagram for use in explaining the

12



Fig. 11 is a schematic diagram for use in explaining selection of a light
beam by a pinhole plate; Fig. 12 is a schematic diagram showing the
construction (2) of the detection field in the photodetector; Fig. 13 is a
schematic diagram showing the configuration of a recording control unit;
Fig. 14 is a schematic diagram for use in explaining information recording
processing performed in a first embodiment; Fig. 15 is a schematic

13 lagram gho%in% thecgo figuration of a reproduction control unit
~9mpRyed it the first meRt 3y, 16 is a schematic diagram for use

in explaining information reproducing processing performed in the first .,
emboéi?rier%; ﬁg.alf%cﬁn g%ls%hgeﬁ%ggﬁ%a mS?é%%’s%ﬁoV%ﬁw% t%%nsetmcmon

(1)69gBUyction ofan optical piekun employed in,an gptical information

recording apparatus; Fig. 18 is a schematic diagram for use in explaining

information recoxding. processing perermed ina second, 13.embodiment; 1 .

Fig. 19 is a schematic diagram showing the construction of an optical
11 gpiekyinglusledAn amapticabinformadign reproducing apparatus; Fig. 20 is

a schematic diagram showing the configuration

Fig. 11 is a schematic diagram for use in explaining
selection of a light beam by a pinhole plate;

Fig., 12 is a schematic diagram showing the construction
(2) of the detection field in the photodetector;

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

Fig. 14 i1s a schematic diagram for use in explaining
information recording processing performed in a first
embodiment;

Fig. 15 is a schematic diagram showing the configuration
of a reproduction control unit employed in the first
embodiment;

Fig. 16 1is a schematic diagram for use in explaining
information reproducing processing performed in the first
embodiment;

Fig. 17 includes schematic diagrams showing the
construction of an optical pickup employed in an optical
information recording apparatus;

Fig. 18 is a schematic diagram for use in explaining

information recording processing performed in & second
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of a reproduction control unit employed 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 a copy prevention
system. Best Mode for Carrying Out the Invention Referring to the
drawings, an embodiment of the present invention will be described
bejow.ﬁ&]g First Embodiment (1-1) Construction of an optical disk To begin
emb\?/ﬂﬁ?? ptical disk 100 employed as an optical information recording
medium in fhe present, '}?Vegﬂ{{% \_/\C/JII be descr%boed.belogﬁ1 As see

from_.,
the épﬁearance diagramesrﬁown in ﬁ&rfr?hg op‘fll%elflgdi 10078 n(%rrrﬁlé: Hon

of ”5?1 aﬁ}iﬁic\f\g]impq%ﬁcargia%eé%ﬁ%fe@pﬁ%inlaqjiel%é)iq o, alsnafwmg.q:ion

similarly to the conventional CD, DVD, and BD, and has a bore 100H in

repthesenterthereof 14 The optical disk 100 includes, as seen from the
sectional view shown in Fig. 2, a recording layer 101, in which

information is recarded dmthe eentes dhereafnand hasithe suraces.elthesn
recording layer 101 sandwiched between substrates 102 and 103.
of Incidentaltydhethicknesstlof thie recordingzlayebyed in the second
embodiment;
Fig. 21 is a schematic diagram for use in explaining
information repreoducing processing performed in the second
embodiment; and

Fig. 22 includes schematlic diagrams showing the

configuration of a copy prevention system.

Best Mode for Carrying Out the Invention

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

{1} First Embodiment

(I-1} Construction of an opticail 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 from the appearance diagram shown
in Fig. 1, the coptical disk 100 is formed like a disk, which
has a diameter of approximately 120 mm, as a whole similarly
Lo the conventional CD, DVD, and BD, and has & bore 100H in

the center thereof.



101 is approximately 0.3 mm, and the thicknesses t2 and t3 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 light, which is routed through one surface thereof, to the
opposite surface at a high transmittance. The substrates 102 and 103
have a certain degree of strength and fill the role of protecting the

recording layer 101. Th rfaces of the substrates 102 and 1103 may.be _
s B BT LU R 8 (6 DAVER HFNBCRagaRg E o onal
reerSion.The opgqal disE 100ain(iﬁludes reflectin surfagl% 04 on thehich

vie] . .
interface between tha recofding Iay%cr:%) “andl stibstrate "The "

1 neteflecting Javer 104 is made of g diglectric multilayer film or the like, and. ;

reflects both a blue light beam Lbl that is blue laser light having a

surwavelength of 408 nmyandsa red light heamlr thatds sed laseRight t ween

having a wavelength of 660 nm. The reflecting layer 104 has guide
subgroeyes foritrackingi seo®.formed therein. More particularly, helical tracks
are 15 formed with lands and grooves similar to those in typical BD-R
(recamdablx)disksl Tp the tracks,caddsessesithar atehseriad caudbers dreyer
assigned at intervals of a predetermined recording unit. A track in or from
10 Iwhich infardtiontis fecdrdedror, reprdducedidahdisnidentifed witnthe: 3 of

address. In the reflecting layer 104 (that is, the interface
the substrates 102 and 103 are approximately 0.6 mm.

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

The optical disk 100 includes a reflecting surface 104
on the interface between the recording layver 101 and substrate
103. The reflecting layer 104 is made of a dielectric
nmultilayer film 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 c¢f 660 nm.

The reflecting layer 104 has guide grooves for tracking

servo formed therein. More particularly, helical tracks are
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between the recording layer 101 and substrate 103), pits or the like may
be formed in place of the guide grooves. Otherwise, the guide grooves
and pits may be combined. When the red light beam Ll is irradiated from
the side of the substrate 102, the reflecting layer 104 reflects the red light
beam to the side of the substrate 102. Hereinafter, the reflected light
beam shall be called a red light beam Lr2. The red light beam Lr2 is
supposed to be employed in, for example, an optical disk drive in
forf)no& igﬁé% c(())ln Ir%% 1?ogmaén dbjective 18ns a‘(Jf’hé{‘t |s?%boc%%iﬁ605ﬁ98F§r}dBD_R
t%%é%f tg)i) , hichfor%%e tra e%]g{he red,light beam Lrl, for_the .
(repurpose o? gquaﬁn\gfhe ocus é]r o#?he red ffg%t %Sa?neErlé\;vhl?hE & aergsé?rlal

nurff@ek(hereinafter callgd.a desired sepvo drack)ip. the reflectingylayer 104,

In reality, when information is recorded in the optical disk 100, the red

unilight beapykel is, 8s shewndnfrig, 2 concertrated by the objective lensy or

OL having been positionally controlled, and focused on a desired servo
refrackiadhe deflecting layear 134,16 The blueHight beawmdd)| that shares a
light axis Lx with the red light beam Lrl and is concentrated by the
objectivet lens 1@if isstramismittéd: by thel Substrates 102 and focused par face
position in the recording layer 101 equivalent to the desired servo track.
betaehis tihe, with sl dbjective lensIOL asral refererice: tie fotus Flpdfitheor

blue light beam Lbl is located
the likemay be formed in place of the guide grooves. Otherwise,

the guide grooves and pits may be combined.

When the red light beam Lrl is irradiated from the side
of the substrate 102, the reflecting layer 104 reflects the
red light beam to the side of the substrate 102. Hereinafter,
the reflected light beam shall be called a red light beam Lr2.

The red light beam Lr2 is supposed to be employed in,
for example, an optical disk drive in positional control for
an cbjective lens OL (that is, focusing control and tracking
control), which concentrates the red light beam Lri, for the
purpcse of squaring the focus Fr of the red light beam Lrl with
a target track (hereinafter called a desired servo track) in
the reflecting layer 104.

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

reflecting layer 104.
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nearer than the focus Fr on the common light axis Lx is, that is, on a
closer side. When information is recorded in the optical disk 100, a record
mark 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 intensity because of the concentration of the blue light
beam Lbl for information recording having a relatively large light intensity

(hatjs.dn s viehiy ot e focus Fb).ror example, assuming vetihe, ..

waveélen ¢ of the éam I'is umerica

th @apr%r&‘ Sgileiste f ﬁ@%ﬁbjfgﬂv% l%ﬁ'si 9 Lcig @C%Ea{@a@%ge@ct@geei nggé Kg/:?ogive :

the objective lens OL is 1.5, the record mark RM whose diameter

1er@ndneight RMhare.onthearderef 1m,and- 10 m respectively 45 formed.
Further, the optical disk 100 is designed so that the thickness tl of the

a péecording lyerk0t {= 6,3 will-be mochelgrgerthan thedheight RME req
of the record mark RM. Therefore, the optical disk 100 undergoes

se rmdltitayer kecording: Hileng iwlich the: recond mask 8M isrkecoeded by, as a
varying a distance d 17 within the recording layer 101 from the reflecting

reflayeni® (beeeifaftescéled & deépth)land midiipte ipzeak rebdrding Llayersed
Y are thus, as shown in Figs. 3(A) and (B), accumulated on one another

negnakie thicknéss direction Bf s opticaludiskna00l Thetmarkiredording, that

~layers Y refer to virtual layers, and the border between adjoining mark

18/ reeBrding leyePs Yd6es not

When informaticon is recorded in the optical disk 100,
a record mark 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 intensity
because of the concentration of the blue light beam Lbl for
information recording having a relatively large 1light
intensity (that is, in the vicinity 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 cbhijective lens
CL is 0.5, and the refractive index n of the objective lens
CL is 1.5, the record mark RM whose diameter RMr and height
RMh are on the corder of 1 pum and 10 um respectively 1s formed.

Further, the optical disk 100 is designed so that the
thickness £l of the reccerding 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 varying a distance d
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exist in reality. In this case, when the depth d of the focus Fb of the blue
light beam Lb within the recording layer 101 of the optical disk 100 is
adjusted, the depth of the record mark RM is varied. For example, if the
distance p3 between mark recording layers Y (that is, the height of the
mark recording layer Y) is set to approximately 15 gm in consideration of
the mutual interference between record marks RM, approximately twenty

__mark recording layers Y can be f ithin th dinglayer 101. A
51t AN B IS PO APty 18 Gre® i o ShaRFuL”*

values may be adopted in consideration_qof the mutual interference .
e R K. Toiine tdoriiag Mot 167 s Grohm B P 4 s

1ayéYs record marks RM whose markdengthsrange from 3 to a;'g'-créﬂﬁﬁlated

formed. Main data representing main information is supposed to be

on 8corded ageerdingde dhe jength of the;record martk fMcand the Jength-ofs i
a space in a tracking direction in which the record mark RM is not formed.

100TheTeeording layerchiiiisgas shows in Figr 4-supppseduts to have theand
blue light beam Lbl irradiated to any of helical irradiation lines in each of

t hetheomdek récordimgrlaydrsoY thereima Therefore; svven theyrecerd miarks not
RM are formed along the irradiation lines TL in the recording layer 101,

exilsdlicahtraciesl TRyhaving the irradiation lines TL as centers thereof are
formed. The tracks TR refer to virtual tracks, and the border between

In this case, when the depth d of the focus Fb of the
blue light beam Lk within the recording layer 101 of the optical
disk 100 is adjusted, the depth of the recordmark 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
te approximately 15 um in consideration of the mutual
interference between record marks RM, approximately twenty
mark recording layers Y can be formed within the recording layer
101. As for the distance p3, aside from approximately 15 um,
any of other variocus values may be adopted in consideration
of the mutual interference between record marks RM.

In the recording layer 101, as shown in Fig. 3{4), record
marks RM whose mark lengths range from 3T to 11T are formed.
Main data representing main information is supposed to be
recorded according to the length of the record 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



adjoining tracks TR does not actually exist. When information is
reproduced from the optical disk 100, similarly to when information is
recorded therein, the objective lens OL (Fig. 2) is positionally controlled
so that the red light beam Lrl concentrated by the objective lens OL will
be focused on a desired servo track in the reflecting layer 104. Further,
the optical disk 100 is designed so that the focus Fb of the blue light
beam Lbl for information reading which is concentrated via the same _
O SjEtive’ferR Ot and%ids Frefativaty Shar fightiftenshy Wi bafobfeddat
. __on.a position in the recording layer 101 equivalent to both a position.on a,
S o R o & e S IR e ey TR0

n&s ,Lndea
closer side of a aesired servo

ThedRFgELMark ROsition). %%@898‘%%@@0 ﬂb”éazﬂe( RM, d%%ceoédeadl%tnt&'e the

position of the focus Fb reflects the blue light beam Lbl dueto a

irdifference inia refraetve index from the syoundings, and the lue light, - o

beam Lb2 is generated from the record mark RM recorded at the target

TR MAFkpesitien: Speeifically; thei A9 secording layes 101 modulates therbluge d |

light beam Lbl according to the presence or absence of the record mark
TheRM; andproruces thecblueslight beanr kb As mentioned-above: wheveen

information is recorded in the optical disk 100, if the red light beam Ll for
adjpositional Toatrbbai® thioblseright beama bl forénfosmation recording

When information is reproduced from the optical disk 100,
similarly to when information is recorded therein, the
cbiective lens OL (Fig. 2) is positionally controlled so that
the red light beam Lrl concentrated by the objective lens OL
will be focused on a desired servo track in the reflecting layer
104,

Further, the optical disk 100 is designed so that the
focus Fb of the blue light beam Lbl for information reading
which is concentrated via the same cbijective lens OL and has
arelatively small light intensitywill be focused on a position
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
of the focus Fb reflects the blue light beam Lbl due to a
difference in a refractive index from the surroundings, and

the blue 1ight beam Lb2 is generated from the record mark RM

recorded at the target mark position. Specifically, the
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are employed, the record mark RM is formed as information at a position
in the recording layer 101 to which the focus Fb is irradiated, that is, a
target mark position equivalent to both a position on the closer side of a
desired servo 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 positional control and the blue light beam

Lbl for information reading are empl yed, the qu ht bea b2 is
recc'(-%“ﬁr?l;era § from tr?é iecoragl riarl?ﬁﬂ?l eROriBd at gﬁgﬁﬁ‘oIh $ﬁ'1%cf%{:§§"ng
that e tar mark position. In addition to regoin
o e e Sl MK 100 s SR s 5 (A Tecprg Suces
themgil&gl\/hlsgfg@n%ga\gplﬁgt@elng deviated from the irradiation line TL in a

ocusmg direction, not onIy main data representlng main information is

recordedh byt alsa subsdatasenresentingrsubordinate jinformationds :n the
embedded or recorded. Specifically, in the recording layer 101 of the

optaptical 4lisk<100;the teTtord mark RM issformpd atongrthedgadiatien t2nal
line TL. However, the center line CFC of the record mark RM in the
cornfocudingrdiredtiorbisistightlyldeviated fidarm the rirdadiationelinecflrecording
according to sub-data. The out-of-focus quantity AMc of the center line
areCROftomethe ifadiatiopdinge MR iksEMol forfexanepleaabouttys0af ithe at
thickness p3 of the mark recording layer Y (that is, the
& position in the recording layer 101 to which the focus Fb
is irradiated, that is, a target mark position eguivalent to
both a position on the closer side ¢f a desired servo track
in the reflecting layer 104 and a position at a target depth.

When recorded informaticn is reproduced from the optical
disk 100, if the red light beam Lrl for positional control and
the blue light beam Lbl for information reading are emplovyed,
the blue light beam Lb2Z is generated from the record mark RM
recorded at the position of the focus Fb, that is, at the target
mark position.

In additicn to the foregoing constitution, the optical
disk 100 is designed so that when the record mark RM is formed
wnile being deviated from the irradiation line TL in a focusing
direction, not only main data representing main information
is recorded but alsc 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
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height of the track TR) for fear it may adversely affect an amount of light
of the blue light beam Lb2. Therefore, as shown in Fig. 5(B), the optical
disk 100 hardly affects a reproduction signal SRF to be produced based
on the blue light beam Lb2. Therefore, the optical disk 100 permits,
similarly to the conventional optical disk drives, reproduction of main data
based on the reproduction signal SRF. As mentioned above, during

. _infarmatiqn reproducing processing,.the objective.lens OL is displaced so
ting a%r m'e r%%mgﬁ%éar%%ul \CfﬁP%éB focuisa o#f“fhé) Fef%éﬁné?g)?err%dﬁa&k RM
ot pti isk 100, and focusing control is_implemented. As shaqwn in
o e oy e o BT oo

i rrafER Produced hased 0@&98{8@Aigh%eagﬂbt-@akgqontrast, the signal

level of a blue focusing error signal SFEb produced based on the blue

lighthgam,Lh2 varies- depgnding;on, the presence. orabsence.ofd . £ ron

deviation of the record mark RM. Therefore the optical disk 100 proéﬁces,
theas rshowninig. D(R) the blue deeusing efror signahSFED, anshi21ithes o

permits detection of the presence or absence of the deviation of the
theredoid hrark R in dife focusing direetian-(hatgis] apoutnf-fotus quantityhe

AMc) and also permits reproduction of sub-data based on the presence
heigihdbsehcelof the devialiBn. As mértionetaboye, thevrecorllmasE Rétis an

formed while being deviated from the irradiation line TL in the focusing
amount of light o¢f the blue light beam Lb2,

Therefore, as shown in Fig. 5{(B}, the optical disk 100
hardly affects a reproduction signal SRF to be produced based
on the blue light beam LbZ. Therefore, the optical disk 100
permits, similarly to the conventicnal optical disk drives,
reproduction of main data based on the reproduction signal SRF,

As mentioned above, during information reproducing
precessing, the objective lens OL is displaced so that the red
light beam Lrl will be focused on the reflecting layer 104 of
the optical disk 100, and focusing control is implemented. As
sheown in Flg. 2(C), tThe cptical disk 100 will not affect & red
focusing error signal SFEr produced based on the red light beam
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
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direction according to sub-data. Therefore, main data can be reproduced

from the reproduction signal SRF as it conventionally is, but the

reproduction signal SRF will not hardly affected. Further, sub-data can be

reproduced from the optical disk 100 by detecting the out-of-focus

quantity AMc on the basis of the blue focusing error signal SFEb. (1-2)

Configuration of an optical disk drive An optical disk drive 20 compatible

with the foregoing optical disk.100 will be described below. The optical

SISk T 50 M 8 Skt Flg 5, BE IR frefbot SN Shd £

e viUEeA V8 B SIEm eAWOUR! Bl Hhe USIeIn cOUlIg 8L LIS Sl e

mainly with a central processing unit (CPU) that i1s notshown, reads

i, VEHQuS Kipds (ol raarams dnclyding.  basicarogiam, And an nigunation; o.,
recording program from a read-only memory (ROM) that Is not” shown,

of gexelopsiheregramsdna pndom aeCess MeBar(RAML halds Not 1 on .
shown, and thus executes various kinds of pieces of processing including
inforatiemrecordiag Hrecessingandeinformation KeRFOAUEITY PFRSESSINYI e
22 For example, when the system controller 21 receives an information

be iregording drstruclionrecording irfdimmatiam ahiineectitding addeesocusing
information from external equipment, which is not shown, with the optical

dirgick 100 padedthe systenilieodtbiier feeds aadiivirgy instriictidatand the be

recording address information to a driving control unit 22, and also feeds
reproduced from the reprcduction signal SRF asg it

thu

conventionally i1s, but the reproduction signal SRF will not
hardly affected. Further, sub-data can be reproduced from the
optical disk 100 by detecting the out-of«focus quantity AMc
on the basis of the blue feocusing error signal SFEb.

(1-2) Configuration cf an optical disk drive

An optical disk drive 20 compatible with the foregoing
optical disk 100 will be described below. The coptical disk
drive 20 has, as shown in Fig. 6, the whole thereof organized
and contrclled by a system contrcocllier 21.

The system controller 21 is formed mainly with a central
processing unit (CPU) fhat is not shown, 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 not shown, and thus executes various kinds of pieces
of processing including information recording processing and

information reproducing processing.
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the recording information to a signal processor 23. Incidentally, the
recording address information is information 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 to the driving instruction, the driving control unit 22 rotates the
optical disk 100 at a predetermined rotating speed by controlling driving

of as indle mot r24 contr dr|V|n ofa sleqﬁqmoioir d thus moves
an op ical” pIC% e2’6 to a p05| ion c%n&ster?to I fecordin orq%%wes an

1nf'8£%g@y8£' N3k r%%tm%fcth%%)tlcgégg C%.OIQ thai;c 'Srn“a ilon, and
erence S 3)

internal-circum ifection or external-circum nce irection

recRl0RYMOViRg .shafts 25A.and 258, The signal processar,23 We%lch

record signal by performing various kinds of pieces of S|gna processing

is insldingpredeterminedencoging-processing and mogirling precessigen
(for example, eight-to-fourteen modulation (EFM) processing) on fed

conrecotdiag inferewdion, and feedsytheneeard <23 signakia theneptiealjpiekup o
26. The optical pickup 26 performs focusing control and tracking control
addunder threfcomteol 0f thée drvihgicontmbwnit 22 saastagquareithé sc feeds

irradiated position of the blue light beam Lbl with a track (hereinafter
thecallegertrgettrackh o the kdcording $ayet 10% of tise optivad diskskoo  23.
indicated with
Incidentally, the recording address information is
information representing an address, at which the recording
information should be recorded, among the addresses assigned
te the recording layer 101 of the optical disk 100.

In response to the driving instruction, the driving
control unit 22 rotates the optical disk 100 at a predeternmined
rotating speed by controlling driving of a spindle motor 24,
controls driving of a sled motor 25, and thus moves an optical
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 pileces 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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the recording address information, and thus records the record mark RM
consistent with the record signal sent from the signal processor 23 (a full
detail will be given later). On receipt of an information reproduction
instruction and reproducing address information indicating an address of
recording information from, for example, external equipment (not shown) ,
the system controller 21 feeds a driving instruction to the driving control

ot %réiEZ%,oaqg}%eeds a rg@rodggiﬁggé\)/rg%essing instruction to the signal

gprocessor : §|)|%1|:Iaﬁy 0 a‘case where information is recorded, the

driving CORKal U2 GF’#%%%Et%"%‘&?%‘%@%@%s&rﬁzgetégﬁ'@?gl and
rotating speed by controlling driving of the spindle motor 24, controls

¢ r2@nMng of the sled mater 26y and thus moyes the optical Pickup, 26,1918, 5 +

position consistent with the reproducing address information. The optical

22 PiekHR 26-perdermsfogusing-centrol ead Hracking santiel underthecontreh -
of the driving control unit 22 so as to square the irradiated position of the
veablupdight lagam Libtadth g fraek imthetrecording tayes 104 afdhe optiea) in
24 disk 100 indicated with the reproducing address information (that is, a
thetargettraick)gahaythenliffadiafesraelightthesm dfia prédétermined amdunt th
of light. At this time, the optical pickup 26 detects the blue light beam Lb2
thegeperated Mo dhe sesord ATFRRM d1 the Pt Graivey 1ayer 103 shtheecord

optical disk 100, and feeds a detection signal consistent with the amount
mark RM consistent with the record signal sent from the signal

processor 23 {(a full detail will be given later).

On receipt of an information reproduction instruction
and reproducing address information indicating an address of
recording information from, for example, external equipment
(not shown), the system controiler 21 feeds a driving
instruction to the driving control unit 22, and 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 cf the
spindle motor 24, controls driving of the sled motcor 25, and
thus moves the optical pickup 26 to a position consistent with
the reproducing address information.

The optical pickup 26 performs focusing control and
tracking contrel under the control of the driving control unit
22 so as to square the irradiated positicn of the blue light

beam Lb1l with a track in the recording layer 101 of the optical
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of light to the signal processor 23 (a full detail will be given later) . The
signal processor 23 produces reproductive information by performing
various kinds of pieces of signal processing including predetermined
demodulating processing and decoding processing on the fed detection
signal, and feeds the reproductive information to the system controller 21.
The system controller 21 in turn sends the reproductive information to

ernale uipment (n t own entioned above, the optical dISk
di rlve Ouses éP s%{/es em%onki}ollereff%&éﬁ%f%?tﬁe‘:? 5ﬁeca? pf&éﬁ% ion

th%r{d gcorgseg aéré]@tlgn %gg targaetg@rg@gsglgg in %recordlﬁgg %/egeam

101 ofthe optic sk 100, of fepro ces informati om the

of Q‘%%Q%&@Hnﬁ@éi %M%t@f‘ 9 %@ptlcﬂpmg lélf?ﬁ% th@he cptical

construction of the optical pickup 26 will be described below. The optical

picickup 264seludes, asshewndn 1Rign?, 8 sarvooptical systeme30 folom the
servo control and an information optical system 50 for reproduction or

redecarding 25:0f informationcthe opticakpiekupn 26 rogtesthestedilight disk
beam Lrl, which serves as servo light and is emitted from a laser diode

10031 zaddike Bdtue ligktleean ¢:bl,avhkich ServessassmtormationHight camehisint
emitted from a laser diode 51, to the same objective lens 40 via a servo

of b'@g‘f@é] %ﬁéﬁ@ﬁﬁ@ﬁ@ii@f@@tﬂ@ﬁ@@@rﬁi@da full detail will be given

Later).

The signal processcor 23 produces reproductive
informaticn by performing variocus kinds of pieces of signal
precessing including predetermined demodulating processing
and cdecoding preocessing on the fed detection signal, and feeds
the reproductive information to the system controller 21. The
systemcontroller 21 in turn sends the reproductive information
to the external egulpment (not shown).

As mentioned above, the coptical disk drive 20 uses the
system contreller 21 to control the optical 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 target mark position.

(1-3) Construction of the optical pickup

Next, the construction of the cptical 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 reproduction or recording
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system 50 respectively, and thus irradiates the beams to the optical disk
100. (1-3-1) Light 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 Lr2 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 a
Vf%\é%e?n%t io(g‘rgflpproximately 660 nm. In reality, the laser diode 31
ifradiates the red light beam Lrl of a predetermined amount of light, which
incl ' i \V rI%;h tem controller 21 . .
(Pl 6 ShaToie b S oy Ene 5. Tra Saliar enay when
serGRIVers tae red lightheam Ll framdhe diverging £ays, to parallelrayss 31,
and routes it to a polarization beam splitter 34. The polarization beam
andSRIte34: uses g reflecting/transmitting sisface 349 thereof 4o eflegt of gk
transmit a light beam at a ratio that varies depending on the 26 deflecting
andditection of thellightdeam 1 ke reliecting/ttansmitling-suriage=34% neaty ve
totally transmits a light beam that is p-polarized light, and nearly totally
lernreflebty adightbeam that isss-palarizehligiit. The polarizatioa thisam @plitters 1
34 nearly totally transmits the red light beam Ll that is p-polarized light,
system 50 respectively, and thus irradiates the beams to the

of

optical disk 100.

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

As shown in Fig. 8, in the serve optical system 30, the
red light beam Lrl is irradiated to the optical disk 100 via
the cbjective lens 40, and the red light beam Lr2 reflected
from the optical disk 10C is received by a photodetector 43.

Specifically, the laser diocde 31 emits rid laser light
that is p-polarized light having a wavelength of approximately
660 nm. Inreality, the laser diode 31 irradiates the red light
beam Lrl of a predetermined amcunt of light, which includes
diverging rays, under the control of the system controller 21
(Fig. 6), and routes it toacellimator lens 33. The collimator
lens 33 converts the red light beam Lrl from the diverging rays
to parallel rays, and routes 1t to a polarization beam splitter
34.

The polarization beam splitter 34 uses &
reflecting/transmitting surface 348 thereof to reflect or

transmit a light beam at a ratio that varies depending on the
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and routes it to a quarter-wave plate 36. The quarter-wave plate 36
converts the red light beam Lrl that is p-polarized light into, for example,
left-handed circularly polarized light, and routes it to a dichroic prism 37.
The dichroic prism 37 uses a reflecting/transmitting surface 37S thereof
to reflect or transmit a light beam according to the wavelength of the light
beam. Accordingly, the dichroic prism 37 reflects the red light beam Lrl

nd rco.utes it tg the o&ecrtllve IenIs 40. The Objeftlv lens 40 concentrate%he

d@’ft &Fed lﬁaht bésm L, and irradiates iHloethe reftéc i%g Ialféerafbﬁ of the

v QRERLASKAND, A4 s e Jhe e IonLbeam L s S5 Shown i F 2

transmitted by the substra ected by the réflecting Ia%?er , an

a 1thenorignted ina.direction_gpposite to the red light beam Lr. This E%%Ll%tm

inthe red light beam Lr2 whose deflecting difection is reverse to that o

reftheded lightbeam il Thereafter sthe sed Sighttheam Li2 ig.gonverted into

parallel rays by the objective lens 40, and routed to the 27 dichroic prism
37. The:dichadie piisa3 b reflectsthe sed light cbearmd r2, and Toutesdttor 1y
the quarter-wave plate 36. The quarter-wave plate 36 converts the red
t ralighth beamt: he2 nwehich igrightbhanddd-Giratarty pelagized light] el 1ight,
s-polarized light, and routes it to the polarization beam splitter 34. The
andpglatizaionideans splitter3z- eflevstheplate 36,

The guarter-wave plate 36 converts the red light beam
Lrl that is p-polarized light into, for example, left-handed
circularly polarized light, and routes it to a dichroic prism
37. The dichroic prism 37 uses a reflecting/transmitting
surface 375 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 obijective lens 40 concentrates the red light beam
Lrl, and irradiates it to the reflecting layer 104 of the
optical disk 100. At this time, the red light beam Lrl is,
as shown in Fig. 2, transmitted by the substrate 102, reflected
by the reflecting layer 104, and then oriented in a direction
opposite to the red light beam Lrl. This results in the red
l1ight beam Lr2 whose deflecting direction is reverse to that
of the red light beam Lrl.

Thereafter, the red light beam Lr2 is converted into

paraliel rays by the objective lens 40, and routed to the

27



red light beam Lr2, which is s-polarized light, according to the polarizing
direction of the red light beam, and routes it to a multi-lens 41. The
multi-lens 41 allows 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 100. Therefare, there is, a possibility that the position of a desired .
B8 TRA e 1o 116 SHIGENEIRACAS Ty Sl TRETCIOIE. I SrkPr™
beald E_ﬁyfe th§1 focus I%re(squL. t2) of tp ered light beam Lrl to f?_”QCW ag;%r_get

to. ter-— , .
track, tHe focus Fr has to be shifted|in ogusefﬁgvdfﬁz‘ggtl rithat is an

appr@ﬁghig_ga%@efegmedi clion with respectto theyoptical disk 100, o .,

and a tracking direction that is an internal-circumference or

1.r2extgrmakcireumiarence dirggtion of the aptical disk 100, The objegtive lens:

40 can be driven in two axial 28 directions, which are the focusing
s-pditectionadnd tragking directiop.u by @ biaxial actuntor 49Ax i therSerMo beam

optical system 30 (Fig. 8), the optical positions of various kinds of optical
splpartearedddjusted:sp cthat an in-fecusstate attdined whehithesréddight the
beam Lrl is concentrated by the objective lens 40 and irradiated to the
red light beam Lr2Z, which is s~polarized light, according to
the polarizing direction of the red light beam, and routes it
to a multi-lens 41.

The multi-lens 41 allows the red light beam Lr2 to
converge, and irradiates the red light beam Lr2, tc 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 100. Therefore, there is a possibility that the position
of a desired servo track relative teo the cobiective lens 40 may
vary.

Therefore, in corder 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 ig an approaching
cr 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 ke driven in two axial
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reflecting layer 104 of the optical disk 100 will be reflected on an in-focus
state attained when the red light beam Lr2 is concentrated by the
multi-lens 41 and irradiated to the photodetector 43. The photodetector
43 has, as shown in Fig. 9, four detection fields 43A, 43B, 43C, and 43D
segmented in the form of a lattice on a surface thereof to which the red
light beam Lr2 is irradiated. A direction indicated with an arrow al
(lengthwise direc'[(i%n in the drawing) corresponds to a track traveling

AL GectivRTn whithThe P8¢ light Dehm T propadate Wwher irfdtfiatsd 36 9

. _reflecting layer 104 éFi . 2). The phatodet r 43 uses the detection
dlrﬁ?eﬁ s A,?%B,a 4k§ ?gal )l Cﬁ]%ar%gﬁo%% ect parts of the red light

bearn, Lr2,, praduices dgtection sianals SPA5,SDRE, SDGF, and SDBE. ;
2

according to detected amounts of fight, and sends them to'the sign

0o sRrPCEsSOr23 (Fig-18), the signal processer.23 implements focusings+ o4 so

control according to a so-called astigmatism method, calculates a red

thafocusingrerros Sighad SHEs aceording &0 apegquation (1429 presemtedn Lr1
below, and feeds it to the driving control unit 22. SFEr = (SDAr+SDCr) -

is (SDBerSRBEed (Y Thesred feotisingseron sighal SHEF repiesenis @ to the
magnitude of a deviation of the focus Fr of the red light beam Lri from the

re feflettinglayey 4041 6fithefophieabdisk ¢80. dhe isigidl protésser 28flected
implements tracking control

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

concentrated by the multi-lens 41 and irradiated to the

photodetector 43.

The photcdetector 43 has, as shown in Fig. 9, four
detection fields 43A, 43B, 43C, and 43D segmented in the form
of a lattice on a surface thereof to which the red light beam
Lr2z is 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 irradiated to the reflecting layer 104 (Fig. 2).

The photodetector 43 uses the detection fields 43A, 43B,
43C, and 43D thereof to detect parts of the red light beam Lr2,
produces detection signals SDAr, SDBr, SDCr, and SDDr according
to detected amounts of light, and sends them tc the signal
processor 23 (Fig. &).

The signal processor 23 implements focusing control

according to a so-called astigmatism method, calculates a red

focusing error signal SFEr according to an equation (1)
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according to a so-called push-pull method, calculates a tracking error

signal STEr according to an equation (2) presented below, and feeds it to

the driving control unit 22. STEr = (SDAr+SDDr) - (SDBr+SDC) ... (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 control unit 22 produces a focusing driving signal
he basis of the red focusing error signal SFEr, feeds the

SFD ,
PTeRRTLT ARG SigHAT SFSAD th bl et adr ABA B TRds Anit 22
impl f | (that i i trol) in the objecti
et e sttt el th e
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tracking driving signal on the basis ©of the tracking error signal STEF,

of feeds,thatracking driving signal STDydocthe biaxiahactyatas 40A,; aRd £ o

thus implements feedback' control (that is, tracking control) in the
theobjegtive-lens 401so,that thejregdight beapy: 30 4.1 will be fogysed on a

desired servo track in the reflecting layer 104 of the optical disk 100.
Incidentally ;. theshiaxpalactisator 4% is fopmediwith sa sa-galiechyoieaaikol.
motor that is a combination of, for example, a magnet and a coil, and
accdesignad todisplacecthea bbjedtivedens #01d a pesitionidepentienfartas a
driving current
tracking error signal STEr according to an equation (2)
presented below, and feeds it to the driving control unit 22.

STExr = (SDAr+3DDr;} - (SDBr+SDCr) ... (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 control unit 22 produces a focusing driving
signal SFDr on the basis of the red focusing error signal SFEr,
feeds the focusing driving signal SFDr to the biaxial actuator
40A, and thus implements 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 403,

and thus implements feedback control (that is, tracking

control) in the objective lens 40 so that the red light beam
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applied to the coil. As mentioned above, the servo 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 light beam Lr2, that
is the reflected light of the red light beam Ltl, to the signal processor 23.
Accordingly, the driving control unit 22 implements focusing control and
tracking control in the objective 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

Lrhokthe'bio fgtibeath 17 thetRfotmatonoptical Systém 5ot &8 showreint 119

Fig. simjlar to Fig. 7. the.blue ligh am Lbl emitted from the laser
layﬁgdefgﬁ v%”LI tﬁsegl 8bj§€t€\}ec e%lsél SI% i:%kab lated to the optical disk 100, and

the bye It bea b2 selecteg fiom e Optial cigs 40015 eceived by

a photodetector 63."Specifically, the laser 1 emits blte aserﬁlght

a daving awavelength of apprpximately;405 nro. In reality ; the. laser diede
51 emits the blue light beam Lbl of a predetermined 31 amount of light,

exathich ndudes;diveraingirayscunder the scontrot gtthe system centroller: ¢
21 (Fig. 4), and routes it to a collimator lens 52. The collimator lens 52

obieanvetts thenbluelight besss Lblifrtomithe«divergingrays &o parallgl fayscent
and routes it to a polarization beam splitter 54. The polarization beam
aprsplitér 54 usks the il .

As mentioned above, the servo 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 light beam LrZ, that is the reflected light of the red
light beam Lrl, to the signal processor 23. Accordingly, the
driving contrel unit 22 implements focusing control and
tracking control in the objective 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 beam

In the information optical system 50, as shown in Fig.
10 similar to Fig. 7, the blue light beam Lbl emitted from the
laser diode 51 via the obijective lens 40 is irradiated to the
optical disk 100, and the blue light beam Lb2 reflected 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 405 nm. In reality, the

laser diode 51 emits the blue 1ight beam Lbl of a predetermined



reflecting/transmitting surface 54S thereof to reflect or transmit a light
beam according to the deflecting direction of the light beam. For example,
the reflecting/transmitting surface 54S nearly totally transmits a light
beam that is p-polarized light and nearly totally reflects a light beam that
is s-polarized beam. The polarization beam splitter 54 transmits the blue
light beam Lbl that is p-polarized light, and routes it to a quarter-wave
plate 57 via a liquid crystal panel (LCP) 56 that corrects a spherical

AMOAdration bt #ie-ike? The'quanter-Wabe pikte 57 EbhvertSifer bl fight the
eam Lhl from p-polarized light to, for example, left-hapnded cijrcularl ‘
o a2 G G ARd Fotbo 1o & rla ond 56, e rely oS 88 HRaee 1°

. ro
polarized light, and To to aréelay’lens 58.

o Jovable lens 58A {9 convert _ﬂ}%eb'gsi@gég%%@ leég% aé%'keééf%&esst%he

converging rays, uses a Stationary lens to adjus egree o

b1eonvetgence o, divergence (hereinafter called a converging fgait%%g e, o,

blue light beam Lbl that become diverging rays affer converging, an

andhenqeutes ittomirreia%: 32, Ehe moveble-lens, 58Aig moyed in the
light-axis direction of the blue light beam Lbl by an actuator 58Aa. In

realigh ¢he relaydens 58:is designedrso thabthesmeyableslens 584eis  the
moved by the actuator 58Aa under the control of the driving control unit
re 22 (Fid4)/ih ordertochange the Cernerding states 10f dife hlue lightibeam ox
Lbl emitted through the stationary lens
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 beam.
The polarization beam splitter 54 transmits the blue
light beam Lbl that is p~polarized i1ight, and routes it to a
gquarter-wave plate 57 via a liquid crystal panel (LCP} 56 that
corrects a spherical aberration or the like,
The guarter-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 58.
The relay lens 58 uses a movable lens 58A to convert the
blue 1ight beam Lbl fromparallel rays to converging 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 diverging rays after converging,

and then routes it To a mirrcr 59.
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58B. The mirror 59 reflects the blue light beam Lbl, reverses the
deflecting direction of the blue light beam Lbl that is circularly polarized
light (for example, from left-handed circularly polarized light to
right-handed circularly polarized light), deflects the advancing direction
thereof, and routes it to the dichroic prism 37. The dichroic prism 37 uses
the reflecting/transmitting surface 37S thereof to transmit the blue light
beam Lbl, and routes it to the abjective lens 40. The ok%ective lens 40

concenfrdted e BiuE Tight Beaht LIV Ghd-rddistds #16 Bie dpticaIdhak 1on
0, At this time, the blue light Lbl i hownin Fig. 2, ,
OF LARRS by B SbEHate 103 rtf RO o e Ml of e ==
flecti . ition. of th Fb of the blue light b bl,
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novight Reamis emitted.through.the statiopary lens 588, 0f the-relay. leas 88 .

Specifically, the focus Fb is shifted 33 in the focusing direction within the

corfeserding jayep 101; according 4o the-pasition: atibe movahle lansi58Ast ate
More particularly, the information optical system 50 is designed so that

of Hieemoving Uistance efihe piovable lens bBA canththe shifting distancg 0kns
the focus Fb of the blue light beam Lbl will have a nearly proportional

58Helationship. For

The mirreor 59 reflects the blue light beam Lbl, reverses
the deflecting direction of the blue light beam Lbl that is
circularly polarized light (for example, from left-handed
circularly polarized light to right-handed circularly
polarized light), deflects the advancing directicon thereof,
and routes it to the dichroic prism 37. The dichroic prism
37 uses the reflecting/transmitting surface 375 therecf to
transmit the blue light beam Lbl, and routes it to the objective
lens 40.

The objective lens 40 concentrates the blue light beam
Lbl, and irradiates it to the coptical disk 100. At this time,
the blue light beam Lbl is, as shown in Fig. 2, transmitted
by the substrate 102, and focused on the inside of the
reflecting layer 101.

The position ¢f the focus Fo 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 58B

of the relay lens 8. Specifically, the focus Fb is shifted
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example, when the movable lens 58A is moved 1 mm, the focus Fb of the
blue light beam Lbl is shifted 30 m. Incidentally, the actuator 58Aa is
formed with a so-called voice coil motor that is a combination of, for
example, a magnet and a coil, and displaces the movable lens 58A 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 the
movable lens 58A is controlled by the driving control unit 22 (Fig. 4), the

in depth o 6FtheiBEUsTEE (Eig. 2} of'thelbibe light be&f T bl inthe Fectiding 01
layer 101 of the optical disk 100 (that is, the distance from the reflecting

2CqQyE o) 1S adfuStdlin origrtPdquare tikfoehs SFo- #ith aBfget mark
position. As mentioned above, the infarmation optical system 50 ,
el 8 B It o L BF v thE RS IGRE Jo5 WRERTEm 50 43
servo-controlled by .the serva gptical system 30,.in,_order to square the
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according to the position of the movable lens 58A included in the relay

ped@ns 88, wherebys the focks fHbip tﬁ%wge@ti,@ei%ﬁ%%@ﬁi\@@th For
the target mark position. During recording processing during which

e x ARtOrmation és, reeerded i the: opticad disknl 00; the blue lighthpaahkbliscus

Fb of the blue light beam Lbl is shifted 30 um.

Incidentally, the actuator b58Aa 1s formed with a
so-called voice coil motor that is a combination of, for example,
2 magnet and a coil, and displaces the movable lens 5BA 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 the movable lens 58A is controlled by the
driving control unit 22 (Fig. 4), the depth d of the focus b
(Fig. 2) of the blue light beam Lbl in the recording layer 101
of the optical disk 100 {(that is, the distance from the
reflecting layer 104} is adjusted in order to square the focus
Fb with a target mark position.

As mentioned above, the information optical system 50
irradiates the blue light beam Lbl via the cbhiective lens 40,
which is servo-contrelled by the servo optical system 30, in
order to square the focus Fb in the tracking direction of the

blue light beam Lbl with the target mark position. Further,
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concentrated on the focus Fb by the objective lens 50 in order to form the
record mark RM at the focus Fb. 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 as the blue
light beam Lb2 from the record mark RM, and routed to the objective lens
40. At this time, the deflecting, direction of the blue light beam Lb2 that is

thecieiahy pdidrzed Aghd Rovsrést HorSmMpHS Fom fAdt-hafdegs - t1on
ircularl ized light to left- ircularly_polarized light) due to th
O TRRON Hom (e tBeH FArKLFE WHErTE PR i RIS Rt Y
th Fh._the hlue light | d fter,
S amterging on he Tacus' Pb. ThE BlLs TGht b L1 o eh reflectbd ohd

raBer reflecting layer 104, and routed as the blue light beam Lb2 to the
objective lens 40. At this time, the rotating direction of the blue light beam

Lb2 that is,eiredlady polasigad iahys35 is semersed«for example-ami on is
right-handed polarized light to left-handed polarized light) due to the

rectefleetion fronnthesgefleciingdayer 104, Thahebjettive tengrd0 pausesthe is

blue light beam Lb2 to converge to some extent, and routes it to the
cordiehroiaprsine 37: TdefdichroiEprismt3vetrabsraits thesbluenlighttbeamo rde
to gﬁim the record mark RM at the focus Fb.

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 positiocon, the
blue light beam Lbl concentrated on the focus Fb is reflected
as the blue light beam Lb2 from the record mark RM, and routed
to the objective lens 40. At this time, the deflecting
direction of the blue light beam Lb2 that 1s circularly
polarized light is reversed {(for example, from right-handed
circularly polarized 1light 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 Lbl diverges after converging on the focus
Fbb. The blue light beam Lbl is then reflected from the
reflecting layer 104, and routed as the blue light beam Lb2

to the objective lens 40. At this time, the rotating direction

of the blue light beam LbZ that i1s circularly polarized light
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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 is circularly polarized light (for example, from left-handed circularly
polarized light to right-handed circularly polarized light) , and routes it to
the relay lens 58. The relay lens 58 converts the blue light beam Lb2 into
parallel rays, and routes it to the quarter-wave plate 57. The quarter-wave
plate 57 ¢ ts the blue light heam Lb2 that is circularly polarized light

. 0 !
= R TRArYy polizSd Tt Gor SEaMple: #o HGRIAARD crCRery T >ont
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itter 57 via ) ization beéam spliter

regf@gg@r}gﬁtrﬁg%qxiqgaﬁqrface 54S thereof to reflect the blue light beam
Lb2 that is s-polarized light, and routes it to a multi-lens 60. The

multirlens 60 concentrates, the blug, lightbeam Lh2 and roytesjtigar o o

cylindrical lens 61. The 36 cylindrical lens 61 applies an astigmatism to

corthehijue tight heanzl:b2rand dradiatesttio the photedetegionb3-via & rism
pinhole plate 62. As shown in Fig. 11, the pinhole plate 62 is disposed so .

37 .that the ddctisraf thedtue tight/beamrld2 eenaantraied byl thenmuit-teng.b2,
60 (Fig. 9) will be located in a bore 62H, and
and routes it to the mirror 59.

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

The relay lens 58 converts the blue light beam Lb2 into
parallel rays, and routes it to the guarter-wave plate 57. The
guarter-wave plate 57 converts the blue light beam Lb2Z that
is circularly polarized light intc linearly polarized light
{(for example, fxom.rightmhanded.circuiarly'polaxized,light to
s-polarized light), and routes it to the polarization beam
splitter 57 wia the LCP 56.

The poclarization beam splitter 54 uses the
reflecting/transmitting surface 54S thereof to reflect the
blue light beam LbZ that is s-polarized light, and routes it
to a multi~lens ©60. The multi-lens €0 concentrates the blue

light beam Lb2 and routes it to a cylindrical lens 61l. The
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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, for example, the surface of the substrate 102
included in the optical disk 100, the record mark 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

hard detects an amount of light of the str ht LN. As a result, the
Cy1ph(()j’[o Ceﬁtér ééslsgl;ins O{ ﬁleat% tHe %t‘%@? Iﬂﬁoprb ﬁc}é’é‘é‘e 1ight

et gnal SDh stent with th mou || htof ebl I
bea%eaﬁr%tél?bz and feeds it |t to ﬁwe S|gna{\}lpr§'cﬁless(§J e .

pmw&qtgd tectar 63-includes, as shown in Fig. 12, four detectlon fields 63A,
63B, 63C, and 63D segmented in the form of a lattice on the surface

thereof tomdiigh the red;light beapy 412 is, ireadiated A direstion ingicgted o ¢

with an arrow a2 (a sideway direction in the drawing) corresponds to a
so traek teavelingsirectiondnahich the blyiedight bpanpbblpropagates t34 by

when irradiated to the recording layer 101. The photodetector 63 uses the
thedetection lields &3A,{63B),. 63C,wandl63E thereof taldetedt pastscofdthe, and
blue light beam Lb2, produces detection signals SDb (SDAb, SDBb,
thegpOby arid: 8BDB)-actoreling e detetted amouns ofilight wnd sgndsange .
them to the signal processor 23 (Fig. 6).

As shown in Fig. 12, the pinhole plate 62 nearly
intercepts light that has a different focus and is reflected
from, for example, the surface of the substrate 102 included
in the 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 €3 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 processocr 23 (Fig. 6).

The photeodetector 63 includes, as shown in Fig. 12, four
detection fields 63A, 63B, 63C, and 63D segmented in the form
of a lattice on the surface thereof to which the red light beam
Lr2 is irradiated. A direction indicated with an arrow a? {a

sideway direction in the drawing) corresponds to a track

traveling direction in which the bilue light beam Lbl propagates
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The signal processor 23 uses a so-called astigmatism method to
calculate a blue focusing error signal SFEb according to an equation (3)
presented below. SFEb = (SDAb+SDCb) - (SDBb+SDDDb) ... (3) The
signal processor 23 produces a reproduction signal SRF according to an
equation (4) presented below, and feeds it to the signal processor 23.
SRF = SDAb + SDBb + SDCb + SDDb ... (4) In this case, the reproduction

signal SRF highly precisely represents information recorded as the record
‘“Iherrﬁa%kr %ﬁl%%éi o%ca?%%%ﬁ%?ﬁépgoie?¥ﬁgsiﬁé I'processor 23

prodyges rﬁB%%dA{eCE"é%{“J%r@d?t{?é‘ by performing. predetermingd o2, g3

demodulgftlng processing or ecocﬁng processing on the reproaucﬁoh !

63cs;igQ%'QS%5Da%‘i’lé%f‘éjéfth%eB@@é‘S*éV%_éQ@gné%o%fa%“l?ﬁ%@t%']?%%t beam

controller 21. As mentioned above, the information optical system

Lb2recgives the bluedight beam LbZrouted fem the gptical gisl, 109gethe o

objective lens 38, and feeds the result of reception to the signal processor
snpB3. 3% o4)iernatien: recordingprecessing Asideseribed fpreviedsly, them

during information recording processing, the optical disk drive 20 records
tc mhimn datapwhichr represents hikair frifgtmatian, in the form of the record

mark RM, displaces the record mark RM in the focusing direction so as

to re€ord sulizdath representing sdBordinate informatiphled astigmatism
method to calculate a blue focusing error signal SFEb accerding
to an equation (3) presented below.

SFEb = (SDAR+SDRCk) - (SDBh+3SDDb) ... (3)

" The signal processor 23 produces a reproduction signal
SRF according to an equation (4) presented below, and feeds
it to the signal processor 23.

SRE = SDAb + 5DBb + 3DCh + SDDb ... (4)

In this case, the reproduction signal SRF highly
precisely represents information reccorded as the record mark
RM in the optical disk 100. Therefore, the signal processor
23 produces reproductive informaticon 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 LbZ routed from the optical disk

100 to the objective lens 38, and feeds the result of reception

to the signal processocr 23.
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More particularly, the signal processor 23 (Fig. 6) of the optical disk drive
20 separates 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
recording clock production block 71 included in the recording control unit
70 produces_a recording clock CLw serving as a reference, and feeds it to
2 mati-cata TE4or GG rodiicton BieR 2 i 8 ebedded signal

produgtiqn plock 73, AL fine e recording maindata information D,
is fed To the main-data record S|gngf proéucr%iOnlbriogk 7 ) while the 9

proﬁe@ggqgﬁ% ?%Qa%ﬂ%fma‘éﬁ% ]ngsigaéj %”}% SH@&Q@?&%@&Q'@ which

production block 73. The main-data record signal production block 72

repRQUIUMSs 83,5Rown # Higs: 14(A) and (B)eVvatioys kinds of pieces of mark
signal processing including encoding processing and modulating

RM, PEICESSHEGaN the:recarding mainzdata informatien 0@, thys predusess so
main-data record signal Sw, which is a 39 record signal, while squaring
as the rising andfalling 4imings rof ¢he: sighabwith thoseiofdhe reedrdingaalack .
CLw, and feeds it to the embedded signal production block 73 and a laser
conttol blogle 74 1The embedded signalprodyctionaseck 73 fFigh18) &) of
performs various kinds of pieces of signal processing including
the optical disk drive 20 separates recording main-data
information Da represented by main data and receording 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 recerding clock production block
71 included in the recording control unit 70 produces a
recording clock CLw serving as a reference, and fesds it o
a mailn-data record signal production 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 block 73.
The main-data record signal production block 72 performs,
as shown in Figs. 14(A) and (B), various kinds of pieces of
signal processing including encoding processing and

modulating processing on the recerding main—-data information

Dz, thus produces a main-data record signal Sw, which is a
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encoding processing and modulating processing on the recording
sub-data information Db, produces a plus embedded signal Sm+ and a
minus embedded signal Sm- while squaring the rising and falling timings
of the signals with those of the main-data record signal 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

LeGREGptical sk 100 aRdTaEthe sigidl Tevel héré ot 88t i High sver &1 nas
iod ivaler, k RM that should. be displaced in t

o B O R houR e g, THOF 396 B o eirhabed Sanar Emroeds

| t im isplaci ina minuys

e e  phariiek Fogt25°”

«or@nNd,has the-signal level thereof set to High over a period equivalent to the
record mark RM that should be displaced in the minus direction. The

driving, sondreb bRk 22 pepdyees a relayidriving n40rcuskent Okby ghifting a 3

current value, which is associated with the mark recording layer U in
penfbich @ target trackis decatesl; by @spredetesmined shiftewrent valve Ang

during a period during which each of the plus embedded signal Sm+ and
encnifiusembedded signabhSmogoesHighganddeeds g the dctuator S8ABn g

included in the relay lens 58.
sub-data information Db, produces a plus embedded signal Sm+
and a minus embedded signal Sm- while sguaring the rising and
falling timings of 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 directicn, that is, toward the incident surface 100A of
the optical disk 100, and has the signal level thereof set to
High over a period eguivalent to the record mark RM that should
be displaced in the plus direction.

As 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 100R of the
optical disk 100, and has the signal level thereof set to High
over a period eguivalent to the record mark RM that should be

displaced in the minus directicn.

The driving control unit 22 produces a relay driving
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The driving control unit 22 designates as a target mark position (that is, a

target depth) a position deviated in the focusing direction (that is, a plus

direction or a minus direction) by a predetermined out-of-focus quantity

AMc from the irradiation line TL in a target track, and irradiates the blue

light beam Lbl to the target mark position. As a result, the optical disk

drive 20 can deviate the record mark RM in the focusing direction from

the irradiation line TL, to which the blue light beam Lbl should originally

CUIgEhtadidted Yaclordingt8 the rédortiing slibrddta iNfdrmation B Sad-ated

. .can embed the recording sub-data information Db at a position in the ,
R et NG Totori IErk K TopCiing (hE FEBrangac L

1o408in-data informratignt%% I?,Loree(; A Lrredt va ring a
~ 7 record s@ﬁaaf gﬁo&uc@tlon BlocK 72 Taises the signallevel of the mal ot

pe FeEErdssignal Swifrom aLew Igveldp a Highdeyel, onfne basis of ther . ang
recording main-data information Da (Fig. 14 (B) ) . At this time, the
mirRMBbeddedsignal proguctionhlock o3sretping, the signakleyvels of therplus ne
embedded signal Sm+ 41 and minus embedded signal m- at the Low
acdeveon themasisef thereconding sub<iata /infesmatiom Db (Figs. 14(C)
and (D)). Accordingly, the driving control unit 22 retains the relay driving
curreit &Jfcatiarcurgentvealue assodiated withs thenmade recording layet Yeark
The laser control block 74 produces a laser driving current according to
Poghé hedind{ddtateterd @ target depth) a peosition deviated in the

é’?l@%tatatlme oint ﬁg%@mal -data

focusing direction (that i1s, a plus direction or a minus
direction)} by a predetermined out-of-focus guantity AMc from
the irradiation line TL in a target track, and irradiates the
blue light beanm ﬁbl to the target mark position.

As a result, the optical disk drive 20 can deviate the
record mark RM in the focusing direction from the irradiation
iline 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
position in the focusing direction in the record mark RM
representing the recording main-data information Da.

For example, at a time point t0, the main-data record
signal production block 72 raises the signal level o¢f the
main-data record signal Sw from a Low level to a High level
on the basis of the recording 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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signal Sw, and feeds it to the laser diode 51. As a result, the blue light
beam Lbl 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 point t1, 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 basis of the recording main-data information
Da 14'%!%)). At this time, the laser control block 74 produces a laser

anddﬁv%? LT SCEST TP the i dabs retdfd Siivat W, Bnd Afost ©F
cneCeR3E9 eMission of the blue ight bear Lbagom,ihe Jasey diole 51, Alg )
e

timeé poin Egthseumaln- ata’recor S|gnaPprod ction block 72 raises

signalleyel of the ,aiT%QgtadEQP{Q?gQ&@WJ io'llr'i?‘f‘t Low Igvel é‘(l fhe Lthe

High level on the Dbasis of the recording main-data information Da (Fig.

re1B) )aAtdhisdime, the embedded sjgnal.praductiomblack 73 raises.the, ; 1.

signal level of the plus embedded signal Sm+ to the High level on the

t hebagisiot thecregording-suhr-data infesmation Db, 424Fi9n14E))7 Whiles duces

retains the minus embedded signal m- at the Low level (Fig. 14(D)).
a lAcoerdingly vthegdrivingreantrok unit 22 adgs the predetermired shiftrecord

current value A+m to the current value of the relay driving current Uf
s 1 cassociated avith theadarkitrecordingelayes¥ rTHe dasercontrdbbleckedbult,
produces a laser driving
the blue light beam Lbl 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 a2 time point tl1, 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
basis of the recording main-data information Da (Fig. 14(B)).
At this time, the laser ccntrol block 74 produces a laser
driving current according to the main-data record signal Sw,
and almost ceases emission of the blue light beam Lba from the
laser dicde 51.

At 2 time point tZ, 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 level on the
basis of the recording main=data information Da {(Fig. 14(B)).
At this time, the embedded signal production block 73 raises

the signal level of tThe plus embedded signal Sm+ to the High

level on the basis of the recording sub-data information Db
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current according to the main-data record signal Sw, and feeds it to the
laser diode 51. As a result, the blue light beam Lbl emitted from the laser
diode 51 is irradiated to a position deviated in a plus direction from the
irradiation line TL by the out-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 from the High level to the Low level on the
{Fifasid 6f the recBrding mfn- et intefn dtioh Da RS 946@)) SAGhrkiMe, 2t
the emhedded sjgnal production block 73 lowers the signal level of the
theplﬁ?%nﬁbee\&%ﬂ—:\d é%dr?d ﬁﬁ# from the High level to the Low level. The laser

control block.74 produces_ a laser driving current accordipg to.the
mairéggt%rr%%:g%e %fgn%le@w é%: 4810 glmg%g (!:&era%g elrlrlz?éLsglon%% th%dtﬂﬁe the

o.x A0 oA, LBl romhe faser diode. 51, 443 sucerding time pointtd, the -
main-data record signal prodauction lock ralses tne signal level o e

theMaingdatarecard signal-swifromthe Loylewe] to;the Highlevel 43.onthe,

basis of the recording main-data information Da (Fig. 14(B)). At this time,

1ayibe embeddedsignat preduction blogk k73 setainsthesigaal levelottheying
plus embedded signal Sm+ at the Low level on the basis of the recording

custindata dnfodnaton Db {Eig 4 EYs whileraises thegniusembedtlateds
signal m- to the High level (Fig. 14(D)).

it to the laser dicde 51. As a result, the blue light beam

Lbl emitted from the laser diode 51 is irradiated to a position

deviated in a plus direction from the irradiation line TL by

the out-of-focus guantity AMc, and the record mark RM is formed

at the deviated position (Fig. 14(F}).

At a time point ©£3, 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
basis of the recording main-data information Da (Fig. 14(B)).
At this time, the embedded signal production block 73 lowers
the signal level of the plus embedded signai Sm+ from the High
level to the Low level. The laser control block 74 produces
a laser driving current acccrding to the main-data reccrd
signal Sw so as to almost cease emission of the blue light bean
Lbl from the laser dicde 51.

At a succeeding time point t4, the main-data record

signal production block 72 raises the sgignal level of the

main-data record signal Sw from the Low level to the High level
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Accordingly, the driving control unit 22 adds the predetermined shift
current value A-m to the current value of the relay driving current Uf
associated with the mark recording 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 Lbl
emitted from the laser diode 51 is irradiated to a position deviated in a
minus direction_from the irradiation line TL by the out-of-focus quantit

on Ao BRI BB £ P 10 oo 20 e AR E s (g, F19 -
F). A i intts, t in-dat d.si | duction block. 72
14 KJE) AL fime painte, the el datejesord g pradycton block 72,

ju lme 3 uc
es the signa level '6f the ain-data record ignal Sw from

"3 Iggglét%?t%i%é%\./ I%\_/ kk%rltllee‘péafiso (?cﬁ de;%q"rgyge%(i?p&%%tginform%iogm i

Da (Fi t this time, the em signal production IOk

at lowersythe signal leve/of the.plys embedded.signal ams from the High g « 5

level to the Low level. The laser control block 74 produces the’laser

infdiving cyrepbaceargding tojhe;maihdata regork signal SW §Qa%tPredded
almost cease emission of the blue light beam 44 Lbl from the laser diode

sighkIAmmentioned ahove, the-epticalrdisk drive(20 jrradiates the blue light
beam Lbl to a target track at the timing corresponding to the timing-of the
recording miainglata inforenation B and-thus formsithe recoid na@RM he
so as to record the recording main-data information Da in the recording

preldgeermined shift current value A-m to the current value of

the relay driving current Uf asscciated with the mark recording
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
Ibl emitted from the laser diode 51 is irradiated to a position
deviated in a minus direction from the irradiation line TL by
the cut=cf~focus guantity AMc, and the recordmark RM is formed
at the deviated position (Fig. 14 (F)).

At a time point t5, 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
basis of the recording main-data information Da (Fig. 14‘(13) }.
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 8w so as tc almost cease emission of the blue light beam
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101. The optical disk drive 20 deviates each record mark RM in the
focusing direction according to the recording sub-data information Db,
and thus records the recording sub-data information Da in the recording
layer 101. While displacing the objective 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

LbLeheefihd et 2T ad Péference. At this time, the optical disk drive 20
designates as the target mark position a position deviated in the focusin
& Aathstioning Pes

director rom edrathation ind ToBy the Do oehs Gaariiy AE. =
Accordingly, ical di ive 20 displ he_abjective lens 40 _so .
<negordngly. dhe oplice disk e 20 dsplages the ablective 14059,

that'the re th be focuse e reflecting layer 04?‘

corg;%eesr after, control shoyld b%ileam%“éedaQetha{&%@&yaﬁiﬁgfﬂ?-data

ight beam Lbl will be located at a target depth corresponding to the

i n fatget:marknosition with the sed dight beam seflegting. layer 10485, 4% 80 rq

reference. Therefore, the optical disk drive 20 can embed sub-data
theaeeardingithe pesitoninthe:facusing direetion of nthe.ecasd ark:RMi ayer

merely by implementing simple control so as to slightly displace the
101movahle lens 584l actiordingrto-the 2recoeding sab-daia information r k RM
(1-5) Information reproducing processing
in the focusing direction according to the recording sub-data
information Db, and thus records the recording sub-data
information Da in the reccrding layer 101.

While 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
50 that the blue light beam Lbl will be irradiated to a target
mark position separated by a depth d with the reflecting laver
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 quantity AMc.

Accordingly, the optical disk drive 20 displaces the
cbiective lens 40 so that the red light beam Lrl will be focused
on the reflecting layer 104. Thereafter, contrcel should be
implemented so that the focus Fb cof the blue light beam Lbl

will be located at a target depth corresponding to the target

mark position with the red light beam reflecting layer 104 as
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During information reproducing processing, the signal processor 23
included in the optical disk drive 20 produces reproductive main-data
information Ra corresponding to 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 them as reproductive information to the system controller 21. More
particularly, the signal processor 23 produces a reproduction signal SRF

& rEAEABIIE focdsing BiBF Signal' SFERD® fofta Yetdttibhisignal 'SBB aRB RS9

e ds them toar.elrgrod ction control unit 80, As shown.in F

f ig.15,the
St GO SoMreT unlt B0 eds R repradiieron gl SRE TG a0 107 ©F

reproductive clack. production hlock. 81 an ain-data_information
PO DO B3 WL Yot IO LG ST Snal SRERTo

reproduction eeds t € Tocusl b to

as a§ubrdaiadntormation teproduction black 83.4s show rb@dﬂ%ﬁ-#%@@%e

(C), the tfeproductive clock production block 81 uses, for example,a

reo@@gﬁl@clg%lqggt 46 {RkL)-circuitig extract a reproductive clock CLr

from the reproduction signal SRF, and feeds it to the main-data
informetion reprostietion Hlock 82r Asishond ipkigekPhdhe main-data

information reproduction block 82 binary-codes the reproduction signal

SRFDwithrihe Tefroduetivieseloek Bt o @as@l refenence se ket prodecesignal
processor 23 included in the optical disk drive 20 produces
reproductive main-data information Ra corresponding to 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 1bl, and
feeds themas reproductive information to the system controller
231.

More particularly, the signal processor 23 produces a
reproduction signal SRF and a blue focusing error signal SFEb
from a detection signal SDb, and feeds them.to a reproduction
control unit 80.

As shown in Fig. 15, the reproduction control unit 80
feeds the reproduction signal SRF to a reproductive clock
producticn block 81 and a2 main-data information reproduction
block 82, while feeds the blue focusing error signal SFEb to
a 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 loop
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a reproductive binary-coded signal SRO, and feeds it to the sub-data
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 it to the system
controller 21. The sub-data information reproduction block 83 recognizes

(PLifé predeniterortdhsthte BF thePrebERI MARCRI AcEdiafily fo'the Fefly the
and falling timings of the reproductive hinary-coded signal SRO (that is,

e RSO (T GRErD meTE RAF A FEaBonLet o e whibariRga e

. cord mark RM.is_not formed), detects the presence or absence of a

1nfr§er\/9|1§|%1n of %%pr'é%%rid: Fn%lcr) R %é%egf(ﬁ)éusing direction on the basis of

the signalleyvel of the b#ﬁf]gfpculsmﬁtror signal SRED obtained framythe ;

record mark RM, and produces a deviation detection signal (not shown).

reptigsLl-datainfiormation reproductiondiack 83 pEHOHNS A VRHOES 2 1 SR

kinds of pieces of signal processing including demodulating processing
wi@nd decedingprosessing-an the (deviaton detestiamsignad s9a840produce

produce the reproductive sub-data information Rb, and feeds it to the
a rgystemcontrober 24 aFor-exainples atadimespaint thddsificedbe it to the
reproductive
sub-data information reproduction block 83. In addition, the
main~data informaticon reproduction block 82 performs various
kinds of pieces of signal processing including demodulating
processing and decoeding processing on the reproductive
binary-coded signal SR0O so as to produce the reproductive
main~datea information Ra, and feeds it to the system controller
21,

The sub~data information reproduction Dblock 83
recognizes the presence or absence of the record mark RM
according te the rising and falling timings of the reproductive
binary-coded signal SRO (that is, the length of the record mark
RM and the length of a space in which the reccrd mark RM is
not formed), detects the presence or absence of a deviaticn
of the record mark RM in the focusing directicn con the basis
of the signal level of the blue focusing error signal SFEb
cbtained from the record mark RM, and produces a deviation

detection signal (not shown).

The sub-data information reproduction block 83 performs
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binary-coded signal SRO rises from the Low level to the High level, the
sub-data information reproduction block 83 acknowledges that the blue
‘Light beam Lbl is irradiated to the record mark RM (that is, the record
mark RM is detected). At a time point til, since the reproductive
binary-coded signal SRO falls from the High level to the Low level, the
main-data information reproduction block 82 acknowledges that
irradiatign, of the blue light beam Lbl to the record mark RM has been

VaroSiipletéd S réloghizES e récord MARERM BS %8P Ak, Arthisvding

derr}(i)[%%itg}?isrlljb-da?'cjn]éogma}‘ion rgaropd%céiggdblgck 83 calculasltfs amean .,
valué o sigﬁal feVels sFine Blué ocusing er%r%igﬁéﬁ% obtainéd from

deDELime, 985-:(;& 40, *OoWe%tl'Bﬁa"f’i%%"é?%%”?@%%ﬁ%‘!aedcF}_% %:Fe%g%%{gctive

mean value). Further, the sub-data information reproduction b

surdegides whicheyer ohthree levels the.SEE mark meanvalue 1anks, « ro11er

Specifically, the sub-data information reproduction block 83 decides
21 .whether the SFE mark mean value is equal to or larger than a first
sub-information threshold, falls below the first 48 information threshold

and Bequaldnml dgrger than asesond tsuh-infasmatienttheeshald corfalls ve

below the second sub-information threshold. More patrticularly, if the
birsubyedatadeformation LréfROdudtionsblock:83tdecides-at threctime pointdl| High

that the SFE mark mean value falls below the first information threshold
level, the sub-data information reproduction block 83
acknowledges that the blue light beam Lbl is irradiated to the
record mark RM (that is, the record mark RM is detected).

At a time point tll, since the reproductive binary-coded
signal SRC falls from the High level to the Low level, the
main~data information reproduction bleck 82 acknowledges that
irradiation of the blue light beam Lbl to the record mark RM
has been ccmpleted, and recognizes the record mark RM as a 3T
mark. At this time, the sub-data Information reproduction
block 83 calculates a mean value of signal levels of the blue
focusing error signal SIFEb cobtained from the time point tl0
to the time point tll (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 1s egqual to or larger

than a first sub-information thresheld, falls below the first
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and is equal to or larger than the second sub-information threshold, the
sub-data information reproduction block 83 acknowledges that the record
mark RM is 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 rises from the Low level to the High level at a time point t12, and
lowers to the Low level at a time point t13, the main-data information
reproduction block 82 recognizes the space as a 3T space. At this time;

InfREHhiRRaThioRRARSH reprbduttiefisteck 830 et RES S&imiltRy B gecond

does at the time point tll, whichever of three levels the SFE mark mean
SURZA0K FATKB A The (THE BOINELL3, the Fai-BAtinfdTFation fEprod t86R™

subb_Iog1 %% Irﬂgﬂc_;ﬁog&i}ze%@g Iecor mark RM as a 7T mark. At this time, if the
sub-data information reproauc ion block 83 decides that the SFE mark

meagyalue is equal t0-or larger than the first thé%%h-o gﬁt@e S%%:?nggﬁa& for

information reproduction block 83 acknowlédges that the recor

red$darmed whileibeing gleviated in.a plys dirgction, and-sets the 49 sigpal 1,

level of the deviation detection signal to 1. If the reproductive
sebinankeesed signakSRO risesfrem dhe kaw lavelie she bighhlevel st ano14

time point t14, and lowers to the Low level at a time point t15, the
andndin-data:information repreguction blockB2 reeqgiizes:the -space asH:ion

4T space and recognizes the record mark RM as a 4T mark.
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 rises from
the Low level to the High level at a time point t12, and lowers
to the Low level at a time point £13, 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 tll, whichever
of three levels the SFE mark mean value ranks.

At the time point t13, the main~data information
repreduction block 82 recognizes the record mark RM as a 77
mark. At this time, if the sub-data information reproduction
block 83 decides that the SFE mark mean value is equal 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
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At this time, the sub-data information reproduction block 83 decides,
similarly to it does at the time point til, whichever of the three levels the
SFE mark mean value ranks. If the sub-data information reproduction
block 83 decides that the SFE 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 a minus °
direction, and sets the signal level of the deviation detection signal to 1.

s 19AS merftivRed @bové stheopt Al disk Afive 20 eddces e feprdduction
signal SRF on the basis of the blue light beam Lb2 so as to reproduce the
reproduétive mEEaStaShfofmation® RE CoreSPondmo thETetdtfity =7 o

ain-data information Da. . The optical disk drive 20 detects the presence
e o e b VAot 155 bl MarE RO e hdaBriTe e

to ThLRMNE basis oLihe lye fogusing qrior signal 2R, 80d US-o ot i on
reprod%ces the repro%uctlve gu%-ﬁata inférmation correspondlng to

regPSdecerding sybsdata infounation Db The optical disk driye 20 I\QF@&Q and

the presence or absence 50 of a deviation of the record mark RM on the

reRRgis obthedylue foeusing exror signak SFEbwhilesimplementing focus
control in the objective lens 40 on the basis of the red focusing error
signakSFEri Specifieally -the optiealdisiedrive 20-deesinet implementtion

control so that the blue light beam Lbl will be

block 83 decides, similarly to it does at the time point ©l11,
whichever of the three levels the SFF mark mean value ranks.
If the sub-data information reproduction block 83 decides that
the SFE 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 a minus
direction, and sets the signal level of the deviation detection
signal to - 1.

As mentioned above, the optical disk drive 20 produces
the reproduction signal SRF on the basis of the blue 1ight beam
Lb2 s0 as to reproduce the reproductive main-data information
Ra corresponding to the recording main-data information Da.
The optical disk drive 20 detects the presence or absence of
a deviation of the record mark RM from the irradistion line
TL on the basis of the blue focusing errcr signal SFEbL, and
thus reproduces the reproductive sub-data information RD
corresponding to the recording sub-data information Db.

The optical diskdrive 20 detects the presence or absence

50



irradiated to the center of the record mark RM according to the blue
focusing error signal SFEb. Therefore, the amplitude of the blue focusing
error signal SFEb will depend on the out-of-focus quantity AMc by which
the record mark RM is deviated from the irradiation 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
of thelpddctlRENCRM fient Betiadiation e TL. As% keseitstived dtieab Lue
disk drive 20 can reliabl¥ detect a slight deviation of the record mark RM

- LociSmitHe Sradiation ffé TLS ARG ARt réprofice&ifilaafawin figh control
. F}ecis}gn. ]E-G%Aciions advegta%e In the fore oingE onstitution, the

1 Spficaldisk arve 20 sBncéntrates thadide light begn thI S8y 88 S ror
. inf ign light, and irradiates it to the optical disk 100 serving as an

Sld&gﬁ%?ﬁ%%rination recording medium. At this time, the optical disk drive

20 shifts the focusRp of the blye.light 51 beam Lblin:the fogysing, . o ¢

direction in which the objective Iens 40 recedes from or approaches to the

impARtigahinformation 1 reggring. megdium, anethys shifts the.-foces £b,of the e
blue light beam Lbl to a target depth to which the blue light beam Lbl

ixsshoui be madisissl Jbe-apiicafcisk irive 20rfarms ihe rerord suark R to
th;iggge:focusing error signal SFEb., Therefore, the amplitude
of the blue focusing error signal SFEb will depend on the
out-of-focus quantity AMc by which the record mark RM is
deviated from the irradiation 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 cut-of~focus quantity AMc of the
record mark RM from the irradiation line TL. As a result, the
optical disk drive 20 can reliably detect a slight deviation
of 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 to the optical disk 100 serving as

an optical information recording medium. At this time, the

optical disk drive 20 shifts the focus Fb of the blue light
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the virtual irradiation line TL in the optical disk 100 by controlling the laser

diode 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 irradiation line

TL in the focusing direction. In the recording layer 101 of the optical disk
beatpdthel thideedifensional FEcord itk RK isisupbosad ohieforied hens

the thick recording layer 101, and a space in which the record mark RM is

0 bR SRR exitalinthe FORBERBAIRTCHGH In-the opREAHdk diivecrmahd on

direction is u |I|zed so that the record mark RM can

in the i
re S%f%?ﬁ%éﬂ o B Aot T AR e méle 13%nt
f h | 101 f ||
St()%(;[t aCItga(t)até%eCreé: Igg&%yevlf’\lﬁapc OE a|n iata \%{l rlve 551 b1

vari an be fecorded. amely e op ical i

sh RErMits substantial improvement of the storage capacity of the optical
disk 100. 52 In the recording layer 101, the height of the track TR is larger

than-the hgight RMhfihesecord mark RMeanddhe. recosd.marksRM 1 on g

are supposed to be equidistantly formed in the focusing direction. The
theopficakdisk diive 28 reeargs subrdata by slightiy. dewating thescenter tine ny

CFR of the record mark RM from the

controlling the laser diode 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
informaticn Db based on sub-data, and thus forms the record
mark RM with the center of the record mark RM deviated from
the irradiation 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 1s 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 capaclty of the recordiné layer 101 for main data will
not be varied but sub-data canbe recorded. Namely, theoptical
disk drive 20 permits substantial ilmprovement of the storage

capacity of the optical disk 100,
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irradiation line TL. Eventually, since the record mark RM is deviated from
the irradiation line TL, the necessity of closely 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
information reproduction. The optical disk drive 20 can form the record
mark RM along the irradiation line TL, though the center line CFR of the

recoulmatk R devietes rom the irpdiation e 1., Tnerefpe, dutng, .,

. ; =)
information reproducing rocegsmg, an’ amoun

1o beam Lbzis hady afecied, el he xcallnt eprodgion sl S 1.

can urther,the optica drive 20 uses iaxial

r e ACIUAION ADA sONVINg as.an, obiestive lsnsdriye unittodrive the gbjecilye. o

lens 40, and uses the objective lens 40 to concentrate the red light beam
fodubthat issserve fightfor focus control. The optical disk drive 20 drives the
objective lens 40 so that the red light beam Lrl will be focused on the

reflecting tayer 404 iacluded in the optieal cliskdk0Q 53-Althis Bnes theyht 1y

optical disk drive 20 uses the movable lens 58A serving as a focus shift
dewintitbrsgpanratecthe fecusl FheoftGhe blueclight beamrlcbirron the! fdttsFrehe

of the red light beam Lrl by an arbitrary distance, and thus squares the
irfecis Fhrof thieisiuBlight Beant bblwith asthrget depth te which tlser blGd is

light beam Lbi should be irradiated.
deviated from the irradiation line TL, the necessity of closely

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 information
reproduction.

The optical disk drive 20 can form the record mark RM
along the irradiatiocon line TL, though the center lins Cpz of
the record mark RM deviates from the irradiation line TL.
Therefere, 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 cbhijective lens 40, and uses the obijective lens 40 to
concentrate the red light beam Lrl that is servo 1ight for focus
control. 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 included in the optical disk 100.

53



Therefore, the optical disk drive 20 can square the focus Fb of the blue
light beam Lbl with the irradiation line TL on the basis of the red light
beam Lrl. Eventually, the focus Fb can be squared with a target mark
position by implementing simple control to drive the movable lens 58A
according to the out-of-focus quantity AMc. In short, the optical disk drive
20 merely shifts the position of the movable lens 58A according to the

mark recarding layer Y.in which the record mark RM should be formed,
but 0%33}]30? n‘bjrnmééﬂ Iy}{dklléepl%% Jtﬁ?ﬁhg\%aso%eﬂgﬁs‘f@gégd Wi a Pty vable
ring.which the record mark RM is formed in the same mark recordi
o TRErEIG o phoal ok B 20 AhoLs ey Sl oous
rp GiBRlace the mevahle Igas K84, whichishardly, displaced According 1o, oy ¢

sub-data. A large Toad need not be imposed on the movable lens 58A.

be dNOwWr-fonexample;fer-displacingthe-center line CFG0f the recordimagk, -\, 5

RM, the peak of the blue focusing error signal SFEDb is detected as
Fb infornatien duringdnformationepreducing proegssingeptthis sasgitherene
is a possibility that a noise 54 abruptly generated in the blue focusing
b Lwerrorsigral isHEb Wahnetbe: dischiminated froatimformation. In contrast,
the optical disk drive 20 forms each record mark RM with the center line
CFCifelie fevurd mask BV ideviatéds frohn theeig&diations ine T& hthef ocus
focusing direction. Therefore, the optical disk drive 20 can vary the signal
o jafetne blue light beam Lbl with the irradiation line TL on
the basis of the red light beam Lrl. Eventually, the focus
Fb can be squared with a target mark position by implementing
simple control to 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 584 according to the mark recording
layer Y in which the record mark RM should be formed, but does
not normally displace the movable lens 58A during a period
during which the record mark RM is formed in the same mark
recording layer Y. Therefore, the optical diskdrive 20 should
merely slightly 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 Cpe of
the record mark RM, the peak of the blue focusing error signal

SFEb is detected as informaticon during information reproducing

processing. In this case, there is a possibility that a noise
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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 58A disposed among diverging rays, and can thus freely
shift the focus Fb in the focusing direction without any restriction
imposed on the moving distance of the movable lens 58A. Further, the

optical disk drive 20 produces the .reproduction signal SRF on the basi
o RO 57 o g Bh aehetied TG Lt ot K piod £
canligit heam bl reflected { SmftP&ﬁ’pFﬁ@'odﬁi%&%na”d thus detects the

presence or absence of the record mark RM formed along the virtual

irradiafion, ine TLdn theopfical disk 19Q; Based, on g PIasenceor record

absence of the record mark RM, the optical disk drive 20 reproduces

ma rinaif data asthe epreductive, main-datadpformation Ra-Based anan ated
amount of light of the blue light beam Lbl, the optical disk drive 20

£ roproduees the-bliefocusing erer signal SFEDavhicheiepresentsithection.
out-of-focus quantity 55 between the focus Fb of the blue light beam Lbl

Theard thesrecord apark &M id tlké focusmg drectiomviamyhichdheighjedtivieeve L
lens 40 recedes from or approaches to the optical disk 10. The optical

of diskadrivel2@ thde detacigtheegutcof-foelis gaantityt Erhe optical diskrkivéod
20 reproduces sub-data, which is recorded by deviating the center line

COrEEErGTtRe reebfdhsrkecord mark RM, and can therefore reliably

reproduce information embedded in the record mark RM.

The optical disk drive 20 drives the movable lens 58A
disposed amcong diverging rays, and can thus freely shift the
focus Fb in the fceccusing directicn without any restriction
imposed con the moving distance of the movable lens 58A.

Further, the optical disk drive 20 produces the
reproducition signal SRF con the basis of the blue light beamn
LbZ serving as a reflected light beam that i1s the blue light
beam Lbl reflected from the optical disk 100, and thus detects
the presence or absence of the record mark RM formed along the
virtual ilrradiation line TL in the optical disk 100. Based
on the presence or absence of the record mark RM, the optical
disk drive 20 reproduces main data as the reproductive
main~data information Ra.

Based on an amount of light of the blue light beam Lbl,

the coptical disk drive 20 produces the blue focusing error

signal SFEb, which represents the out-of-focus quantity
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~RM from the irradiation line TL, as the reproductive sub-data information
Rb on the basis of the blue focusing error signal SFEDb. 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 squares the focus.Fb of the blue light bea | wit arget
oo RS 1 bR e tiug TOHt Db Tbl SRd I B AT Byt e £ecord

mar¥e *ﬁg aﬁtt g.the fPiE%%E Pngd the hlue lght [i%a@k!‘:ijéltxrgﬁ%’éh%b?%%sc E é’iesoafkiheens

re eam Lrl by an arbitrary distance. Accordin the optica

40 qra;V@e%%garfmlegken&rgg%%ieglggnw ferthe focus £h ugingithe ged ¢

focusing error signal SFEr that is unsusceptible of deviation of the record

optMary RM dnom the dradiationdine:Tkcand can therefore- kpplementdhe i .

focusing control highly precisely similarly to the conventional optical disk
Thedrivet563he aptical disk geive 20 isapreplicakisfornationta, which is
recording/reproducing apparatus capable of recording or reproducing
recoaitedataantksulzdategintdreframrthe redardiagClayerf1@h.eAceordinglynark
the optical disk drive 20 separates recording information into main data
RM andnubhdataratet prédetermined Fitio, shd-reeordd oe faprodiucestie-data

~ dataitems.
information Rb on the basis 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 laver 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 squares the
focus b cof the blue light beam Lbl with a target depth, to
which the blue light beam Lbl should be irradiated, by
separating the focus Fb of the blue light beam Lbl 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 i1rradiation line TL, and can therefore
implement the focusing control highly precisely similarly to

the conventional optical disk drive.
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Therefore, the recording capacity of the optical disk 100 can be
increased. 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
control. 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 bedding sub-data need not be used for the focusing.contral. ,
The?lé’%oere,o r?P(S,g‘r"ocforf%algdllssk 1 ﬁw"é?(egﬁ p%gsit?lg‘toopegplrg &cel%gé?ﬁ%%ﬁl on

re c%%%oﬁgé%%%%*&%‘gtﬁgt%%g%J%%Si”%8§§%‘1’at0 be imxpe'ec@%ltler? n oy

ens 4 ing information reproducing processing. Sinc

repRRSitional information.isrecarded with a.groque and-a.Jand, which.are, 4 : o

irregularities, in the optical disk 100, the optical disk drive 20 can readily

Lay@plement trackingaeontial, Acgarding to-the faregoing coastitition thes t e s
optical disk drive 20 can displace the record mark RN, which represents

re dok thainydata, towakt aspacenindherfecusingdirectionawhichhisdereated -  a
inside the recording layer 101 which is thick and in which the

pretheeesdimensionalrecord miare RM: isfarmede Thugithesoptieatidisk drivers .
20 can embed sub-data in the record mark with a displacement in the

Thefpedsing difeetione Iecdidiighs aadopticad ihformation tecordinigsk 100 can
apparatus and

be increased.

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 control. Since the optical disk 100
allows the optical disk drive 20 to implement focusing control
in the cbhbjective lens 40 using the red l1ight 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 pessible to reproduce
main data and sub-data without affecting the focusing control
to be implemented in the objective lens 40 during information
reproducing processing.

Since positicnal information is recorded with a groove
and a land, which are irregularities, in the optical disk 100,
the optical disk drive 20 can readily implement tracking
control.

According to the foregoing constitution, the optical

disk drive 20 can displace the record mark RM, which represents
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an optical information recording method capable of recording. 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 in which the sub-data is recorded can be
realized. (1-7) Other Embodiments In the foregoing first embodiment, a
description has been made of a case where the movable lens 58A is
.ad%ptgd as a ‘f,docug shift unit that s@ri{ts the focus Fb of the blue ”%’}ht begm
T34 aThae’pre%e‘?’llfflnv‘zén i6A 1S notlimitéd S s tase Sh'sho t:foélsp efical™®
cx SRSAGRIeNCTAHAN MeAns ) applies & spherical gberaian to e, 4,
blue light beam Lbl will do. For example, any of various optical elements

whilbglugding a ydiffractive element. a phase mpdulgtionglementsuch as a

liquid crystal element, and an expander which change the phase of the

bluedightbeamd bl wilt da. Thess.optical elementsa imayhedmade -data in
movable. In the aforesaid first embodiment, a description has been made

theobacase where eachracoidplatk &M is-farmed withothes b8 enterline on .
CFC of the record mark RM deviated in the focusing direction. The

Acapreséntihyention ispnot dimitetntbdhisacaser: Fos example; thegecardumakk:d
RM may be formed by gradually deviating the center line CFC within the
an farbid iark RV rse thiatrtheereeord mark RVl betadlihedoif thecording
focusing direction with respect to the irradiation line TL. Multiple

sub-data, an optical information reproducing apparatus and an
optical information reproducing method capable of reproducing
the sub-data, and an optical informaticon recording medium in
which the sub-data is recorded can be realized.

{1-7) OCther Embodiments

In the foregoing first embodiment, a description has been
made of a case where the movable leng 58A is adopted as a focus
shift unit that shifts the focus Fb of the blue light bean Lbl.
The present invention is not limited to this case. In short,
a spherical aberration generation means that applies a
spherical zberration to the blue light beam Lbl will do. For
example, any of variocus optical elements including a
diffractive element, a phase modulation element such as a
liguid crystal element, and an expander which change the phase
of the blue light beam Lbl will do. These coptical elements
may be made movable.

In the aforesaid first embodiment, a description has been

made of a case where each record mark RM is formed with the
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out-of-focus quantities AMc may be designated in order to deviating the
center line CFC of the record mark RM in multiple stages in the same
direction. In the aforesaid first embodiment, a description has been made
of a case where after the record mark RM is formed with the center line
CFC of the record mark RM deviated from the irradiation line TL, the next
record mark RM is formed with the center line CFC of the next record
mark M displaced wijth resgec to th p05|t n of the evlatelg] center

“eTlirnet THe predentinVeitio T 3ot Mt Wt § Bab& For Sxdmple CaHEr 9

the record rk RM is formed Wh|| being deviat dlr ction, if
din enex?regg)%& ik RV is &%eed while elﬁé}%ﬁ negtvé\;%%[ﬁe??radlgﬁﬁn@

Foém&zhg*ﬂg same.advantiage as, fhatef the gfqresaid emho g}ea'ic%%gﬁ 1y

provided. Otherwise, the record mark RM and the next record mark RM

devRY Py suceessivelyformed whilg heing, deyiated from eachiother o, the 5

same direction (plus or minus direction). In the aforesaid first embodlment

thethespresenkinventionyisiapplied ta-therepticah disksl GQ inwhieh thereeerdon
mark 59 RM is formed with a bubble in the recording layer 101 according

witlh the blusslight beam Ll davihgra: predeterminedintensity, .or more: Tfheple
present invention is not limited to the optical disk. The present invention
outmay béapplied te rHar examplaManmopticalsliskds ivieht adotogramds:r to
formed in advance all over the recording layer 101 whose refractive index
deWagfeshwithhe center line Cpc of the record mark RM in multiple
stages in the same direction.

In the aforesaid first embodiment, a description has been
made of a case where after the record mark RM is formed with
the center line Cz of the record mark RM deviated from the
irradiation line TL, the next record mark RM is formed with
the center line Cp; of 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 example,
after the record mark RM is formed while being deviated in a
plus direction, if the next recordmark RM is formed while being
aligned with the irradiation lire TL, the same advantage as
that of the aforesaid embodiment can be provided. Otherwise,
the record mark RM and the next record mark RM may be
successively formed while being deviated from e%ch other in
the same direction {(plus or minus 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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irradiation of light, and the record mark RM is formed by destroying the
hologram through irradiation of the blue light beam Lbl, or an optical disk
100 in which the three-dimensional record mark RM having a
three-dimensional shape is formed by changing a refractive index.
Further, the blue light beam Lb emitted from a light source may be
separated into the blue light beams Lbl and Lb2, and irradiated to the
same target mark position thrqugh both the surfaces of a voluminal

R Fedithi 15

editnT T2 10(nBt 3HOWH) 17 ortler "o fotPthe TBEord Miakk-RM @fth & 9179

hologram. The constitution .of this_type of optical disk drive isgescribed in
o e Rt St 7 E e or s GehSehi e TReerblty

or GAbodiment, 3 descrption-has besn made of %E%%et‘é’ﬁeﬁ%t*%%e%gg%tcal

beam Lrl whose wavelength is different from that ot the blue light b

a1 kbl ispdopted as serv.ight The presenddnventionds nof limited to this, o,

case. For example, the blue light beam Lbl may be separated into
an perions.and ope:af the peHiens Maykeiradiates:-aea serva lightheam 1 1

to the reflecting layer. 60 In this case, a film that reflects at least part or
ovethe Wwhale cofrtberbluedight ledamithl end-eethdight beam hdlds adopied asth

the reflecting layer. Further, in the aforesaid first embodiment, a
irrdescription ha$ béenhtadesofd case wiserethe reflektimyllayer 104nsd by

interposed between the substrate 103 located on a side
destroying the hologram through irradiation of the blue light
beam Lbl, or an optical disk 100 in which the three-dimensional
record mark RM having a three-dimensicnal shape is formed by
changing a refractive index.

Further, the blue light beam Lb emitted from a light
source may be separated into the blue light beams Lkl and 1Lb2,
and irradiated to the same target mark positicn through both
the surfaces of & voluminal medium 121v (ncet 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 aforesaid
patent document 2.

Further, in the aforesaid first embodiment, a
description has been made cf a case where the red light beam
Lr1l 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

ILbl may be separated into portions, and one of the portions

may be irradiated as a servo light beam to the reflecting layer.
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opposite 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 objective lens 40 and the recording layer
101. In this case, the reflecting layer 104 is formed as a

reflecting/transmitting layer that reflects 100 % light (red laser light)
In vhose “Wabelehgth IuSed for&eivé oftrditofthd DhjBéive RAsHEr dierle

t its 100 % light (blue | light) WA th | d f
o oA oo AT i one MR EEL e Tropeec
as %rggr to, ngg% the E%d Iigﬁh‘t beam Lr2, and the blue light beam Lbl is

irradiated to a targ%t mark position.-Further, in the aforesaid first

embediment,a desgriptiophas heep/nade of a-casq wherpthe gplical 5

pickup 26 has the construction shown in Fig. 7. The present invention ‘is

de shatdiptitedto.this icase. fhearrangement ofioptical partse fildhe number; o
thereof, and the types thereof can be varied. For example, a

104quartewayve piate may bednterpesed betyeciethe) dichveicprismB3 zapdde
objective lens 40 in place of the quarter-wave plates 36 and 57. The

oprpasiticnat celatienship chetween thé Gesvodoptical sysiemd3Ggndayer 101.
information optical system 50 may be changed, and a dichroic prism that
Thetrgmspiget 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 ocbjective
lens 40 and the recording layer 101. In this case, the
reflecting layer 104 is formed as a refleciing/transmitting
layer that reflects 100 % light {(red laser light) whose
wavelength is used for servo control of the objective lens 40
and transmifs 100 % 1ight (blue laser light) whose wavelength
is used for recording or reproduction. Thus, the red light
beam Lrl is reflected in order to produce the red light beam
Lr2, and the blue light beénbel is irradiated to a target mark
position.

Further, in the aforesaid first embodiment, a
description has been made of a case where the optical pickup

2% has the ceonstruction shown in Fig. 7. The present invention

is not limited to this case. The arrangement of coptical parts,
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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 not limited to this case. For example, the record mark

RM may be recorded in an optical information recording medium shaped

like a cube ( arallelepiped:. Further, in the aforesaid first embodiment, a
thed&é%?i%%ntr?a%fﬁé’eﬁvr 618 cB¥B WheraStebiue Wyt bediT 15t - FoF
exalfigse wavelenathis 405,am s adopled asinfammation light; and thered . .

qight beam Crf Whose wave(?er}?g R 1S°660 hnY s aLcPopéfecﬁ) as’servo |gﬁt. The

a1 JUESEN invention %”Oéﬂﬁ‘i_t%%EP%JE‘E&SSGL?W&W% n%mjisgtgoayn e tre

wavelength of the information light or servo light. Appropria

quardwelengihs canabe selegted,based on-dhe properties gttheoptical digk ;

100 and optical disk drive 20. Further, in the aforesaid first embodiment, a

betdessHption: has beengpade of asase where the blusfosusing 162.e99t 1 cal
signal SFED is produced based on the blue light beam Lb2 according to

sy sreastigmatisnomethac.gErl present invenionis petilinited ia thisgaseits
The blue focusing error signal SFEb may be produced according to any
theofaratious pethbdsincluding n formed@bsaié,sa khife edge nethbd andan Lbl
internal/external differential method. The same applies to the red focusing

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 1n the optical disk 100 shaped like a disk. The
present invention is not limited to this case. For example,
the record mark RM may be recorded in an optical information
recording medium shaped like a cube (parallelepiped).

Further, in the aforesaid first embodiment, a
description has been made of a case where: the blue light beam
Lbl whose wavelength is 405 nm is 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 1s no limitation in the wavelength of the
information light or servo light. Appropriate wavelengths can
be selected based on the properties of the optical disk 100
and optical disk drive 20.

Further, in the aforesaid £first embodiment, a

description has been made of a case where the blue focusing
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error signal SFEr. The red tracking error signal STEr can be produced
according to any of various methods including a differential push-pull
(DPP) method and a differential phase detection (DPD) method. Further,
in the aforesaid first embodiment, a description has been made 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 a space. The present invention is not limited
ST 48nis" €48e. ThéTetSrding Tfoffialion fiaybe MEdblaiEd akebidiig o L2
any af other various modulation methods, Information may be recorded in,
ST cﬂ%anr% a%onearmthaa? %ﬁgnﬁggﬁrﬁmm%?kL Eﬁﬁr’eprggén%x Ei%gﬁﬁféﬁf‘fgﬁb%é’r’?d S
: r.absence of th rd matk RM represents_1 or Q.
nOtchl;JFrltﬁ{e% r%%r?ft:r?é? a%%aga% ﬁ%s’[ eer%rl%‘?"(gg'gl}?ni eune%, %kog gssc?fg% on has besn rﬁﬁ&dg FED

maPhR Casgwherg @@a@%@!%l@asaﬁ%oif moved ta.a.position. dependent, .

on the relay driving current Of. The present invention is not limited to this

foCase:h@y examplesthesmavable jensimay be gonfrolled:so.that iy wilk 63,51
be moved based on the driving current but will not be displaced until the

di ffvingneursantis:tecbaext. Fughermiethemiqresaiddist-embediment @using
description has been made of a case where the helical irradiation lines TL
errare imagined BEthe .optitet digkdl 0@.2The presentdaventipmis matdimitedh be

to this case. For example,
produced according te any of various methods including a
differential push-pull {(DPP) method and a differential phase
detection (DPD) method.

Further, in the aforesaid .first embodiment, a
description has been made 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 a 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
description has been made of a case where the movable lens 58A
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 1t will
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the irradiation lines TL may be concentrically or linearly imagined.
Further, in the aforesaid first embodiment, a description has been made
of a case where the center line CFc of the record mark RM is deviated in
the focusing direction from the irradiation line TL. The present invention is
not limited to this case. The record mark RM may be formed with the
center line CFc thereof deviated in the tracking direction that is the radial

direction of thg optical disk 100. In this case, sub-data can be reproduced
b (RGBS fiacking Sror Stfaf STED, GdH 1 prodibed SecordiRg 164

an, eg atiocp 5) below, in thegame ngagner as it is in the aforesaid
unty 2] F 1nq ?urren i3 . ﬁ nﬁft' . .
embodiment. Even-in thiscase, Similarly to the @foresaid embodiment,

the opticalligk drivﬁqimp’cef!”%e”t%HS“EQBQE&”“QEjb%%%ordi%%%@ie ent, a

tracking error signal STEr based on the red” light beam Lr2. Thérefore, the

de SUbsgata smbedded,in the record mark RM can be rgproduced without 5 - ¢

any adverse effect imposed on the tracking control of the objective lens.

i r SIERE {SPARHSIRDN) 2 (SDBRHRRED) (5) tadFartherdn theaforesaid The

first embodiment, a description has been made of a case where the
prabjectiverlens: dlcserving:as anichjeciivedens ihe maewahle leas 58Axmple,

serving as a focus shift unit, the main-data recording signal production
théldekrA@and driving coagrollinin2 servingras-a nmainzdatayrecardingnesit; 1 v
and the embedded signal production
imagined.

Further, in the aforesaid first embodiment, a
description has been.maderof a case where the center line Cge
of the record mark RM is deviated in the focusing direction
from the irradiation line TL. The present invention is not
limited tc this case. The record mark RM may be formed with
the center line Cpe thereof deviated in the tracking direction
that is the radial direction of the optical disk 100.

In this case, sub-data can be reproduced using the blue
tracking error signal STEb, which is produced according teo an
equation (5) below, in the same manner as it is in the aforesaid
empodiment. Even in this case, similarly to the aforesaid
embodiment, the optical disk drive implements tracking control
according to the tracking error signal STEr based on the red
light beam Lr2. Therefore, the sub-data embedded in the record
mark RM can be reproduced without any adverse effect imposed

on the tracking control of the cbjective lens.

STEb = (SDAb+SDDb} - (SDBb+SDCb} {5}
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block 73 and driving control unit 22 serving as a sub-data recording 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. Alternatively, 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 recording apparatus in accordance wijth the present invention.
Furtﬁélrriﬁgﬁé aforéégald #ﬁg?emﬁga’iﬁ?ﬁﬁ}ﬁldes@riﬁﬁgn Hadpeghrent,  a
descritt)ed of.a_case where the laser diode 51 serving ,as a light source

d . !

© Stﬁlélc}ﬁj elc%l\l/eblg r?ssrfl @s%r\%%cgeasogn %bﬁ"’éic?ﬁ%e‘”%%é?t%eh& hgtkc})% gf:ec%cyre&} ens

10 $8ving as asecord mark detection, unit, and,the reproduction §§ﬂtf§é%@i[£ng

80 serving as a deviation detection unit are used to constitute the optica

as disk driye 20 senving as an epticalnformation yeproducing, APPAALUS i g1z 1
The present invention is not limited to this case. Alternatively, the

proebjectiverleps degus shifhunitreerdy arkdetection; unigand-deviation s a
detection unit realized with 65 any other various components may be
ma lusethtoconstitute the; optica) infarnatien sepreddeing=appasatysidduct ion
accordance with the present invention. Further, in the aforesaid first
blaogrsbddinrent, al descrigtiorohas-béemnmadedd ascaseiwheredhe recordingt a
layer 101 serving as a recording layer is used to form the optical
recording unit are used to constitute the optical disk drive
20 serving as an optical information recording apparatus. The
present invention isrmﬁ:limitedixsthis case. Alternatively,
the cbjective lens, focus shift unit, main-data recording unit,
and sub-data recording unit that are realized with any cther
various components may be used to constitute the optical
information recording apparatus in accordance with the present
inventiocn.

Further in the aforesaid £irst embodiment, a description
has been described of a case where the laser diode 51 serving
as a light scurce, the objective lens 40 serving as an objective
lens, the photodetector 63 serving as a record mark detection
unit, and the reprecduction control unit 80 serving as a
deviation detection unit are used to constitute the optical
disk drive 20 serving as an optical information reproducing
apparatus. The present invention is not limited to this case.

Alternatively, the cbiective lens, focus shift unit, record

mark detectionunit, anddeviation detection unit realized with
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disk 100 serving as an optical information recording medium. The present
invention is not limited to this case. The optical recording 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
layer, 104 servjn%las a reflecting layer are used to form the optical disk

anY) §5-8&ving Hs &N SplicA RBmation fotorfing fifsdiur. FR& Prédars the

opti¥Ean, b natlmited to.this ease; Alterpaively. fhe tecordingpyerant
P reﬁecting ayer fealized With other vatious” componerjﬂs may hetisedto

thefoggég%ggtig%;@q@ggqn recording medium in accordance with the
present invention. (2) Second Embodiment Fig. 17 to Fig. 21 show the

second:arRediment, Thesame gferancenumerals.are agsignediio.., o

components corresponding to those of the first embodiment shown in lfig.

desktoibigi 48. rAsiterativerdescription wilkbe wmitted The seeendii66; 1ayer
embodiment is different from the first embodiment in a point that an

10 loptical disk 200 does notincluglelthedeflectingslayer 4 0doand tha poitical
that an optical information recording apparatus 120 dedicated to

disecoidingds used te recardoiriformadtiomandan optivaliaformatiog medium,
reproducing apparatus dedicated to reproduction is used to reproduce

Thepemsaign invention is not limited to this case. The optical

recording medium in accordance with the present invention may

be formed using the recording layer realized with any of other

various compcnents.

Farther, 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 layer 104
serving as a reflecting layer are used to form the optical disk
100 serving as an optical informaticn recording medium. The
present invention is not limited to this case. Alternatively,
the recording layer and reflecting layer realized with other
various componentis may be used to form the optical information
recording medium in accordance with the present invention.

(Z2) Second 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 Fig. 16.

An iterative description will be omitted. The second
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(2-1) Construction of an optical disk The optical disk 200 (not shown) has

a three-layer structure having 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 employed in the first embodiment, the reflecting layer

104, and the lands and grooves in the reflecting layer 104 are not formed.

The thiclélnesse L, 12, and t3.of the recording Jayer. 101 and substrates .
e L Cood 8 e BpFA Gk Z00kA e R T moss ] B2
£na@Plicallisk 100. An jtesative descyiption il be omifted, (22) s ng 1ayer

Configuration of an optical information recording apparatus The optcgcal

104information recording-appagatus, 120, (not shown), isnearlysidgntical.to the,,
optical disk drive 20 (Fig. 6) except a point that it does not include the

apptepseductian contel Uit 8O-and @ peitt that anoptical piskup 126 hasacrd
67 different construction. An iterative description will be omitted. As

infshovert fokigadd, dhe @pticalpickuT 3 260f thenopticat daformadionpparatus
recording apparatus 120 irradiates the blue light beam Lbl to the optical

deddisk 260. More garticitarty] arlaser diode 154 ofdbe ogtical information.

{2-1) Construction of an optical disk

The optical disk 200 (not shown}) has a three-laver
structure having 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 employed in the
first embodiment, the reflecting layer 104, and the lands and
grooves in the reflecting laver 104 are not formed.

The thicknesses tl, t2Z, and t3 of the recording laver
101 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) is nearly identical to the optical disk drive 20 (Fig.
6} except a 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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pickup 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 it to an objective lens 140.
The objective lens 140 concentrates the blue light beam Lbl, and
irradiates it to the optical disk 200. In the optical pickup 126, the objective
lens 140 includes a distance detector that detects a disk distance HA

91 ifAWRRN P B5REHEEAR 140°hd BrnSheiaREsuRte SbBAl Rthel 11 be

%nttlec | disk 200. Assuming that HA denotes a focal length attained when
€ Objective lens 140 concentrates the blue light beam Lbl, Hd denotes

an i%'gdgﬂtow@ﬁeggkegoﬁhﬂaté%% gﬁ%n&ae{r m, Ezfpiq%i%e&%fsfc?e tical

200A to a target mark’position; an enotes a refractive index of the

in Qﬁ}ﬁélcqiék %%@@i;}{@t%ﬁ&gr%@eﬁqg i ng. @8& :oll(t).@s’ m?edig‘fu e light

distance HA is expressed as follows: 68 HA = HX - (Hdxn) (6) In the

be Opticahinfoymationgeearding apparatusy120, when the objective lens 140
is driven in the focusing direction in order to retain the disk distance HA at

a designated:disk «listanae;/HAs designated hased opthesincigeat sptaces
depth Hd of the target mark position, the blue light beam Lbl can
pickup 126 emits the blue light beam Lbl of 405 nm under the
control of the driving contrcl 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
it to an objective lens 140. The obkjective lens 140
concentrates the blue light beam Lbl, and irradiates it to the
optical disk‘ZOO.

In the optical pickup 126, the objective lens 140
includes a distance detector that detects a disk distance HA
between the cohjective lens 140 and an incident surface 2002
of the optical disk 200.

Asgsurming that HA denotes a focal length attained when
the objective lens 140 concentrates the blue light beam Lbl,
Hd denotes an incident surface depth that is a distance from
the incident surface Z200A 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 HR is expressed

as fcllows:
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be irradiated to the target mark position. More patrticularly, the distance
detector produces a distance signal consistent with the disk distance HA,
and feeds it to the signal processor 23. As shown in Fig. 18(E), the signal
processor 23 produces an incident surface displacement signal SCK,
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 control unit 22. When the plus
emb&duéd §inal SAH*Ed minus embedded signal Sm- which are (6)

produced.by the embedded signal production block 73 of the recording
Conifa] L7 S TER I 1 SAe it a5 Theg A R 2o her

therahodiment (Fig, 13); the driving canirel unif 22 supernpgs S&E?é%%%@% in

surface displacement signal SCK, plus embedded signal Sm+, and minus

orfimbedded signal Sm-onsane.anotherse as tgwproduce a facusing diiving

current SFD. Specifically, the driving control unit 22 produces a product

di ya=mukiplying thesingident sudace-displacement 169 sighal SCKdY-a depth
predetermined coefficient. According to a period during which the signal

Hd leveltof ¢he: pluscembedded sighali Sm+ and ninus embaddedsignal Smvan
is High, the predetermined shift current value Am is added to the product.
be FHorexdfple dattaotimbgointt8% twhen theoplas embedded signal Sm+
rises to be High, the shift current value A+m is

More particularly, the distance detector produces a
distance signal consistent with the disk distance HA, and feeds
it to the signal processor 23. As shown in Fig. 18(E), the
signal processor 23 produces an incident surface displacement
signal SCK, 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 control unit 22.

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

Specifically, the driving control unit 22 produces a

product by multiplying the incident surface displacement
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added to the product in order to produce a focusing driving current SFD.
At a time point 32, when the plus embedded signal Sm+ falls to be Low,
the driving control unit 22 ceases addition of the shift current value A+m,
and the product is calculated as the focusing driving current SFD as it is.
At a time point t33, when the minus embedded signal Sm- rises to be
High, the driving control unit 22 produces the focusing driving current
adding the shift current value A-m to the product. At a time point

. SFD b ,
Sl%éaw%&m@fpms@ﬁ?ode%%améiaﬁ% e fafid 19 B8 Low ARG AFviGY to @
control unit 22 ceases .addition of the shift current value A-m, o .
=GR At 1 Prodi 16 THEBatish e Aiv SUTTent GFD R T g™

smdriving gontral %{)é%é%?ﬂssah -fogusing dlgé"@%%‘”%b éfﬁ%%%g‘@%%xgi&'md

actuator 140A. The biaxial acttiator 140A drives thé objec ens to

o £:R0SIln degeadant.ony e fogusing diiving cyjtent SED As a result

when both the plus embedded signal Sm+ and minus embedded signal

Sm- take endhe Lew level, theeptical nfermation eecarding. apRaAIMS dded
120 can retain the disk 70 distance HA at the designated disk distance

s1dhAs, anghcan savarec thesfogugith efithe biueright beaghkbhmithithen . is
irradiation line TL. When either the plus embedded signal Sm+ or the

addriuscembeddedsigral Sm-ds diigh,theropticaldrformédion seécardihgi ving
apparatus 120 drives the objective lens 140 so that the disk

current SFD. At a time point 32, when the plus embedded signal

Sm+ falls tce be Low, the driving contrel unit 22 ceases addition

of the shift current value A+m, and the product is calculated

as the focusing driving current SED as 1t is.

AT a time point £33, when the minus embedded signal Sm-
rises to be High, the driving control unit 22 produces the
focusing driving current SFD by adding the shift current value
A-m to the product. At a time point £34, when the plus embedded
signal Sm~ falls to be Low, the driving control unit 22 ceases
addition of the shift current value A-m, and calculates the
product as the focusing driving current SFD as it is.

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

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 c¢an retain the disk
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distance HA will become different from the designated disk distance HAs
by a distance dependent on the shift current value Am (that is, an
out-of-focus quantity AMc x a refractive index n). Accordingly, the optical
information recording apparatus 120 squares the focus Fb of the blue
light beam Lbl with a target mark position deviated by the out-of-focus
quantity AMc in the focusing direction (plus direction or minus direction)

 f the | iation line TL. A ioned, so far, th tical inf ti
s SRRl e L s Beniored o e gplco pmaton .

recording” apparatus isplaces

the optical.disk hich does not include the.reflecting ,layer 104, . . .
helNg 09, Whigh, does Bot i y
eserSi%galeg rg erence, soasfo grhlﬁ E[?ﬁg%ﬁcusgr-—"bwé“f%t%}ue hh(Jee 3ﬁéﬁta géaar%lon
1 1 rblrand controls the disk distance HA so as to square the focus Fb with a

target mark position. Accordingly, the optical information recording

appagats 120-dees nak ugslﬂklesﬂ@nfﬂféaa@aogiﬂ%eﬁmegweo@eﬁfévmnus
(0]

optical system 30. Eventually, the construction e optical pickup 126 is
emstapbtied 1 ¢h 42-3nConfguiation of the eptical infarmation +reprodueingding

apparatus The optical information reproducing apparatus 130 (not shown)
apps nearly idériicat torthe apticabdiskdrives?2(lérig. B) @xseptapointitbatii sk

does not include the recording control unit 70 and a point that the
disdomstractibhsoflah opticahpickdg ferent from the designated disk

distance HAs by a distance dependent on the shift current value
Atm (that is, an out=-of-focus quantity AMc x a refractive index
n).

Accordingly, the optical information recording
apparatus 120 squares 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 line TL.

As menticned so far, the optical information recording
apparatus 120 displaces the cbjective lens 140 with respect
to the cptical disk 200, which does not include the reflecting
layer 104 serving as a reference, 50 as to shift the focus b
of the blue light beam Lbl, and controls the disk distance HA
80 as to square the focus Fb with a target mark position.

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

the coptical pickup 126 is simplified.
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160 and a reproduction control unit 180 are different. An iterative
description will be omitted. As shown in Fig. 19, the optical pickup 160 of
the optical 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
particularly, the laser diode 161 of the optical pickup 160 emits the blue

Iight&_ Lbl of 405 nm under the contro| of the driving control unit 22, .
2t 150180 116 & CHRRBTor 1ot 162 The ABlimaIor 6FeL162 VR =07

@8 'éGjLJJ; t Gi%g}grpl which includes diverging rays, into parallel rays,
repa route ita oa polaﬁgation beam splitter 163. The polarization beam

splitter 163 4ses therefigcting/transmit '%at&ra%%?at@gﬁ%@ 30 (not

transmit or reflect the blue light beam Lbl according to the deflecting

shofifection, Aeansmjts the-blue light beameLbl that is paclarized light @nder: o .
routes it to a quarter-wave plate 164. 72 The quarter-wave plate 164

¢) erneertsdhedilne lighi beamiddb which is:lineasy: pelarzeddight grientrol.
circularly polarized light, and routes it to an objective lens 165. The

unigbjéettmedensob6s toncentrates doe blitedight beanvEbh rang tidradiates dkup
to the optical disk 200. When the record mark RM is formed near a target

160mairk!l & reproduction contrel unit 180 are different. An

iterative description will be cmitted.

As shown in Fig. 19, the optical pickup 160 of the optical
informaticn reproducing apparatus 130 irradiates the blue
light beam Lbl to the optical disk 2060, and receives the blue
light beam Lb2 that is the blue light beam Lbl reflected from
the optical disk 200.

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

The collimator lens 162 converts the blue light beam Lbl,
which includes diverging rays, into parallel rays, and routes
it to apolarizaticn beam splitter 163, The polarization beam
splitter 163 uses the reflecting/transmitting surface 1635
thereof to transmit or reflect the blue light beam Lbl according
to the deflecting direction, transmits the blue light beam Lbl

that is p-polarized light, and routes it to a quarter-wave plate

le4d.
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position 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 direction is reverse to that of the blue light beam Lbl and which
advances in an opposite direction, to the objective lens 165. Further, the
blue light beam Lb2 is converted into s-polarized light by the
quarter-wave plate 164, and then routed to the polarization beam splitter
163. The polarization beam iplitter 163 reflects the blue light beam Lb2,

which % SIBERHZEd GRS decBrding 15 thé %@I@Eﬁnﬁ%ﬁ&%}%ﬁ thersbt, Peam

Lblandvg%teﬁ itto a Ef)onden_fr lens 1366- The c nd%nﬂser I&r{ 166
a

¢oncentrates the Iluzéef@ﬁ Bedm 1'BZ. An as |§]Lr%at|§m is a‘?‘p%liecdi t%ct%%arly

po1Rlue light beam, Lb2 by a cylindrigal '%Bsaﬂz@?oﬁgs@&%@@l%%a%ﬁ ISrhe

then irradiatéd to a photodetector 169 via a pinhole plate 168. The

objRRatedetectord 69:has the-same LoRstrigtion ag dhe sphotodetectand3 oy g
(Fig. 12) does, produces detection signals SDAb to SDBd in the same

irrRanaeeas the photedetestor 63-does; sandfeeds them to the signal
processor 23 (Fig. 6). 73 The signal processor 23 produces the

repraciuctionrsignat SRE anddituefocusingcertos Signed SFEbtaccoedingnia-

the equations (3) and (4). Supposedly, information is already recorded in
postheioptidal dislke20@ anttheldiesbrd fifark iRV i formeditheteine inelbl is

optical information reproducing apparatus 160 uses the
reflected from the recerd mark RM, and routed as a blue light
beam LbZ2, of which rotating direction is reverse to that of
the blue light beam Lbl and which advances in an opposite
direction, tc the objective lens 165. Further, the blue light
beam LbZ 1is converted into 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 blue
light beam Lb2, which is s-polarized light, according to the
deflecting direction thereof, and routes it to a condenser lens
166. The condenser lens 166 concentrates the blue light beam
LpZ. An astigmatism is applied to the.blue light keam LbZ by
a cylindrical lens 167. The blue light beam Lb2 is then
irradiated to a photodetector 169 via a pinhole plate 168,

The photodetector 169 has the same construction as the
photodetector €3 (Fig. 12) dees, produces detection signals

SDAb to SDBd in the same manner as the photodetector 63 does,

and feeds them to the signal processor 23 (Fig. &).
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reflected light beam Lb2, which is the blue light beam Lbl reflected from

the record mark RM, to implement focusing control in the objective lens

165. More patrticularly, the signal processor 23 of the optical information

reproducing apparatus 130 feeds, as shown in Fig. 20, the reproduction

signal SRF (Fig. 21(B)) to each of the reproductive clock production block

81 and main-data information reproduction block included in a

reproduction control unit 180, and feeds the blue focusing error signal

SFEDb™fo &19aHt-pass fiterBibck 183  FHe fraintGatEmfctimitionon signal

eproduction block 82 produces a reproductive binary-coded signal SRO
SR R D10 I SteiAg P ihing- S gL Ch with S i e o=

- qurggg%dnusctl\(gl)clock %Ciﬁrtéflg. 21(C)) fed from the reproductive clock

production ocﬁ% € same manner as that included in the first

embediment. Fuuher.,the mainsdalg infaymatjon, reproductiop Hlack 82 .

produces the reproductive main-data information Ra on the basis of the

optepEoductive bimary-coded: signal. andfegds it taihe systemcontrollergl,,
74 When the blue focusing error signal SFEDb (Fig. 21(E)) is fed to the

Thebaishk-passl filter bloek-183; the-band-pass diier: plogk d83pertrmsses the
filtering processing on the blue focusing error signal SFEb in a

re ffredeteiminerhfrequency tiahd. As acresult, tiesblue fecusingherraresignalo 1

SFEDb is, as shown in Figs. 21(F) and (G), separated into a
refHighfreguémcybande record mark RM, to implement focusing
contrel in the cbhijective 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(B}) to each of the
repreductive clock production block 81 and main-data
information reproduction bklock 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 reproductionblock 82 produces
a reproductive binary-coded signal SRO (Fig. 21(D)) while
squaring the timing of production with the timing of the
reproductive clock CLr (Fig. 21(C)) fed from the reproductive
clock production bleock 81 in the same manner as that included
in the first embodiment. Further, the main-data information
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.

74



focusing signal SFEbH having a relatively high frequency and a
low-frequency band focusing signal SFEbL having a relatively low
frequency. When the objective lens 165 is made stationary, 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 the

optical disk 200.,A deviation of the focus Fb from the rd mark R
T o K e STars Chisg by'a Gioon IR ophir aik (21

derive om a sur ical dis

15 204 %aggoyl%lggggpgigg dyring meuynting %éﬁﬁer%ﬁ‘earﬁ%eé&@d?é"gsaﬁ% ter

frequency at intervals of a cycle dependent on the rotation of the optica

p1cdigk 208. As described previpusly, in.theontical disk 200. 6aghreqord ¢ 1 n

mark RM is formed hile being deviated in the focusing direction from the

erriadiafiondinesied hus, subcatads .embeaddeds Therefate, thardeviatign o
of the focus Fb from the record mark RM derived from the sub-data is

resmanifested asiaigh freguancy:in-assaciation widreach eecosd matkRMin
75 Therefore, the high-frequency band focusing signal SFEbH that is a

Figmigh-freqieneydonigonent epthe:lilae facusingaerior cgigfalSkEmcy band
represents sub-data. The low-frequency band focusing signal SFEbL that

focgsilow-freguéncy Esmpohearitoithe bluefotusihy eriarsigna SRElsy and
represents the out-of-focus quantity of the focus Fb from the irradiation

a lgHe fyequency band focusing signal SFEbL having a relatively

low freguency.

When the objective lens 165 is made stationary, 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 the optical disk 200.

Adeviation of 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 cptical disk 200.

BRs described previously, in the optical disk 200, =ach
record mark RM is formed hile being deviated in the focusing
direction from the irradiation line TL. Thus, sub-data is
embedded. Therafore, 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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The band-pass filter block 183 (Fig. 20) feeds the high-frequency
focusing signal SFEbH to the sub-data information reproduction block
184, and feeds the low-frequency band focusing signal SFEbL to the
driving control unit 22. The sub-data information reproduction block 184
performs various kinds of pieces of signal processing on the
high-frequency band focusing signal SFEbH in the same manner as that

of the first embodiment.dpes, thus produces the . reproductive sub-data _

forSTER B Sind 18e S S SRR, EamFb e S rHb reney CEobs

control.unit 22 p, o% ces a.focusi riving_current SFD_ on the basis of
SRR s B e o S i i A

s1 AEYAAEEEPA JJUS ¢ ha. driving control unit 22 drives, Ihe phieclive lens, 4

165 so that although the record mark RM is deviated from the irradiation

fodingiHy theblde lightbeam Lbl canbe drradiated 1o, the radiatinnling flene

As mentioned above, the optical information reproducing 76 apparatus
bluB3separates thedlue focusiig enensigeghSkEh dptocthe cut-of-focus

high-frequency band focusing signal SFEbH that is a high-frequency
guasconpgnent andghé daw-dreguenceyband focusingd SighabSFEbh ¢hattis a

low-frequency component. The optical information production apparatus

130 proglubes:thed asproductive suls-tatkinfo¥matictiRb on @he Basisief the
hiég?frequency focusing signal SFEbH to thé sub-data
information reproduction block 184, and fTeeds the
low~frequency band focusing signal SFEbL to the driving control
unit 22.

The sub~data information reproductionblock 184 performs
varicus kinds of pileces o0of signal processing on the
high—-fregquency band focusing signal SFERH in the same manner
as that of the first embodiment does, thus produces the
reproductive sub~data informaticn Rb, and feeds it to the
system controiler 21.

The driving control unit 22 produces a focusing driving
current SFD on the basis of the low—freguency band focusing
signal 3FEbL, and feeds it to the biaxial actuator 165A. Thus,
the driving control unit 22 drives the cbhiective lens 185 so
that although the record mark RM is deviated from the
irradiation line TL, the blue light beam Lbl can be irradiated

to the irradiation line TL.

As menticned above, the optical information reproducing
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high-frequency band focusing signal SFEbH, and implements focusing
control in the objective lens 165 on the basis of the low-frequency band
focusing signal SFEbL. Accordingly, the optical information reproducing
apparatus 130 can reproduce sub-data embedded in the record mark RM
without inclusion of the servo optical system 30 and distance detector,
and can thus have the configuration thereof simplified. The optical
information reproducing apparatus 130 drives the objective lens 165.0n _
204G DGR of e TWAF ey Band EuLHG ol SHENL pdufiead by7Es
. .remaoving the high-frequency. compenent based on sub- from the blue
O Gtting eitar Sgral 'SEER, Rnd cah Tadiate e Blae gt beam Tl o~ °
hi gtﬁe f'F@g!?é&?@J' %%bo@é%ugwﬁ t@ﬁé:’ @%LIP% H!?é&?@g%%{%“%&@u sing
apparatus 130 can vary the blue focusing error signhal SFEb according to

=1 dhe subrdata. (2:4) Actiops ang-advantage-Accordingto,the foragoing, + 5 ¢a1

constitution, the optical information recording apparatus 120 detects the
infhiskdistance 78 HAbetween thesehjgetivedens 140@nd thedacidert  +he
surface 200A of the optical disk 200 serving as an optical information
regeconding medisint; afwitthus deteetsathe selatite pasitional lefatiopship the
between the objective lens 140 and optical disk 200. The optical
hidgnfofmatios recordingapparatusi 120 drivesa theSShijgdtive dens 1dcseasnts
to control the disk distance HA,
focusing control in the cbijective lens 165 on the basis of the
low-frequency band fcocusing signal SFEDbL,.

Accordingly, the optical information reproducing
apparatus 130 can reproduce sub-data embedded in the record
mark RM without inclusion of the servo optical system 30 and
distance detector, and can thus have the configuration thereof
simplified.

The optical information reproducing apparatus 130 drives
the cbjective lens 165 on the basis of the low-freguency band
focusing signal SFEbL produced by removing the high-frequency
component based on sub-data from the blue focusing error signal
SFEb, and can irradiate the blue light beam 1bl to the
irradiation line TL. 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 to the foregeoing constitution, the optical

information recording apparatus 120 detects the disk distance
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and thus shifts the focus Fb of the blue light beam Lbl to a target depth.
Accordingly, in the optical information recording apparatus 120, a
distance detector that detects the disk distance HA should merely be
substituted for the servo optical system 30, and numerous 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

AR HRVEE e o Aising Gite&ioR it ot der 3B LHiIR theT6caSRb SiHthé Bife 200

light beam Lbl..Thus, in optical information recordén apparatus 120,
o oike PSSP Atk the 201 I otabiE oG SEA AR Aot B = 1207

zed'i%%'&l%% 108 copfiguration of, the i&E‘.Jaié'fQ{E@“%I%%%Qﬁggégg%rz‘?‘é%sal

20 can be simplified. Further, in the optical information reprodtcing

re 1BPPAGRINE 130, the,bigctive '%ﬁg%@%wivleéhig the fogusing, directioning
order to shift the focus Fb of the blue light beam Lbl, and the blue

20 docusing esparisignaliSirek fepresanting an (48 guiphiocus auantity isri ves
separated into the high-frequency band focusing signal SFEbH, which is

thea bighefrequencyecompanent, asdibedowfreguency hansifogusing signaln ,
SFEbL thatis a low frequency component. In the optical information

andeproduciiy. dpparaes £30usubrbatafistreproduced biaged drethe Lbl to a
high-frequency band focusing signal SFEbH, and the objective

target depth.

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

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

Further, 1in the optical information reproducing
apparatus 130, the objective lens 165 is driven in the focusing

direction in order to shift the focus Fb of the blue light beam

Lbl, and the blue focusing error signal SFEb representing an
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lens is driven based on the low-frequency band focusing signal SFEbL.
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 16S is subjected to focusing control so
that_ the blue Iiggt beam Lb] will be irradiated to the irradiation line TL. In

OUGhe bpticaiRforiatidn Fetotding Bppartas 126 Quing infdiation® Iuency
ding. ing, t d RM _is f ith th ter li
o AT S 15 T8 ook hScRah Hore he Atk om T REP

3
ereo n bclising direction ffom

andl heteafier,, the pext.record mark RMLis formed yi atﬁegﬁg C"egac{rf‘is a

thereof displaced with réespect to the position of the deviat enter line.

1owAacardinglyip the aptisaldnformation fecarding apparatus 120, 8- 1 on

record mark RM next to the record mark RM 79 recorded while being
repdeviated frgmghe irsadiationdinestk cantbeirecpegad an theyinadiation: the

line TL or while being deviated in a reverse direction. The record mark
hiRMfeeorndedavhite: heinfp deviated frognthe ispdistiording Thavilmotbeive

continuously formed, but the record mark RM can be intermittently
Lerdeviated frorn the deadiatiombne - frequency band focusing signal

SFEbL.

Accoxdingly, 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 information recording apparatus 120,
during information recording processing, the record mark RM
is formed with the center line Cyc thereof deviated in the
focusing direction from the irradiation line TL. Thereafter,
thenextxecordn@rkl%disformedwithiﬁmacenterline(&cfbereof
displaced with respect to the position of the deviated center
line.

Accordingly, in the optical dinformation recording

apparatus 120, the record mark RM next to the record mark RM

79



Accordingly, the optical 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 information reproducing
apparatus 130, to a high frequency, and can separate the blue focusing
error signal SFEbH into the high-frequency focusing signal SFEbH and
low-frequency band focusing signal SFEbL using the band-pass filter

e hIbER 185 AtEording TothRE ¥6reyding Wnstitationt fife" Gptical intditatiofan

recordi pparatus 120 drives the abjective lens 140 on the basis of the
oo e SooRnel foabORSHE heheen e Boteal B BCFams chrece=

in éﬁgeé\i‘e??s S’Eﬂi@géti{riﬁqiate?ﬁgex@% )9 E‘&abj?é”ﬁnk?Eté?oalé%e@%k?f?téhbeing

refore, the optical information recording apparatus 120 does no

devEQHirg an-opticalpart that receives light for servo.control, .and can have,,

the configuration thereof simplified. The optical information reproducing

foraRRarais- 180 drivesothe abjective lens 168 qnthe hasis ehthebluedight 4
beam Lb2, 80 and thus irradiates the blue light beam Lbl to a target

f r cgtepthe Therefare; covpared withia case where light for servo control is
used separately, the optical information reproducing apparatus 130 does
not requive dpticalparts thiat irradiatel o Yeceive floe tightifonserececanttblng
and can have the configuration thereof simplified.

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 information reproducing
apparatus 130, to a high frequency, and can separate the blue
focusing error signal SFEbH into the high-frequency focusing
signal SFEDH and low-frequency band focusing signal SFEbL using

the band-pass filter block 183.

According to the foregeing constitution, the optical
information recording apparatus 120 drives the objective lens
140 on the basis of the relative positional relationship
between the cptical 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 servo control,
and can have the configuration thereof simplified.

The optical information reproducing apparatus 130 drives

the objective lens 165 on the basis of the blue light beam Lb2,
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(2-5) Other Embodiments In the aforesaid 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. For example, a sensor that measures
the disk distance HA may be disposed in a stage on which the optical

disk 200 is pl ce%ori he, spindle.motor 24. A target mark position nee
2 CTHE detbioihed DasEdon IHG GAR AEE HA For eRarple bana "

TheS&I¥Q FecOrd mark for servo contral is, formed ﬂ@%vca%efi% optical; o1

disk 200, the servo record mark may be used to implement focusing

is cqalal. IQ?JQ%%/QO”HBEm%@% implemented by iyadiating 4 SarYo: ng

light beam for servo control to the already recorded record mark RM. In

appiheafaresaichsecansd embodisaent-a desenrption has-beeprnade efadiate
case where the optical information reproducing apparatus 130

or implements foeusinggtontrobin the: ebjectiverlens 181 kehiorncthe hasisof-he
the blue focusing error signal SFEb. The present invention is not limited

contbithisreaser For brample, simglady tethe optical information recording
apparatus 120, the disk distance HA measured by a distance detector
may e tsed b fiplerierd e fdetising control. Further, in the aforesaid

second embodiment, a .
In the afcoresaid 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 inventionis not limited tothis case. Forexample,
a4 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 motor 24.

A target mark position need not be determined based on
the disk distance HA, ¥or example, when a servo record mark
for servo control is formed in advance in the optical disk 200,
the servo recordmarkmay be used to implement focusing control.
The focusing control may be implemented by irradiating a servo
light beam for servo control to the already recorded record
mark RM.

In the aforesaild seccnd 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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description has been made of a case where the low-frequency band
focusing signal SFEDL is used to implement focusing control in the
objective lens 165. The present invention is not limited to this case. For
example, when the amplitude of a high-frequency component of the blue
focusing error signal SFED representing sub-data is relatively small, the
blue focusing error signal SFEb may be used as it is. In this case, the

high-frequency. focusing signal SFEbH is fully amplified .in order to
L6 o 8o RS St a B A SIS ot B Eraeeh O MER: anT®
pre%oeqjllg di%%@%oorfl tr:]L% prtl%scerlt:ﬂnvietnet@ntvgm.tg%, geg %(rslke)aed bfloorw eta) ¥ ample,
presenting a concrete example. Eor conveénience' sake, the reference

sirflumerals employed in the ;optical disk 100,and optigal disk drive 2010 4 54

accordance with the first embodiment will be used to make a description.

theHaweyer the saecendiembedimentcan algso heapplied. BebeCOBY: may be

prevention system As shown in Fig. 22 (A) , in a copy prevention system

us el omatipdatassuchaswvidee dateer musiefata is recorded in the 82
optical disk 100 in the form of the record marl RM. In the copy prevention

system:21te a,disk identification Code £D csignifyingitat trerapticakdisk 2
100 is an authentic optical disk 100 is modulated according to a
de ggredetermindt metitsd; ameld eecofded assubwiatadn tHesfolmmoffarequency
modulated identification code EDr. The modulated identification code EDr
bang (dcorded ne signal SFEbL is used to implement focusing
control in the objective lens 165. The present invention is
not limited to this case. For example, when the amplitude of
a high-frequency component of the blue focusing error signal
SFEb representing sub-data i1s relatively small, the blue
focusing error signal SFEb may be used as it is. In this case,
the high-frequency focusing signal SFEbH is fully amplified
in order to reproduce the sub-data.
(3) Application of the present invention
Next, an applied example of the present invention will
be described below by presenting a concrete example. For
convenlience' sake, the reference numerals employed in the
optical disk 100 and optical disk drive 20 in accordance with
the first embodiment will be used to make a description.
However, the second embodiment can also be applied.
{3-1) Copy prevention system

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

main data such as video data or music data is recorded in the
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in, for example, a table-of-contents (EOC) 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
optical 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 has been legitimately

 fabricated, an produces main data_recorded in the optical disk 100. In
Optclcgznafrias ,lass%sgo{gv%n f’nnFi%%EZ Mt tf?éf rr%gla%laligg Olagnﬁ%c}é 'oﬁ%bdeI@DFhe

cop?arrl%&'éeﬂpgﬁ%e.t%m tgg/ preteir%al éji%( adqg th es(fI(iSkw gerqggg%ﬁ% C%zgr? Ec%d ED

ot be reproduced, the optical disk drive 20 deci e optica

s1cHisk }fllzaﬁfl raydulent,optical disk, 100X sueh as asa-called puated disk, ; 41

whic egally duplicated, but is not an authentic optical disk, and does

d1 shot reproducedmaindatafrom the fraudulent .apticakdisk 109X dr they, ang

optical disk 100, since the out-of-focus quantity AMc is set to a small
rec@idedhesoptieal ghskadiiver2(: tatr 83oreconds dhe krcosdimarkeRMiiSa i on
requested to implement precise focusing control, and can discourage a
codiirdiparty from riabricaingdhedraudufent optical disic0@Xrinthis ease;ded
in the optical disk 100, preferably, the disk identification code ED is
in,mddetatetikacoolding o thes pledetérmipet endthod @itClecdrded s the an

modulated
innermost circumference by deviating the record mark RM from

the irradiation line TL in the focusing direction.

If the cptical disk drive 20 that reproduces the optical
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 has been legitimately fabricated, and reproduces main data
recorded in the optical disk 100,

In contrast, as shown in Fig. 22(B), 1if the modulated
identification code EDr is not recorded in the optical disk
and the disk identificaticn 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 dupliicated, but is not an authentic optical
disk, and does not reproduce main data from the fraudulent
optical disk 10CX.

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

AMc is set to a small value, the coptical disk drive 20 that
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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 to modulate the disk identification
code ED according to the same method as the method adopted by the
optical disk 100. As a result, the optical disk 100 further discourages the
third party from recording the modulated identification code EDr. As for

the modulating method, refer to the patent document 1 or the like. _
e cS3EiGy, T Copy preVEtion oyStaHT 2160  FrodeRd o RibricaERg - °

the fraudulent optical disk, 100X that. is reproducible can.be made very
focs T
EOCS TS S Caret Sal of e (FAUMUIHE SOUCEr ik TOCK by (RS pary’ =°"

£axGALAe subsiantially prevented. As.anqther copypreyegtion system 211

(not shown) , main data may be encrypted and recorded in the form of the

reCO'i‘%_ reark-RM and spacerand key infermatian RBEESSARE tQ.deery Rt the
the main data may be recorded as sub-data. In this case, both the main

didata and sub:data are recesdedmall auer thesepticat B4disk 100 urther,the

as sub-data, data necessary to select or decode key information may be
praécarsed] nedny afavatiots datadtemss neeessary fasdecryption mayjtleted

recorded. (3-2) Other applied example Further, the present invention may
iddgé:aijpltgdttﬁgcany:ode 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 to mecdulate the disk identification code ED
according to the same method as the method adopted by the
optical disk 100. As a result, the optical disk 100 further
ciscourages the third party from recording the modulated
identification code EDr. As for the modulating method, refer
to the patent document 1 or the like.

Specifically, 1in the copy preventicn system 210, a
process of fabricating the fraudulent optical disk 100X that
is reproducible can ke made very hard toc do, and sale of the
frauvdulent optical disk 100X by 2 third party can be
substantially prevented.

As another copy prevention system 211 (not shown), main
data may be encrypted and recorded in the form of the record
mark RM and space, and key information necessary to decrypt

the main data may be recorded as sub~data. 1In this case, both

the main data and sub=~data are recorded all over the optical
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system other than the copy prevention system. For example, address

information 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 obviates the necessity of recording the address

disigf%rq@tion as main data. Therefore, the recording capacity of the optical

is 0 can be improved. Incidentally, subordinately generated

B, 251 ST oL e (Lo

ata. Industrial ity The

keyPigSENLVention.can be applied to.gptical disk, drives that recordor ; + opng

reproduce a large amount of information, for example, a video content or

necanR 3Hdip contente-Qrframnafecordingmedivarstich as an optical disk.
85 Claims 1. An optical information recording apparatus comprising: an

objectiverlensihat:coneentratesdrtormaton light and irradiates it to an

optical information recording medium in which information is recorded in

the fBrmtdferrecotemare byritradiatieg thiecnforamatior lighty Wikeh iso any

emitted from a light source and has an intensity equal to or larger than
system otheaer than the copy prevention system.

For example, address information 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 ¢f 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 data. Therefore, the
recording capacity of the optical disk 100 can be improved.

Incidentally, subordinately generated information such

as the reproductive frequency of data or the copyving freguency

may be recerded as sub-data.

Industrial Applicability

The present invention 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.
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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 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 controls the light source
according to information based ghle rgain data, and thus forms the
record mark along a virtual irradia ion line in the optical information
recording medium; and a sub-data recording unit that shifts the target
depth in the focusing direction according to information based on the

sub-gdata, angl,thus,forms.the record mark with the ceptey: thereof deviaied; s
in the focusing direction from the irradiation 86 line. 2. The optica

comipformatign recording apparatus according to Claim 1, further comprising
an objective lens drive unit that drives the objective lens, wherein: the
objeativerleins concentrates senwa lightrfoetocusing scaniral rthetobjectiveght
lens drive unit drives the objective lens so that the servo light will be
andfocused oatereflecting layerbiclyded imthe opticakbinfarenatiotiiregording. um
medium; and
in which information is recorded in the form of a record mark
by irradiating the information light, which is emitted from
a light scurce and has an intensity equal to or larger than
a predetermined intensity, To tThe optical informaticn
racording medium;

a focus shift unit that shifts the focus of the
information light in & focusing direction in which the
cbiective lens recedes from or approaches to the optical
information recording medium, and thtus shifts the focus of the
information light to a target depth To which the information
light should be irradiated;

amain-data recordingunit that controls the light source
according to informaticn based on the main data, and thus forms
the recordmark along a virtual irradiation line in the optical
information recording medium; and

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

the sub-data, and thus forms the record mark with the center

thereof deviated in the focusingdirection fromthe irradiation
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the focus shift unit separates the focus 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 to Claim 2, wherein: the sub-data recording unit
forms each record mark with the center of the record mark deviated in the

j“nfé)cusing direction from the irradiation line. 4. The optical information
recording apparatus according to Claim 3, wherein after the sub-data
recording unit forms a record mark with the center of the record mark
deviated 87 in the focusing direction from the irradiation line, the

sub-data recardingapit-foms the, agxtrecerdmarkwith e, centerof the .

next record mark displaced with respect to the position of the deviated
acceanter . The optical inforrpation eecording apparaius raceerding to;Claimn 5
1, wherein the focus shift unit is a spherical aberration generation means
drithat appliesta sphericalsaberkationtio dhe infermation, lightt.<f: <lihe: optical
information recording apparatus according to Claim 5, wherein the focus
shiftiundt iska movablke lens disposedtambrg diverging tays:-of convergingng
rays.l7. The optical information recording apparatus
control;

the cbjective lens 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 light from the focus of the servo light by an
arbitrary distance, and thus sqguares the focus of the
infermaticn light with the target depth to which the

informaticn light sheould be irradiated.

3. The optical information reccrding apparatus
according to Claim 2, wherein:

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

from the irradiation line.

4. The optical information recording apparatus
according to Claim 3, wherein after the sub-data recording unit

forms a recordmark with the center of the record mark deviated
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according to Claim 5, wherein the focus shift unit is a phase modulation
element that changes the phase of the information light. 8. The optical
information recording apparatus according to Claim 1, wherein the focus
shift unit is an objective lens movement unit that drives the objective lens
in the focusing direction. 9. The optical information recording apparatus
88 according to Claim 1, further comprising a distance detector that

i, Ulerisadiskdistance bewesn the objeclive lens and the opiical
information reco%llng mediun, wherein: the Tocus Shift anit controls fie

supdigk distance sq,as fo shift t*}%@&ystq{éh%@mgé@&@%é%mtﬁ%eghe
d tho

epth. 10. An optical information recording me comprising: a recor

cerfak forming step.ef, whenforming atecordmark along ayituals +, tne

irradiation line in an optical information recording medium by irradiating

posnformatien light: which st emnitted, frem 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 is

emitted from the light source and has an intensity equal to or larger than

a predetermifiegl intevisity zdccotding tozinformatior based og mapmata,t us

shifting the focus of the information light in a focusing direction according
acgprding to Claim 1, wherein the focus shift unit is a
spherical aberraticn generationmeans that applies a spherical

aberration to the information light.

6. The optical information recording apparatus
according to Claim 5, wherein the focus shift unit is a movable

lens disposed among diverging rays or converging rays.

7. The optical information recording apparatus
according to Claim 5, wherein the focus shift unit is a phase
medulation element that changes the phase of the information

light.

8. The o¢ptical information reccrding apparatus
according to Claim 1, wherein the focus shift unit is an
objective lens movemeni unit that drives the objective lens

in the focusing direction.

9. The optical information recording apparatus

88



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. 11. An optical information reproducing apparatus
comprising: a light source that emits information light; 89 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 rabse?ce Lof a record mark formed along a virtual

ACG A iEN8n in& Tt opticalinfofmatSRrEcotding Meditin DR thebasRetoT

ena¥ adsfiocied lotpepmithat 5, 0e inigrmatin lalt [gfiected flom ihe. g
optical information recording medium; and a deviation detsction unit that

choleteets dhe presence or s absence pf & devigtion of the cepter of the record

mark from the irradiation line in the focuSing direction, in which the

objegtive leps recedes from.or appreachesdo the optical iRfarmation so as
recording medium, on the basis of the reflected light beam. 12. The

to eptieal infermation regording: agpaialisi @ECOidiRg toClaim 44 rwhergitbth .
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. An  optical information recording method
comprising:

a record mark forming step of, when forming a record mark
aleng a virtual irradiation line in an optical infeormation
recording medium by irradiating information light, which is
emitted from a light scurce, to the optical information
recording medium, in which information is 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 cor larger than a predetermined intensity, according to
informaticon based on main data, shifting the focus of the
information light 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

directicn from the irradiaticn line.

11. An optical information reproducing apparatus
comprising:

a light source that emits information light:
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13. The optical information recording apparatus according to Claim 11,
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 90 deviation of the next record mark that is formed with the
center thereof displaced with respect to the position of the deviated

center. 14. The optical information reproducing apparatus according to
Claim 11 furtheﬁr comp{|5|nsq ohjective IensjC drlve unlt that drl%es thet
obJecltnve ens, and a focus shift tnit thz r%sﬁ?tsliﬁe?ocus oeft ormaticn

11 gffformation light n the, f ‘E.“S&%q direglion, whereip, Et‘w?moabé?f%tﬁ’e 808 rqing

concentrates servo lig t or focusing control; the o Jectlve ns drive unit
neddrives 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 shifuni sepakates thesfocus of the daformation dight fropytheence

focus of the servo light by an arbitrary distance, and thus squares the
or #ecusefdher iafaraation light with arttarget depth dowhieh fie infesmation on
light should be irradiated. 15. The optical information reproducing
lingpparatus apcarding torClammalili furtherccomiprising eahicbjective tendasis
drive unit that drives the objective lens, wherein:
of a reflected l1ight beam that is the information light
reflected from the optical information recording medium; and
a deviation detection unit that detects the presence ox
absence of a deviation ¢f the center of the record mark from
the irradiation line in the focusing direction, in which the
ocbjective lens recedes from or approaches to the optical

information recording medium, on the basis of the reflected

light beamn.

12, The optical information recording apparatus
according to Claim 11, wherein the deviation detection unit
detects the presence or absence of & deviation of the center
of each record mark in the focusing direction from the

irradiaticon line.

13. The optical informatiorn recording apparatus
according to Claim 11, 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
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a sub-data production unit separates an out-of-focus quantity into a
high-frequency component and a low-frequency 91 component, and
produces sub-data on the basis of the high-frequency component; and
the objective lens drive unit drives the objective lens on the basis of the
low-frequency component. 16. An optical information reproducing method
comprising: a light receiving step of receiving a reflected light beam that

ded%é‘%?&%@?%%féor%;%t“%h%tcsg%&cx%gaé‘ﬂE ﬂa%%% Ormed ‘%&t@‘?‘t e center
Information recordlng medium; and a detec Ing step of detecting the

theESENGE QL ADSENCE; ot asecqid mark anthe hasis of ihe pellecteglight . o 4

beam, and™ detecting the presence or absence of a deviation of the center
cer@fdhe record mark from an irradiation line in a focusing direction, in which
an objective lens recedes from or approaches to the optical information
recording medium, on the basis of the reflected light beam. 17. An optical
information recording medium comprising: a recording layer in which
mairiidata isTeeorded iaccdrdingfiothe presence:pralbsencexmf apecardtus
mark formed with irradiation of information light, sub-data is recorded by
acdondingaheaeComiimaik withi the center ofitheirecon mark desddtéden dens
focusing direction parallel to the light axis
drive unit that drives the cbiective lens, and a focus shift
unit that shifts the focus of the information light in the
focusing direction, wherein:
the objective lens concentrates servo light for focusing
control;
the cbjective lens drive unit drives the objective lens
go that the servoe 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 light from the focus of the serve light by an
arbitrary distance, and thus sguares the focus of the

information light with a target depth to which the informatiocn

light should be irradiated.

15, The optical information reproducing apparatus
according to Claim 11, further comprising an objective lens
drive unit that drives the objective lens, wherein:

a subwﬁata production unit separates an out-ci-focus

guantity into a high~frequency component and a low-freguency
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92 of the information light, and the irradiated information light is
modulated by the record mark. 18. The optical information recording
medium according to Claim 17, further comprising a reflecting layer that
reflects at least part of servo light irradiated for positional control. 19. The
optical information recording medium according to Claim 17, wherein
positional information is recorded in the reflecting layer with irregularities

....orapit. 20. An optical information recording apparatus comprising: an
”Omgﬁrelgtrﬁv%’len%q at gér?cge%%rea?es ﬁ]lflogrm%ati‘é%ﬁg it artfg1 gervoalisgﬁ forsenve -

ni g%o_rgrlpé %leilré ig&e@tggg}lt@;a}rhrggtical information recording medium in

which information is recorded in the form of a record mark by irradiating

the infarmafen-lighte which isiemified, from g lightsource ang Hasia 1ens

intensity equal to or larger than a predetermined intensity, to the optical

on igfaEmatien seeardingemedinnt Ak phjactivedeng drive wnit 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; 93 a focus shift unit that separates the
focug 6f the ifformationilight fronmthefoeds. ofthe sepuoclight bycan method

comprising:

a light recelving step of receiving a reflected light
beam that is light emitted from a light scurce and reflected
from an optical information recorxding medium; and

a detecting step of detecting the presence or absence
of a record mark on the basis of the reflected 1ight beam, and
detecting the presence or absence of a deviation of the center
of the record mark from an ilrradiation iine 1in a focusing
direction, in which an c¢bjective lens recedes from or
approaches to the optical information recording medium, on the

basis of the reflected light beam.

17. An optical information recording medium
comprising:

a recording layer in which main data is zreccrded
according to the presence or absence of a record mark formed
with irradiation of informaticn 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
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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 servo light, and squares the
focus of the information light with 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 the optical information recording

o ety contoing. e ioht squrce. according lo iformaton fased o1

main data; and a sub-data recording unit't viates the center of the

i t}ggg[gl@@élgfrgy the drradiatjon ling py shifting the target depth in the

focusing direction according to information based on sub-data. 21. An
optical information reproducing apparatus comprising: an objective lens
that concentrates information light for information reproduction and servo

light f@r.serve<onttalcand iashiates them; anobjEctiyelens efiviedstit-ding
that drives the objective lens so that the servo light will be focused on a
teo réflecting 1ayer Whichnis fornmeddn anioptical inferfiationirecordiage®4 that
medium and reflects at least part of the servo light; a focus shift unit that
refseparatestie focus et the frfemnation dight fronethiesfoedsiof thecserig onal

light by an
control.

19. The optical information recording medium according
to Claim 17, wherein positional information is recorded in the

reflecting layer with irregularities or a pit.

20. An optical information recording apparatus
comprising:

an objective lens that concentrates infermation light
and servo light for serveo control and irradiates them to an
optical information recording medium in which information is
recorded in the form of a reccrd mark by irradiating the
information light, which is emitted from a light source and
has an intensity egqual to or larger than a predetermined
intensity, to the cptical information recording medium;

an objective lens drive unit that drives the cbijective
lens so that the servo light will be focused on a reflecting
layer which is formed in the cptical information recording

medium and reflects at least part of the servo light;
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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 servo 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 along a virtual

irradiation line in_the aptical information recording medium, on the basis
o o R LSRNk e TS che

inf%‘?ctiﬁéjcifé‘?{”‘.?{@ﬂ{e%o{g}ﬁ'gﬂﬂédi!é%‘é@é“%aﬁdet‘ﬁ%tioé‘e‘}?}‘édﬂﬂa‘%{@t hat o,

detects the presence or absence of a deviation of the center of the record

arghadeiom theduadiationling irthe focusingidirection, in whigh thei cn  the
objective lens recedes from or approaches to the optical information

ob-jreeertirg medisims opthe Hasis of thedeflected: dight eam. 22, An optica)= 1
information recording medium comprising: a recording layer in which

infivainsdatans reearded with @5dherpresence onahsence of Agecorthmatkal
formed along a virtual irradiation line, sub-data is recorded by forming the

aberecerth arark Withhthesserter ofithb tecerddnarkdeviatedfronitlgis of the

irradiation line, and the irradiated information light is
informaticn light with a target depth to which the information

iight should be irradiated;

amain-data recording unit that forms a reccrdmark along
avirtual irradiation line in the optical information recording
medium by controlling the light source according to information
based on main data; and

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

on sub-data.

21. An optical Information reproducing apparatus
comprising:

an objective lens that concentrates infeormaticon 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 servo light will be focused on a reflecting

layer which is formed in an optical information recording



modulated by the record mark; and a reflecting layer that reflects at least
part of servo light irradiated in order to square the position of the
information light in the recording layer with an arbitrary position. 96
Description of Reference Numerals 20: optical disk drive, 21: system
controller, 22: driving control unit, 26, 126, 160: optical pickup, 30: servo
optical system, 31, 51, 151, 161: laser diode, 34, 54, 163: polarization

eam splitter, 37: dichroic prism, 36, 57. quajter-wave plate, 40: objective
e G A0 LS SR B 4TS PRt B Al mekioA botical

system, 62. pinhale plate, 70: recording control unit, 71: recording clock

et ek T3 ottt e Cana e cton o 737 the

1 RRedded signal production black 80, 180;, seproduclion,control yait, 81:

reproductive clock production block, 82: main-data information

ardepreduction bleck &3, 184: -sub.dafa informatiopsepraduction blegksh  the
183: band-pass filter block, Lbl, Lb2: blue light beam, Lrl, Lr2: red light

obear, 400 200Q; optieal chsk, 490X framdluleat-eptical diskml1dkisecordinga
layer, 102, 103: substrate, 104: reflecting layer, SRF: reproduction signal,

in Sk redfocusingerntan signal Skkp: biye fatusing. eryor signals SkEEbH: 21

high-frequency band focusing signal, SFEbL.: low-frequency band
abdgeusingsignél, Tike irsadiation. Mg, IRMargtosdinsarks the focus of the
information light with a target depth to which the informaticn
light should be irradiated;

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

light beam.

22. An optical information recording medium
comprising:

a recording laver in which main data is recorded with

[Xs)
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the presence or absence of a record mark formed along a virtual
~irradiation line, sub-data is recorded by forming the record
mark with the center ¢f the record mark deviated from the
irradiation line, and the irradiated information light is
modulated by the record mark; and

a reflecting laver that reflects at least part of servo
light irrazdiated in order t¢ sguare the position of the
information light in the recording layver with an arbitrary

position.
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Description of Reference Numerals

20: optical disk drive, 21: system contreller, 22:
driving control unit, 26, 126, 160: optical pickup, 30: servo
optical system, 31, 51, 151, 161: laser diode, 34, 54, 163:
polarizaticn beam splitter, 37: dichroic prism, 36, 57:
quarter-wave plate, 40: objective lens, 40A: biaxial actuator,
43, 63: photodetector, 50: information optical system, 62:
pinhole plate, 70: recording control unit, 71: recording clock
production block, 72: main-data recording signal production
block, 73: embedded signal production block, 80, 180:
reproduction control unit, 81l: reproductive clock production
bleck, 82: main-data information reproduction block, 83, 184:
sub-data information reproduction block, 183: band-pass
filter block, Lbl, LbZ2: blue light beam, Lrl, Lr2: red light
beam, 100, 200: optical disk, 100X: fraudulent optical disk,
101: recording layer, 102, 103: substrate, 104: reflecting
layer, SRE: reproduction signal, SFEr: red focusing error
signal, SFED: blue focusing error signal, SFEBH:
high-freguency band focusing signal, SFEbL: low-frequency

band focusing signal, TL: irradiation line, RM: record mark
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