Descriotion 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 method, an optical information reproducing apparatus, an optical
information reproducing method, and an optical information recording medium. The present invention
is preferably applied to an optical information recording/reproducing apparatus that records information
in an optical recording medium using, for exampte 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 o%tical information recording/re roducing apparatuses. As the optical disk, a compact disc

(CD), a digitdl Ver&dtilEhSEYBV DY a BiuSay ISk AregistereifradB iR - BD): 0R e iké'is generally

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

the optical information recording medium using the light beam.

Background Art

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

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



In general, in the conventional optical disks, main data is recorded as information in the form of a
record mark in a signal recording surface, which reflects a light beam, by forming irregularities or
_varying a reflectance. Among the optical disk drives, an optical disk drive that records sub-data by
forming a code mark, which has a different reflectance, on a recording track on which a record mark is
formed, so that the code mark will be superposed on the record mark has been proposed (refer to, for
example, patent document 1). In the optical disk drive, various contents including a musical
content and a video content or various pieces of information including various kinds of data items for

compuiters are recorded i ap-aptical disk. Jn feeentyaars, apamaoynt otinformation;has increased
along with a trend toward high-definition video or high-quality music. In addition, the number of
contents to be recordetkin ene tpficakdisk israquestedio he inereased:Accardingly.the optical disk
is requested to have a larger capacity. As one of techniques for increasing the capacity of optical
disk, an optitafarsk drive ket formsndkipte recoid marks iethethickiessdiréction, ofay
homogeneous recording layer, and thus records information in multiple mark layers has been

proposed (r&feF T for Je%’(ﬁﬁﬁﬁ&,aﬁétEhFao@ﬁm%ﬁF P} Want 86eGTHent tFeferStorPatehnt No. 354410,

n n : : : :
a dpaEEtoptlcal disk drives, an optical disk drive that records

sub-data by forming a code mark, which has a different
reflectance, on a recording track on which a record mark is
formed, so that the code mark will be superposed on the record
mark has been proposed (refer to, for example, patent document
1;.

In the optical disk drive, various contents including
a musical content and a video content or various pieces of
informationincludingvariouskindsofcwiaitemsforccmputers

| are reccrded in an optical disk. In rscent years, an amount
of information has incxeased.'along' with a trend toward
high-definition video oxr high-qualitymusic. Inaddition, the
number of contents to be recorded iﬁ one optical disk is
requested to be increased. Accordingly, the optical disk is
regquested to have a larger capacity.

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

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



document 2 refers to JP-A-2008-71433. As for the optical disk drive described in the patent
document 2, the method of recording or reproducing main data is proposed. However, a method of
recording or reproducing sub-data in the same manner as the conventional optical disk drive does has

not been prRRAsEsk Pisclesure of thesinyention o o s Emhadiments of the present invention propose an
optical information recording apparatus and-an optical information recording method capable of

recording sub-datay@nfeftficahnfemationireptcducing apparatisranskan dpticdniosmation
reproducing method capable of reproducing the sub-data, and an optical information recording
medium frémamienthe subitatacahdd rsproduceding Arcordmgtéuerfirst aspéct, dadre is provided
an optical information recording apparatus comprising: an objective lens that concentrates information
light and irfaliatest®esh opticalenfermatiomeddurdingimedionridimisich inforpashuisiregorded in the
form of a record mark by irradiating the information light, which is emitted from a light source and has
an intensity egodrtecorBrgdrehaAeepFetiehsiifed iR iRy e Hid opficaldRfoifatiof t6&ording

medium; a focus shift unit that shifts the focus of the information light in
drive does has not been proposed.

Disclosure of the Invention

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

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

shift unit that shifts the focus of the information light in



a 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 forms a record mark along a
virtual irradiatigp.lipe i3 avisakresard Mankilayerekthecoptical formaation-ecosdingrpegium by
controlling the light source according to information based on main data, and thus forms the record
mark in the yiriyal reeetanark layer;cand a subsgatareaarting et dhat ishifts e targes depth in the
focusing direction according to information based on sub data, and thus forms the record mark with the
center of thértecetdimark devitedia the fdousing direetidrefro gie-itradéatien five Wikmnithe record
mark layer. Accordingly, in the optical information recording apparatus, the sub-data can be
embeddedtin thehvecbrd bhark innthe fomt obwhidh tieemaihealalis scortegadianedordiag to a
second aspect, there is provided an optical information recording method comprising: a record mark
forming st&péf! wherefoltfigre ietdrd mbkk &long ablRilia ifadi@fitithelinah obtieBPinformation
recording medium by irradiating information lightwhich is emitted from a light source, to the optical
informatior féderdihg rearia, bh WhithTforih&idi e brd& s rrfdiri dPthetecbriifark by
irradiating the information light, which is emitted from the light source and has an intensity equal to or
larger tharP® Tpreddterting %éﬁé’ftﬁea%%ﬁfs&ﬁ’gq tgl?rébﬂﬂgﬁgnaé%%té Drihafh i, ﬁ%ﬁg the focus
of the informatilgg Iigahé ir(l) a (l)cusigg d:iLrI%gtior;ﬁ ggg(ggirﬁ%go i%f()cjrrrpar%ioilnbac.{saedaon %l{g- zﬁaband thus
forming th& Fetord maﬁ<_W| the center of the record Mark deviated in the %cﬂsmg direction from the

iwamaﬁongg%ms the record mark in the virtual record mark layer; and
a sub-data recording unit that shifts the target depth in the
focusing direction according to information based con sub data,
and thus forms the record mark with the center of the record
ﬁark deviated in the focusing direction from the irradiation

line within the recocrd mark layer.
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Accordingly, the optical information recording method can embed sub-data in a record mark in the
form of which main data is recorded. According to a third aspect, there is provided an optical
information reproducing apparatus comprising: a light source that emits information light; an objective
lens that concentrates the information light and irradiates it to an optical information recording medium;
a record mark detection unit that detects the presence or absence of a record mark formed along a
virtual irradiation ling dbtheieRfica| informatine reegrdingamediuid ©rnthe Dasis eobaceftented light beam
that is the information light reflected from the optical information recording medium; and a deviation
detection unithatdetects the prasefse arahsaneecsoflzedeldatiam of ke renter dfthe-kedord mark from
the irradiation line in the focusing direction, in which the objective lens recedes from or approaches to
the opticaltitferrhation retortiihgimédianmahithddasisicf the refiedestt light beam. Accordingly,

the optical information reproducing apparatus can reproduce main data according to the presence
According to a second aspect, there is provided an

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

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



or absence of a record mark, and reproduce sub-data according to the presence or absence of a
deviation of the center of the record mark from the irradiation line. According to a fourth aspect,
there is provided an optical information reproducing method comprising: a light receiving step of
receiving areflgetedight baamithatis-light emitted-amp light speecernd refletedSroman optical
information recording medium; and a detection step of detecting the presence or absence of a record
mark on the=hasisiat-the reflactedlight heameoand defecting the presencest absgnee Df azdeviation of
the center of the record mark from an irradiation line in a focusing direction, in which the objective lens
recedes framorsppeoddes:talthe apticaldifogmatidmfecording snediseonrthediasimobithe reflected
light beam. Accordingly, the optical information reproducing method can reproduce main data
according tothe-preseheerotahdene erefca rstord riark hbé leteetetisvit M odhdl atedt ipfdmation
light, and reproduce sub-data according to the presence or absence of a deviation of the center of the
record mafeffdmdnE inddidtion linke focnedardintitees ifleradpeet , Hherelis preiasd an optical
information recording medium comprising: a recording layer in which main data is recorded according
to the pres%ﬁﬁ@ or absence of a record mark formed with irradiation of information light, sub-data is
recorded by forming the record mark with the center of the record mark deviated in a focusing direction
parallel to the light axis of the information light, and the irradiated information light is modulated by the
record mark.
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Accordingly, the optical information recording medium makes it possible to reproduce main data
according to the presence or absence of a record mark, and to reproduce sub-data according to the
presence or absence of a deviation of the center of the record mark from an irradiation line.

According to a sixth aspect, there is provided an optical information recording apparatus comprising:
an objective lens that concentrates information light and servo light for servo control and irradiates
them to an optical infersratinngesording ngdiuman Whiehinferniaionris secerded indhefym of a
record mark by irradiating the information light, which is emitted from a light source and has an
intensity equal tentisdargenthatna predetermined-itaasity, ia theeptisatinfd matichreeoreing medium;
an objective lens drive unit that drives the objective lens so that the servo light will be focused on a
reflecting layperawhish i=forméddn the optical information recording medium and reflects at least part of
the servo light; a focus shift unit that separates the focus of the information light from the focus of the
servo light by an afsitg@yistarice i BfocdswpairdctiGhsan whiepthevosiestios lens approaches to or
recedes from the optical information recording medium, by changing the spherical aberration of the
servo light 184PEHaarEShE SOURIGhBINFRRAHBA Hig ht AR BLEFGEL 'd SpthiBRFhRAYEE Shformation
light should beirradiated; a main-data recording, unit that forms a record mark along a virtual irradiation
line in the &Ffidal iffBiStion- FECOtdiRg TR&dium-ByEdntrAfing RSt SBErcel §&Ordingab information
based on main dat%' and a sug-data dgecordin uni&tgakge\g%[ S the c%nter of the record mark from the

irradiation fine f’}% aﬁf_’lﬁ’ée 't?hettaf‘::gejtrl e?) Pkt %I*ocus%g diféCtion act ?’5’158 %o iforhat® based on

z‘r‘lbédata- opt {55 @E‘Q!{r&%ﬂ%%%‘é@@é@f}l%“ﬂ{ ﬁ?.é?riﬁ{}g é‘i‘plp?""é%téjé %%%I?'@%E‘éﬁ%%jxﬁma?k along
ppropriate‘irradiation line while implementing high-defihition focusing control with a reflecting layer
as a referenge -and,can gppiopriataly, deyialethe recard madkdrom the iadiation g,
formed along a wvirtual irradiation line in the optical -
information recording medium on the basis of a reflected light
beam that is the information light reflected from the optical
information recording medium; and a deviation detection unit.
that detects the presgence or absgence of a deviation of the
center of the record mark from the irradiation line in the
focuging direction,ain which the objective lens recedes from

or approaches to the optical information recording medium, on

the basis of the reflected light beam.



According to a seventh aspect, there is provided an optical information reproducing apparatus
comprising: an objective lens that concentrates information light for information reproduction and servo
light for servo control, and irradiates them; an objective lens drive unit that drives the objective lens so
that the servo light will be focused on a reflecting layer which is formed in an optical information
recording medium and reflects at least part of the servo light; a focus shift unit that separates the focus
of the information kg dram the focus ehthe sarve dight byiair athitsary distameg iroafacusing direction,
in which the objective lens approaches to or recedes from the optical information recording medium,
by changingpthersphesicababereatiordofthenafonmation light; and sggates thiecfopus sbthesinformation
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 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 recedes from or approaches to the
optical information recording medium, on the basis of the reflected light beam. Accordingly, the
optical information reproducing apparatus can implement focusing control using servo light that is
unsusceptible to a deviation of the center of a record mark from an irradiation line, and can therefore
reliably detect the presence or absence of the deviation representing sub-data by reliably irradiating
information light to the irradiation line. According to an eighth aspect, there is provided an optical
information recording medium comprising: a recording layer in which main data is recorded with the
presence or
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absence of a record mark formed along a virtual irradiation line, sub-data is recorded by forming the
record mark with a center of the record mark deviated from the virtual irradiation line in a focusing
direction perpendicular to a record mark layer in which the virtual irradiation line is formed, and the

iradiated ipformation-ightdsimedulated by the resard-aprkandadaieciinglayer sk reflects at least

part of servo light irradiated in order to square the position of the information light in the recording layer
with an arhitsary pOsiOBence AGEQIBINGNL éN diFe DpRtieal lfarsation tecordingrmediimg fecusing
control that employs servo light unsusceptible to a deviation of the center of a record mark from an

~ irradiation #eecad hesimplamentethd hérefare] shel tnforiaton 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 Aodoiatédinfarmatiortightth  aApesorting téembodimentsoofitiepresent invention,
there are provided an optical information recording apparatus and an optical information recording
method capRbkceflerbeduing Sibrlakepre fatoka dark i aid foRwrof ivhicumain datals recorded,
and thus recording the sub-data. According to embodiments of the present invention, there are
provided a5 Tofrh&EMT&SEaacihG DBpardtts ErftiCan TPAEP FfBrimatibn- feprodiiting method

capable of reproduci(r)\gﬁmain data according to the presence or absence of a record mark, reproducing

sub-data GEBSTITTG O Drésehtdity aBSEneEord reflected from an optical

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

light beam.



a deviation of the center of the record mark from an irradiation line, and thus reproducing the sub-data.
According to embodiments of the present invention, there is provided an optical information recording
medium from which main data can be reproduced according to the presence or absence of a record

mark detected with,dempdulatad,inforation light, sul-data.can.beseproduced. aceprdingsto the

presence or absence of a deviation of the center of the record mark from an irradiation line, and the

sub-data cagbe-eaproduced.ma i FEARSY, aceerdinthip embedimgnisniihe presedavention, there is

provided an optical information recording apparatus capable of forming a record mark along an
appropriate frradiatienineawhiled el e eaiing:high-dafinitinifecusingheentiel withraireffaeting layer as
a reference, appropriately deviating a record mark from the irradiation line, and thus recording:
sub-data. andFurherndccerding taiembodments ohthe presieat pweatam,dhere shprevided an optical
information reproducing apparatus capable of implementing focusing control using servo light
unsusceptibfe @ a‘deviatiorrof thé cémter ofeairerordmartformardradmtart lirfe; esliabhedetecting
the presence or absence of the deviation, which represents sub-data, by reliably irradiating information
light to an FieRationtlirfe) ah#tBus reproducing the sub-data. Further, according to embodiments

of the present invention, there is
Accordlng toa fifth aspect, there is provided an optical

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

information light is modulated by the record mark.
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focusing control employing servo light unsusceptible to a deviation of the center of a record mark from
an irradiation line can be implemented, information light can be reliably irradiated to an irradiation line,
the presence or absence of the deviation which represents sub-data can be reliably detected from
odulated 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 fmerhish gdistridtipnogfithe apticalfdiskia t 1 cRigr 8 duohddesysotminatic diagrams
for use in explaining the formation (1) of a record mark;

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.

According to a sixth aspect, there is provided an optical

information recording apparatus comprising: an objective lens

that concentrates information light and servo light for servo

control and irradiates them to anoptical information recording

medium in which information is recorded in the form of a record

mark by irradiating the information light, which is emitted

from a light source and has an intensity egual to or larger

than a predetermined intensity, to the optical information

recording medium; an objective lens drive unit that drives the

objective leng go that the servo light will be focused on a

reflecting layer which is formed in the optical information

recording medium and reflects at least part of the servo light;

a focus shift unit that separates the focus of the information

light from the focus of the servo light by an arbitrary distance

in a focusing direction, in which the objective lens approaches

to or recedes from the optical information recording medium,



Fig. 4 is schematic diagram for use in explaining the formation (2) of a record mark; Fig. 5
includes schematic diagrams for use in explaining embedment of sub-data and various kinds of
signals; Fig. 6 is a schematic diagram showing the configuration of an optical disk drive; Fig. 7

is a schewc&@g{@m@h@ww%m&q&m@g@ otan ppticaliekep skigy8 is aggehematie diagram for
use in explaining the

squares the focus of the information light with a target depth

to which the information 1light should be irradiated; a

main-data recording unit that forms a record mark along a

virtual irradiation liﬁe in the optical information recording

medium by controlling the 1ight source according to information

bagsed onmain data; and a sub-data recording unit that deviates

the center of the record mark from the irradiation line by

shifting the target depth in the focusing direction according

to information based on sub-data.
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light path of a red light beam; Fig. 9 is a schematic diagram showing the construction (1) of a detection
field in a photodetector; Fig. 10 is a schematic diagram for use in explaining the light path of a

blue light beam;

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

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

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

in a focusing direction, in which the objective lens approaches



(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 diagram

showing the configuration of axepraduction.control unit emplayedin the firstembadiment;  Fig. 16

is a schematic diagram for use in explaining information reproducing processing performed in the first
embodimeny; ~nahigh 1 includes schematigidiagrams-shawing, the censtragtionf ageptical pickup

employed in an optical information recording apparatus;
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 detectsg the presence or absence
of a record mark, which is formed aloﬁg a virtuai irradiation
line in the optical information recording medium, on the basis
of a reflected 1light beam that is the information light
reflected from the opticel information recording medium; and
adeviation detection unit that detects the presence or absence
of a deviation ofrthe center of the record mark from the
irradiation line in the focusing direction, in which the
objective lens recedes from or apprcoaches to the optical

information recording medium, on the basis of the reflected

light beam.
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Fig. 18 is a schematic diagram for use in explaining information recording processing performed in a

second embodiment; Fig. 19 is a schematic diagram showing the construction of an optical
pickup included in an optical information reproducing apparatus; Fig. 20 is a schematic diagram
showing the configuration of a reproduction control unit employed in the second embodiment; Fig.

21 is a schematic diagram for use in explaining information reproducing processing performed in the
second embodimehg¢emeiingly, the optical information reproducing

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

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

layer in which main data is recorded with the presence or



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 below. (1) First Embodiment (1-1) Construction of an optical disk To

_begin with&%@ﬁt@lgﬁ@l%@gmom §8ﬁ{%iaa|atim&i@aﬁo{}ﬁwgﬁ‘gi@ﬁgﬁ'{&&@&? present
invention will be described below. As seen from the appearance diagram shown . in Fig. 1, the optical

disk 100 isformeddiks asdisk, whichchasra diametes ofappepximataly d80dnia 2k awbrlesimilarly to
the conventional CD, DVD, and BD, and has a bore 100H'in the center thereof.
center of the record mark deviated from the virtual irradiation
line in a focusing direction perpendicular tc a record mark
layver in which the virtual irradiation line is formed, and the
irradiated information light is modulated by the record mark;
and a reflecting layer that reflects at least part of servo
light irradiated in order to sguare the -position of the

informaticon light in the reccrding layer with an arbitrary

position.
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The optical disk 100 includes, as seen from the sectional view shown in Fig. 2, a recording layer 101,
in which information is recorded, in the center thereof, and has the surfaces of the recording layer 101
sandwiched between substrates 102 and 103. Incidentally, the thickness tl of the recording layer
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 orglassyand gagh transmitdight, owlichyis seuted ihiougk ope stfacedbereof, to the
opposite surface at a high transmittance. The substrates 102 and 103 have a certain degree of
strength arfie &k thienkple of preté ctibg therecorgingdayerd AL dine surfacesayith® substrates 102 and
103 may be finished by non-reflection coating in order to prevent unnecessary reflection. The
optical diskl¢90 #tcledesd refectimnseface 184 vncthednteafalse tetwean the rectrdingdayer 101 and
substrate 103. The reflecting layer 104 is made of a dielectric multilayer film or the like, and reflects
both a blué figist Baank bl sk sg bhiesidser Tgisttrifitra Wareler§EF BRA0E AN, ‘aHtraad light beam
Lrl that is red laser light having a wavelength of 660 nm. The reflecting layer 104 has guide

grooves foP#radiiig SEHS foriedtheFéin. Mdte pafticulmp deftatfacks B and the

presence or absence of the deviation representing sub-data can |
be reliably detected from the modulated information light.

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

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

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

reflecting layes-104+thst iscthe intesiacebetivesn the segarding layeiOdrand sabstsatect03), pits or
the like may be formed in place of the guide grooves. Otherwise, the guide grooves and pits may be
combined.1ineWhendhexed lightheanditig inkdiatedfraa 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 beamcshaitdiencalted emtzodight beam L rehie pri|serad lightbsdmrlrXissupposed to be
employed in, for example, an optical disk drive in positional control for an objective lens OL (that is,
focusing céntiot and dekity ephtreh lwkidipetirderrates da g sgrerdam Caderthd prpose of
squaring the focus Fr of the red light beam Lrl with a target track (hereinafter called a desired servo
track) in tHeFENStHRg BERIAD L SPrOofiieRfity GVRER G natidhE P FEDPIEE R T5IRa disk 100,
the red light beam Lrl is, as shown in Fig. 2, concentrated by the objective lens OL

havingbeeﬁ60%itﬁﬁ%ﬂ§%d?ﬁf6ﬁeﬁ,eEﬁﬁ?@&%%%E@gwgg@&%ﬁmatﬁé?Eﬂéétﬁ]fgtlayer 104.

sub—datacanl%areproducedaccordingtx:thepresencecn:absence
of a deviation of the center of the record mark from an
irradiation line, and the sub-data can be reproduced.

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

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

Further, according to embodiments of the present

invention, there is
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The blue light beam Lbl that shares a light axis Lx with the red light beam Lrl and is concentrated by
the objective lens DL is transmitted by the substrate 102, and focused on a position in the recording
layer 101 equivalent to the desired servo track. At this time, with the objective lens DL as reference,
‘the focus Fb of the blue light beam Lbl is located 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, abubble 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 baars LD ior infermationrerading hayhg adglatiyely Jarge Jightiniensibthatis, in the

vicinity of e focus Fb). For example, assuming that the wavelength A. of the blue light beam Lbl is 405

nm, the nunterical aperture: NAQf thgwhjeative lersRL- is 0:hwandtheJefractive index nyof the
objective lens DL is 1.5, the record mark RM whose diameter RMr and height RMh are on the order of

1 1.tm and & paktespectiehnis foemedr of Eurther;thenoptigaldisk H0 isrdesignedso that the
thickness tl of the recording layer 101 (= 0.3 mm) will be much larger than the height RMh of the
record mark'RIM: Thetefofe (e GitRal ek 100 ordeigoes rdigialef pecardingeddririg which the

record mark RN is,recogded bg/ var%/ing a distance d
irradiatec to an 1fradiation line, the presence or absence of

the deviation which represents sub-data can be reliably
detected fromthe modulated information 1ight, and the sub-data

can be reproduced.

Brief Description ¢f the Drawings

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

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

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

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

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

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

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

Fig. 8 i1s a schematic diagram for use in explaining the

12



within the recording layer 101 from the reflecting layer 104 (hereinafter called a depth), and multiple
mark recording layers Y are thus, as shown in Figs. 3(A) and (B), accumulated on one another in the
.thickness direction of the optical disk 100. The mark recording layers Y refer to virtual layers, and the
border between adjoining mark recording layers Y does not 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 pm in
consideratian gk the-antiualinteriesence betweensgcord 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 piii;any2of etrersrdrousivaluésagayphesddopted intensidesation: of the mutual
interference between record marks RM.  In the recording layer 101, as shown in Fig. 3(A), record
marks RN wHdse’faik TGRS targe irdhi 3F 03 PR aFefefimRat Main data representing main

information is suppgsed tg&e recorded accarding to the length of the record mark RN and the length
of a space in a tracking dir8cliSnin“WRichths Tétotd AN RN ot forffed: e Fécbitfing layer 101

Is, as shown In,Fig. &, SUPPPSEU 1 ue 13gnt beam;

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

Fig. 12 is 2 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 diagram showing the configuration
of a reproducticn control unit employed in the first
embodiment;

Fig. 1¢ 1s a schematic diagram for use in explaining
information reproducing processing performed in the first
enbodiment;

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

Fig. 18 is a schematic diagram for use in explaining

information recording processing performed in a second

13



to have the blue light beam Lbl irradiated to any of helical irradiation lines in each of the mark
recording layers Y therein. Therefore, when the record marks RN are formed along the radiation lines
. TL in the recording layer 101, helical tracks TRhaving the irradiation lines TL as centers thereof are
‘formed. The tracks TR refer to virtual tracks, and the border between 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 lay@b384ment 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 objective lens OL and has a
relatively small lighFintensitygillbe fbcusetiondl positionsih ¢we recording dayer-1@Lt équivalent to both
a position on a closer side of a desired servo track and a target depth (hereinafter called a target mark
position). ©f APthisHithéCthe red6rimark RN 8RErded afthe positionlof iR foEiR Fipfeflects the
blue light beam Lbl due to a difference in a refractive index from the surroundings, and the blue light
beam Lb2 i§ %%ﬁ%réi%ﬁ%or%%ﬁg 1858+ mark RN recorded at the target mark position. Specifically, the

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

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

Fig. 22 includes schematic diagrams showing the

configuration of & copy prevention svystem.

Best Mode for Carrving Out the Invention

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

(1} First Embodiment

{1-1) Construction of an optical disk

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

the center therecof.
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recording layer 101 modulates the blue light beam Lbl according to the presence or absence of the
record mark RN, and produces the blue light beam Lb2. As mentioned above, when information is
.recorded in the optical disk 100, if the red light beam Lrl for positional control and the blue light beam
Lbl for information recording are employed, the record mark RN 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. Whenrecordedinformationis reproduced from the optical disk 100, if the red light
beam Lrl for positionat cartrat and: the: blue light beas | bl fok infarmatien reading-are.employed, the
blue light beam Lb2 is generated from the record mark RIT. recorded at the position of the focus Fb,
that is, at theltargeshwark pasitioria. I additiondo thie faregoing constitutior,rtheroptieal disk 100 is
designed so that when the record mark RN is formed while being deviated from the irradiation line TL
in a focusing firIctidh! ABt 6RIy-FERT B&f refreSE/tIFG RiehFirfBaRERGN isietordsd bt also sub-data
representing supordinateé'nfqtr{}réation is embedded or recorded. Specifically, in the recording layer

101 of the opticar disk 160, theé Fecid Mark BN is foified hiong TR fHFadidfich cetween

substrates 102 and 103.
| Incidentally, the thickness tl of the recording layer
101 1s 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 1ight, which
is routed through cne surface thereof, to the opposite surface
at a high transmittance. The substrates 102 and 103 hava a
certain degree of strength and £i11 the role of protecting the
recording layer 101, The surfaces of the substrates 102 and
103 nay be.finished by non-reflection coating in order to
prevent unnecessary reflection.

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

The reflecting layer 104 has guide grooves for tracking

servo formed therein. More particularly, helical tracks are
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line TL. However, the center line C10 of the record mark RN in the focusing direction is slightly
deviated from the irradiation line TL according to sub-data. The out-of-focus quantity AMc of the
_tenter line C10 from the irradiation line TL is set to, for example, about 1/50 of the thickness p3 of the
mark recording layer Y (that is, the 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 thecepseduction signal SRE .groohs mentionad above, shiing.infppnationyeproducing
processing, the objective lens CL is displaced so that the red light beam Lrl will be focused on the
reflecting layee104 o thee bpticakdisk 100 -ardfoeusing condrot fssimsplemented: Ae shawn in Fig. 5(0),
the optical disk 100 will not affect a red focusing error signal SFEr produced based on the red light
beam Lr2. " MRcdontrast aRe<igfal Rvel o atblae foelising ‘e i isigHelrSFERsreaatad based on the
blue light beam Lb2 arlews depending’on the presence, or absence of a deviation of the record mark
RM. Theref§ig the oélic‘a‘I sk 100 Broducel, 48 Shdwhin B 5D thkhlaé Focusing &fror signal

SFED, and reproduced can be identified with the acddress.

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

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

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

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

reflecting layer 104.
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thus permits detection of the presence or absence of the deviation of the record mark RM in the
focusing direction (that is, an out-of-focus quantity AMc) and also permits reproduction of sub-data

. based on the presence or absence of the deviation. As mentioned above, the record mark RM is
formed while being deviated from the irradiation line TL in the focusing 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 SFED. (1-2) Coafiglvatidn gf arbepticakdiskidrives ha rén eplitghdiskdrivé20+¢ampatible with
the foregoing optical disk 100 will be described below. The optical disk drive 20 has, as shown in Fig.
6, the wholé Bferédflolgariized aid dontraiied By a%yRtsh esatrefle21the Thgesistcontrolle 21 is

formed mainly with a central processing unit (CPU) that is not shown, reads various kinds of programs

including a b&SiE SBgram® EWWB atidn Teording brégrantfrom ﬁqgaé%%qfﬁ?erﬁBry (ROM) that

S TS 1 O S 0 A e DO AL st s

information $eprAJUEING-RIOCESSIAGi s +ime, with the obiective lens OL as a
reference, the focus Fb of the blue light beam Lbl is located
nearer than the foous Fr on the common light axis Lx is, that
is, on a closer gide.

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

thickness tl of the receording layer 101 (= 0.3 mm) will be much
larger than the height RMh of the record mark RM. Therefore,
the optical disk 100 undergoes multilayer recording during

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



For example, when the system controller 21 receives an information recording instruction, recording
information, and recording address information from external equipment, which is not shown, with the
_optical disk 100 loaded, the system controller feeds a driving instruction and the recording address
information to a driving control unit 22, and al so feeds 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:100ratra predetesmined: rotating speed by cantioling-ariving of & spipdie metor 24, controls
driving of a sled motor 25, and thus moves an optical pickup 26 to a position consistent with recording
address infdimeatiommnta eadialkditection of ¢he bptica disknt 00: (thatis piaran interaakeisegumference
direction or external-circumference direction) along moving shafts 25A and 253. The signal
processor 233 piottiIce £ AFeebid sigfalBy perfotnihg varfolis kinas dffdieceswisigmdl grocessing
including predetermined encoding processing and modulating processing (for example,

s

eight-to-foufteem TRGHRANGH (EEM) 15rocesSinyf Oh fod fscordifgAhfdriatiar i réédsthe record

agnmtoth%ngcakggﬁ%%%@recording layers Y refer to virtual lavers, and

the border between adjoining mark recording lavers Y does not
exist in reality.

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

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

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



The optical pickup 26 performs focusing control and tracking control under the control of the driving
control unit 22 so as to square the irradiated position of the blue light beam Lbl with a track
_(hereinafter called a _target track) in the recording layer 101 of the optical disk 100 indicated with the
“recording address information, and thus records the record mark RN 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 instruetiga e theriving conyet upit 22, and feeds & repradueingRrosessing:insgtruction to the
signal processor 23. Similarly to a case where information is recorded, the driving control unit 22
rotates the optical disk: 200Lata predetermined netating:speed hyicanirelfingdriving of e spindle
motor 24, controls driving of the sled motor 25, and thus moves the optical pickup 26 tO a position
consistent Wittt #ife- fFEfitod (1E1R§ atlifessshfofmatien s Rthezgisticabpiekdp 26etforis focusing
control and track;j?g cantrol under the control of the drivingr control unit 22 so as to square the '

irradiated pdSitiBfi ot e BIueHRRcDedm Y1 WiF FHadCin hereddring 4y &R F01561HHE optical disk

100 indicatq%v%ighrthe repro cing.addr information, (that is, a target track), and then.irradiates a
light beam of a pr‘eavé erm(i%ne(%J %?nd%gctlégﬁ%ﬁtr} %\stq%[fsat?mcé??ﬁg 55t§:é El%%ﬁ) 5?3 Hgi[er%?éj the blue light

beam Lb2 generated-franrthe recard mark.RNJn theseearding layer.1 9l of the pptigal.disk 100, and
feeds a detection signal consistent with the mount of light to the signal processor 23 (a full detail will
be given adioining tracks TR does not actuzlly exist.

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

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

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

recorded at the ftarget mark position. Specifically, the
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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 the external equipment not shown). As
mentioned above, the optical disk drive 20 uses the system controller 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 canstrutetioncpf theseptical pickup=26 withhedeseribeghhelovurTheiopticalRickup 26 includes,
as shown in Fig. 7, a servo optical system 30 for servo control and an information optical system 50 for
reproductiofi @rireeardibge ofinfornsdtipence of the record mark RM, and produces

the bilue light beam Lb2.

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

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

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

Specifically, in the recording layer 101 of the optical

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



The optical pickup 26 routes the red light beam Lrl, which serves as servo light and is emitted from a
laser diode 31, and the blue light beam Lbl, which serves as information light and is emitted from a
_laser diode 51, to the same objective lens 40 via a servo optical system 30 or an information optical
“system 50 respectively, and thus irradiates the beams to the optical disk 100. (1-3-1) Light path of the
red light beam As shown in Fig. 8, in the servo optical system 30, the red light beam Ll 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 - laser

light that is pipalarized ligh:baving a mavelenagth of appreximately 660.me Inireality, the laser diode
31 irradiates the red light beam Lrl of a predetermined amount of light, which includes diverging rays,
under the controllo thEcsystémccodtrober:2b(Fig.s6) saridytdutes ittaracoliinateriens83. The
collimator lens 33 converts the red light beam LEI from the diverging rays to parallel rays, and routes it
to a polarizatfditBéam: silitter 3. Thepohaizationbeantsphittei®aasesa reflecting/transmitting surface

34S thereof to reflect or
The cut-of~focus quantity AMc of the center line Cy from

the irradiation line TL is set to, for example, about 1/50 of
the thickness p3 of the mark reccrding laye? ¥ {that is, the
height of the track TR) for fear it may adversely affect an
aﬁount of liéht of the blue light beam Lb2.

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

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

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

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



transmit a light beam at a ratio that varies depending on the deflectingdirectionofthelightbeamThe
reflecting/transmitting surface 345 nearly totally transmits a light beam that is p-polarized light, and
_nearly totally reflects a light beam that is s-polarized light. The polarization bear, splitter 34 nearly
“totally transmits the red light beam Lrl that is p-polarized light, and routes it to a quarter-wave plate 36.
The quarter-wave plate 36 converts the red light beam Lrl that is p-polarizedlight into, for example,
left-handed circularly polarized light, and routes it to a dichroic prism 37. The dichrcic prism 37 uses a
reflecting/transmitting surface 375 thereof to reflect or transmit a light beam according to the
wavelength:ofithe tightibeamdcAceardingly e dichreie pasm-37 refleatsthaded fightteam Lrl and

routes it to the objective lens 40.
deviation ¢f the recordmark RM in the focusing direction {(that
is, an out-cf~focus quantity AMc} and alsc permits reproduction
of sub-data based on the presence or absence of the deviation.

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

(1-2) Configuration of an cptical disk drive

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

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

information reproducing processing.
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The objective 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 Ll 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 light beam Lr2 whose deflecting direction is reverse to that of the
red light beam Lrl. Thereafter, the red light beam Lr2 is converted into parallel rays by the
objective lens 40, and routed to the dichroicprism37. The dichroic prism 37 reflects the red light beam
Lr2, and routes it to the quarter-wave plate 36. The quarter-wave plate 36 converts the red light

beam Lr2, which isgighthangetGireiiary poladzed ight: 41e sopalarized lightand routes it to the
polarization beam splitter 34. The polarization beam splitter 34 reflects the red light beam Lr2, which is
s-polarized light; -aseoidingteocthediolgrizivg: directiom: of tlee cedilight beany;and routesritito 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®&iP AStd1Ratisht RS&pphed B atdyiin dical éhst4Z e thepHstbdatectob43h

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

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

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

processing) on fed recording information, and feeds the record
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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 to the objective lens 40 may vary. Therefore, in order to cause the focus Fr (Fig. 2) of the
‘red light beam Lrl to follow a target track, the focus Fr has to be shifted in a focusing direction that is
an approaching or receding direction with respect to the optical disk 100, and a tracking direction that
is an internal-circumference or external-circumference direction of the optical disk 100. The objective
lens 40 can be driven in two axial directions, which are the focusing direction and tracking direction,
by a biaxialsiciuator 4ddAche dpdheserya eptigalzsystem 30 (Fig. 8), the optical positions of various
kinds of optical parts are adjusted so that an in-focus state attained when the red light beam Lrl is
concentrated by th&lobjectivé deris 40 ardirradiateertddtheseflecting layer d94tofthe optical disk 100
will be reflected on an in-focus state attained when the red light beam 1,r2 is concentrated by the
multi-lens 435 ifstizted (e the phdtolse@erise: of the driving control unit

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

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

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

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

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



The photodetector 43 has, as shown in Fig. 9, four detection fields 43A, 438, 430, 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 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, 433, 430, and 430 thereof to detect parts of the
red light beam 1,r2, produces detection signals SDAr, SDBr, SDCr, and SDDr according to detected
amounts of light, and sends them to the signal processor 23 (Fig. 6). The signal processor 23
implementsdfogusingocantenl @ccording ia a se-cabied astigmatsauaethad, catelates;ared focusing

error signal SFEr according to an equation (1) presented below, and feeds it to the driving control unit
22. SEE(SDASDCE) - (EDBreSDDryack Theared focasingerrorisigeal SFEL ¢eprdsents a magnitude
of a deviation of the focus Fr of the red light beam Lri from the reflecting layer 104 of the optical disk
100. of & predetermined amount of light. At this time, the optical

pickup 26 detects the blue light beam Lb2 generated from the

record mark RM in the recording layer 101 of the optical disk

100, and feeds a detection signal consistent with the amount

of light to the signal processor 23 (a full detail will be given

later).

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

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

(I-3) Construction of the cptical pickup

Next, the construction of the optical pickup 26 will be
described below. The optical pickup 26 includes, as shown in

Fig. 7, a servo optical system 30 for servo control and an

information optical system 50 for reproducticn or recording



The signal processor 23 implements tracking control 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) - (SDEr+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 SFOr 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 beast Ldwill 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 tradkirgogriving sighak 8 D tothé diakiat actdaland@A; @mnd this inplements feedback
control (that is, tracking control) in the objective lens 40 so that the red light beam
serves as servo light and is emitted from a laser diode 31,
and the blue light besam Lbhl, which serves as information light
and is emitted from a laser diode 51, to the same objective
lens 40 via a servo optical system 30 or an information optical
system 50 respectively, and thus irradiates the beams to the
optical disk 100.
(1-3-1) Zight path of the red light beam
As shown in Fig. 8, in the servo optical system 30, the
red light beam Lrl is irradiated to the optical disk 100 via
the objective lens 40, and the red light beam Lr?2 reflected
from the optical disk 100 is received by a photodetector 43.
Specifically, the laser diode 31 emits rid laser light
that is p~polarized light having & wavelength of approximately
660 nm. Inreality, the laser diode 31 irradiates the red light
heam Lrl of a predetermined amount of light, which includes
diverging rays, under the control of the system controller 21
{Fig. 6}, and routes it toa collimator lens 33, The collimator
lens 33 converts the red light beam Lrl from the diverging rays
to parallel rays, and routes it to a polarization beam splitter
34,
The polarization beam splitter 34 uses a

reflecting/transmitting surface 34S thereof to reflect or

transmit a lic¢ht beam at a ratic that varies depending on the
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Lrl will be focused on a desired servo track in the reflecting layer 104 of the optical disk 100.
Incidentally, the biaxial actuator 40A is formed with a so-called voice coil motor that is a combination
_of, for example, a magnet and a coil, and designed to displace the objective lens 40 to a position
‘dependent on a driving current applied to the coil. As mentioned above, the servo optical system
30 irradiates the red light beam Lrl to the reflecting layer 104 of he 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 Lrl, to the
signal processor 23. Accordingly, the driving control unit 22 implements focusing control and tracking

control in thesopjectiveniens 40isethatdhe red light heam will bgfecuseg.an, a target tkack in the
reflecting layer 104. (1-3-2) Light path of the blue light beam In the information optical system 50,
as shown intEi§l 40 simgdr toeEign7; therbluse highttee dAcL bkemitted fromi the taset«diode 51 v objective
lens 40 is irradiated to the optical disk 100, and the blue light beam Lb2 reflected from the optical disk
100 is receifed b§a-pheodetdtisr 63. P-rSpeéiically, theTaser dicde: 52 ehnitsblualaser light having

a Wavelength of a%proxm%telyhm% run. Inhreallty, the laser diode 51 emlts the blue light beam Lbl of a
predetermirie +9 eam that Is s-polarized light

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

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

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

Thereafter, the red light beam Lr2 is converted into

parallel rays by the objective lens 40, and routed to the
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amount of light, which includes diverging rays, under the control of the system controller 21 (Fig. 4),
and‘routes it to a collimator lens 52. The collimator lens 52 converts the blue light beam Lbl from the
~diverging rays to parallel rays, and routes it to a polarization beam splitter 54. The polarization
beam splitter 54 uses the 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 dighk antlreutesdt3o a quester-wave plage biwviaadiguid erystal panel (LGR) 56 that
corrects a spherical aberration or the like. The quarter-wave plate 57 converts the blue light beam
Lbl from p-petarizéd-Eghtatogdforexample: lefthahdedickcdlary polarizetslight 3@nd routes it to a relay
lens 58. The relay lens 58 uses a movable lens 58A to convert the blue light beam Lbl from
parallel rays to convergirky fay<S (g6 S siatidhan  ens BB adjtat tHeede gieéf &stivergence or

divergenceéh reinafter called g converging state) of the blue light beam, Lb| that become diverging
rays after ¢ ﬁ?érg‘fﬁbl,%ﬁdlﬁeﬁlr%?ésﬁqg%agm?ﬁr& ygarly pdlarized light, into

s-pclarized light, and routes i1t To the polarization beam
splitter 34. The polarization beam splitter 34 reflects the
red light beam Lr2, which is s-polarized light, according to
the polarizing direction of the red 1ight beam, and routes it
to a multi~lens 41.

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

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

- vary.

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

The objective lens 40 can be driven in twe axial
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The movable lens 58A is moved in the light-axis direction of the blue light beam Lbl by an actuator
58Aa. In reality, the relay lens 58 is designed so that the movable lens 58A is moved by the actuator
~58Aa under the control of the driving control unit 22 (Fig. 4) in order to change the converging state of

“the blue light beam Lbl emitted through the stationary lens 589. 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 refiectingitransmitting surface.373 thergef i tiansmit the:blug lightibeanLbl, and routes it to
the objective lens 40. The objective lens 40 concentrates the blue light beam  and irradiates it to the
optical diskd0feAt this tine; theidblue light beamealdal4s,4meshown in Fig. 2, transmitted by the
substrate 102, and focused on the inside of the reflecting layer 101. The position of the focus Fb
of the blue light bealft Lbhis deterninepibwith the goheergiiy statesthebeof attaineg whenlthe blue light

beam is emitted through the stationary lens 589 of the relay lens 58. Specifically, the focus Fb is
" shifted positions of various kinds of coptical parts are adjusted so

that an in-focus state attained when the red light beam Lril
is concentrated by the objective lens 40 and irradiated to the
reflecting layer 104 of the optical disk 100 will be reflected

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

!,.J..

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

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

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

processor 23 {(Fig. 6

The signal processor 23 implemsnts focusing control
accerding to a so~called astigmatism method, calculates a red

focusing error signal SFEr accerding toe an equation (1)
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in the focusing direction within the recording layer 101 according to the position of the movable lens
58A. More particularly, the information optical system 50 is designed so that the moving distance
_of the movable lens 58A and the shifting distance of the focus Fb of the blue light beam Lbl will have a
‘nearly proportional relationship. For example, when the movable lens 58A is moved 1 mm, the focus
Fb of the blue light beam Lbl is shifted 30 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 Of applied to the coil. In

reality, in theriptrmation-eptical sustem=2Qswhen-the: pasition-pf the mevable lgps 584y is controlled by
the driving control unit 22 (Fig. 4), the depth d of the focus Ib (Fig. 2) of the blue light beam Lbl in the

recording layer 10136fithe=opticahdisk00 (that(ispthe-distance fram the reflecting layer 104) is
adjusted in order to square the focus Ib with a target mark position. As mentioned above, the
information optical SYstethbd drsdivtesahebiueligh &M 1 brwia¢he vbjestivedens 4d: which is

servo-controlled by the servo optical system 30, in order to square the focus Fb in the tracking

direction of tHe DI At HEENPEbFRithRE argét Mark position. Fiftherceam Lrl from

the reflecting layer 104 of the optical disk 100.

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

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

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

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

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

contrel} in the objective lens 40 so that the red light beam
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the depth d of the focus Fb is adjusted according to the position of the movable lens 58A included in
the relay lens 58 whereby the focus Fb in the focusing direction is squared with the target mark
_position During recording processing during which information is recorded in the optical disk 100,
the blue light beam Lbl is 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
ark position, the blue light beam Lbl concentrated on the focus Fb is reflected as the blue light beam

Lb2 from the secprd mak RM,.and rautedde dhe obiective Jens 40, At thig time the deflecting direction
of the blue light beam Lb2 that is circularly polarized light is reversed (for example, from right-handed
circularly palarized lighat torletixhandegcieculardys potasized light) due to the reflection from the record
mark When the record mark RN is not recorded at the focus Fb, the blue light beam Lbl diverges
after converging onltheifdens #bl Thetlhlaelight beanu tishis then feflected framméhe waftecting layer

104, and routed as the blue light beam Lb2 to the objective lens 40. At this time, the rotating direction
of the blue Ryt Beamt 182 thatictcifctlarypslanzéddightts a combination of, for

example, a magnet and a coil, and designed to displace the
chiective lens 40 to a position dependent on a driving current
applied to the coil.

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

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

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

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

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



is reversed (for example, from right-handed polarized light to left-handed polarized light) due to the
reflection from the reflecting layer 104. The objective lens 40 causes the blue light beam Lb2 to
_converge to some extent, and routes it to the dichroic prism 37. The dichroic prism 37 transmits the
blue light beam Lb2, and routes it to the mirror 59. The mirror 59 reflects the blue light beam Lb2
S0 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 ik4pthe quarterswave plate 57. The guasterwvayg plate 57-gonvertsthe, blyg light beam Lb2
that is circularly polarized light into linearly polarized light (for example, from right-handed circularly

polarized lightta sefiolafizet dight)s aad routesrbic the palarization beam:splitter Sk viaithe LCP 56.
The polarization beam splitter54usesthe reflecting/transmitting surface 545 thereof to reflect the blue
light beam [tig2athek is-§Tpolanzed figh Zand Todtesal to marglt-leas 06 T ke midti-len$ 166 concentrates

the blue light beam Lb2 and routes it to a cylindrical lens 61. The
blue light beam Lbl from The diverging rays to parallel rays,

and routes it to a polarization beam splitter 54.

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

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

The quarter-wave plate 57 converts the blue light beam
Lbl from p-polarized light to, for example, left-handed
circularly polarized light, and routes it to a relay lans 58,

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

and then routes it to a mlrror 5%,
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cylindrical lens 61 applies an astigmatism to the blue light beam Lb2, and irradiates it to the
photodetector 63 via a pinhole plate 62. AS shown in Fig. 11, the pinhole plate 62 is disposed so
“that the focus of the blue light beam Lb2 concentrated by the multi-lens 60 (Fig. 9) will be located in a
‘bore 62H, and therefore transmits the blue light beam. Lb2 without any change. As shown in Fig.
12, the pinhole plate 62 nearly intercepts light that has a different focus and is reflected from, for
example, the surface of the substrate 102 included in the optical disk 100, the record mark RIM
located at a position different from the target mark position, or the reflecting layer 104 (hereinafter

called stray light (LNNeAS, 24834l dhe photodetestor 63 handly detegts apamount of ghtt of the stray
light LN. As a result, the photodetector 63 is unsusceptible to the stray light LN, produces a

detection sigtial-EBhconsistent with-the ambunt of tightefithedhiuedight beam Lb21 an¢ feeds it to the
signal processor 23 (Fig. 6). - The photodetector 63 includes, as shown in Fig. 12, four detection
fields 63A, 63B, 830 2and €3D seghteretiiarthd formtdfed|atiice orthie Istrfaestigtdof to which the
red light beam Lr2 is irradiated. A direction indicated with an arrow a2 (a sideway direction in the

drawing) cofte¥pEndY t& 3radk trabeing BRectii firwhith therdiae highf béam Chliprbpagates

control unit 22 (Fig. 4} in order to change the converging state
of the blue light beam Lbl emitted through the stationary lens
58R.

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

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

of the relay lens 58. Specifically, the focus Fb is shifted
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when irradiated to the recording layer 101. The photodetector 63 uses the detection fields 63A,
63B,-630, and 63D thereof to detect parts of the blue light beam Lb2, produces detection signals SDb
(SDADb, SDBb, SDCb, and SDDb) according to detected amounts of light, and sends them to the signal
‘processor 23 (Fig. 6). 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+SDCDb)
- (SDBb+SDDD) ... (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.

in the focusing direction within the recording layer 101
according to the position of the movable lens 58A.

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

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

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

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

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



SRF = SDAb + SDBb + SDCb + SDDb ... (4) In this case, the reproduction signal SRF highly
precisely represents information recorded as the record mark RN in the optical disk 100. Therefore,
“the signal processor 23 produces reproductive information by performing predetermined demodulating
‘processing or decoding processing on the reproduction signal SRF, and feeds the reproductive
information to the system controller 21. AS mentioned above, the information optical system 50
receives the blue light beam Lb2 routed from the optical disk 100 to the objective lens 38, and feeds
the result of reception to the signal processor 23. (1-4) Information recording processing As

described previoushe flkring informationsiecording precessing othe; optical disk drive, 2Q,records main
data, which represents main information, in the form of the record mark RN, displaces the record mark
RN in the fasfising dikectibh sq asdosmeartsub-data representing subkardinate imfermation.

the focus Fb in the focusing directicn 1s sqguared with the

target mark position.

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

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

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

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



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 Ciw serving as a reference, and
feeds it to a main-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, wiike thesseasdingssub-dataraymation Dby i fed i he embeddert signal geoduction block

73.  The main-data record signal production block 72 performs, as shown in Figs. 14.(A) and (B),
various kindscof pieces:ofsignabprocessing ingliding.enceditigeprecassing andrmeduating processing
on the recording main-data information Da, thus produces a main-data record signal Sw, which is a
record sign&l¢ ivkileskuarihgithe risirfg and falling timings of the signal with those of the recording
clock CLw, and feeds it to the embedded signal production block 73 and a laser control block 74.

The embedded signal$roRiiRior Blodie?3 (Fig Ce8)55&rbits Vansus dhds it dleédLof Signal
processing including encoding processing and modulating,processing on the recording sub-data
information Db. pro ﬁcnég asﬁ%ég eerﬁ%gagiédasrilélngloélr%?isanlg atrﬁin%l%ge bedti8d SighalSm- while

squaring the fising apdfallingfimings, ofthe; signalswithdhose of the datgyrecgrd signal Sw, and feeds
them to the driving control unit 22.
and routes it to the mirror 59.

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

The relay lens 58 converts the blue light beam LbZ into
parallel rays, and routes it ﬁo the quarter-wave plate 57. The
quart@f—wave_plate 57 converts the blue light beam Lb2 that

is circularly polarized light into linearly polarized light
{for example, from right-handed circularly polarized light to
s-polarized light), and routes it to the polarization beam
splitter 57 wia the LCP 56.

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

light beam Lbk2Z and routes it to a cylindrical lens 61. The

36



As shown in Fig. 14(C), the plus embedded. signal Sm= represents the timing of displacing the record
mark RN in a plus direction, that is, toward the incident surface 100A of the optical disk 100, and has
_the signal level thereof set to High over a period equivalent to the record mark RN that should be
“displaced in the plus direction. As shown in Fig. 14(D), the minus embedded signal Smrepresents
the timing of displacing the record mark RN in a minus direction, that is, toward the back surface 1003
of the optical disk 100, and 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 control unit 22 produces a
relay driving yaurrent: Ukby skifing a eggentvakie, ahichiisassociated-withithednasksrgcording layer U
in which a target track is located, by a predetermined shift current value Am during a period during
which eachizfahe phis embédded sibrst Sm+ andaninus epibedoédsignalSrasgoessHigh, and feeds it
to the actuator 58Aa included in the relay lens 58. The driving control unit 22 designates as a
target markFesitid (Iaf t & trget depth) a position deviated in the focusing direction (that is, a plus
direction or a minuidirection) b)éa ,redei}ermin?bd out-of-focus qtléantit AMc from the irradiation line

TL in a target track’ 8nd 1140iatds fHeblue-iight bean LBPEthR Ahfet thar podifiBRSec

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

As shown in Fig. 12, the pinhole plate 62 nearly
intercepts light that has a different focus and i1g reflected
from, fcr example, the surface of the substrate 102 included
inthe optical disk 100, the recordmark RM located at a position
different from the target mark position, or the reflecting
layer 104 (hereinafter called stray light (LN}). As a result,
the photodetector 63 hardly detects an amount of light of the
stray light LN.

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

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

traveling direction in which the biue 1ight beam Lbl propagates
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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 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 tO, the main-data record signal production block 72 raises the signal level
of the main-data record signal Sw from a Low level to a High level on the basis of the recording
main-data information Da (Fig. 14(B)). At this time, the embedded signal production block 73 retains
the signal leneds of the:plus-embedded sighad St nand siays embedded signal m- at the Low level on
the basis of the recording sub-data information Db (Figs. 14(0) and (D)). Accordingly, the driving
control unit 22 retaifissthé relagierivimgocufrént Bfsat hecureertovalve assetiatetldaithahemark recording
layerY. The laser control block 74 produces a laser driving current according to the main-data record

signal Sw, &t feedsit $6 thé Tesed ffode 5 AR réits theobluelRyHit beant Lphéendiged from the laser

diode 51 is _ radiated to the irrgdiation,line TL, and the record mark RM is formed on the irradiation line
TL (Fig 14¢S , Produces detection signals SDb (SDAb, SDBb, SDCbh, and

SDDb} according to detected amounts ¢f light, and sends then
toe the signal processor 23 (Filg. 6).

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

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

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

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

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

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

o the signal processor 23.
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At a time point ti, 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(2)). At this time, the laser control 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 diode 51. At a time point t2, 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(2)). At this time, the embedded signal

production block’ 73 raisesthesignal ievel of the Rlusepbedded signal Sm+ to the High level on the
basis of the recording sub-data information Db (Fig. 14(0)), while retains the minus embedded signal
m- at the Low levelAFigi«<b4(D)hed pAecsordirgly, théudriving colitrolanit 22 adesdheipredetermined
shift current value Am to the current value of the relay driving current Cif associated with the mark
recording 18%/&? ¥ SFhe s o RFBIIIE ek s 6duces alaser dfding adieht heeordingito the

main-data record signal Sw, and, feeds it to the laser diode 51. As a result, the blue light beam Lbl
emitted frorh THé A ol 81 i BHTatEd t6'a positiGiF déGiEtedin & PlusGiredtib b the
irradiation Iil%g TL b t@g C%Lét-%gocygc_ s ﬁMﬁMa{‘d %q?ereggrd_ mark %N is formed at the deviated

usin

position (Fig: 14(*F")§p Atatime pomtatcg, t%ne main-data record s@naf%roﬁ%%%oﬁ%o%ﬁ 72 lowers the

signal level of the maipdatasecord signak Swueitam:the HighJevel:tothe Laylevel onhe basis Of the
recording main-data information Da (Fig. 14(B)). At this time, the embedded signal production block 73

lowers the signal lexekef the-plusiembedded signal Srif. fropp thesHigh level ta the Epwslevel. The laser
control block 74 produces a laser driving current according to the main-data record signal Sw so as to
almost ceaderemisgiorrefithel bie light beant, A bbfrparteslaser eliodsishy main-data

information Da represented by main data and recording sub-data
. information Db represented by sub-data from the recording
information fed from the system controller 21, and feeds them
to a recording control unit 70.
As shown in Fig. 13, a reccrding clock production block
71 incluced in the recording control unit 70 produces a
recording clock CLw serving as a reference, and feeds it to
a main-data record signal pxoduétion block 72 and an embedded
signal production block 73. At this time, the recording
main-data information Da is fed to the main-data record signal
production block 72, while the recording sub-data information
Db is fed to the embedded signal production klock 73.

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

Da, thus produces a main-data record signal Sw, which is a
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At a succeeding time point t4, 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 retains
the signal level of the plus embedded signal Sm+ at the Low level on the basis of the recording
sub-data information Db (Fig. 14(0)), while raises the minus embedded signal m- to the High level (Fig.
14(D)). 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 blockZ4-prodiices:a laser driving curreptacearding o, the maia-data record signal Sw, and

feeds it to the laser diode 51. As a result, the blue light beam Lbl emitted fromthe laser diode 51 is
irradiated tood positien dexiatetkin arminsscdirection #opr thenigradiationding, Thhy the gut-of-focus
guantity AMc, and the record mark RM; is formed at the deviated position (Fig. 14(F)). At a time
point t5, thelfhairrddtaaesorbsigndl srogiugiiorrblogk2 lowers. thecsigAaldevel of the arain-data
record signal Sw from the High level to the Low level on the basis of the recording main-data
information ‘5’“&“6:’?@;1?(383?.]%&%3 time, the embedded signal production block 73 lowers the signal

level of the plus embedded signal Sm- from the Hi%Igl Ie\gae,l to the Low leyel. The laser control block 74
produces the laser driving carrent accorcﬁng o tRe A&t récord %igﬁal St 8 as 16 Almost cease

emission ofthe blueUIgAL PEANL 11 nas of pieces of signal processing including

encodingprocessingandnmdulatingproceséingcn}theracording
sub-~data information Db,_produces a plus embedded signal Sm+
and a minus embedded signal 8m- while squaring the rising and
falling timings cf the signals with those of the main-data
record signai Sw, and feeds them to the driving control unit
22.

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

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

The driving control unit 22 produces a relay driving
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Lbl from the laser diode 51. As mentioned above, the optical disk drive 20 irradiates the blue light
beam Lbl to a target track at the timing corresponding to the timing,of the recording main-data
“information Da, and thus forms the record mark RM so as to record the recording main-data
‘information Da in the recording layer 101. The optical disk drive 20 deviates each record mark RM in
the focusing direction according to the recording sub-data information DO, 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 inclugled i therrelay lens 58,50 that the-ble light beam,Lblwilk ke irradjated tosa target mark

position separated by a depth d with the reflecting layer 104 as a reference. At this time, the optical
disk drive 2@ delsignates.as kthe target mark pogifionia pasitian deviated inythe fogusingidirection from
the irradiation line TL by the out-of-focus quantity AMc. Accordingly, the optical disk drive 20
displaces thecaljeetive lens40 sedthiae the. redilight!iFéamdrrbwilkbe dacused-ondhe refleeting layer 104.
Thereafter, control should be implemented so that the focus Fb of the blue light beam Lbl will be

located at aﬁﬁ@@%éﬁfﬁ%ﬁé@%&%iﬁ@f@tﬁgt%@t H‘k&%ﬁ FORRFGHIRANThETEd IRt b%"a%_reflecting
IR et P e ke o S
to slightly digplace:the mavable lens 384 qqgoggliggggfgg, rgeqrding.sub-data information Db.

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

As a result, the opticzl disk drive 20 can deviate the
record mark RM in the focusing diresction from the irradiation
line TL, to which the blue light beam Lbl should originally

-be irradiated, according to the recording sub-data information
Db, and can embed the recording sub-data information Db at a
peosition in the focusing direction in the record mark RM
representing the recording main-data information Da.

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

73 retains the signal levels of the plus embedded signal Sm+
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(1-5) Information reproducing processing 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 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 conirol Bt feedsthe reproductign signak!BRB'do.a reproductive clack production
block 81 and a main-data information reproduction block 82, while feeds the blue focusing error signal

SFEDb to a stihedatacinfatimaticn:teptaduction dteck-83n DhAsFshown id Figs.zk6{B) mnd. (C), the
reproductive clock production block 81 uses, for example, a phase-locked loop

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

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

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

level on the basis of the recording sub-data information Db
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(PLL) circuit to extract a reproductive clock CLr from the reproduction signal SRF, and feeds it to the
main-data information reproduction block 82. As shown in Fig. 16(0), the main-data information
reproduction block 82 binary-codes the reproduction signal SRF with the reproductive clock CLr as a
‘reference so as to produce 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 62
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 i

-oimationRaaqd fegde fo the system conlrolien L. . The. sube0ata ipfofmatign reproduction block

83 recognizes the presence or absence of the record mark RN according to the rising and falling
timings of theneepreductiveshinary-goded signalSRO (that is, the length of the record mark RN and the
length of a space in which the record mark RN is not formed), detects the presence or absence of a
deviation of the recémtmagk RN in the fecusingrdirectiononithé basis of the signad level-of the blue
focusing error signal SFEb obtained from the record mark RN, and produces a deviation detection
signal (not $Showhs): Theisiisidata Fformationireproductiomblock-88 perforens: various kifids of pieces
of signal pro%essin includin demodulatingé)rocessing and decoding processing on the deviation

detection sighal §6-867t6 roduite ThHe TEroductivg Subdatd ifdrnai M RE dritFfeedistifto

thesysuﬂncgg§g46§gl.The laser control klock 74 produces a laser driving
current according to the main-data record signal Sw, and feeds
it to the laser diode 51. As a result, the blue light beam
bl emitted from the laser diode 51 is irradiated to a position
deviated in a plus direction from the irradiation line TL by
theiout—of~focus quantity AMc, and the record mark RM is formed
at the deviated position (Fig. 14(F)).

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

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

main-data record signal Sw from the Low level to the High lavel
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For example, at a time point t10, since the reproductive binary-coded signal SRO rises from the Low
level to the High level, the sub-data information reproduction block 83 acknowledges that the blue light
~beam Lbl is irradiated to the record mark RN (that is, the record mark RN is detected). At a time
“point tll, since the reproductive binary-coded signal SRO falls from the High level to the Low level, the
main-data informationreproductionblock82 acknowledges that irradiation of the blue light beam Lbl to
the record mark RN has been completed, and recognizes the record mark RN 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, errar signal.SFEb-ghtained from the fime paint,t10 to the time paint ti-(hereinafter, called

an SEE mark mean value). Further, the sub-data information reproduction block 83 decides
whichever af#hree levels the SEE mark maan aratise carkss Speeaificaly;dhesubdatecinformation
reproduction block 83 decides whether the SET mark mean value is equal to or larger than a first
sub-informatibrgtrasheldt fallssiedowlthédirst. infdrmation twesholteadd i eqgaktd Gmlarger than a
second sub-information threshold, or falls below the second sub-information threshold. More
particula y, ¥thé 36bfata inforfatioh réptBdidtiontbl6ék 83 Gecifesrattedinté pofft BRthat the SFE

mark mean value falls, beloﬁ: th%ﬂrst |r1f2 ﬁn’ tglr(ishold and is erbual to or Ia er than the second
sub-information trasnotd, te stbHata m atioh reproaaction bioek'g3 atkAo R/?éjd}g%% that the

record mark, RM s formed,ondhe us oy 1evel (Fig. 14 (D))

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

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

signal 3w so as to almost cease emission of the blue light beam
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ation 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; 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 reproduction block 82 recognizes the record mark RM as a mark.
At this time, ifsub-data information reproduction block 83 decides that the SFE mark mean value is

equal to or kaxger=than the.first threshold sthessub-data information reproduction block 83

acknowledges that the record mark RM is formed while being deviated in a plus direction, and sets the

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

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

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

mark pesition with the red light beam reflecting layer 104 zs
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If the reproductive binary-coded signal SRO rises from the Low level to the-High level at a time point
t14, and lowers to the Low level at a time point t15 he main-data information reproduction block 82
_recognizes the space as a 4T space and recognizes the record mark RN as a 4T mark. 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 RN is formed while being

deviated in g minus.directionzand seisthe sigaaljevelgfithg:deviation detaction signalto - 1. As

mentioned above, the optical disk drive 20 produces the reproduction signal SRF on the basis of the

blue light bears 14230 asderepreduce:the keproductive mrainfdatadaformationdia coregsponding to
the recording main-data information Da. The optical disk drive 20 detects the presence or absence of a
deviation ofthe reeordrhark RN Homehe irvadiztiondiherTingn the basisicf thetue foausing error
signal SFEDb, and thus reproduces the reproductive sub-data information Rb corresponding to the
recording s@F-detaiinfdiftiatior Db Thepticalthdk arife Dordetelths #7¢ prekerec-6r Bb8ence of a
deviation of the recqrd mark RN on the pasis of the blge focusing error signal SFEb while
implementinrge%%ﬂ *dontrotn é:%bj%% 198 Téhs' 26 of‘the basis of the red focusing error signal SFEr.

(1-3} Infeormation reproducing processing

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

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

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

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

production block 81 uses, for example, a phase-locked lcop
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Specifically, the optical disk drive 20 does not implement control so that the blue light beam Lbl will be
irradiated to the center of the record mark RN according to the blue focusing error signal SFED.
‘Therefore, the amplitude of the blue focusing error signal SFEb will depend on the out-of-focus
‘quantity AMc by which the record mark RN is deviated from the irradiation line TL. Accordingly,
the optical disk drive 20 can irradiate the blue light beam Lbi 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
guantity AMc of the record mark RN from the irradiation line TL. As a result, the optical disk drive 20

can reliably detect acslight deviation,Qt the-record. mark RN from thejisadiationding Thy.and can
reproduce sub-data with high precision. (1-6) Actions and advantage In the foregoing constitution,
the optical disk-drivie:20:cancesisaies thesstue light beamddl serving as-informatien dight, and
irradiates it to the optical disk 100 serving as an optical information recording medium. At this time, the
optical disk drie POshifes thie fotudurty b theobloeHight .beam. Lbl in the focusing direction in which
the objective lens 40 recedes from or approaches to the optical information recording medium, and
thus shifts the focu£b SFHEbIuSlight Beam £ bPto a fatGet Bapth&ARRICH I BIElight beam Lbl

should be irradiated. ., , ,
reprocdluctionblock 82 binary-codes the reproduction signal SRF

with the reproductive clock CLr as a reference so as £o produce
a reproductive binary-coded signal SRO, and feeds it to the
| 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 1t Lo the system controller
21.

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

detection signal {not shown).

The sub-data informaticn reproduction block 83 performs
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The optical disk drive 20 forms the record mark RM along the virtual irradiation line TL in the optical
disk'100 by controlling the laser 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 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 isyot formedexists indhe focusing directionqr 5 1 Inthe opticaldisk;drive,2Q,the space in the
focusing direction is utilized so that the record mark RM can be formed while being deviated in the

focusing direetioriullhuis; the sierngeseapacitysakthelreording lagent@k fammain data wall not be
varied but sub-data can be recorded. Namely, the optical cal
disk drive 209peraitsubbtastdl impravement 9f the storagecchparityref theropticat diske100. In
the recording layer 101, the height of the track TR is larger than the height RMh of the record mark
RN, and thé Fétoid miafks R Ere SipBosetito BE eeidist&mly F6rmediRtheFotasing Hirection.

21.

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

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

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

than a first sub~information threshold, falls below the First
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The optical disk drive 20 records sub-data by slightly deviating the center line CFR of the record mark
RN from the irradiation line TL. Eventually, since the record mark RN is deviated from the irradiation
line TL, the necessity of closely disposing the record marks RN is nearly obviated. The optical disk
‘drive 20 can therefore suppress a so-called crosstalk that is interference of the record marks RN
during information reproduction. The optical disk drive 20 can form the record mark RN along the
irradiation line TL, though the center line CFR of the record mark RN deviates from the irradiation line
TL. Therefore, during information reproducing processing, an amount of light of the blue light beam

Lb2 is hardly.affected and the excellent repradudtion.sigpal SEE ' canheproduged. . . fFurther, the

optical disk drive 20 uses the biaxial actuator 40A serving as an objéctive lens drive unit to drive the

objective lers:40; ard tges {he objectiverlens 40 tgcongantrate the red light,beamdddl that is servo
light for focus control. The optical disk drive 20 drives the objective lens 40 so that the red light beam
Lrl will be fosubed mictheaeflectirg laaerd04. included in the optical disk 100. At this time, the
optical disk drive 20 uses the movable lens 58A serving as a focus shift unit to separate the focus Fb
of the blue light bedf? £ 8l frérhthéFoéas £ of thefred Hight besith t#EBRan arbiranAdistance, and thus

squares the focus Fb of the gieé[%ht beam Lbl with a target depth to which the blue light beam Lbl
should be irf&HafRd T hérefsre, tHe Cpticar disk drive 26 HaR Sfudte the¥ochi& Eb-Gfthe blue light

beam Lbl with e Juadjaion|ine,TL.an the,hasis o the-tecioht beay Ll Eveniall,the foous FD can

be squared with a target mark position by implementing simple control to & the movable lens 58A
according tg the qui-affogus quantity AMGer than the second sub-information

threshold, the sub-data information reproduction block 83
acknowledges that the record mark RM 1is formed on the
irradiation line TL, and sets the signal level of the deviation
detection signal to 0.

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

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

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



In short, the optical disk drive 20 merely shifts the position of the movable lens 58A according to the
mark recording layer Y in which the record mark RN should be formed, but does not normally displace
‘the movable lens 58A during a period during which the record mark RN is formed in the same mark
‘recording layer Y. Therefore, the optical disk drive 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 CFc of the record mark RN, the
peak of the blue focusing error signal SFED is detected as information during information reproducing

processing.slpéggslce}%e‘,é@e@fjsgqgoggwi%EQQJE ad@(giégtq%rﬂpgx ggg@r@gd in the blue focusing error

signal SFEb cannot be discriminated from information. in contrast, the optical disk drive 20 forms

each record mark RM with thecenterdine,Cps:ofthe-resardimark RM deviatedframetherradiation line
TL in the focusing direction. Therefore, the optical disk drive 20 can vary the signal level of the blue

focusing errarsifinal S&E over@hperibdicaresponding td te vedord niatk RM] andiear therefore

reliably reproduce information embedded in the record mark RM. The optical disk drive 20 drives
the movablé fefis SR Wispased Himdrig diveging rays,-ahié earsthusdrdalyisHiftthe fdcus Fb in the

focusing direction without any restriction imposed on the moving distance of the movable lens 5EA.
reprocduction Block B2 recognizes the spate as a 4T space and

recognizes the record mark RM as a 47 mark.

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

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

The optical diskdrive 20 detects the presence or absence



Further, the optical disk drive 20 produces the reproduction signal SRF on the basis of the blue light
beam Lb2 serving as a reflected light beam that is the blue light beam. Lbl reflected from the optical
“disk 100, and thus detects the presence or absence of the record mark RN formed along the virtual
irradiation line TL in the optical disk 100. Based on the presence or absence of the record mark RN,
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 optical disk drive 20 produces the blue
focusing error signal SFEb, which represents the out-of-focus quantity between the focus Fb of the

blue light beam.|bl.and the,recard.mark RN inythe focusing direction.jo which the objective lens 40

recedes from or approaches to the optical disk 10. The optical disk drive 20 thus detects the

: OUt-Of-fOCUSEQU;@@tj_tygTQ@LQﬂIiC@igﬁgkldrmgowgﬂﬁ@Lﬁ_%l%egﬁtgﬁ@l%@r%@%py deviating
the center line CFc of the record mark RN from the irradiation line TL, as the reproductive sub-data
information Rb drethé hbasisiofehecblaelfocusingeelros sSignat theThus, thewoptical siskedrive 20 can
reproduce both main data and sub-data that are recorded as the record mark RN in the recording layer
101. FUttHETa theBptical 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 ogtical disk 100, and squares the focus Fb of the blue

light beam Lbl with 2F&rgétdépthto which the bhié fighfhsdm EBrsHouldbe Ftadiaté@ by separating
the focus Fh gt e b light beaim L) fram e facus, ELof e fed Jight bearn Lty ap avbiary

distance.
irradiated to the center of the record mark RM according té
the blue fogusing error signal SFED. Therefore, the amplitude
of the blue focusing error signal SFEb will depend on the,
cut-cf-focus quantity AMc by which the record mark RM is
deviated from the 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 the
record mark RM from the irradiation 1ine TL. As a result, the
optical disk drive 20 can rellably 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 tc the optical disk 100 serving as

an optical information recording medium. At this time, the

optical disk drive Z0 shifts the focus Fb of the blue light

[8;]
[._.i



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 RN from the irradiation
line TL, and can therefore implement the focusing control highly precisely similarly to the conventional
‘optical disk drive. The optical- disk drive 20 is an optical information recording/reproducing
apparatus capable of recording or reproducing main data and sub-data in or from the recording layer
101. Accordingly, the optical disk drive 20 separates recording information into main data and sub-data
at a predetermined ratio, and records or reproduces the data items. Therefore, the recording capacity

of the opticg| (gﬁ(ﬂgf) g:qntl%% iﬁ%[ﬁ%s’gﬁﬁﬁ |EirT tr}%ecjgggcal disr‘ffilcqp jcrchfgjrc?aﬁ%c‘%%% refle%i!rll% layer 104 that

reflects at least part of the Ted g & irradiated for posi htrol. SINCe the optical

disk 100 allaws the-eptical disk.drive 20g.impleaentiocusing cantralin the,chjegtive lens 40 using
the red light beam Lrl, the blue focusing error signal --FEb whose signal level is varied by embedding
sub-data needdwtdengsesforthefaausing:conirot sTheeefose stheropticak@diski 1Q01makes it possible to
reproduce main data and sub-data without affecting the focusing control to be implemented in the
objective leRs40 ddring-infermatiare feptedubingprotéssinghe b Bircd positionakmfatmiation is
recorded with a groove and a land, which are irregularities, in the optical disk 100, the optical disk
drive 20 carPréathly iRfpleferttratRing control. According to the foregoing constitution, the optical

disk drive 20 can dl%RIeaCoep%h:LBCraefocll’gsrﬁaélg:ﬂr\le' yglg?ag%{)sregggt%ecord mark RM along

the virtual irradiation line TL in the optical disk 100 by
controlling the laser dicode 51, which is a light source,
according to the recording main-data information Da based on
main data. The optical disk drive 20 shifts a target depth
in the focusing direction according to the recording sub-data
information Db based on sub-data, and thus forms the record
mark RM with the center of the record mark RM deviated from
the irradiaticn line TL in the focusing direction.

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

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

capacity of the optical disk 100.
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main data, toward a space in the focusing direction which is created inside the recording layer 101
which is thick and in which the three-dimensional record mark RN is formed. Thus, the optical disk
_drive 20 can embed sub-data in the record mark with a displacement in the focusing direction.
Accordingly, an optical information recording apparatus and an optical information recording method
capable of recor 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 embodimeny, adlesedption hasdheen made.ef acage wherethe mpyableriens 58A is
adopted as a focus shift unit that shifts the focus Fb of the blue light beam Lbl. The present invention is

not limited té ¢hisacaser Inishort; mespherigat akighratib ncgeneration ineans: tivat appliesta spherical
aberration to the blue light beam Lbi will do. For example, any of various optical elements including a
diffractive eferterddaipiiase Modbfatioirerirentsueh &8 b liquri-erystal derment, andtde expander

which change the phase of the blue light beam Lbl will do. These optical elements may be made
movable. toCusing directicn.

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

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

Further, the optical disk drive 20 uses the biaxial
actuator 40A serving as an objective lens drive unit to drive
the cbijective lens 40, and uses the objective lens 40 to
concentrate the red 1ight beam Lrl that is sexvo Light for focus
control. The optical disk drive 20 drives the objective lens
4C so that the red light beam Lrl will be focused on the

reflecting laver 104 included in the optical disk 100.

on
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In the aforesaid first embodiment, a description has been made of a case where each record mark RN
Is formed with the center line CFc of the record mark RN deviated in the focusing direction. The
present invention is not limited to this case. For example, the record mark RN may be formed by
gradually FC deviating the centere C within the recordmarkRM, so that the record mark RN will be
inclined in the focusing direction with respect to the irradiation line TL. Multiple out-of-focus quantities
AMc may be designated in order to deviating the center line CFc of the record mark RN in multiple
stages in the same direction.

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

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

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

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

processing. In this case, there is a possibility that a noise
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In the aforesaid first embodiment, a description has been made of a case where after the record mark
RN is formed with the center line CFc of the record mark RN deviated from the irradiation line TL, the
_next record mark RN is formed with the center line Cpc of the next record mark RN 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 RN is formed while being deviated in a plus direction, if the next record
mark RN is formed while being aligned with the irradiation line TL, the same advantage as that of the
aforesaid embodiment can be provided- Otherwise, the record mark RN and the next record mark RN

may be sucaessively,fornad ywihileibeing deyviated omeachiother inthe sarge giregtiomn (plus or minus
direction). In the aforesaid first embodiment, the present invention is applied to the optical disk
100 in whichatheaecord marsk RN is doamed with a bibbkesn the recording layer 101 according to the

blue light beam Lbl having a predetermined intensity or more. The present invention is not limited to

the optical disk. Thé'predeht iventiditmay be applictiicl férvexampleran epticaldisk fitwhich a

hologram is for(%]ed in advance all over the recordirg%gjf Ia)éer 101 whose refractive index varies with
edb

irradiation SFIight™Sndtha record TREACRN TEFd sty ingH thé holBEr AR thidith irradiation of

the blue ight beam L1 orn oplcal disk 100 inyshich the e dimengionalreord mark RN having a

three-dimensional shape is formed by changing a refractive index. urther, the blue light beam Lb

emitted fromra:ightsqurcernayhe sepasated inta the biue light beamgd bl and b2 -aad irradiated to
the same target mark position through both the surfaces of a voluminal medium 121v (not shown) in

order to forofthe-recordimark Rit-withra halegram. Ehecenstition obthis-type of eptieal disk drive is
described in the aforesaid patent document 2. Further, in the aforesaid first embodiment, a
description trasisearemade Dt a casenwherectiie rédiightsehmalriwhosé wavelehgaisdifferent from
that of the blue light beam Lbl is adopted as servo light. The present invention is not limited to this
case. For eXSRTIERRE bite figheheam ISHTRAY BE sepaFatBd oGRS “arf® one of the portions
may be irradiated aﬁn%sggl‘gilgga% boieiasr?i t%ég%ée%eoc tiggi!%'\éesr' the movable lens 58A
disposed among‘dive:ging rays, and can thus freely shift the
focus Fb in the feocusing direction without any restricticn
impesed on the moving distance of the movable lens.SEA.
Further, the optical disk drive 20 produces the
reproduction signal 3RF cn the basis of the blue light beam
Lb2 serving as a reflected light beam that is the blue light
team Lkl reflected from the optical disk 100, and thus detects
the presence or absence of the record mark RM formed along the
virtual irradiation line TL in the optical disk 100. Based
on the presence or absence of the reccrd mark RM, the coptical
disk drive 20 reproduces main data as the repﬁoductive
main-data information Ra.
Baséd.on an amount of light of the biue light beam Lbl,

the optical disk drive 20 produces the blue focusing error

signal SFEb, which represents the out~of-focus guantity
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In this case, a film that reflects at least part or the whole of the blue light beam Lbl and red light beam
Lrl is adopted as the reflecting layer. Further, in the aforesaid first embodiment, a description has
‘been made of a case where the reflecting layer 104 is interposed between the substrate 103 located
on a side opposite to the object lens 40 and the recording layer 101. The present invention is not
limited to this case. In short, as n 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 isdetmedras adeflestingitransmitiinglayer thatrefiests:1001%: kight {eed laser dight) whose
wavelength is used for servo control of the objective lens 40 and transmits 100 % light (blue laser light)
whose wavalengthlis usethfor fecamting atireproductionn Tiuscthe reddight beamel tlds geflected in
order to produce the red light beam Lr2, and the blue light beam Lbl is irradiated to a target mark
position. 4 FHAECHPthe ardr&said HEtERB6dinieht, i Besdtiption has Béer fhaddBEa case where

the optical picléup 26 has the constructii_?__n shgwg infigsj. The present invention i§ not limited to this
case. The aorPanJ‘g%a e %Sfi)&ﬁjaTﬁa?tg, nhus detects the cut~of-focus gquantity.

The optical disk drive 20 reproduces sub-data, which is
recerded by deviating the center line Cyp. of the record mark
BM frem the irradiation line 7L, as the reproductive sub~data
information Rb on the basié of the blue focusing error signal
SFEb.

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

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

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

the conventional optical disk drive.



the number thereof, and the types thereof can be varied. For example, a quarter-wave plate may be
interposed between the dichroic prism 37 and objective lens 40 in place of the quarter-wave plates 36
.and 57. The positional relationship between the servo optical system 30 and information optical
system 50 may be changed, and a dichroic prism that transmits the red light beam Lrl and reflects the
blue light beam Lbl may be substituted for the optical dichroic prism 37. Further, in the aforesaid
first embodiment, a description has been made of a case where the record mark RM is formed in the
optical disk 100 shaped like a disk. The present invention is not limited to this case. For example, the

record mark RM may: be ¢gearded iniapiopticalwfarmatign racording medium-shaped lilke a cube
(parallelepiped). Further, in the aforesaid first embodiment, a description has been made of a case
where: the Blaedight beanebblbwhosegavglieagthcissA0s aprisladoptéd as inferimationdight; and the
red light beam Lrl whose wavelength is 660 nmis adopted as servo light. The present invention is not
limited to thiSSEAKEThEtE i§RotliriEdtforRifthekadelengiiofthelinfantdton gttt isegvo light.
Appropriate Wavelelzs[ug hs can be selected based on the properties of the gptical disk 100 and optical

u

disk drive 262Y5% Fltther, ¥ i Sfordsaia fdf eRfbodiment: dlsGtioh s BEBATAAEE of a case
where the byéec&c&lgg%g §g9r0§irgggli§gE%sﬁgro%%%%d %@§gd on the bﬁl%%liqgttbeamc Lb2 according to
. Th €l 1 imited tc b

. . . ﬁ an E? at. a .
an astigmatisnethO e present invention Is not 0 this case. e blue Tocusing error signal

SFEb may be-preduses: according to anyof vagods methads ineluding, for example. aknife edge

method and aninternal/external differential method. The same applies to the red focusing error signal
SFEr. The reddeacking ertdrsigaabSTERgarabe praduesd aseording @y afi various naethods including
a differential push-null (DPP) method and a differential phase detection (DPD) method.
be increassd. .
The optical disk 100 includes the reflecting layer 104
that reflects at least part of the red light beam Lrl to be
irradiated for positional contrcl. Since the optical disk 100
allows the optical disk drive 20 to implement focusing control
in the objective lens 40 using the red light beam Lrl, the blue
focusing error signal SFEb whose signal level is varied by
embedding sub-data need not be used for the focusing control.
Therefore, the optical disk 100 makes it possible to reproduce
main data and sub-data without affecting the focusing éontrol
to be implemented in the objective lens 4C during information
repreducing processing.
Since positional information is recorded with a grocve
and a land, which are irregularities, in the optical disk 100,
the optical disk drive 20 can resadily implement tracking
contrel.
According to the foregoing constitution, the optical

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



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 HA is

moved to a pgsitian:dependeaten the selay driviegcureant OfnThepresenidaventien is got limited to
this case. For example, the movable lens may be controlled so that it will be moved based on the
driving currentdautawil|inctiveedispiaced-untilithe draweg clifrényisitgdd dextthiclFartker in the
aforesaid first embodiment, a description has been made of a case where the helical irradiation lines
TL are imagdifté&in thieopticaiiisk- 160 SERe preseritifivemtRnks Mot fimittet®whis case. For example,

the irradiation lines TL may be concentrlcaIC%/ or linearly imagined. Further,in the aforesald first
embodiment, a Thus, "the optical drive 20 can embed sub-data in

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

{1-7) Qther Embodiments

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

=y

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

In the aforesaid first embodiment, a description has been

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



description has been made of a case where the center line CFc of the record mark RN is deviated in
the focusing direction from the irradiation line TL. The present invention is not limited to this case. The
_record mark RN may be formed with the center line CFethereof 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 to an equation (5) below, in the same
manner as it is in the aforesaid embodiment. 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 lightdaearakra : Faergfoee: thesul-datasembedded in:thesrecerd.mark RN £aphgyreproduced

without any adverse effect imposed on the tracking control of the objective lens. STEb =
(SDAb+SDEbY«(SDBb+SDEL)(E)e = entFurther; i the aforesaidfirst en hedinhent, e description has
been made of a case where the objective lens 40 serving as an objective lens, the moable lens 58A
serving as & fGCUB¥SHIR thit, theemeahi-aata reebrdiRY Sigrial productivachleck Z2atieedriving control unit
22 serving as a main-data recording unit, and the embedded signal production block 73 and driving
control unit 926G a5 S sth dta recafding tinit aré (<6 16 CoRstAS T bphical Bigk drive 20
serving as ptical informatio tepomﬂ'[:l apparatus, The present invention is. not limited to this case.
AIternativeI?/tr,}lt e’"ogtﬁgét:ll?/zen Efé"nks,“ ocUs Shift Unit. ?n%'lrﬁ? at%nre%%?d%%cﬁ*rﬁﬁné%é? §55?d1%11f§?ecording unit

that are realized, with any.other yarious,eomppnents.may,be usgd.to canstitute,fhe.optical information
recording apparatus in accordance with the present invention. Further in the aforesaid first

embodimeng,.& degcrptianshas: heen deseribed-oha gase Wheke theslaser digde Slcservigg as a light
source, the objective lens 40 serving as an objective lens, the photodetector 63 serving as a record
mark detectirv diait,iand the repraoductidmedbtrob Gnit80 sendng as:a idéationdétettidr unit are used
to constitute the optical disk drive 20 serving as an optical information reproducing apparatus. The
present invetitR#ER rict likfife PR HiSieass Hitsinatively, the objective lens, focus shift unit, record

mark detection unit,_ and deviation detection uni ealized with
Lné%eaf%resalgéfgstemgoéament,e&descriptionhasbe@n

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

In the aforesaid first embodiment, the present invention

is applied to the optical disk 100 in which the record mark
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any other various components may be used to constitute the optical information reproducing apbaratus
in accordance with the present invention. = Further, in the aforesaid first embodiment, a description
has been made of a case where the recording layer 101 serving as a recording layer is used to form
the optical disk 100 serving as an optical information recording medium. The present invention is not
limited to this case. The optical 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, description has been made of a case where the recording layer 101

serving as arecarding-ayerang thereflecting layer 104-sexving as adeftesting-layerarg used to form
the optical disk 100 serving as an optical information recording medium. The present invention is not

limited to this:case. Aliemmativgly; the recardinglayerand reftectingelayénealizedavith. other various
components may be used to form the optical information recording medium in accordance with the
present inveRtiBRI®) SEEENE FraBodinamentiFRy 157 1e Fig 120 shewtthetsecorid-érbodiment. The
same reference numerals are assigned to components corresponding to those of the first embodiment

i

shown in Fig £ %o Fig"$6° ARSitarative HERTrABoM Wil B GiRtect THe seddiid ©Xample,

an optical disk in which a hologram is formed in advance all
over the recording layer 101 whose refractive index varie=z with
irradiation of light, and the record mark RM is formed by
destroying the helogranathrough irradiation of the blue light
beam Lbl, or an optical diek 100 in which the three-dimensional
record mark RM having a three-dimensiconal shape is formed by
chénging a refractive index.

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

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

may be irradiated as a serve light beam to the reflecting layer.
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embodiment is different from the first embodiment in a point that an optical disk 200 does not include
the reflecting layer 104 and in a point that an optical information recording apparatus 120 dedicated to
_recording is used to record information and an optical information reproducing apparatus dedicated to
reproduction is used to reproduce information. (2-1) Conuction 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 laygr 404 sangddbe langdsiand grqovesrindbedefleciing layer.104 are.not formed.  The
thicknesses tl, t2, and t3 of the recording layer 101 and substrates 102 and 103 included in the optical
disk 200 are fenticab taithaseyin-the-aptical disk 400= Aniitesative description wilk beronitted.

as the reflecting layer.

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

For example, the reflecting layer may be interposed
between the substrate 102 located on the side of the cbjective
lens 40 and the recording layer 101. In this case, the
reflecting layer 104 is fcormed as a reflecting/transmitting
layer that reflects 100 % light (red laser light) whose
wavelength is used for servo control of the objective lens 40
and transmiﬁs 100 % light (blue laser light) whose wavelength
is used fgr recording or reproduction. Thus, the red light
beam Lrl is reflected in order to produce the red light beam
Lr2, and the blue light beénbei 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
26 has the constructicon shown in Fig. 7. The present invention

i1z not limited to this case. The arrangement of optical parts,
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(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 different
construction. An iterative description will be omitted. As shown in Fig. 17, the optical pickup 126 of
the optical information recording apparatus 120 irradiates the blue light beam Lbl to the optical disk
200. More particularly, a laser diode 151 of the optical 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 number thereof, and the types thereof can be varied. For
example, a quarter-wave plate may be interposed between the
dichroic prism 37 and objective lens 40 in place of the
guarter-wave plates 36 and 57. The positional relationship
between the servo optical system 30 and information optical
system 50 may be changed, and a dichroic prism that transmits
the red light beam Lrl and reflects the blue light beam Lbl
may be substituted for the optical dichroic prism 37.

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

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

Further, in the aforesaid Ffirst embodiment, a

description has been made of 3 case where the blue focusing
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The collimator lens 152 converts the blue lightbeantLbl, which includes diverging rays, intq 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 between the objective lens 140 anc_l an
incident surface 200A of the optical disk 200. Assuming that HA denotes a focal length attained

when the objective lens 14.0 concentrates the blue light beam Lbl, Hd denotes an incident surface
depth that is a distance from the incident surface 200A to a target mark position, and denotes a

refractive index of tae gpiicab disk 2004substrate 402and reeerding layen L) Jhedigk glistance HA is
expressed as follows: HA - HX - (Hdxn)(6)

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

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

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

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



In the optical information recording apparatus 120, when the objective lens 140 is driven in the
focusing direction in order to retain the disk distance HA at a designated disk distance HAs designated
‘based on the incident surface depth Hd of the target mark position, light beam Lbl can be irradiated to
the target mark position. 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 basisef thesdistange signakrand feedsif tothe-driving €ontrol upit 22. 41 sWWher the plus
embedded signal Sm+ and minus embedded signal Sm- which are produced by the embedded signal
production biocki 73 ti¢hel récardingeconteol tunits7 @ ade fedin.the same manner as they are in the first
embodiment (Fig. 13), the driving control unit 22 superposes the incident surface displacement signal
SCK, plus embedded$igharsm+iand Hiifius effbieRietsigral STi- orrBRe droHierso &s to produce a

focusing dri\gn%gurrent SFD, Specifically, the driving control unit 22 produces a product by
multiplying tHETGUBAT-Sifacs YispREBmBAH Ssigial SCICBY & prEfEi&rmingd coefficiént. According to

s perecivioouhinesirel i ounlspmisiieds s s g el
' present invention is not limited to this case. For example,
the irradiation lines TL may be concentrically or linearly
imagined.

Further, in the aforesaid first embodiment, a
description has been.mad@.of a case where the center line Cye
of the record mark RM is deviated in the focusing direction
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 Cp thereof deviated in the tracking direction
that is the radial directicn of the optical disk 100.

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

STEb = (SDAb+3DDk} - (SDBb+SDCL) {5}
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For example, at a time point t31, when the plus embedded signal Sm+ rises to be High, the shift
current value A+m is added to the product in order to produce a focusing driving current SFD. At a
fime point 32, when the plus embedded signal Sm+ falls to be Low, the driving control unit 22 ceases
addition of the shift current value Al-m, and the product is calculated as the focusing driving current
SFD as itis. At a time point t33, when the minus embedded signal Smrises to be High, the driving
control unit 22 produces the focusing driving current SFD by adding the shift current value A-mto the
product. At a time point t34, when the plus embedded signal Sm- falls to be Low, the driving control

unit 22 ceases additigp:afdle shift:curren valueA-n-and calewlates thapwaduelas thefocusing
driving current SFD as it is. The driving control unit 22 feeds the focusing driving current SFD to a

biaxial actuatos d40A: iidre biaxidsctuatod 4 40A drivesdhe lobjectivied ens jl0:tbva positon dependent
on the focusing driving current SFD. As a result, when both the plus embedded signal Sm+ and
minus embédtEE 5itd Srh-aakebhetielswlevs!; thdoptieakibicrmatioh béorelidy apparatus 120

can retain the disk qIFista}nce HA at theﬂdesigna;(ed disk distance HAs, and can square the focus Fb of
the blue ligtit'bedm LBifth the irhdidtinine i matn-data recording signal

production block 72 and driving control unit 22 serving as a
main-data recording unit, and the embedded signal production
bleck 73 and driving control unit 22 serving as a sub-data
receording unit are used to constitute the optical disk drive
20 serving as an optical information recording apparatus. The
present invention is not limited to this case. ABlternatively,
the objective lens, focus shift unit, main~data recording unit,
and sub-data recording unit that are realized with any other
various components may be used to constitute the optical
information recerding apparatus in accordance with the present
inventicn.

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

markdetectionunit, anddeviation detection unit realizedwith
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When either the plus embedded signal Sm+ or the minus embedded signal Sm- is High, the optical
information recording apparatus 120 drives the objective lens 140 so that the disk distance HA will
Jbecome 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) from the irradiation line TL. As mentioned so far, the optical information recording

apparatus 12Q.displases the objective-lens, 140 withrespect todhe.optical disk 200, which does not

include the reflecting layer 104 serving as a reference, so as to shift the focus Fb of the blue light

beam Lbl, andtcordrols the disk distanes HAdse 8sdosauare the focus lrwith antasget mark position.
Accordingly, the optical information recording apparatus 120 does not, unlike the first embodiment,
require the $&&orapipansystene801Eventually, the construction of the optical pickup 126 is simplified.

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

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

{2) S=cond Embodiment

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

An iterative description will be omitted. The second
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(2-3) Configuration of the optical information reproducing apparatus The optical information
reproducing apparatus 130 (not shown) is nearly identical to the optical disk drive 20 (Fig. 6) except a
.point that it does not include the recording control unit 70 and a point that the constructions of an
optical pickup 160 and a reproduction control unit 180 are different. An iterative description will be
omitted. As shown in Fig. 19, the optical pickup 1600oftheoptical 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 opticahpiekiix6@ ernits ihe blue light-beamnlhlaf405 arvuRderthe controlefithe driving
control unit 22, and routes it to a collimator lens 162. The collimator lens 162 converts the blue
light beam [EBiaWhichdntludes divergihglrayseinto paralielirays, ahd roefésit ta agpotayization beam
splitter 163. The polarization beam splitter 163 uses the reflecting/transmitting surface 163S thereof to
transmit or retfectibfée bitde Aghtbaim Chidccsrdimpic- treldeffeéangaireetion; eramsiitsathe blue light

beam. Lbl that is p-polari light, and routes it to a quarter-wave plate 164.
appa%ggus %%g}ggeéacate to recording jj? used to record

information and an optical information reproducing apparatus
dedicated to reproduction is used to reproduce information.

{2-1} Construction of an optical disk

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

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

' The thicknesses t r T2, and t3 c¢f the recording layer
101 and substrates 102 and 103 included in the cptical disk
200 are identical to those in the optical disk 100. An
iterative description will be omitted.

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

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

control unit 80 and a point that an optical pickup 126 has a
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The quarter-wave plate 164 converts the blue light beam Lbl, which is linearly polarized light, into
circularly polarized light, and routes it to an objective lens 165. The objective lens 165 concentrates
the blue light beam Lbl, and irradiates it to the optical disk 200. When the record mark RM is
formed near a target mark 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 pele. iasybeam splitiec 163, . The polarizatig beam.splitey 163 reflests the blue light

beam Lb2, which is s-polarized light, according to the deflecting direction thereof, and routes it to a
condenser lens 1664 The condenser lens 166 concentrates the blue light beam Lb2. An astigmatism is
applied to the blue light beam Lb2 by a cylindrical lens 167. The blue light beam Lb2 is then irradiated
to a photodetector Fé9aki@@rpinhélesplaté 168 optEhe photadetect@rled has the:samae construction
as the photodetector 63 (Fig. 12) does, produces detection signals SDAb to SDBd in the same manner
as the photodeteéttt 53°doas Card iesds BRemhabtRe signar proteaser 28 Eig el 11ghThe signal

processor 23 produces the reproductjon signal SRF and blue focusing error signal SFEb according to
the equatiozr?sgpf’é‘} aﬂrﬁq‘i(i’)? the Optlcaf Ci.:}_sk 200,

More particularly, a laser dicde 151 of the optical
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
1t te an objective lens 140. The objective lens 140
concentrates the plue light beam Lbl, and irradiates it to fhe
optical disk 200.

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

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

as follows:
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Supposedly, information is already recorded in the optical disk 200, and the record mark RM is formed
therein. The optical information reproducing apparatus 160 uses the 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 particularly, the signal processor 23 of the optical information
reproducing apparatus 130 feeds, as shown in Fig 20, the reproduction signal SRF (Fig. 21(2)) 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 SFEb to a band-pass filter
block 183. Thepain-gagta-infarmation reproduction block 82 produces a repro(chtive binary-coded
signal SRO (Fig. 21(D)) while squaring the timing of production with the timing of the reproductive
clock CLr (Fig. 21(Gy fedefropt the: fe protiuctise clock graduttion bigek:Gl insthe samadsnanner as that
included in the first embodiment. Further, the main-data information reproduction block 82 produces
the reprodutiferfrairzaats’ mfofatioARaDF tHe Basisiofthe Eproddaivelbirapy-todetsignal, and

feeds it to the system controller 21 -When the blue focusing error signal SFEb (Fig. 21(E)) is fed
to the band-PasgiltsP biotk g3, Weebgﬁ&-lf)agé’?iﬁ@?ﬁfbcﬁS@%e‘?foPr% fiftBARG Prodedsing on the

blue focusincgi%qgglgjgng%?ggsi}p E%g%%d%et grgiené?? é‘?re%&gl%nc%p:a%d As a re$U|t’8th§@%E§ focusing

. Nt SUTXLaC 1 .
error signal SFEb 1s, as shown In (F) an separatedlln?o a hlgﬁ- requency band focusing
signal SFEQk: having-a relatively high fr yand ajewdrequency:band focusing signal SFEbL

having a relatively low frequency. When the objective lens 165 is made stationary, the optical
information reprodusifigeapparatus k30 tradiatesitheifocus Ebiafihe 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 opticildisk pegticularly, the di;tance detector produces a

distancesignalconsistentwithtﬂm&diskdistanceHA,andf@eds

it to the signal processor 23. As shown in Fig. 18 (B}, the

signal processor 23 produces an incident surface displacement

signal 8CK, which represents a magnitude of a difference

between the designated disk distance HAs and detected disk

distance HA, on the basis of the distance signal, and feeds

it to the driving contrel unit 22.

When the plus embedded signal Sm+ and minus enbedded

signal Sm- which are produced by the embedded signal production

block 73 of the recording contrel unit 70 are fed in the same

manner as they are in the first embodiment (Fig. 13), the

driving control unit 22 superposes the incident surface

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

embedded signal 3m- on one another so as to produce a focusing

driving current SFD.

Specifically, the driving contrel unit 22 produces a

product by multiplying the incident surface displacement
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A deviation of the focus Ft from the record mark RM derived from:a surface shake caused by a
distortion of the optical disk 200 or a trouble occurring during mounting often manifested as a low
Jfrequency at intervals of a cycle dependent on the rotation of the optical disk 200. As described
previously, in the optical disk 200, each record mark RN is formed hile being deviated in the focusing
direction from the irradiation line TL. Thus, sub-data is embedded. Therefore, the deviation of the
focus Fb from the record mark RN derived from the sub-data is manifested as a high frequency in
association with each record mark RM. Therefore, the high-frequency band focusing signal

SFEDbH thatisgnhighsfregusncy goraprrentofibe blue focusingrror signak-SEED represents
sub-data. The low-frequency band focusing signal SFEbL that is a low-frequency component of the
blue focusing:efror sigmakrSHEL répresentssthe lolitobfocdstiquaniitysofthe fatus Fhofrem the
irradiation line TL. The band-pass filter block 183 (Fig. 20) feeds the high-frequency focusing
signal SFEBH to#fe Shibhd&tEMrGRrERiorT teproduttion blotk ©84, 4R¢ feegs #ie IB-fr@duency band
focusing signal SFEbL to the driving control unit 22. The sub-data information reproduction block

184 perforni@Vario G kingR of fledts 6FSighal frotedsing onfthetigR4rdquency band focusing signal
e T 5 Lo e it o i s poccine

signal 8m+ rises to be High, the shift current value A+m is

added to the product in order to produce a focusing driving

current S¥FD. At a time point 32, when the plus embedded gignal

Sm+ falls to be Low, the driving control unit 22 ceases addition

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

25 the focusing driving current SFD as it is.

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

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

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

Cinformation recording apparatus 120 can retain the disk

70



The driving control unit 22 produces a focusing driving current SFD on the basis of the low-frequency
band focusing signal SFEbL, and feeds it to the biaxial actuator 165A. Thus, the driving control unit 22
.drives the objective lens 165 so that although the record mark RN is deviated from the irradiation line
TL, the blue light beam Lbl can be irradiated to the irradiation line TL. As mentioned above, the optical
information reproducing apparatus 130 separates the blue focusing error signal SFEb into the
high-frequency band focusing signal SFEbH that is a high-frequency component and the
low-frequency band focusing signal SFEbL that is a low-frequency component. The optical information

production apparatis:130 producesdbeqepraduetivisubsdalaiaformatian Rb.on the basis of the
high-frequency band focusing signal SFEbH, and implements focusing control in the objective lens 165

on the basis bktheslows friggueh cytzarid fox using: Sigread B FEHL .w i thAckerdinglysithe-aptical information
reproducing apparatus 130 can reproduce sub-data embedded in the record mark RN without
inclusion of & gehio- optical system 30 and distance detector, and can thus have the configuration
thereof simplified. The ogtical information reproducing apparatus 130 drives the objective lens 165

on the basis of the I6Wfre§uEn&y baRa fBéﬁﬁnﬁr%?&%eﬁjFéﬁﬁﬁﬁfqﬁéa Wrérﬁ@vﬁﬁb%%
eSSBS S s il AT e PR g S S o
reproducing:apparatus:139 san-varydhe-hlugdoeusing eriar-signalSEEb-ageording to the sub-data.
distance HA will become different from the designated disk
distance HAs by a distance dependent on the shift current value
Atm (that is, an out-of-focus quantity AMe x a refractive index
).

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

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

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

the optical pickup 12€¢ is simplified.
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(2-4) Actions and advantage According to the foregoing constitution, the optical information
recording apparatus 120 detects the disk distance HA between the objective lens 140 and the incident
.surface 200A of the optical disk 200 serving as an optical information recording medium, and thus
detects the relative positional relationship between the objective lens 140 and optical disk 200. The
optical information recording apparatus 120 drives the objective lens 140 so as to control the disk
distance HA, 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 bg sgbstitutef fortheasere optical system 3@rard numergus-apticalparts for use in
servo control become unnecessary. The configuration of the optical information recording apparatus
120 can be simpliffed:ing kptheregtical information recording apparatus 120, the objective 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 information retdraftiy-appardtiis 120t tififiké fr Avs aptice dislednvd 20, #¥¢ movable lens 58A

need not be nclude The configuration, of the optical mformatlon recording a aratus 120 can be
simplified. EI qs near gudentlcaq]topb%e optical disk d rf%epg .

6) except a point that it does not include the recording control
unit 70 and a point that the constructions of an optical pickup
160 and a reproduction control unit 180 are different. BAn
iterstive description will be omitted.

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

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

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

le4.
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Further, in 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 Lbi, and the blue focusing error
.Signal SFEb representing an out-of-focus quantity is separated into he high-frequency band focusing
signal SFEbH, which is a high-frequency component, and the low-frequency band focusing signal
SFEDL that is a low-frequency component,In the optical information reproducing apparatus 130data is
reproduced based on the high-frequency band focusing signal SFEbH, and the objective lens is driven
based on the low-frequency band focusing signal SFEbL.

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

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

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

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

and feeds thenm to the signal processor 23 (Fig. 6).
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Accordingly, in the optical information reproducing apparatus 130, main data and sub-data are
reproduced from the record mark RN in which the sub-data is embedded. Based on the blue light
JbeamLb2 reflected from the record mark RN, that is, using the record mark RN 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 In the optical information recording apparatus 120, during
information recording processing, the record mark RN is formed with the center line OFt thereof
deviated in the focusing direction from the irradiation line TL. Thereafter, the next record mark RN is

formed with the centetlineQpt thereof displaged,with JesRech o the pasitiopof-the: deviated center

line. Accordingly, in the optical information recording apparatus 120, the record mark RN next to
the record mamk RNdrecbrdedrwhile beingdeviated from thedradiationdipeiHg cas be recorded on the
irradiation line TL or while being deviated in a reverse direction. The record mark RN recorded while
being deviatetifroarthe ifdiadioh lide TL will not be continuously formed, but the record mark RN can

be intermittently deviated from the irradiation line TL. Accordingly,the opticalinformation recording
Supposedly, infermation is already recorded in the

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

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

Themain-data information reproduction block 82 produces
a reproductive binary-coded signal 5SRO (Fig. 21(D)} while
squaring the timing of production with the timing of the
reproductive clock Chr (Fig. 21(C)} fed from the reproductive
clock production block 81 in the same manner as that included
in the first embodiment. Fuarther, 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,
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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 SFEbI, using the band-pass filter block 183. According to the foregoing
constitution, the optical information recording apparatus 120 drives the objective lens 140 on the basis
of the relative positional relationship between the optical disk 200 and objective lens 140, and thus

irradiates the blue lighibeara Libl te:agrgei depih s Therefereg the optical infermation regording
apparatus 120 does not require an optical part that receives light for servo control, and can have the
configuratiohstherd of sifpdified: d - p sRvedpticainfoimatioh G éproducingrapparatus 130«drives the
objective lens 165 on the basis of the blue light beam Lb2, and thus irradiates the blue light beam Lbl
to a target dSRA TherefoRe feoiBatdd With'd BaBE iTera ight for S&vddamrélaswstaseparately, the
optical inforrrlatioop @Prodgcig%ggparatus 130 does nqt ret%uire optical parts that irradiate or receive

the light for Setvo contfOr and can havethe ohtigtratidit therddt &ifphitied 42%5) Offfer’Embodiments

result, the blue focusing error signal SFEb is, as shown in
Figs. 21(F} and (G}, separated into a high-frequency band
focusing signal SFEbH having a relatively high frequency and
a low-frequency band focusing signal SFEbL having a relatively
low freguency.

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

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

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

high frequency in asscciation with each record mark RM.
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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 placed or in the spindle motor 24. A target mark position need not be determined based on the
disk distance HA. For example, when a servo record mark for servo control is formed in advance in the
optical disk 200, the servo record mark may be used to implement focusing control. The focusing

control may be impteraeateshhy, iradiating arserva dighthaamfor sero.coatrghto themigady recorded
record mark RM. In the aforesaid second embodiment, a description has been made of a case

where the optigal infornatipn-réeproducing apparatus:136 imptemehts fdeusing contrat tncthe objective
lens 165 on the basis of the blue focusing error signal SFEb. The present invention is not limited to

this case. FBi 8%amples BimifaPl e the bpticanfériation fcordiiy appaaites 120 hedisk distance
HA measur%d Iﬁa distance detector may be used to implement the focusing control. Further, in

the aforesal St _%zﬁ%gem gﬁ?ﬁ%é@ﬁfpﬁ@n%é@‘ﬁ'é_ h Tieife: oF acﬁﬁ%o\%]éjfectﬁetl%%-frequency
band focusgggégg@c%ggg_% e% %Jgt g tQ iml%elmg%g)c%%nrgﬁ%o@ng%l |rJC.rt1he objective %ens 165. The

present invention is not limi is cade. For examp en the amplitude of a high-frequency
component gf the: blue foeusing erser-sigpsl SEED representing sup;datasis relatively small, the blue

focusing error signal SFEb may be used as it is. In this case, the high-frequency focusing signal
SFEDbH is fully amptfitied in:ordep tasrepraduce-theistbkdatas (Fig. 20) feeds the
high~frequency focusing signal SFEbH to thé sub~data
information reproduction block ig4, and feeds the
Low~frequency band focusing signal SFEbL to the driving control
unit 22.

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

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

As mentioned above, the optical information reproducing
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(3) Application of the present invention Next, an applied exampLe of the present invention will be
described below by presenting a concrete example. For convenience' sake, the reference numerals
employed in the optical disk 100 and optical disk drive 20 in 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. 22(A), in a copy prevention system 210, main data such as
video data or music data is recorded in the optical disk 100 in the form of the record marl RM. In the
copy prevention system 210, a disk identification code ED signifying that the optical disk 100 is an
authentic optigsd disk 300 is moadtdatedaccondingto:a predetarmined yaethod-and recarded as
sub-data in the form of a modulated identification code EDr. The modulated identification code EDr is
recorded inifot @xample; @ table: ofeonte nts (E0O pficldioruan inmerin Gt urhference oy deviating
the record mark RN from the irradiation line TL in the focusing direction.
high-frequency component and the lLow-frequency band focusing
signal SFEbL that is a low-freguency component. The optical
information production apparatus 130 produces the
reproductive sub-data information Rb on the basis of the
high-frequency band focusing signal SFEbH, and implements
focusing control in the cbhbiective leng 165 on the basis of the
low~frequency band focusing signal SFELL.
Accordingly, the optical information reproducing
apparatus 130 can reproduce sub-data embedded in the record
mark RM without inclusicon of the serve optical system 30 and
distance detector, and can thus have the configuration thereo?
simplified.
The optical information reproducing apparatus 130 drives
the obiective lensg 165 on the basis of the low~frequency band
focusing signal SFEbL produced by removing the high-freguency
component based on sub-data from the blue focusing error signal
SFEb, and can irradiate the blue light beam 1Lbl to the
lrradiation 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 foregeing constitution, the optical

information recording apparatus 120 detects the disk distance



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, and reproduces main data
recorded in the optical disk 100. In contrast, as shown in Fig. 22(E), if the modulated identification
code EDr is not recorded in the optical disk and the disk identification code ED cannot be reproduced,
the optical disk drive 20 decides that the optical disk is fraudulent optical disk 100X such as a so-called
pirated disk, which is illegally duplicated, but is not an authentic optical disk, and does not reproduce

main data fromdbefeaugduleat-opticat disk 109X.140 ntheoptical disk,100, sincedhe,gut-of-focus

guantity AMc is set to a small value, the optical disk drive 20 that records. the record mark RM is
requested to implement preeise ddcusiny conteolyvand can discoukagieca thicchpasty.fromafabricating the
fraudulent optical disk 100X.

recording medium, and thus detects the relative positional

relationship between the objective lens 140 and optical disk

200. The optical information recording apparatus 120 drives

the cobjective lens 140 sc as to control the disk distance HA,

and thus shifts the focus Fb of the blue light beam Lkl to a

target depth.

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

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

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

Lbl, and the blue focusing error signal SFEb representing an
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In this case, in the optical disk 100, preferably, the disk identification code ED is modulated according
to the predetermined method and recorded as the modulated identification code EDr. Supposing that -
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. Specifically, in the copy prevention system 210,

a process oblabricating the fraudulent ppticaldisk 100X thatjssepraducible cap he made very hard to
do, and sale of the fraudulent optical disk 100X by a third party can be substantially prevented. As
another copyapreventionisysteny2il @ritishowh),ohais datd gieyrke enerypiethbandsecarded in the
form of the record mark RM and space, and key information necessary to decrypt the main data may
be recordedPas'siB-date In TR BEses hot tite Frindatmarsd subdald aré rédortied allover the
optical disk_100. Further, as sub-data, data necessary to select or decode key information may be

recorded, or-&KYy bf GIGIE dataitEHS rP%’Eéssary foF deER/ptioR idyBé reddrfegration

reproducing apparatus 130, sub-data is reproduced based on the
high-frequency band focusing signal 3FEbH, and the objective
lens is driven based on the low-freguency band focusing signal
SFEDbL.

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

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

Accordingly, in the optical information reccrding

apparatus 120, the record mark RM next to the record mark RM
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(3-2) Other applied example Further, the present invention may be applied to any 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 thenecessityofrecording 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

copying frequencyJpay.he 1ecededassubsdata Fipdystiial Applicability o, 1 The present invention can
be applied to optical disk drives that record or reproduce a large amount of information, for example, a
video contehtor emcautid eontent, in-esfrost agecbidiagnesiurhsuchiasian opticakdisk.

in a reversedirection. The recordmark RM recorded while being

deviated from the irradiation line TL will not be continuocusly

formed, but the record mark RM can be intermittently deviated

frem the lrradiation line TL.

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

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

The optical information reproducing apparatus 130 drives

the obhiective lens 165 on the basis of the blue light beam Lb2,
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Claims 1.An optical information recording apparatus comprising: an objective lens that
concentrates information light and irradiates it to an optical information recording medium in which
Information is recorded in the form of a record mark by irradiating the information light, which is emitted
from a light source and has an intensity equal to or larger than a predetermined intensity, to the optical
information recording medium; a focus shift unit that shifts the focus of the information light in a
focusing direction in which the objective lens recedes from or approaches to the optical information
recording medium, and thus shifts the focus of the information light to a target depth to which the
information dight should bedoradiadedihe blue light beam Lbl to a target depth.

Therefore, compared with a case where licht for servo control
is ~used -separately, the optical information reproducing
apparatus 130 does not reguire optical parts that irradiate
or receive the light for servo control, and can have the
configuration thereof simplified.

{2~5} Other Embodiments

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

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

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

apparatus 130 implements focusing control in the objective lens
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amain-data recording unit that forms a record mark along a virtual irradiation line in a virtual record
mark layer of the optical information recording medium by controlling the light source according to
.information based on main data, and thus forms the record mark in the virtual record mark layer; and
a sub-data recording unit that shifts the target depth in the focusing direction according to information
based on sub data, and thus forms the record mark with the center of the record mark deviated in the
focusing direction from the irradiation line within the record mark layer. 2. The optical information
recording apparatus according to Claim 1, further comprising an objective lens drive unit that drives
the objectivedensnwheselitisis of the blue focusing error signal SFEb. The

present invention is not limited to this case. TFor example,
similarly to the optical information recording apparatus 120,
the disk distance HA measured by a distance detectcr may be

used to implement the focusing control.

|

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

(3} Application of the present inventiocn

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

{3-1) Copy preventicn system

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

main data such as video data or music data i1s recorded in the
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the objective lens concentrates servo light for focusing control, the objective 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 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 focusing direction from the
irradiation lingtical disk 100 in the form of the record marl RM. In the

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

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

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

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

AMc is set to a small value, the optical disk drive 20 that
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4. The optical information recording apparatus according to Claim 3, wherein after a record mark is
formed with the center of the record mark deviated in the focusing direction from the irradiation line,
the sub-data recording unit forms the next record mark with the center of the next record mark
displaced with respect to the position of the deviated center. 5. The optical information recording
apparatus according to Claim 1, wherein the focus shift unit is a spherical aberration generation means
that applies a spherical aberration to the information light.

records the record mark RM is regquested to implement precise
focusing control, and can discourage a third party from
fabricating the fraudulent optical disk 100X.

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

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

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

the main data and sub-data are recorded all over the optical
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6. 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. 7. An optical
information recording method comprising: a record mark forming step of, when forming a record mark
along a virtual irradiation line in an optical information recording medium by irradiating information
light, which is emitted from a light source, to the optical information recording medium, in which
information is recorded in the form of the record mark by irradiating the information light, which is
emitted from the light source and has an intensity equal to or larger than a predetermined intensity,
according ta irfermation 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 devigtetrin #sesfobusiagadirection frops treirtadiationlling. or decode

key informaticn may be recorded, or any of various data items
necessary Ior decryption may be recordead.

{3-2} Other applied sexample

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

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

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

may ke recorded as sub-~data.

Industrial Applicability

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

a recording medium such as an optical disk.



8.An optical information reproducing apparatus comprising: a light source that emits information light;
an objective lens that concentrates the information light and irradiates it to an optical information
recording medium; a record mark detection unit that detects the presence or absence of a record
mark formed along a virtual irradiation line in the optical information recording medium on the basis of
a reflected light beam that is the information light reflected from the optical information recording
medium; and

1. An optical information recording apparatus
comprising:

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

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

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

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

sub data, and thus forms the record mark with the center of

86



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

9. The optical information reproducing apparatus according to Claim 8, wherein the deviation detection
unit detects the presence or absence of a deviation of the center of each record mark in the focusing
direction from the irradiation line. 10. The optical information reproducing apparatus according to

Claim 8, wherein-aftera record nearkds farmed with the- center thergof deviated in the, fagsing

direction from the irradiation line, the deviation detection unit detects a deviation of the next record

mark that is fermetkwiththe geterthereof displaced-with respeact 1@§@rposition of the deviated
center. 11. The optical information reproducing apparatus according to Claim 8, further

comprising an objective lens drive unit that drives the objective lens, and a focus shift unit that shifts
the focus of the information light in the
2. The optical information recording apparatus
according to Claim 1, further comprising an objective lens
drive unit that drives the objective lens, wherein:
the objective lens concentrates sexvo light for focusing
control;
the objective lens drive unit drives the cbjective lens
so that the servo light will be focused on a reflecting layer
included in the optical information recording medium; and
the focus shift unit separates the focus o©of the
information light from the focus of the servo light by an
arbitrary distance, and thus squares the focus of the

information light with the target depth to which the

information light should be irradiated.

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

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

from the irradiation line.

4. The optical information recording apparatus

according to Claim 3, wherein after a record mark is formed
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focusing direction, wherein: the objective lens concentrates servo light for focusing control;
the objective 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 squares the focus of the information light with a target depth to which the information light
should be irradiated. 12. The optical information reproducing apparatus according to Claim 8,
further comprising.a oblselive I drive uaikihal dives he.ghieclve lens anihe hasis gfan
out-of-focus quantity between the record mark and the focus of the information Ilgﬁt, wherdin:

sub-data prpduction YRit LXUACIS 2 COPPLASHt that represents subadata sUpgrnased.in Adriving

control signal, and reproduces the sub-data.
unit forms the next record mark with the center of the next

a

record mark displaced with respect to the position of the

deviated center.

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

aberration to the information light.

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

in the focusing direction.

7. An optical information recording method

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

mark
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13. The optical information reproducing apparatus according to Claim 8, further comprising: an
objective lens drive unit that drives the objective lens; a sub-data production unit that separates
an out-of-focus quantity between the record mark and the focus of the information light into a
high-frequency component and a low-frequency component, and produces the sub-data on the basis
of one of the high-frequency component and low-frequency component; and an objective lens
drive unit that drives the objective lens on the basis of the other one of the high-frequency component

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

direction from the irradiation line.

8. An optical information wreproducing apparatus
comprising:

a light source that emits information light;

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

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

reflected from the optical information recording medium; and
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14. An optical information reproducing method comprising: 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 the objective lens
recedes from or approaches to the optical information recording medium, on the basis of the reflected

light beam. 15, Anoptical infogmation recording mediymcamprisings, . presence or

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

light beam.

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

irradiation line.

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

center.

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

unit that shifts the focus of the information light in the
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a recording layer in which main data is recorded according to the presence or absence of a record
mark formed with irradiation of information light, sub-data is recorded by forming the record mark with
the center of the record mark deviated in a focusing direction parallel to the light axis of the information
light, and the irradiated information light is modulated by the record mark. 16. The optical
information recording medium according to Claim 15, further comprising a reflecting layer that reflects
at least part of servo light irradiated for positional control. 17. The optical information recording

medium acgg%}ggC@rpe]& i/\g}%re@%q_sgggﬂgl information is recorded in the reflecting layer with

irregularities or a pit.
the objective lens concentrates servo light for focusing

control;

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

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

light should be irradiated.

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

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

and reproduces the sub-data.

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

lens;
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18. An optical information recording apparatus comprising: an objective lens that concentrates
information light and servo light for servo control and irradiates them to an optical information
recording medium in which information is recorded in the form of a record mark by irradiating the
information light, which is emitted from a light source and has an intensity equal to or larger than a
predetermined intensity, to the optical information recording medium; an objective lens drive unit
that drives the objective lens so that the servo light will be focused on a reflecting layer which is

formed in the optica| infgwt@t@corgmggiilg}lanq.lrﬂlgcts gl least pgétpgifgg(% Sgrvo light;

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

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

component and low-£frequency component.

14. An optical information reproducing method
comprising:

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

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

bagig of the reflected light beam.

15. An optical information recording medium

comprising:
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a focus shift unit that separates the focus of the information light from the focus of the servo light by an
arbitrary distance in a focusing direction, in which the objective lens approaches to or recedes from the
optical information recording medium, by changing the spherical aberration of the 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 medium by controlling the light source according to information based on

main data; and  _a sub-data secordin éjpit tq;l){'%%s tgl%ggntgaog theirecorrd C%algé érgm the
irradiation line by shifting the targét depth in the focusing direction accor%ling To information based on
sub-data. 19-An pglcR} IRformMalioprepIUEng AaRPYEHISCHRPESING o r g mark formed

with irradiation of information light, sub-data is recorded

by forming the record mark with the center of the record mark

deviated in a focusing direction parallel to the light axis

of the information light, and the irradiated information light

is modulated by the record mark.

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

positional control.

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

recorded in the reflecting layer with irregularities or a pit.

18. An optical information recording apparatus
comprising:

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

information light, which is emitted from a light source and
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an objective lens that concentrates information light for information reproduction and servo light for
servo control, and irradiates them,; an objective lens drive unit that drives the objective lens so that
the servo light will be focused on a reflecting layer which is formed in an optical information recording
medium and reflects at least part of the servo light; a focus shift unit that separates the focus of
the information light from the focus of the servo light by an arbitrary distance in a focusing direction, in
which the objective lens approaches to or recedes from the optical information recording medium, by

changing the, sphgricgl aherration of %&lﬂfogga% Il%%%a%g Cﬁ%{teres the foc gfglg mf(j%{mation light

with a target depth to which the information light s 2 recor

mar etection unit

that detects {he-presepce o absenesefia tacord mark-whish is-formed alang,a yiriyal irradiation line

in the optical information recording medium, on the basis of a reflected light beam that is the

information light reflectedfeamt thecoptical infermation recerding medinm apd ob

devigtion detection

unit that detects the presence or absence of a deviation of the center of the record mark from the
~ irradiation lirmin the forusingidirectiendnlwhinh the Dbjestive denssegedasdram or appieaches to the

optical

layer which is formed in the optical information recording

medium and reflects at least part of the servo light;

a focus shift unit that separates the focus of the

information light from the focus of the servo light by an

arbitrary distance in a focusing direction, in which the

objective lens approaches to or recedes from the optical

information recording medium, by changing the spherical

aberration of the servo light, and squares the focus of the

information light with a target depth to which the information

light sheould be irradiated;

amain-data recording unit that forms a record mark along

avirtual irradiationline 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 record mark from the irradiation line by shifting the target

depth in the focusing direction according to information based

on sub-data.

19. An optical information reproducing apparatus

comprising:
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information recording medium, on the basis of the reflected light beam. 20.An optical information
recording medium comprising: a recording layer in which main data is recorded with the presence
or absence of a record mark formed along a virtual irradiation line, sub-data is recorded by forming the
record mark with a center of the record mark deviated from the virtual irradiation line in a focusing
direction perpendicular to a record mark layer in which the virtual irradiation line is formed, and the
irradiated information light is modulated by the record mark; and a reflecting layer that reflects at

:g;:ﬁ part gfnsgrr;grggyggs;%%&e&@ ddesta squarediie posiian oL heipfarmatipn iont in,the recording
for information reproduction and servo 1ight for servo control,
and irradiates them;

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

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

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

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

objective lens recedes from or approaches to the optical
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AbStract The present invention can record sub-data. An optical disk drive (20) controls a laser
diode (51), which serves as a light source, according to recording main-data information (Da) based on
main data, and thus forms a record mark (RM) along a virtual irradiation line (TL) in an optical disk
(100). The optical disk drive (20) shifts a target depth in a focusing direction according to recording
sub-data information (Db) based on sub-data, and thus forms the record mark (RN) with the center of
the record mark deviated in the focusing direction from the irradiation 1 (TL).

information recording medium, on the basis of the reflected

light beam.

20. An optical information recording medium
comprising:

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

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

position.
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