Description VOLUMINAL INFORMATION RECORDING MEDIUM,
INFORMATION RECORDING APPARATUS, INFORMATION
REPRODUCING APPARATUS, AND OPTICAL PICKUP Technical Field
The present invention relates to a voluminal information recording
medium, an information recording apparatus, an information reproducing
apparatus, and an optical pickup, and is preferably applied to, for
example, a voluminal information recording medium in which information
is recorded using a light beari&ficrérh¥#ich the information is
reproduced using the light beam. Background Art In the past, disk-like
optical disks have widely prevailed as optical information recording
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recording layer is varied depending on irradiation of a ligh ‘beam to the
p1ignal recording layer exhibiting a predetermined reflectance, whereby a

record mark is formed on 1 the signal recording layer in order to record

information. The CD method, DVD method, and BD method are different

from one another in terms of the wavelength of an employed light
Technical Field

The present invention relates to a voluminal information

recording medium, an information recording apparatus, an
information reproducing apparatus, and an optical pickup, and
is preferably applied to, for example, a voluminal information
recording medium in which information is recorded using a light

beam and from which the information is reproduced using the

light beam.

Background Art

In the past, disk-like optical disks have widely
prevailed as optical information reccrdingmedia. In general,
a compact disc (CD), a digital versatile disc (DVD), and a
Blu-ray Disc (registered trademark, which will be called a BD)}
are emploved.

In the conventional optical disks, the reflectance of
a signal recording layer is varied depending on irradiation
of a light beam to the signal recording layer exhibiting a

predetermined reflectance, whereby a record mark is formed on



beam, the numerical aperture of an objective lens, or the thickness of a
cover layer. An optical pickup that records or reproduces information in or
from the conventional optical disks of different types is generally widely
used. An optical disk drive compatible with such an optical disk is
designed to record various pieces of information, which include various
kinds of contents including a musical content and a video content, and
various data items for computers, on the optical disk. In recent years, an
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conventional optical disks and the voluminal recording medium are, as
mentinedrabove Ldiffeentdrive compatible with such an optical

disk is designed to record variocus pieces of information, which
include various kinds of contents including a musical content
and a video content, and various data items for computers, on
the optical disk. In recent years, an amount of information
has increased along with the tendency to high-definition
plctures or high-quality music, and an increase in the number
of contents to be recorded in one optical disk has been
reguested., Therefore, there is a demand for a further increase
in the recording capacity of the optical disk.

As one of techniques for increasing the recording
capacity of the optical disk, a voluminal recording medium in
which information equivalent to pieces of information in
multiple layers is recorded in one three-dimensional mark
recording layer, which has a thickness, by forming multiple
record marks in the thickness direction of the optical disk

so that the record marks will be superposed on one another has

been proposed (refer to, for example, patent document 1).



from each other in terms of the recording method. An optical pickup
capable of recording or reproducing information in or from both the
conventional optical disks and voluminal recording medium has not been
proposed yet. Disclosure of the Invention The present invention addresses
the foregoing point, and is intended to propose a voluminal inf ormation
recording medium making it possible to use an optical pickup in common
with the conventional optical disks, and an information recordin
apparatiETan iRRSTHARBA rdprbBa&ing dp a%ﬁé%@j%‘%ﬁégﬁckup
capa@e of recordif? or re%roducin information in or from both the
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Disclosure of the Invention

The present invention addresses the foregoing point, and
is intended to propose a voluminal information recording medium
making it possible to use an optical pickup in common with the
conventicnal optical disks, and an information recording
apparatus, an information reproducing apparatus, and an
optical pickup capable of recording or reproducing information
in or from both the conventional optical disks and voluminal
recording medium.

In order to solve the aforesaid problem, a voluminal
recording medium in accordance with the present invention
includes: a recording layer in which information is recorded
by forming a three-dimensional record mark in the vicinity of
the focus of first light according to the first light, which
is concentrated and whose intensity is equal to or larger than
a predetermined intensity, and from which the information is

reproduced based on returned light deriving from irradiation



from the wavelength of the first light, and that is separated from an
incident surface of the voluminal recording medium, to which the second
light is routed, in the light-axis direction of the second light by the same
distance as the distance from an incident surface of an optical information
recording medium, which is compatible with the second light, to a signal
recording layer. Eventually, similarly to the optical information recording
medium compatible with the second light, when the second light is
ofirfdtfated  the secbntilight-taf bEToduset: BA thé Fétfecting fayer FARCES at
leggg&cal c_g\r/%tem for use in iﬁrabdiating#h_e second light can be used in
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direction; a focus shift unit that shifts the focus of the first light in the
todeptkeditdaticre dynvhiying the convetgitlg state iof the dinstight; @ad aect ion
of the second light by the same distance as the distance from
an incident surface of anoptical information recording medium,
which is compatible with the second light, to a signal recording
layer.

Eventually, similarly fo the optical information
recording medium compatible with the second light, when the
second light is irradiated, the second light can be focused
on the reflecting layer. An ocoptical system for use in
irradiating the second light can be used in common with the
optical information recording medium compatible with the
second light.

Further, an information recording apparatus in
accordance with the present invention includes: a light
irradiation unit that concentrates and irradiates first light
and second light whose wavelength is different from the
wavelength of the first light; a drive unit that drives the
light irradiation unit in a depth direction, in which the l1ight

irradiation unit apprcaches to or recedes from an optical



control unit that controls the drive unit and focus shift unit to focus the first
light and second light on positions to which the first light and second light
should be irradiated. For a first optical information recording medium
having a first signal recording layer compatible with the first light, the
control unit focuses the first light on the first signal recording layer
according to light returned from the first signal recording layer. For a
second optical information recording medium having the second signal
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direction so as to 5 thus focus the first light on a target depth to which the
théirst ilight shauldbestiradisted.rkventaally, ah opticalpath alongiwhieh theror
first light is irradiated can be used in common between the first optical
a first cptical information recording medium having a first
signal recording layer compatible with the first light, the
contrxol unit focuses the first light on the first signal
recording layer according to light returned from the first
signal recording layer. For a second optical information
recording medium having the second signal recording layer
compatible with the second light, the control unit focuses the
second light on the second signal recording layer according
to light returned from the second signal recording layer. For
a voluminal recording medium which has a reflecting layer that
reflects at least part of the second light and in which
information is reccrded as a three-dimensional recordmark when
the first light whose intensity is equal to or larger than a
predetermined intensity is irradiated thereto, the control
unit controls the drive unit to focus the second light on the
reflecting layer according to 1light returned from the

reflecting layer, and controls the focus shift unit to shift

the focus of the first light in the depth direction so as to
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information recording medium and voluminal recording medium, and an
optical path along which the second light is irradiated can be used in
common between the second optical information recording medium and
voluminal recording medium. Further, an information reproducing
apparatus in accordance with the present invention includes: a light
irradiation unit that concentrates and irradiates first light and second light
whose wavelength is different from that of the first light; a drive unit that
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according to 6 light returned from the first signal recording layer. For a
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recording layer compatible with the second light, the control unit focuses
reghersecondiiiii on thaedesondigignall recording medium.

Further, an information reproducing apparatus in
accordance with the present invention includes: a light
irradiation unit that concentrates and irradiates first light
and second light whose wavelength is different from that of
the first light; a drive unit that drives the light irradiation
unit in a depth directicn, in which the light irradiation unit
approaches to or recedes from an optical information recording
medium, so as to move the first light and second light in the
depth direction; a focus shift unit that shifts the focus of
the first light in the depth direction by varying the converging
state of the first light; and a control unit that controls the
drive unit and feocus shift unit to focus the first light and
second light on positions to which the first light and second
light should be irradiated. For a first optical information
recording medium having a first signal recording layer

compatible with the first light, the control unit focuses the

first light on the first signal recording layer according to



recording layer according to light returned from the second signal

recording layer. For a voluminal recording medium which has a reflecting

layer that reflects at least part of the second light and in which information

is recorded as a three-dimensional record mark when the first light whose

intensity is equal to or larger than a predetermined intensity is irradiated

thereto, the control unit controls the drive unit to focus the second light on

. the reflecting layer according to light returned from the reflecting layer, '
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the present invention includes: a light irradiation unit that concentrates
s i@ne irradiaies dirstdightard.secansldight whosen{ yvavelength-isidifferaBty < um

from that of the first light; a drive unit that drives the light irradiation unit in
wh addepth slirectier, limantick the light iradiatior gnik appraachesde ®rpartc of
recedes from an optical information recording medium, so as to move
the second light and in which information is recorded as a
three-dimensional record mark when the first light whose
intensity is equal to or larger than a predetermined intensity
is irradiated thereto, the control unit contreols the drive unit
to focus the second light on the reflecting layer éccording
to light returned from the reflecting layer, and controls the
focus shift unit to shift the focus of the first light in the
depth direction so as te thus focus the first 1ight on a target
depth to which the first light should be irradiated.
Eventually, an optical path along which the first light
is irradiated can be used in common between the first optical
information recording medium and voluminal recording medium,
and an optical path along which the second light is irradiated
can be used in common between the second optical infeormation
recording medium and voluminal recording medium.
Further, an optical pickup in accordance with the present

invention includes: a light irradiation unit that

concentrates and irradiates first light and second light whose



the first light and second light in the depth direction; and a focus shift unit

that shifts the focus of the first light in the depth direction by varying the

converging state of the first light. For a first optical information recording

medium having a first signal recording layer compatible with the first

light, the drive unit, the focus shift unit, or the drive unit and focus shift

unit focus the first light on the first signal recording layer according to light

returned from the first signal recording layer. For a second optical .
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irradiated thereto, the drive unit, the focus shift unit, or the drive unit and
a focussshift unit control theadrive, umit to facus the-secand light opthe+8 11 ght

reflecting layer according to light returned from the reflecting layer, and
in controfethefosiis shiftiunmit koyshift- thenfpcus of the: fiest fghignsthe deptl «nhe

direction so as to focus the first light on a target depth to which the first
finghtlight. For a first optical information recording medium
having a first signal recording layer compatible with the first
light, the drive unit, the focus shift unit, or the drive unit
and focus shift unit focus the first light on the first signal
recording layer according to light returned from the first
signal recording layer. For a second optical information
recording medium having a second signal recording layer
compatible with the second light, the drive unit, the focus
shift unit, or the drive unit and focus shift unit focus the
second light on the second signal recording laver according
to light returned from the second signal recording layer. For
a voluminal recording medium which has a reflecting layer that
reflects at least part of the second light and in which
information is recorded as a three-dimensional recordmark when
the first light whose intensity is equal to or larger than a
predetermined intensity is irradiated thereto, the drive unit,

the focus shift unit, or the drive unit and focus shift unit

contrcl the drive unit to feocus the second light con the



should be irradiated. Eventually, an optical path along which the first light
is irradiated can be used in common between the first optical information
recording medium and voluminal recording medium, and an optical path
along which the second light is irradiated can be used in common

between the second optical information recording medium and voluminal
recording medium. According to the present invention, such a volumetric
information recording medium that: when second light is irradiated to the
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shBresent ventian; an-qptical path along which first light is irradiated can
be used in common between a first optical information recording medium
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second light is irradiated can be used in common between a second
i s opfiealdindarmaticmresordingdnedivonanstihe voluminat recarding: cptical
medium. Thus, an optical pickup, an information recording
information recording medium and voluminal recording medium,
and an optical path aleng which the second light is irradiated
can be used in common between the second optical information
recording medium and voluminal recording medium.

According to the present invention, such a volumetric
information recording medium that: when second light is
irradiated to the volumetric infeormation recording medium in
the same manner as it is irradiated to an optical information
recording medium compatible with the second light, the second
light can be focused on the reflecting layer thereof; an optical
system for use in irradiating the second light can be used in
common with the optical information recording medium
compatible with the second light; and an optical pickup can
be used in common with conventicnal optical disks can be
realized.

According to the present invention, anoptical path along

which first light is irradiated can be used in common between

a first optical information recording medium and a voluminal



apparatus, and an information reproducing apparatus capable of
recording or reproducing information in or from both the conventional
optical disks and the voluminal recording medium can be realized. Brief
Description of the Drawings Fig. 1 is a schematic diagram showing an
appearance of an optical disk; Fig. 2 is a schematic diagram showing the
construction of a DVD medium; Fig. 3 is a schematic diagram showing
the construction of a BD medium; Fig. 4 includes schematic diagrams
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conventional optical disks and the voluminal recording medium

can be realized.

Brief Description of the Drawings

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

Fig. 2 is a schematic diagram showing the construction
of a3 DVD medium;

Fig. 3 is a schematic diagram showing the construction
of a BD medium;

Fig. 4 includes schematic diagrams showing the
construction of a voluminal medium;

Fig. 5 includes schematic diagrams for use in explaining
formation ¢f record marks:

Fig. ¢ is a schematic diagram showing the configuration
of an optical disk drive;

Fig. 7 is a schematic diagram showing the configuration
of an optical pickup in accordance with a first embodiment:

Fig. 8 1is a schematic diagram for use in explaining

10



Fig. 11 is a schematic diagram for use in explaining recording or
reproducing of information in or from a voluminal medium; Fig. 12 is a
schematic diagram showing the configuration of an optical pickup in
accordance with the second embodiment; Fig. 13 is a schematic diagram
showing the construction (1) of a voluminal medium in accordance with
another embodiment; Fig. 14 is a schematic diagram showing the
construction (2) of a voluminal medium in accordance with another
TeERMbodiAent: EfP 4548 & sthérhatiihagmbion ise A S@fdimngV D mediun;
formation of a record mark in accordance with another embodiment; and

Fig. 164€ a Schénfatic DIEGRAM Showi R’ cbhstrictor ofaoBjeeive the

COIesp_g. u§étt|9§§co%dance v%lth another embodiment. Best Mode for Carrying
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reBBHGAl Q&%ﬁ%ﬁ?ﬂ@ﬁ@@%@ fo-anysQf three methads, that is, a digital, 4 ium;
versatile disc (DVD) method, a Blu-ray Disc (registered

Fig. 11 i1s a schematic diagram for use in explaining
recording or reproducing of information in or from a voluminal
medium;

Fig. 12 is a schematic diagram showing the configuration
of an optical pickup in accordance with the second embodiment;

Fig. 13 is a schematic diagram showing the construction
(1) of a voluminal medium in accordance with another
embodiment;

Fig. 14 is a schematic diagram showing the construction
(2} of a voluminal medium 1in accordance with another
embodiment;

Fig. 15 is a schematic diagram for use in explaining
formation c¢f a record mark in accordance with another
embodiment; and

Fig. 16 is a schematic diagram showing the construction
of an objective lens unit in accordance with another

embodiment,

Best Mode for Carrying Out the Invention

Referring te the drawings, an embodiment of the present
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trademark) (BD) method and a voluminal recording method. For
convenience' sake, the disks conformable to the methods shall be called
a DVD medium 100d, a BD medium 100b, and a voluminal medium 100v
respectively. As shown in the appearance diagram of Fig. 1, the optical
disk 100 is formed like a disk having a diameter of approximately 120 mm
as a whole, and has a bore 100H formed in the center part thereof. The
optical disk 100 is formed to have a total thickness tl as the optical disk

InY666F2D Hirhl THE D\AS Fredig™ 10DANceludes, as shown in the

sectional diagram of Fig. 2, a signal recording layer 101d in the center
there 5an]alr?asstthg@?é%%}?i?éb?ding layer 101d sandwiched between
substr&tﬁ )10§dnasmdx%03td. C‘)I'rgleosybggates 102d n§ 103d have
thicknesses t2d and “tad of approximatecl))’roa%crﬁm, nd lfransmit a red light
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layer 101d is located at a position separate mm fr an inci

cofvtiage L9QdA 10 which the red Jight beam L 1 js; 12 rquted. i\é/,her}:lthafﬁqtal

light beam Lr ranging from approximately 630 nm to 660 nm is
ve concenteategiby-an @hjegtive.lensexhibiings anumesicalaperturef: stered

approximately 0.6, the red light beam Lr is presumably irradiated to the
t r sifmakreicprding layerHlol daofithe DVDmedAM 4006 rding method. For
convenience' sake, the disks conformable to the methods shall
be called a DVD medium 100d, a BD medium 100b, and a voluminal
medium 100v respectively.

Ag shown in the appearance diagram of Fig. 1, the optical
disk 100 is formed like a disk having a diameter of
approximately 120 mm as a whole, and has a bore 100H formed
in the center part thereof. The optical disk 100 is formed
to have a total thickness tl as the optical disk 100 of 1.2
mm.

The DVD medium 100d includes, as shown in the sectional
diagram of Fig. 2, a signal recording layer 101d in the center
thereof, and has the signal recording layer 101d sandwiched
between substrates 102d and 103d.

The substrates 102d and 103d have thicknesses t2d and
t3d of approximately 0.6 mm, and transmit a red light beam Lr
at a high transmittance. In other words, the signal recording
layer 101d is located at a position separated by 0.6 mm from

an incident surface 100dA to which the red light beam Lr is
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The signal recording layer 101d is very thin, and reflects the red light

beam Lr at a predetermined reflectance. When the reflectance of the

signal recording layer 101d is varied along with irradiation of the red light

beam Lr, a record mark RM is formed on the signal recording layer 101d

in order to record information. The signal recording layer 101d has guide

grooves for tracking servo formed therein. More particularly, spiral tracks

are formed with lands, which are convex parts, and grooves which are
roughcave parts. Addresses that are serial numbers are assigned to the

tracks at intervals of a predetermined_recording unit. A track in or from

whicH tiforméfiort frecofded SFrdduced edn b speditictRmifivthgately

ddress. BD.medium 100b includes, as shown in the sectional ., . .

O P Bty e VD AR 100d B SghB Scerdihy =0

diagram o

a i 1b | ter-t f he signal  recordi glzil r o
LD Shniced bewiocn stbera s 107 ahet 108015 vien bl o=

Lr lightbeam; L hayving approxinately, 4050w is,copcentrated by an, ;o - 1914

objective lens exhibiting a numerical aperture of approximately 0.85, the
of bluedight beaakkis presumably irradiated to the signal recording layer

101b of the BD medium 100b. The signal recording layer 101b is nearly

identithkto signal recording layer 101d is very thin, and
reflects the red light beam Lr at a predetermined reflectance.
When the reflectance of the signal recerding layer 101d is
.variedalongwithirradiationof1ﬂ&aredlightbeamlﬂg a record
mark RM is formed on the signal recording layer 101d in order
to record information.

The signal recording layer 101d has guide grooves for
tracking servo formed therein. More particularly, spiral
tracks are formed with lands, which are convex parts, and
grooves which are concave parts. Addresses that are serial
numbers are assigned to the tracks at intervals of a
predetermined recording unit. A track in or from which
information is recorded or reproduced can be specified with
the address.

The BD medium 100k includes, as shown in the sectional
diagram of Fig. 3, similarly to the DVD medium 100d, a signal
recording medium 101k in the center thereof, and has the signal
recording layer 101b sandwiched between substrates 102b and

103b.
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the signal recording layer 101d except that the blue light beam Lb is

substituted for the red light beam Lr. An iterative description will be

omitted. The substrates 102b and 103b have thicknesses t2b and tab of

approximately, 0.1 mm and 1.1 mm respectively, and transmit the blue

light beam Lb at a high transmittance. The BD medium 100b includes two

signal recording layers 101b at mutually close positions (for example, with

approximately 25 m between them) , though the layers are not shown.

The VBRFRINAI MEdium 1907 iRGaded: asshBwidn amP ceeliBrdidiagrafd nm
. _of Fig. 4 (A%, a seryo layer 114v in the center thereof, and has the servo
1%,%{9&?% 3&&5&@%«%&%&&%teh‘f&e-ﬁﬁﬁe%s%ﬁa%&wac@fwerlcal

layer lllv and a_substrate 113yv. Incideptally, a disk surface of th ,
ap%/(‘)'ylﬁlr}nﬁr?al #ed?@r%rl%%mgjkﬁg sigé% fhe)éthlr%e?g[rlﬁ%n '6%%‘1% Rgam Lo is

g layer i ' e.red light beam Lr is routed shall be ¢

pr%?%%%%ﬁé%r%ﬁ@%%%ﬁ?ﬁdtﬁ %is%s%%f%ce ﬁecrggfy on' ﬁ]eﬁgﬁg rlé? I{cg)?% of
+nihessubstrate, 113 gpposite to the incident surface 100vA shall be called

a back surface 100vB. The substrate 113v has a thickness tI3v of

approxingately; 6 mewapd is madeefa hardimaterial exhibitinga pigh ;. +o

transmittance, for example, polycarbonate or glass so that the substrate
thé& 14 Bywill keepoar physicakssengtniordhe ¥pluminat the blue 1ight beam
Lb is substituted for the red light beam Lr. An iterative
description will be omitted.

The substrates 102b and 103b have thicknesses t2b and
t3b of approximately 0.1 mm and 1.1 mm respectively, and
transmit the blue light beam Lb at a high transmittance.

The BD medium 100b includes two signal recording layers
101b at mutually close positions (for example, with
approximately 25 pum between them), though the layers are not
shown.

The voluminal medium 100v includes, as shown in the
sectional diagramof Fig. 4 (A), a servo layer 114v in the center
thereof, and has the servo layer 114v sandwiched between a
three-dimensicnal mark recording laver 11lv and a substrate
113v.

Incidentally, adisk surface of the voluminal medium 100v
on the side of the three-dimensional mark recording layer 111v

to which the red light beam Lr is routed shall be called an

incident surface 100vA, and a disk surface thereof on the side

14



medium 100v. The three-dimensional mark recording layer lily has a
thickness tlly of approximately 0. 6 mm, and separates the servo layer
114 from the incident surface 100vA by approximately 0.6 M. The
three-dimensional mark recording layer lily is made of a photopolymer or
the like whose reflectance varies depending on an irradiated light
intensity, and reacts on the blue light beam Lb having a wavelength of
405 nm. As shown in Fig. 4(B), The three-dimensional mark recording

oF |4yt I RS BéSigRed S0 thabPRREn e blue-iyht bagrtes havingiace 100vA
relatively high.intensity is irradiated, a record mark RM will be formed with
Sh%%&t;(ﬁ?e ﬁgﬁé%?ciﬁit%g‘rc&foscﬁgﬁcﬁuel%o férmal reaction or optical
reactign.. The valuminal.medium 100y includes the servo layer 114v on
the Intoriace BEGHELN e Tres-GimenSionat FaTk fecoiding SaGaATy 4Ad e LY

0. gubsirate,113v, The servo Jayer 114y is formed, with a diglectric. multilayer. )
( ﬁarjfy t the

film, and reflects a light beam. The servo layer 114v has, sim

crsignak dpdecarding Jayer 10%d of the DVD medium.100d, guide 9509K%5tdt he

for tracking servo formed therein. Spiral tracks are formed with lands an
sugroveseAdaresses thatkagsserish Pumbe!s are- assigned.to the tracks Al na 1

intervals of a predetermined recording unit. A track in or from which
mednfarmdtiivis recorded or reproduced can be specified with the address.

The three-dimensicnal mark recording layer 111v has a
thickness tllv of approximately 0.6 mm, and separates the servo
layer 114 from the incident surface 100vA by approximately 0.6
mm.

The three-dimensicnal mark recording layer 11lv is made
of a photopolymer cor the like whose reflectance wvaries
depending cn an irradiated light intensity, and reacts on the
blue light beam ILb having a wavelength of 405 nm. As shown
in Fig. 4(B), The three-dimensional mark recording layer 111v
is designed so that when the blue light beam Lb having a
relatively high intensity is irradiated, a record mark RM will
be fermed with a bubble in the vicinity of a focus Fb due to
thermal reaction or optical reaction.

The voluminal medium 100v includes the servo layer 114v
on the interface between the three-dimensional mark recording
layer 111v and substrate 113v. The servo layer 114v is formed

with a dielectric multilayer film, and reflects a light beam.

The serve layer 114v has, similarly to the signal
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When the red light beam Lr having a wavelength of 660 nm is irradiated
to the servo layer 114v through the side of the three-dimensional mark
recording layer I'ly, the servo layer 114v reflects the red light beam toward
the three-dimensional mark receding layer llly. The light beam reflected
at this time shall be called a red reflected light beam LRr. For example, in
an optical disk drive, the red reflected light beam LRr is presumably used
to control the position of a predetermined objective lens OL (that is, focus
Le GO PERKING OB EI) G IR INBS8dusTR 6F the BlicdRgiassiiss for
Lb concentrated hy the objective lens OL will coincide with an intended
trﬁ%&ﬂ%’er%%‘ﬂ%r%ﬂ%%da Sftfet track). IR teafity, Whénmidifatior Red with

recorded.in the voluminal_medium 100v,.the red 'light beam_Lr is, as .
larslﬁ%gwrﬁln ig8 (BY° condsnitatsd by tk\l{jehg%ec VS lens OF whgggoers are

jan; i lled, 1.t t track of the servo layer
as%%%ﬁg'&'st(&pm{%@ tair]adcﬁggusgg 09&%%&?&%3 ﬁ)g t§XIsp]i8 E)E(ytVE\;}iﬁ]IE.lned

v. The blue light beam Lb that shares the same

rethetedlightbeam Lr and is.concentrated by the objective lens Qlis s ., 14

focused on a position equivalent to a desired track i_n the
rethyeastimenrsienalrparkyegording jayer iy At this tigne; the-focus fb.of s s |

the blue light beam Lb is located ahead of the focus Fr on the common

light &Xis hx twith thelobjegtive lensrOlL asladeference. wavelength of 660
nm is irradiated to the servo layer 114v through the side of
the three-dimensional mark recording layer 1ilv, the servo
layer 114v reflects the red 1light beam toward the
three-dimensional mark recoding layer 11lv. The light beam
reflected at this time shall be called a red reflected light
beam LRr.

For example, in an optical disk drive, the red reflected
light beam LRr is presumakly used to control the position of
a predetermined objective lens CL (that is, focus control and
tracking control) so that the focus Fb of the blue light beam
Lb concentrated by the objective lens OL will coincide with
an intended track (hereinafter, called a target track).

Inreality, when information is reccrded in the voluminal
medium 100v, the red light beam Lr is, as shown in Fig. 4(B),
concentrated by the objective lens 0L whose position is
contreolled, and focused on a target track of the servo layer

114v.

The blue light beam Lb that shares the same light axis
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As a result, in the voluminal medium 100v, as shown in Fig. 4(B), a

relatively small record mark RM formed with a bubble is recorded at the
position of the focus Fb equivalent to a position ahead of the desired

track of the servo layer 114v. Further, the voluminal medium 100v is
designed so that the thickness thy (= 0.6 mm) of the three-dimensional

mark recording layer lllv will be much larger than the height RMh of the
record mark RM. Therefore, in the voluminal medium 100v, when the

L2 Ebid maRERIAE rédofdéd by 9Rrying £dislanice Fmemtrated by the

threg-.dimegsional mark regording layer 111v from the servo layer 114v

OPSSisinaTier Bhall BE cafled ALER), Fulflaystietoring S achieVtiasip @
, in Eig. nultiple, k ding | non
deé%rat%dShcoﬁl‘énc@ 19- ;33 SUPETROSE MUUD'E manrafercﬂ%r%,l(ngf a%%@d?_nn%igetayer

IS O
another in the thickness |re§|on ojfthe v31um|nal medium V.

11 ¢3se, when the.depth d (Eéﬂ-e“@ék&fsth&?“é;ef ”Qﬂt beam Lbjis adjusted in .
the three-dimensional mark recording layer lllv o tﬁe voluminar mediun

is 100uathedepth of the recrd-marisRM.ischapged Eprexample, ff a . ; o 14

distance 17 p3 (Fig. 5(A)) between virtual mark recording layers were set
withapproxishately: 158 ingensiserationofrautualintesference or the like

between record marks RM, approximately forty mark recording layers
couldilze formedihithe threerdimensional markaecarding layer dily. Bydhe in
way, when information is reproduced from the
Fig. 4(B}, a relatively small record mark RM formed with a
bubble is recorded at the position of the focus Fb equivalent
to a position ahead of the desired track of the servo layer
114w,

Further, the voluminal medium 100v is designed so that
the thickness tllv (= 0.6 mm) of the three-dimensicnal mark
recording layer 111lv will be much larger than the height RMh
of the recordmark RM. Therefore, in the voluminal medium 100v,
when the record mark RM is recorded by varying a distance d
in the three-dimensional mark recording layer 11lv from the
servo layer 114v (hereinafter, shall be called a depth),
multilayer recording is achieved as if to, as shown in Fig.
5, superpose multiple mark recording layers on one ancther in
the thickness direction Qf the voluminal medium 100v.

In this case, when the depth d (Fig. 4(B)) of the blue
light beam Lb 1s adjusted in the three-dimensional mark

recording layer 11llv of the voluminal medium 100v, the depth

of the record mark RM is changed. For example, if a distance
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voluminal medium 100v, similarly to when the information is recorded, the
objective lens OL has the position thereof controlled so that the red light
beam Lr concentrated by the objective lens OL will be focused on a
desired track of the servo layer 114v. Further, in the voluminal medium
100v, the focus Fb of the blue light beam Lb concentrated via the same
objective lens OL is focused on a target mark position that is equivalent to
a position ahead of the desired track in the three-dimensional mark

B3 rdEdrimg Iyer IRESTERIgRE dEph L AR HHE (iFRS B Brd ek RNELE set
recorded at the I[zosition of the focus Fb reflects the blue light beam Lb

LO fPRX -diffdrendelin th feh&Qancs ek ie reproditing blié igiterence
m Lbr is produced from the, recor. RM recorded at the target
o e e g e s CHbARGIRR faf Y mark

irecti f Ci irection .of the blue li 1t beam. Lb, that
e e L e e o T

reWhilg diverging. As menfioned above, when information is recorded in the
1.8 voluminal medium 100v, the red light beam Lr for position control and

the blug lightbeany | b ferdnformation secasding are-usedia form theon the
record mark RM as information at the focus Fb in the three-dimensional

vo nark nedordingilayerllithat is; &t adarget cnark poasities thatisrmation is

equivalent to a position ahead of a desired track on the servo layer 114v
regvadaget the objective lens CL has the position thereof
contreclled so that the red light beam Lr concentrated by the
objective lens OL will be focused on a desired track of the
servo layer 114v.

Further, in the veoluminal medium 100v, the focus Fb of
the biue light beam Lb concentrated_via.ﬁhe same objective lens
OL is focused on a target mark position that is equivalent to
a positicn ahead of the desired track in the three~dimensional
mark recording layer 11lv at a target depth.

At this time, the record mark RM recorded at the position
of the focus Fb reflects the blue light beam Lb due to a
difference in the reflectance. Thus, a reproducing blue light
beam Lbr is produced from the record mark RM recorded at the
target mark position. The reproducing blue light beam Lbr
propagates in a reverse direction of an advancing direction
of the blue light beam Lb, that is, from the record mark RM

to the side of the incident surface 100vA while diverging.

As mentioned above, when information is recorded in the
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depth. When recorded information is reproduced from the voluminal

medium 100v, the red light beam Lr for position control and the blue light

beam Lb for information reproducing are used to generate the

reproducing blue light beam Lbr from the record mark RM recorded at the

position of the focus Fb, that is, at the target mark position. (1-2)

Configuration of an optical disk drive Next, an optical disk drive 1

compatible with the optical disks 100 conformable to the three methods
VoS Bés el BeloW  The bpfical @ifsk tFigd & hasaas SHowirin Mg.S6,tion

ole thereof organized and controlled by a control unit 2. The control

th
oS3 figthfedwith a'céhtial S5rftesbing Bhit{EPUYtRALIS Pt SREWA 1Y
: d i hich incl basis d
R e B s

=
an Information recording program, from a regd-

roisiRotshown, develops the programs in a @g%%ng@fgoasaam%@)% RAMY ¢

that is not shown, and thus executes various pieces ot processing

1 sincluding information-recarding pracess Eglaéldec}t%.'@cfﬂrg}?@% a position

reproducing processing. For example, when the control unit 2 receives an
anhirdernaation meording insteietiopy regasd é@@"x%at'@{@g@E recarding agddress, o+
ts

information from external equipment, which is not shown, with the optical
degisk 100 mounted in the optical disk drive, the control unit 2 feeds the
recording address
When recorded infeormation is reproduced from the
voluminal medium 100v, the red light beam Lr for position
centrol and the blue light beam Lb for information reproducing
are used to generate the reproducing'blu@‘light béam Lbr from
the record mark RM recorded at the position of the focus Fb,
that is, at the target mark position.
(1-2} Configuration of an optical disk drive
Next, an optical disk drive 1 compatible with the optical
disks 100 conformable to the three methods will be described
below. The optical disk drive 1 has, as shown in Fig. 6, the
whole thereof organized and controlled by a control unit 2.
The control unit 2 1s configured with a central
processing unit (CPU) that is not shown as a center, reads
various programs, which include 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 isnot shown, and thus executes various pieces

of processing including information recording processing and
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information and a driving instruction to a driving control unit 3, and feeds
the record information to a signal processing unit 4. Herein, the recording
address information refers to information on an address at which the
record information should be recorded. The driving control unit 3 controls
driving of a spindle motor 5 according to a driving instruction so as to
rotate the optical disk 100 at a predetermined rotating speed, and also

_controls driving of a sled motor 6 so as to move the optical pickup 10 to a
1nHe&Hen JvRichee E6RSISEREWRR PeSsTaingT address information, in a
radial_direction of the optical disk 100 (that is, an internal-circumference

directiGi or & BRteTral-GiRcimfdrafice HrEEEsH) aldhg moting SsHs'68 210

200,98 The signal processing uni 4 produces a record signal by, -
perrorming various pieces or signa processfng, wnich nciuae

refegeﬁc?i%rgnigsgxe@ggdm%ﬁﬁggg% af@o@aog%'ég@%ﬂogga%ggfe%%éggm,—;.ch

ed record information, an the record signal to the optical p

is LQ2Qbg-optcal pickup 10 performs fagus eentrl and-tiagking, coplrol .. 1

under the control of the driving control unit 3, thus focuses a light beam
di R adrackein the optieal diski1Qthindicatetk with the kecording @ddressadress

information (that is, a target mark position), and then records the record
inmarkRM acconding de ithergcort signalk-sent fromathe: sighabpregesstig unit
unit 4 (a
3, and feeds the record information to a signal processing unit
4. Herein, the recording address information refers to
information_ on an address at which the record information
should be recorded.

The driving contrel unit 3 controls driving of a spindle
motor 5 according te a driving instruction so as to rotate the
optical disk 100 at a predetermined rotating speed, and also
controls driving of a sled motor &€ so as to move the optical
pickup 10 toc a position, which is consistent with recording
address information, in a radial direction of the optical disk
100 (that 4is, an internal-circumference direction or an
external-circumference direction) along moving shafts 6A and
6B,

The signal processing unit 4 produces a record signal
by performing varicus pileces of signal processing, which
include predetermined encoding processing and modulating

processing, on the fed record information, and feeds the record

signal to the optical pickup 10.
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full detail will be given later). When the control unit 2 receives an

information reproducing instruction and reproducing address information,

which signifies an address of record information, from, for example,

external equipment (not shown) , the control unit 2 feeds a driving

instruction to the driving control unit 3, and feeds a reproducing

processing instruction to the signal processing unit 4. The driving control

unit 3 controls driving of the spindle motor 5 in the same manner as it

does WHeRPECSTEInG lifformatioR 6 TRattheloptical eisktI00lvilhBe racking

rotated at a predetermined rotating speed, and controls driving of the
CORelHotBr Lo &t herbptieal BrekbpSLe Wi beRoves & A pesilien3, thus
foconsi%t%nﬂvitg é%ee%elgroducggg?}ggress information. The optical pickup

g1‘65|‘:_)eerforms?ocu§ controt an iﬁ(fj SoRitfoP Gﬁ(‘fé\jtﬁjeiééﬁﬁpo?ﬂ@cated
wiQHVH}%C%%%%‘%"%%“&‘&%%;%Sgéﬁo"r%‘éPfd%%r‘]%%f?i‘tgr%%t mn% K 50{%['(,)?“&53{

in the optical signiffi e repro g addresy'|

po8id 121 then jrradigies the lightjheam coptaining, ?ferpa{ gdetermined Jad“lgl’h to

amount of light. At this time, the optical pickup 10 detects a reflecte

thbeagswiichisygflected from theoptcal (disk 100, and feeds adetection;
signal, which is consistent with the amount of light, to the signa
fuprocessiagiuniti4 (a Hull detad will be givien later).

When the control unit 2 receives an information
reproducing instruction and reproducing address information,
which signifies an address of record information, from, for
example, external equipment (not shown), the control unit 2
feeds a driving instruction to the driving contrel unit 3, and
feeds a reproducing processing instruction to the signal
processing unit 4.

The driving control unit 3 controls driving of the
spindle motor 5 in the same manner as it does when recording
information sc that the optical disk 100 will be rotated at
a predetermined rotating speed, and controls driving of the
sled moctor 6 so that the optical pickup 10 will be moved to
a position consistent with the reproducing address
information.

The optical pickup 10 performs focus control and tracking
contrel under the control of the driving control unit 3, thus

focuses a light beam on a target mark position in the optical

disk 100 signified by the reproducing address information, and
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The signal processing unit 4 produces reproduction information by

performing various pieces of signal processing, which include

predetermined demodulating processing and decoding processing, on the

fed detection signal, and feed the reproduction information to the control

unit 2. Accordingly, the control unit 2 transmits the reproduction

information to the external equipment (not shown). As mentioned above,

the optical disk drive 1 uses the control unit 2 to control the optical pickup
thep, aneriktd aleRrdstiffolmation serarget ok posiforrinalie dpticanined

disk 100, or ,regfroduces information from the target mark position. (1-3)

amefigftatioh®ithe Gticat brkub ™y shbwinHPERC 7L the-65tieal Hickigr scts
10 irradiates the red light beam Lr, which has_a wavelength of 660 nm

& gﬁ(ﬁr iseér%ﬁf%dhj Jfr(%)l‘irlril_’a aserdidde T4 tothe Opticat ?ﬁ%‘i ]g(féfl%tntd}lf’se%pglcal
. photodgtectar o.receive the red reflected light beam. LRr reflected .

di fgr%m?tﬁg ‘o pét?(lzgzl %i%ﬁ C%)Oé1 Tﬁg %ep(fi%a Opl?"c ksulpgﬂ()]a i{rfa(“ gt]le%}%hé” %Iuceoﬁlg% stent

w1 Dgamld. which has-a wayelength,of 22 405 nm and is emitted froma,. , (4

laser diode 31, to the optical disk 100, and uses a photodetector 36 to

fuleceive-the reproducing blugdlight heam Lbr from the optical disk 100. The
optical pickup 10 irradiates the red light beam Lr to the DVD medium

100dTand iradintes the bluedightbeam Lb tathe BRymedium 200k, dher < on

optical pickup 10 irradiates both
information by performing various pieces of signal processing,
which include predetermined demodulating processing and
decoding processing, on the fed detection signal, and feed the
reproduction information to the control unit 2. Accordingly,
the control unit 2 transmits the reproduction information to
the external eqguipment (not shown) .

As mentioned above, the optical disk drive 1 uses the
control unit 2 to control the optical pickup 10, and thus
records information at a target mark position in the optical
disk 100, or reproduces information from the target mark
position.

(1-3) Configuration of the optical pickup

As shown in Fig. 7, the optical pickup 10 irradiates the
red light beamLr, which has a wavelength of 660 nmand is emitted
from a laser diode 11, to the optical disk 100, and uses a
photodetector 22 to receive the red reflected light beam LRr

reflected from the optical disk 100. The optical pickup 10

irradiates the blue light beam Lb, which has a wavelength of
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the red light beam Lr and blue light beam Lb to the voluminal medium
100v. (3-1) Irradiation of a light beam to the DVD medium As shown in
Fig. 8, the laser diode 11 of the optical pickup 10 emits the red light beam
Lr by an amount of light, which is consistent with a driving current fed
from the control unit 2, and routes the red light beam Lr to a grating 12.
The grating 12 separates the red light beam Lr into a main beam, which is

40 gsaﬁ t%%greguggn%eecgr% data %Omfgnegg ! %trgggicn%'lgﬁ%o%ha“d S%%bical

&
eams to be used to produce various nirol S|gnaP,

di 8R4 mwites the main . heam apd sub peams;asthe.red ight heam Lrtoa 5 ng

polarization beam splitter 13. The polarization beam splitter 13 reflects or

b1#ansmiis «a ight-heam at adatie that yaries-depending on g direction of
polarization of the light beam. The polarization beam splitter 13 reflects a

majorityeofdpe incidentired:light beamr Lathat isss-pekarized lighyrandheam 1.r
routes the majority to a collimator lens 15. The collimator lens 15 converts
to thé eedV23 fightibemarmLirdwhichdisiroutedliastdivergirg vdyss intogparaelam Lb
rays, and routes the parallel rays to a dichroic prism 16. The dichroic

to pristn BB geediavefldtting afthranshittied. suifaked 69td traasmitioes both
reflect a light beam according to the wavelength of the light beam,

CR R thitsithle reiaryht beai 4 AHaving awWeveraRjth 18t dpproximatelysenal

nm, and reflects
medium 100v.

(3-1) Irradiation of a light beam to the DVD medium

As shown in Fig. 8, the laser diocde 11 of the optical
pickup 10 emits the red light beam Lr by an amount of light,
which is consistent with a driving current fed from the control
unit 2, and routes the red light beam Lr to a grating 12.

The grating 12 separates the red light beam Lr into a
main beam, which is used to reproduce or record data from or
in the optical disk 100, and sub beams to be used to produce
various kinds of tracking control signals, and routes the main
beam and sub beams as the red light beam Lr to a polarization
beam splitter 13,

The polarization beam splitter 13 reflects or transmits
a light beam at a ratic that varies depending on a direction
of polarization of the light beam. The polarization beam
splitter 13 reflects a majority of the incident red light beam
Lr that is s-polarized light, and routes the majority to a

collimator lens 15, The collimator lens 15 converts the red

23



the blue light beam Lb having a wavelength of approximately 405 nm.
The reflecting and transmitting surface 16S transmits the red light beam
Lr and routes it to a liquid crystal element 17. The liquid crystal element
17 corrects a spherical aberration of a light beam according to an applied
voltage under the control of the control unit 2. The correction of the
spherical aberration is executed for the blue light beam Lb whose

O Baam LE TR Tauie cryotar Beraant 11 Csmamite o Fec T B "

eam Lr. The liquid crystal element eam

raEWithaut any ghangs, and routes the red light beamdir 19 a guarter-wave .

plate 18. The quarter-wave plate 18 converts the red light beam Lr, which

is s-polatizad-light . intg rGitsulady palarizeddights apd fouiesithe- GiRGar: 1 ng

polarized light to an objective lens unit 20. As shown in Fig. 9, the
suobjeetve Ens:unit 28-reludes ra diffraction elemeph25wwghan ebjeetive.g o
lens 26. The diffraction element 25 applies a spherical aberration to a 24
théght bedmrarcordifig-tosthel wavelength of theright beamhsorthattheht beam
objective lens 26 will act as a lens exhibiting a numerical aperture
Lr geagciatecewith Tise. dravelergth of theclight soeahy, B diffractiorieteafdntct s
25 converts the red light beam Lr to converging rays according to the
th@\/&@%@]g%ﬁ@\hﬁ\ebr%ﬂm Lb having a wavelength of approximately

405 nm. The reflecting and transmitting surface 168 transmits
the red light beam Lr and routes it to a liquid crystal element
17.

The 1liguid crystal element 17 corrects a spherical
aberration of a light beamaccording to an applied voltage under
the contrcl of the contreol unit 2. The correction of the
spherical aberration is executed for the blue light beam Lb
whose spherical aberration is strictly restricted, but is not
executed for the red light beam Lr.

The liguid crystal element 17 transmits the red light
beam Lr without any change, and routes the red light beam Lr
to a quarter-wave plate 18. The quarter-wave plate 18 converts
the red light beam Lr, which is s-polarized light, into
circularly polarized 1light, and =routes the circularly
polarized light to an c¢cbijective lens unit 20.

As shown in Fig. 9, the objective lens unit 20 includes
a diffracticn element 25 and an objective lens 26. The

diffraction element 25 applies a spherical aberration to a
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light beam Lr, and routes the converging rays to the objective lens 26.
The objective lens 26 concentrates the red light beam Lr, and irradiates
the red light beam Lr to the DVD medium 100d. At this time, the objective
lens 26 acts as a lens, which exhibits a numerical aperture of
approximately 0.6, according to the converging state of the red light beam
Lr, and irradiates the red light beam Lr to the signal recording layer 101d.
ective lens %6 5 d%sigg dto mak? the S%ﬁherical aberration of the

. The ob
ll?&?l%ﬁ Poant L hearh? ndff on the Siyhar TeCbrding fayeral01te&ngPeam so
. irradiates red light beam Lr, .which is nearly devoid.of the spherical .
Lh%%e?&r%t%on%@t% ?ﬁ% is%}g;enajf)r(:i‘icsoréifr)‘lg"fé”yaeji 1%(1%. The oabjé"gt?vse |€é§§ ﬁ%latmg &
nutReeivesthg tedreflected light. beam L Rr, haying the red light beamibr o ; ¢
reflected from the DVD medium 100d, and routes the red reflected light
bebeam LRr to the quarter-wave plate 18. The quarter-wave plate 18
converts the reflected light, which is circularly polarized light, into
p-polatizedilight that:is dinearlypetarized light: andToutes: the p-palarizethe am
light to the polarization beam splitter 13 by 25 way of the liquid crystal
Lr element¥’s dichrgicprism dé; and L egllimator hensviyeThepolarizatione red
beam splitter 13 transmits the incident red reflected light beam LRr, and
L1 ghdtesahe red reflectad lighitsbehm CRe 1o a eylirlrca) fens 2dhFhebjective

cylindrical lens 21 applies an astigmatism to the red reflected light beam
le§§@6. The objective lens 26 concentrates the red light beam

Lr, and irradiates the red light beam Lr to the DVD medium 100d.
At this time, the objective lens 26 acts as a lens, which
exhibits a numerical aperture ‘of approximately .6, according
to the converging state of the red light beam Lr, and irradiates
the red light beam Lr tc the signal recording layer 101d.

The cbjective lens 26 is designed to make the spherical
aberration of the red light beam Lr nearly null on the signal
recording layer 101d, and irradiates the red light beam Lr,
which i1s nearly devoid of the_ spherical aberration, to the
signal recording layer 101d.

The objective lens 26 receives the red reflected light
beam LRr having the red light beam Lr reflected from the DVD
medium 100d, and routes the red reflected light beam LRr to
the quarter-wave plate 18, The quarter-wave plate 18 converts
the reflected light, which is circularly polarized light, into
p-pclarized light that is linearly polarized light, and routes

the p-polarized light to the polarization beam splitter 13 by
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and routes the resultant light beam to the photodetector 22. The
photodetector 22 has multiple detection areas, receives and
photoelectrically converts the main beam and sub beams of the red
reflected beam LRr so as to produce a detection signal representing
amounts of light received in the respective detection areas, and feeds the
signal to the signal processing unit 4 (Fig. 6). The signal processing unit 4
produces a tracking error signal, which represents a magnitude of

"2 gev tﬁ%ﬁnl&ﬁ&a&%ngweﬁi%ne&ﬁﬁ@?&d fhght &AM EPRENPA taget 6+ and

a."l.rI% og;_;io on the basis of the detection signal according to, for

example, athree-spot method, and feeds the signal to the driving control

unt 3,108 Siongl preceseIaLUnLART0uass 24qcka eler oAl Whieh e e

represents a magnitude of deviation in a focusing direction of the reacﬁgﬁ‘t

redeama s fromsa target mark pesitiony, pn the-hasis of @@&P&%@E tség_:p?li ght

according to an astigmatism method, and feeds the signal to the driving
be&ANRLURIL3 aThe, drving controh wnit3 gontrolsacbiaxial actuator: 26 204 21

on the basis of the tracking error signal and focus error signal, and
apglisptacesithe objeptive lens upit 20sorasito:shift dhe facusikyof the sed L.rr,

light beam Lr, and focuses the red light beam Lr on the target mark
angositiongthathis, a tergéttmack lorgthe Sigreah recording layer Kld). dkurther2 2 .

the polarization beam splitter 13 uses the

The photodetector 22 has multiple detecticn areas,

CoC

receives and photoelectrically converts the main beam and sub
beams of the red reflected beam LRr so as to produce a detection
signal representing amounts of light received in the respective
detection areas, and feeds the signal to the signal processing
unit 4 (Fig. 6).

The signal processing unit 4 produces a tracking error
signal, which represents amagnitude of deviation in a tracking
direction of the red light beam Lr from a target mark position,
on the basis of the detection signal according to, for example,
a three~spot method, and feeds the signal to the driving control
unit 3.

The signal processing unit 4 produces a focus error
signal, which represents a magnitude of deviation in a focusing
direction of the red light beam Lr from a target mark position,
on the basis of the detection signal according to an astigmatism
method, and feeds the signal to the driving control unit 3.

The driving control unit 3 controls a biaxial actuator
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polarizing surface thereof to separate part of the red light beam Lr from

the red light beam Lr by transmitting the part of the red light beam at a

predetermined ratio of amounts of light, and routes the part of the red

light beam to an automatic power control (APC) photodetector 14. The

APC photodetector 14 detects the amount of light of the incident red light

beam Lr, produces an APC detection current having a current value

consistent with the amount of light, and feeds the current to the control
200t *Fife RBritr6! Grit 2HicrehsEs of detreasés AdHiing CtffrdritCwRic *oF

. is fed to the laser diode 11, so that the APC _detection current will have a .
St deemadh il s S ki i S
[ . intensity, of the red light.beam Lr emitted from, .

thg %%&% E_y%}tué‘il% }Q% gﬁrésg?g)ylﬁeagel.g d&r%& Poc:%sveazfn%%e t% (]glllght

li
the laser diode 11 is contr ave a predeterminé ué sui

pefor imorm@tmeregg%&@mgna&qsegé@gﬂwnf@{ﬁrpgﬁorﬂsr,ecgr%iggget track

processing. (1-3-2) irradiation of a light beam to the BD medium As

onshewndn kig 10x fordeprogdiicing.arrecording 27 information from or in
the BD medium 100b, the optical pickup 10 irradiates the blue light beam

Lb, whichtiseemittechétomothedaser-diede 8% 40 theBRwediumil0@bes the
More particularly, the laser diode 31 of the optical pickup 10 emits the
po bluelligintheanr £b by arhameurit oblightpeansistentawith adrivirg caeht. ght
fed from the control unit
beam Lr from the red light beam Lr by transmitting the part
of the red light beam at a predetermined ratio of amounts of
light, and routes the part of the red light beam to an automatic
power control (APC) photodetector 14. The APC photodetector
14 detects the amount of light of the incident red light beam
Lr, produces an APC detection current having a current value
consistent with the amount of light, and feeds the current to
the contrcl unit 2.

The control unit 2 increases or decreases a driving
current, which is fed to the laser diode 11, so that the APC
detection current will have a predetermined current value, and
thus regulates the output of the laser diode 11. Eventually,
the intensity of the red light beam Lr emitted from the laser
dicde 11 is controlled to have a predetermined value suitable
for information reproducing processing and information
recording processing.

{1-3-2) ZIrradiation of a light beam to the BD medium

As shown in Fig. 10, for reproducing or recording
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2, and routes the blue light beam to a polarization beam splitter 32. The
polarization beam splitter 32 reflects or transmits a light beam at a ratio
that varies depending on a direction of polarization of the light beam. The
polarization beam splitter 32 transmits a majority of the incident blue light
beam Lb which is p-polarized light, and routes the majority to a movable
lens 34. When an actuator 34A is driven under the control of the control
unit 2, the movable lens 34 is maoved in the light-axis direction of the blue

IOt ea b A8 MbvableehstHs BaA 1vERy HE Bonvérgimy Sthfe of s kup

blue light beam Lb accarding fo the distance from the laser diode 31. The
pesss s iha by eogsﬁ@rerg%aﬂolabpoﬁﬁ&rﬁhaﬂﬁhﬁmﬁéﬁfaefrom

x 1 =
confrol unit fmovest

endofheam kb.aah be coperiednta paallel, 1avs gliing Information

reproducing processing or information recording procéssing executed for

the Blpmedium 100D, and thusallows the mayaple lens 3?f,£0 @%teaso%)_%ical

collimator lens. 28 The movable lens 34 converts the blue light beam

piwhigh hassentered-as diverging 1ays iet@aﬁ@@lﬂ%@»y%@%&&}?éhé%engm
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parallel rays to the dichroic prism 16. The dichroic prism 16 uses the
coreflecting andi tranamitting sugace: 16Sthereettotransmitthelde fight ynit

beam Lb according to the wavelength, and routes the blue light
2, and routes the blue light beam to a polarization beam
splitter 32.

The polarization beam splitter 32 reflects or transmits
a light beam at a ratioc that varies depending on a direction
of polarization of the light beam. The polarization beam
splitter 32 transmits a majority of the incident blue light
beam Lb which is p-polarized light, and routes the majority
to a movable lens 34.

When an actuator 34A is driven under the control of the
control unit 2, the movable lens 34 is moved in the light-axis
diﬁection of the blue light beam Lb. The movable lens 34 can
vary the converging state of the blue light beam Lb according
to the distance from the laser diode 31.

Thecontroiunithmvesthemcvablelens34tx3aposition,
at which the blue light beam Lb can be converted into parallel
rays, during information reproducing processing or
information recording processing executed for the BD medium
100b, and thus allows the movable lens 34 to act as a collimator

lens.
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beam to the liquid crystal element 17. At this time, the control unit 2 (Fig.

6) applies a voltage to the liquid crystal element 17 according to the

signal recording layer 101b that is an object of irradiation of a light beam,
corrects a spherical aberration that depends on the position in the signal
recording layer 101b separated from the surface of the BD medium 100b,
and routes the resultant light beam to the quarter-wave plate 18. The
quarter-wave plate 18 converts the blue light beam Lb, which is ,
p-polariZeB NGt tiito- Eircurily BEMAZEE IgAE ZhdGouteSthektuldty vhich

olarized Iiight to&he objgective lens unijt 20. The diffraction element 2-3 of
anCe as

€ object fens unit 20" Converts the blué TightBé: 1L%‘Itinﬂ?‘Xi?r‘iv@r% goutes
ing e waveleng h j“blu li htnlge , and routes the
th%%)ri?\?grcfgji%%%rﬂays t(;} tgheiy;c%jégétﬁ/e%%é%g ?h (%gctiv%gréns 26

conceniates the:blue lightheam Lb; gnd jriadiates e blye. Jightbeam 10,4

the BD medium 100b. At this time, the objective lens 26 acts as a lens

t rihatexhibits @ RupeHerl aperture, et 29apRKoximatel, 085-according t9: ght
the converging state of the blue light beam Lb, and irradiates the blue

belight beantblr th dhetsignaleecording tayes 1 0dhd Thewohjectiveslens26 1 1 ght
receives the reproducing blue light beam Lbr having the blue light beam

bebb réfledtéd fromthiedD YDy atealiune 1€0dnandlibutes the reproducing blue

light beam Lbr
At this time, the control unit 2 (Fig. 6) applies a voltage

ha

to the liguid crystal element 17 according to the signal
recording layer 101b that is an object of irradiation of a light
beam, corrects a spherical aberration that depends on the
position in the signal recording layer 101b separated from thek
surface of the BD medium 100b, and routes the resultant light
beam to the guarter-wave plate 18.

The gquarter-wave plate 18 converts the blue light beam
Lb, which isp-polarized light, intocircularly polarized light,
and routes the circularly pelarized 1ight to the ocbjective lens
unit 20.

The diffraction element 25 of the obiect lens unit 20
converts the biue light beam Lb into converging rays according
to the wavelength of the blue light beam, and routes the
converging rays to the objective lens 26. The objective lens
26 concentrates the blue light beam L, and irradiates the blue
Light beam to the BD medium 100b., At this time, the objective

lens 26 acts as a lens that exhibits a numerical aperture of
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into the quarter-wave plate 18. The quarter-wave plate 18 converts the
reproducing blue light beam Lbr, which is circularly polarized light, into
p-polarized light that is linearly polarized light, and routes the circularly
polarized light to the polarization beam splitter 32 by way of the liquid
crystal element 17, dichroic prism 16, and movable lens 34. The
polarization beam splitter 32 transmits the incident reproducing blue light
beam Lbr according to a direction of polarization, and routes the resultant

PRI DEAHT fo the” chiindiicaPlens 8. The dndrial RFS Sioapisart the
astigmatism, to the reproducing blue |ight beam Lby, and routes the
bllrlees%t%% gkteﬁérénﬁé thé éh%t%ﬁ%%elc 5re§6.7.$ﬁe %P‘l&%d]efé%tf‘&r 36RBsTP tO

th gngt_i%% g:lr%qﬁ%geg %E?%e rleé:%\)/gs f&flbohotoelectrically converts the

reproduc am™b so as to produce a detection signal
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and feeds thé detection signal to the signal processing unit 4 (Fig. 6). The

be SIgNEbProcessing vAit 4-preducesadracking epor 30 sighal orethebasis pyp
of the detection signal according to, for example, a one-spot method, and

me feiads the Gignal tel therdriviag teontred grit 31 HAe gigpalerocessing kol 1.hr
produces a focus error signal on the basis of the detection signal
ingecortdmgatoeant astigmatisrp beetkod, and fekds thessigral totheedrivinge 18
control unit 3.
converts the repreducing blue light beam Lbr, which is
circularly peclarized light, into p-polarized light that is
linearly polarized light, and routes the circularly polarized
light to the polarization beam splitter 32 by way of the liguid
crystal element 17, dichroic prism 16, and movable lens 24.

The polarization beam splitter 32 transmits the incident
reproducing blue light beam Lbr according to a directicn of
polarization, and routes the resultant light beam tec the
cylindrical lens 35. The cylindrical lens 35 applies an
astigmatism to the reproducing blue light beam Lbr, and routes
the resultant light beam to the photodetector 36.

-The photodetector 36 has multiple detection areas,.
receives and photoelectrically converts the reproducing blue
light beam Lb so as to produce a detection signal representing
amounts of light received in the respective detection areas,
and feeds the detection signal to the signal processing unit

4 (Fig. 6).

The signal processing unit 4 produces a tracking error
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The driving control unit 3 controls the biaxial actuator 20A on the basis of
the tracking error signal and focus error signal, displaces the objective
lens unit 20 so as to shift the focus Fb of the blue light beam Lb, and
focuses the blue light beam Lb on a target mark position (that is, a target
track on the signal recording layer 101d). Further, the polarization beam
splitter 32 uses the polarizing surface thereof to transmit part of the blue
light. beam Lb tagfredetermined ratio of amounts of light, thus

Sj‘%%SéLra?gs The paftofthd bibB ighEbESh: SR FoBE thé PERTEFIAE Bige fox

light.beam tq the APC photodetector.33. The APC photodetector 33 = | |
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1
amount of light, and feeds rent to the c%ntro unit e control

er YRt 2dnereases or decreases a driving, cusent, M%issfﬁgﬁ% the,|aset qing

diode 11, so that the APC detection current will have a predetermined

to Cativent valies andnthusteguiates ther eutput ehtheslaggrdiode the qriving
Eventually, 31 the intensity of the blue light beam Lb emitted from the

cotases Idioae 413s controlled to have a predetermined value suitable for
information reproducing processing and information recording processing.
(1-3-3ylerattiativmgf adight beanm tiotthe volumindlsmediuni axial actuator

20A on the basis of the tracking error signal and focus error
signal, displaces the objective lens unit 20 so as to shift
the focus Fb of the blue light beam Lk, and focuses the blue
light beam Lb on a target mark positicn (that is, a target track
on the signal recording layer 101d).

Further, the polarization beam splitter 32 uses the
polarizing surface thereof to transmit part of the blue light
beam Lb at a predetermined ratio of amcunts of light, thus
separates the part of the blue light beam, and routes the part
of the blue light beam to the APC photodetector 33. The APC
photodetector 33 detects the amount of light of the incident
blue light beam Lb, produces an APC detectiocn current having
a current value consistent with the amount of light, and feeds
the current to the control unit 2.

The control unit 2 increases or decreases a driving
current, which is fed to the laser diode 11, so that the APC
detection current will have a predetermined current value, and

thus regulates the output of the laser dicde 11. Eventually,
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As shown in Fig. 11, for executing information reproducing processing or
information recording processing for the voluminal medium 1007, the
optical pickup 10 irradiates the red light beam Lr emitted from the laser
diode 11 and the blue light beam Lb emitted from the laser diode 31 to
the voluminal medium 100v. (1-3-3-1) Irradiation of the red light beam
The laser diode 2.1 of the optical pickup 10 emits the red light beam Lr
under the control of the cantrol unit 2, and routes the red light beam to the
1 Bjetiive ers ufiit 20'6y el of tHE brafitg™ 2o smafizatich beam Spiftter ser

. 13, collimator lens 15, dichroic prism 16, liquid crystal element 17, and
dlaﬁgrtgeg—v&asvg BAté 7 lef%é: %amaevr%a%We?%éﬁtfoggjﬂiﬁ%gV%Bﬁnaﬁéﬁ able

rofeProduding Aacsesa gL inlormation 18eUAIng. processiq eXCeUteR IOl s on

the DVD medium 100d. The objecti ns unit e objective

relens6, 40 actas aldens, which exhibits a numerical aperture of

approximately 0.6, due to the action of the diffraction element 25, and
irradiates 1he Jight beam;tethe yolyminalimedium 1007. 32 Ag deseribed: 1,41

previously in conjunction with Fig. 4, the voluminal medium 100v has,
me&ihutarly to the DVD medium 100d, the servo layer 114v separated by
approximately 0.6 mm from the incident surface 100vA to which the red
light Beam ¢indsvirouted. TRéppticallpickupnlO irradiates thegredilight beamicn
xeggoducing processing or information recording processing
for the voluminal medium 100v, the optical pickup 10 irradiates
the red light beam Lr emitted from the laser diode 11 and the
blue light beam 1b emitted from the laser dicde 31 to the
voluminal medium 10Cv.
{1-3-3-1) Irradiation of the red light beam
The laser diode 11 of the optical pickup 10 emits the
red light beam Lr under the control of the control unit 2, and
routes the red light beam to the objective lens unit 20 by way
of the grating 12, polarization beam splitter 13, collimator
lens 15, dichroic prism 16, ligquid crystal element 17, and
guarter-wave plate 18 in the same manner as it does during
information reproducing processing or information recording
processing executed for the DVD medium 100d.
The objective lens unit 20 allows the objective lens 26
to act as a lens, which exhibits a numerical aperture of

approximately 0.6, due to the action of the diffracticn element

25, and irradiates the light beam to the veluminal medium 100v.
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which is nearly devoid of a spherical aberration, to the servo layer 114v in
the same manner as it does for the DVD medium 100d. The objective
lens 26 receives the red reflected light beam LRr having the red light
beam Lr reflected from the servo layer 114v, and irradiates the red
reflected light beam LRr to the photodetector 22 by way of the
quarter-wave plate 18, liquid crystal element 17, dichroic prism 16,

collimator, lens 15, polarization beam, splitter 13, and cylindrical lens 21.
Thend}gstic%?B%ﬁﬁ%{%ogﬁvee?t%%so e(::Lﬁ\lF/)eC fend %ﬁﬁ%b%n“%ﬁé dstSof 3 the
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received by the photodetector 22, in the same manner as it does

th O mediug 100d; and thus, focuses the red light beam Lr on @ desireds o

track on the servo layer 114v. As a result, the optical pickup 10 moves
théhd rabjentive lens Brik 201sothat the 1ad light beam-kiwillibe, fogused en 5 5
the servo layer 114v. The optical pickup 10 adjusts the light intensity of
rotheeded light beam Lr, which is emitted from the laser diode 11, 33 under
the control of the control unit 2 in the same manner as it does for the DVD
mediliihel 00d; soathap theclightliftansity dwil thessethe acprédeteiminedam Lr,
value. As mentioned above, the optical pickup 10 irradiates the red light
whpghnt Eriwhkehisanited frdmatiohssl divde e noahé sav s fayere servo

114v, and drives the objective lens unit
layer 114v in the same manner ag it does for the DVD medium

100d.

The objective lens 26 receives the red reflected light
beam LRr having the red light beam Lr reflected from the servo
layer 114v, and irradiates the red reflected light beam LRr
to the photodetector 22 by way of the quarter-wave plate 18,
liquid crystal element 17, dichroic prism 16, collimator lens
15, polarization beam splitter 13, and cylindrical lens 21.

The optical pickup 10 drives the objective lens unit 20
on the basis of a received amount of 1light of the red reflected
light beam LRr, which is received by the photodetector 22, in
the same manner as it does for the DVD medium 100d, and thus
focuses the red light beam Lr on a desired track on the servo
layer 1l4v. BAs a result, the optical pickup 10 moves the
objective lens unit 20 so that the red light beam Lr will be
focused on the serve layer 1ldv.

The optical pickup 10 adijusts the light intensity of the

red light beam Lr, which is emitted from the laser diode 11,
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20 on the basis of the red reflected light beam LRr. Thus, the optical
pickup 10 focuses the red light beam Lr on the servo layer 114v by
moving the objective lens unit 20. (1-3-3-2) Irradiation of the blue light
beam The laser diode 31 of the optical pickup 10 emits the blue light
beam Lb under the control of the control unit 2, and routes the blue light
beam to the objective lens unit 20 by way of the polarization beam splitter

un§ 62:: LMQya bclzeo !? %‘ % %ﬁicg%ﬁ%hoeicg cglr? m. %ﬁ lt&%iqccgszﬁl ealﬁgnean%.é rﬁ%gggﬁ r as

quarter-wave € same manner as it'does

it T ugi rocessing. or inf ion, recordi 0 sesi xecuteéjfor.
DD mectiin 000, The pouion Sfthe TeoL b of o BiLd ght bese™ =

1 Lbl semitied from the abjective,lens,unit 29 fiegends on the converging

state of the blue light beam emitted from the movable lens 34. Namely,

the facusqEh shiftsda the siepthdirection; efthealumpalmedium 100% s +he

within the three-dimensional mark recording layer lily according to the
regositigntofitbemavaple/Hens 34s34nn teality, irthe optical pickupdid:dhe 11,
position of the movable lens 34 is controlled by the control unit 2,
towheselsye the dépthed (thatis, thendistantedrentihe sérvetayerd 14ghofunit
the focus Fb (Fig. 4 (B) ) of the blue light beam Lbl in the
20 tireetdimenaivhal markkeordifg Tayet dilytot the valomired amebiim 10Dvus ,

is adjusted. Thus, the focus Fb is squared with
the optical pickup 10 focuses the red light beam Lr on the servo

layer 114v by moving the objective lens unit 20.

(1-3-3-2) Irradiation of the blue light beam

The laser diocde 31 of the optical pickup 10 emits the
blue light beam Lb under the control of the control unit 2,
and routes the blue light beam to the objective lens unit 20
by way of the polarization beam splitter 32, movable lens 34,
dichroic prism 16, liguid crystal element 17, and quarter-wave
plate 18 in the same manner as it does during information
reproducing processing or information recording processing
executed for the BD medium 100b.

The position of the focus b of the blue light beam Lbl
emitted from the objective lens unit 20 depends on the
converging state cf the blue 1ight beamemitted from the movable
lens 34. Namely, the focus Fb shifts in the depth direction
of the voluminal medium 100v within the three~dimensiocnal mark
recording layer 11lv according to the position of the movable

lens 34.
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a target mark position to which the blue light beam Lb should be
irradiated. In the optical pickup 10, when recording processing of
recording information is executed for the voluminal medium 100v,
similarly to when recording processing is executed for the BD medium
100b, the light intensity of the red light beam Lr emitted from the laser
diode 31 is adjusted under the control of the control unit 2 so that the

‘Light intensity will be set to a predetermined value suitable for the |
recorﬁrllngr[?%%géé’ihg.l IAstag Fes?ﬁlt,tfh%ag]ug fightBRant Lb eSS AliRt ©f
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Intensity, in the vicinity of the focus d forms the record mar

+ndha dogus Fb, Equinformation reproducing %‘%‘Eﬁ-ﬁ%"%%@@qa’\%%ﬂ 114v)

information recorded in the optical disk 100, if the record mark R

of reserdes-atdhedoqus kb, thesblyedight beapmlhl gangentiated.ondhe: n tne

focus Fb is reflected as the reproducing blue light beam Lbr from the

threeord imarkR My andrrauted-tedbe dabjectivelens nit2Q 85 Fhevoluminal
objective lens unit 20 receives the reproducing blue light beam Lbr, and

medriadiatesitheilight Beamtedhe Phatodetectortswaly dfdthequared with
guarter-wave plate 18, liquid crystal element 17, dichroic prism 16,

2 Tagwsblenens3ao potarization basamsplitter 32, wndldyindricakiens8Should

The photodetector 36 produces a detection signal
be irradiated.

In the optical pickup 10, when recording processing of
recording information is executed for the voluminal medium 100v,
similarly to when recording processing is executed for the BD
medium 100b, the light intensity of the red light beam Lr
emitted from the laser diode 31 is adjusted under the control
of the centrel unit 2 so that the light intensity will be set
to a predetermined value suitable for the recording processing.
Ag a result, the blue light beam Lb takes on a light intensity,
which 1s equal to or larger than the predetermined light
intensity, in the vicinity of the focus Fb, and forms the record
mark RM at the focus Fb.

For information reproducing processing of reading
information recorded in the optical disk 100, if the record
mark BRM is récorded at the focus Fb, the blus light beam Lkl
concentrated on the feocus Fb is reflected as the reproducing
blue light beam Lbr from the record mark RM, and routed to the

objective lens unit 20.
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consistent with a received amount of light of the reproducing blue light
beam Lbr, and feeds the detection signal to the signal processing unit 4.
As mentioned above, the optical pickup 10 irradiates the blue light beam
Lbl via the objective lens unit 20 that is servo-controlled based on the red
light beam Lr, and thus squares the tracking direction of the focus Fb of
the blue light beam Lbl with a target mark position. Further, the optical

pickup 10 adjusts the depth d of the focus Fb according to the position of

the ri%lveakc)%#gr%% §X,ear%) tHus %ﬁga%egsjiﬁé: %%ﬁ%ﬁgtl}&%e%%ﬁ %@‘t]hcelfb%%éwe
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oregoing constitution, information’is recorded” in thé hiree-dimensional
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three-dimensional record mark RM in the vicinity of the focus Fb of the
crpie:light beamn b accordingto-thebluedight-beps Lithatisifirstlight 34,
which is concentrated and has a light intensity equal to or larger than a
po predetermineddatensigy Thedaformation isireproduced 136G fromsthe 35.
three-dimensional mark recording layer lllv on the basis of the
reprdtiueing bluedight beam 1 brihat isretrned: light desiviagtfiom signal
irradiation of the blue light beam Lb. The servo layer 114v of the voluminal
copgddiGmnToOy: rbflackeatgéasthamotitie md lightbeanf Lt hickisroducing

irradiated in order to square thefposition of the blue light
blue 1ight beam Lbr, and feeds the detection signal to the

signal processing unit 4.

As menticned above, the optical pickup 10 irradiates the
blue light beam Lbl via the objective lens unit 20 that is
servo~controlled based on the red light beam Lr, and thus
squares the tracking direction of the focus Fb of the blue light
beam Lbl with a target mark position. Further, the optical
pickup 10 adjusts the depth d of the focus Fb according to the
pesition of the movable lens 34, and thus squares the focusing
direction of the focus Fb with the target mark positioh.

(1-4) Actions and advantage

In the foregoing constitution, information is recorded
in the three-dimensional mark recording layer 111lv of the
voluminal medium 100v by forming the three-dimensional record
mark RM in the vicinity of the focus Fb of the blue light beam
Lb according to the blue light beam Lb that is first light which
is concentrated and has a light intensity equal to or larger

than a predetermined intensity. The information is reproduced
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beam to in the three-dimensional mark recording layer llly with an
arbitrary target mark position and whose wavelength is different from that
of the blue light beam Lb. The servo layer 114v is separated from the
incident surface 100vA, to which the red light beam Lr is routed, by the
same distance as the distance from the incident surface 100dA of the
DVD medium 100d, which is an optical information recording medium

compatible with the red light beam Lr, to the signal recording layer 101d
2 bt 5 RS TORCAMI L 1 e P 1L SEaim_ L Wi e F -2

paJ9ht heam Lr is.concentrated an the ; volymi a'eg“edﬂ%r}g gt%oavtinitger% Mered

manner as it is on the DVD "medium 100d, the fed light beam Lr is

11 dradigted;to-the sepvoy layer 134y of the volumipal medium 10Qv. In other; ;-

words, when the red light beam Lr is irradiated to the voluminal medium

100vir ansebjestivedens-which -exiibits-the sapaa pumerical apgrture asoov
that for the DVD medium 100d, the spherical aberration of the red light

rebeantat the foeusskr eardre made neaeaull 134AS agesult, the which is
voluminal medium 100v allows the optical pickup 10, which irradiates the

irredilightsisedm loaheblte lightdeamiib todhel vdlumina] mediun 180v,3ight
to use one optical system in common as the optical system for irradiating

begreliad ight édrhas t6 iesarvolayernd tdv and tsldopticakyystei for with

irradiating the red light beam Lr to the DVD medium 100d.
an arbitrary target mark position and whose wavelength is

different from that of the blue l1ight beam Lb. The servo layer
11l4v is separated from the incident surface 100vA, to which
the red 1ight beam Lr is routed, by the same distance as the
distance fromthe incident surface 100dA of the DVD medium 1004,
which is an.optica}m information reccrding medium compatible
with the red light beam Lr, to the signal recording layer 101d
in the direction of the light axis Lx of the red light beam
Lr.

When the red light beam Lr is concentrated on the
voluminal medium 100v in the same manner as it is on the DVD
medium 100d, the red light beam Lr is irradiated to the servo
layer 114v of the voluminal medium 100v.

In other words, when the red light beam Lr is irradiated
to the veoluminal medium 100v via an objective lens which
exhibits the same numerical aperture as that for the DVD medium
100d, the spherical aberration of the red light beam at the

focus Fr can be made nearly null.
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The voluminal medium 100v has a thickness of approximately 1.2 mm as
the thickness from the incident surface 100vA to the back surface 100vB
opposite to the incident surface. The total thickness tl of the voluminal
medium 100v is identical to the total thickness tl of a general-purpose
optical disk 100 such as the DVD medium 100d or BD medium 100b. As
a result, the voluminal medium 100v does not require drastic modification
of theA%ptical ickup 1(%‘in terms of the driving ran&e for the objective lens

26 aridothéF poi ts. T € nli lB“fi&oWﬁgﬁ%?p Otﬁé‘&ﬂt%?ﬁ%ﬁﬁ’@ical
oS TEeTed i o conveniond ootk cane

creased. € Servo Féyer mealu

begﬁ@%e%@%'@aﬂéﬁm@ﬂxIOHQ@%'?&%W,O@%QQS%GZ% ide. ., system

grooves for use in indicating positions In the servo layer 11 erefo

inWhaikibe eptical pickiip; 10 implements focus; contraland tragking control

for the voluminal medium 100v in the same manner as it does for the

be RYD medin 1O0d etheoptisgl 38 pickkpat-Lanfacustheded lightbeams
Lr on a desired track in the servo layer 114v. Since the record mark RM is

i r forohiegtowitiy a tubblesin the githreé>dimensionabmarik reverding dayer liyoafd .
the voluminal medium 100v, the record mark RM can be formed merely
by caliBing thelopticabpickupetl torirradiaferthe biue light beam dbriess of
approximately 1.2 mm as the thickness from the incident surface
100vA to the back surface 100vB opposite to the incident
surface.

The total thickness tl of the voluminal medium 100v is
identical to the tectal thickness tl of a general-purpose
optical disk 100 such as the DVD medium 100d or BD medium 100b.
As a result, the voluminal medium 100v does not reguire drastic
modification of the optical pickup 10 in terms of the driving
range for the objective lens 26 and other points. The number
of points in which the optical pickup 10 should be modified
relative to a conventional optical pickup can be decreased.

The servo layer 114v of the voluminal medium 100v has
grooves and lands spirally formed therein in order to create
guide grooves for use inindicating positions in the servo layer
ildv,

Therefore, when the optical pickup 10 implements focus

control and tracking control for the voluminal medium 100v in

the same manner as it does for the DVD medium 100d, the optical
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one side of the voluminal medium. For the voluminal medium 100v, the
optical pickup may have nearly the same configuration as a conventional
optical pickup, which records or reproduces information in or from the
DVD medium 100d or BD medium 100b, except that the optical pickup
includes the movable lens 34 which shifts the focus of the blue light beam
Lb. Eventually, the configuration of the optical pickup 10 can be

. simplified. The qptical pickup 10 that records or reproduces information in
P e Fel i et T004 USRSt et ezt FEc

e voluminal mé u ‘ﬁegf?veale

inthatsernes.as Qéiggtrirr@g@ipn unit which concentrates the blue light
i

beam Lb and red Tight beam Lr and irradiates the light beams to the

volungnal-redium. 100y, £ he-oplicalpickup I 0. drives the biaxial actuator ¢y

20A i n the depth direction (that is, a focusing direction) , in which the
th pbjectivenensiwiit20approachesta o secedes fram the coptical disk 100,na 1

under the control of the control unit 2, and thus moves the blue light beam
nediband fElightleeanthiria ther defith directient Furtber ribe oplical piekupi ng
10 displaces the movable lens 34 under the control of the control unit 2
theowst 89ad vty thepcdivergingrstatgicfithe blue ight beaiybly, arcithiie o
shifts the focus of the blue light beam Lb in the depth direction. For the
ONBF AR 100D SEVIHG BB firseeptical infopmatibe recordmgmeédinadium
and includin% the signal recording layer 101b that serves as a first signal

IOQéboﬁﬁﬁbop ical pickup may have nearly the same configuration
as a conventional optical pickup, which records or reproduces
information in or from the DVD medium 100d or BD medium 100b,
except that the optical pickup includes the movable lens 34
which shifts the feocus of the blue light beam Lb. Eventually,
the configuration of the optical pickup 10 can be simplified.

The optical pickup 10 that records or reproduces
information in or from the veluminal medium 100v includes the
objective lens unit 20 that serves as a light irradiation unit
which concentrates the blue light beam Lb and red light beam
Lr and irradiates the light beams to the voluminal medium 100v.

The optical pickup 10 drives the biaxial actuator 20A
in the depth direction (that is, a focusingdirection}, in which
the objective lens unit 20 approaches to or recedes from the
optical disk 100, under the control of the control unit 2, and
thus moves the blue light beam Lb and red light beam Lr in the
depth direction. Further, the optical pickup 10 displaces the

movable lens 34 under the control of the control unit 2 so as
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layer compatible with the blue light beam Lb, the optical pickup 10
controls the biaxial actuator 20A to focus the blue light beam Lb on the
signal recording layer 101b according to the reproducing blue light beam
Lbr returned from the signal recording layer 101b. For the DVD medium
100d serving as a second optical information recording medium and
including the signal recording layer 101d that serves as a second signal
recording, layer compatible with the rngfj light beam Lr, the optical pickup
o]

0 18 ohtrol the BlaxiaFactdator 305 t8 $he 16§ lightTBeamidori fhe 2nd
end@neliesording ayer 11 d according todne fefellactod ight Ream R, oo
or

returned from the signal recording layer 1 a2 e volurminal medium
a3 100y sgrving as a voluminal recording medium, the optical pickup 10

controls the biaxial actuator 20A to focus the red light beam Lr on the

reflecting layes ageording 10 theredyeflected light beam LR returned v j o1
from the servo layer 114v. The optical pickup 10 controls the movable

infenadd tooshift thefoeusd ofdtbe hiue lightdeanm 404y inghedepth s 1 gnat

direction so as to thus focus the blue light beam Lb on a target depth to
regduchithe Blegdight béamcblz shewdvbe imadiatefli The eptieakpickepdOding

irradiates the blue light beam Lb in the same manner as it irradiates the
Laprie fighclsdaih L w6 thetBB migkuint t00bltheughhit uses thecrhowadlle ckup
10|%E;%igis the biaxial actuator 20A to focus the blue light
beam Lb on the signal reccrding layer 101b according to the
reproducing blue light beam Lbr returned from the signal
recording layer 101b.

For the DVD medium 100d serving as a second optical
information recording medium and including the signal
reccording layer 101d that serves as a second signal recording
layer compatible with the red light beam Lr, the optical pickup
10 controls the biaxial actuator 20A to focus the red light
beam Lr on the signal recording layer 101d acceording to the
recd reflected light beam LRr returned from the signal recording
laver 101d.

For the wvoluminal medium 100v serving as a voluminal
recording medium, the optical pickup 10 controls the biaxial
actuator Z20A te focus the red light beam Lr on the reflecting
layer according to the red reflected light beam LRr returned

from the servo layer 114v. The optical pickup 10 controls the

movable lens 34 to shift the focus Fb of the blue light beam
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displace the focus Fb. The optical pickup 10 irradiates the red light beam
Lr in the same manner as it irradiates the red light beam Lr to the DVD
medium 100d. Thus, the optical pickup 10 can perform information
recording processing and information reproducing processing on the
voluminal medium 100v. The optical pickup 10 can use one optical path
in common as the optical path for the blue light beam Lb to be irradiated

.. 1o the BD medjum 100b and the optical path for the blue light beam Lb tq
Lb bjénlr(r%é %tg%lﬁic EVSIGmind'mé |uﬁélgﬁ’v,51ﬁdsca%oﬁ§§ onefopticafpath? " &

' the optical path for the red light beam Lr to be irradiated.to
e B e L0 e SOREa pator TG reiight BB o7 o 1

be iNfadiated 1o the voluminal medium 100v. As a result, the optical pickup
10 can execute recording or reproducing of information in or from the

voluminal piediurm 1 109w without the- ngeassity of drastically. madjfying the, 11

configuration of a conventional optical pickup that records or reproduces

in infoemetior imenfrem the BD mediuim 408b of RYR 14E medium Q4 1b to
The objective lens unit 20 that is included in the optical pickup 10 and that

theoBtentratesthe Tédlighttbeanyhr and biieslight beam-tdbard irrediates: +o

the light beams to the optical disk 100 is realized with a combination of
disind diffeadtion Bfernent'25 anbhobjestivedens 26 thatvaly the tenMerging the
regtaltie‘;ht beam Lr in the same manner as 1t irradiates the red
light beam Lr to the DVD medium 100d. Thus, the optical pickup
10 can perform information recording processing and
information reproducing processing on the veluminal medium
100v.

The optical pickup 10 can use one optical path in common
as the optical path for the blue light beam Lb to be irradiated
to the BD medium 100b and the coptical path for the blue light
beam Lb to be irradiated to the voluminal medium 100v, and can
use one optical path in common as the optical path for the red
light beam Lr to be irradiated to the DVD medium 100d and the
optical path for the red light beam Lr to be irradiated to the
voluminal medium 100wv.

As a result, the optical pickup 10 can execute recording
or reproducing of information in or from the voluminal medium
100v without the necessity of drastically modifying the

configuration of a conventional optical pickup that records

or reproduces information in or from the BD medium 100b or DVD
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of the red light beam Lr and blue light beam Lb according to the
wavelengths of the red light beam Lr and blue light beam Lb. Since the
optical pickup 10 can irradiate the red light beam Lr and blue light beam
Lb to the optical disks 100 using only the objective lens 26, the
configuration of the optical pickup 10 can be simplified. The optical pickup
10 can prevent various problems that are derived from use of multiple
meg%ecti\{% 5eé1ses and include, for example, a problem that the positions of
irradiation of sub beams are deviated from one another. Further, the

D e e Rosee P oal

among diverging rays, in the light-axis direction 0 ue light beantLb

: \V; ' t lue li nd th
o S et ol e e L 1

11 Jherefers, the optieal pickup: 10 ean displace the facus Ebof the Blug - 5 <41

light beam Lb independently of displacement of the objective lens unit 20.

di 4R Acrordiag tetheifoeepoing sonstisdtion: inthe cvolumingh megdium 190v,: on
the servo layer 114v is, similarly to the signal recording layer 101d of the

el PV mediemdlodd sformed atapdsitidreseparated by 0dmerfromdthe ates
incident surface 100vA of the voluminal medium. Therefore, when the red

of |ight beagh Li ilehtioakto the reddighl beamilylta bedradigtedccording to

the wavelengths of the red light beam Lr and blue light beam
Lb.

Since the optical pickup 10 can irradiate the red light
beam Lr and blue light beam Lb to the optical disks 100 using
only the objective lens 26, the configuration of the optical
pickup 10 can be simplified. The optical pickup 10 can prevent
various problems that are derived from use of multiple
objective lenses and include, for example, a problem that the
positions of irradiation of sub beams are deviated from one
another.

Further, the optical pickup 10 displaces the movable lens
34, which is disposed ameong diverging rays, in the light-axis
direction of the blue light beam Lb so as to vary the converging
state of the blue light beam Lb, and thus shifts the focus Fb
of the blue light beam Lb in the depth direction.

Therefore, the optical pickup 10 can displace the focus
Fo of the blue light beam Lb independently of displacement of

the obiective lens unit 20.
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to the DVD medium 100d is irradiated to the voluminal medium 100v, the
spherical aberration suffered by the red light beam Lrcan be nearly
nullified. As a result, in the voluminal medium 100v, the optical pickup 10
can focus the red light beam Lr on the servo layer 114v by merely
irradiating the red light beam Lr in the same manner as it does to the
DVD medium 100d. In the voluminal medium 100v, the record mark RM
is recorded or, reproduced by irradiating the blue light beam Lb that has

the sAMBWAVEIEngth Cas THEDILEGREBEEH to BeTFAdiststiBthe BER the
edium.100b. .Na for the voluminal medium_100v, the red light
o 5P R DU et S0 A (08 B ight e LB iy oo
cnd8IYHL 100D 3D PEUPed 53 IneY e, FU® SO ORI INOMIBLE) ormeq
recording medium making it possible to use one™ optical plglinup in

at CQMEBAN With,conuentional gpficaldigks cang be realized, The optical. .. ¢ ..

pickup 10 of the optical disk drive 1 includes the movable lens 34, whic

1062A drive-acoliimatar lens, i plage , of aicompenent of a ganventional 1 o«
optical pickup that irradiates 43 the blue light beam Lb to the BD medium

bedQ0hbyidisplacing the cobjaetivieslens Lgit 20nandhirtadiates the 1ed-lghta - ed
beam Lr to the DVD medium 100d. The optical pickup 10 irradiates the

toretdightvbearmdiruo tAe Vdlumsinal meditam 460 in thessaroe umdnner asdium
does to the DVD medium 100d, drives the objective lens unit 20, and

10 fobusestheiedtigheBeaeren thensewvbigypeed by the red light beam

Lr can be nearly nullified.

As a result, in the voluminal medium 100v, the optical
pickup 10 can focus the red light beam Lr on the servo layer
114v by merely irradiating the red light beam Lr in the same
manner as it does to the DVD medium 100d. In the veoluminal
medium 100v, the record mark RM is recorded or reproduced by
irradiating the blue light beam Lb that has the same wavelength
as the blue light beam to be irradiated to the BD medium 100b.
Namely, for the voluminal medium 100v, the red light beam Lr
for the DVD medium 100d and the blue light beam Lb for the BD
medium 100b can be used as they are. Thus, an optical
information recording medium making it possible to use one
optical pickup in common with conventional optical disks can
be realized.

The optical pickup 10 of the optical diskdrive 1 includes
the movable lens 34, which can drive a collimator lens, in place

of a component of a conventional optical pickup that irradiates
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114v. Concurrently, the optical pickup 10 irradiates the blue light beam Lb
to the voluminal medium 100v in the same manner as it does to the BD
medium 100b while squaring the focus Fb of the blue light beam Lb with a
target depth by displacing the movable lens 34. Accordingly, the optical
pickup 10 can use one optical path in common as the optical path along
which the blue light beam Lb and red light beam Lr are irradiated to the

B edium 100pb and DVD medium 100d respectively and the optical
e PR RTbIE Teh S B S 120 A LBk EPIF e g the
ob#ré%cy%g?g tfetgg V191r|1ui I%meadﬂ%m']iﬂq:oavdir gu%sé sai\:/gley r’rglngl {Orlq‘g:a%oenam Lxr
ecording medium making [t possﬁle to use the same optica p%kup In

£ o COmUMERTVith gonventional ortical disks.and an info ?HOEJ,?%%TQQKH%S the

apparatus, an information reproducing apparatus, and an optical pickup

re&apahie ofdeeording:0f repredusing informatiandn enfrom keth dhee ranner
conventional optical disks and voluminal recording medium can be

as realizesk 2y Seeonrd Empodiment44 (g, 1 2ashowssthersecoitect ive lens
embodiment. Components identical to those included in the first

un emiaddinend ahdshowm tin&igedta Fightl lkhean the same referencec layer
numerals. Since the configuration of an optical disk drive 1X is identical to

L1 #vat in the first embodiment, an iterative description will be omitted. The

second embodiment is different from the first
Concurrently, the optical pickup 10 irradiates the blue

light beam Lb to the voluminal medium 100v in the same manner
as 1t does tc the BD medium 100b while squaring the focus Fb
of the blue light beam Lb with a target depth by displacing
the movable lens 34. Accordingly, the optical pickup 10 can
use one optical path in common as the optical path along which
the blue light beam Lb and red light beam Lr are irradiated
to the BD medium 100b and DVD medium 100d respectively and the
optical path along which the blue light beam Lb and red light
beam Lr are irradiated to the voluminal medium 100v. Thus,
a voluminal information recording medium making it possible
to use the same optical pickup in common with conventional
optical disks, and an information recording apparatus, an
information reproducing apparatus, and an optical pickup
capable of reccrding or reproducing information in or from both
the conventicnal optical disks and voluminal recording medium
can be realized.

(2} Seccond Embodiment
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embodiment in points that an optical pickup 40 in accordance with the
second embodiment includes two objective lenses 42 and 43, and that
the red light beam Lr is concentrated by the objective lens 42 and the
blue light beam Lb is concentrated by the objective lens 43. (2-1)
Irradiation of the red light beam The laser diode 11 of the optical pickup 40
emits the red light beam Lr under the control of the control unit 2, and

routes the light beam to the beam splitter 39. The beam splitter 39
3 : g(%‘fhse rétgl fghtBEAMLr ST RSt mined FatBPMHAE" t s

ld.
transmlg and refle

1ads.geflegtspart ﬁ&&b& &%Qéiﬂ?iﬁquﬁal@ 'ta’ﬂaen% routes th ggg\%@%&g—? redlight on

beam to the collimator lens he collimator lens he'réd

in lighybeam Lrrwhich is composed of diverging rays, into.parallel rays, and, ..,

routes the resultant light beam to the objective lens 42 exhibiting a

thauraerical aparue-otapproxipately 0.6;the gbiective1ens42qentical to
concentrates the red light beam Lr, and irradiates the red light beam to

thihe signaheecording layeso4S A6hd of the DVBpediven HRQd-on theisavgiil
layer 114v of the voluminal medium 100v. At this time, the objective lens

be 42019 tispladedewbhide beimgdiveii by an dctuatorf 4bAsnherehymthesedirst
light beam Lr is focused on the signal recording layer 101d or servo layer

enlagirERE objedtivénars 42 séceivestiid medireflécteddight in accordance

with the second embodiment includes two objective lenses 42
and 43, and that the red light beam I.r is concentrated by the
objective lens 42 and the blue light beam Lb is concentrated
by the cbijective lens 43.

(2-1) Irradiation of the red light beam

The laser dicde 11 of the optical pickup 40 emits the
red light beam Lr under the control of the control unit 2, and
routes the light beam to the beam splitter 39. The beam
splitter 39 transmits and reflects the red light beam Lr at
a predetermined ratio, that is, reflects part of the red light
peam Lr and routes the part of the red light beam to the
collimator lens 15.

The collimator lens 15 converts the red light beam Lr,
which is composed of diverging rays, into parallel rays, and
routes the resultant light beam to the objective lens 42
exhibiting a numerical aperture of approximately 0.6. The
objective lens 42 concentrates the red light beam Lr, and

irradiates the red light beam to the signal recording layer
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beam LRr which has the red light beam Lr reflected from the signal
recording layer 101d or servo layer 114v, and irradiates the light beam to
the photodetector 21 via the beam splitter 39. (2-2) Irradiation of the blue
light beam The laser diode 31 of the optical pickup 40 emits the blue light
beam Lb under the control of the control unit 2, and routes the light beam
to the beam splitter 45. The beam splitter 45 transmits the blue light beam

at a prede ined . ratio, outes the light beam_to the mavable
L0 egnsO 4.%ﬂ1ee rﬁ@aﬁ%%ﬁsﬂbf Qg es %etgb%véa’rﬁﬁéost&%yc%hé%ﬁe fgnithe
. rdi the distance from the laser,_diode,31, and routes
vo?§§ %ﬁ%ﬁ%%rﬁ%@?&??ﬁeﬁﬁﬁ%r A7 YefleCtathe ]BHJéeCI%]h\tr egeranns ‘2

is Lp: apd chanoes the.advancing; direction by 90 Sgételatat@séjgmejﬂ%‘%iﬂ@b v

enter a liquid crystal element 48. The liquid crystal element 48 applies a

thSPhesical pberrtion tothesbiuediohd beamLhaccording todhe pasitign 9of - -

the movable lens 34, and routes the blue light beam Lb to 46 the
1.0 Dhjective denso43.akherohjeative lens 43 concentrates the blue light beam
Lb, and irradiates the light beam to the signal recording layer 101b of the
BD nigdiumblGOborthel threedimensanat matk recosdingdayerdiheaf thieght
voluminal medium 1007. As mentioned above, the focus Fb of the blue
beﬁ@hﬁﬁgamhich has the red light beam Lr reflected from the
signal recording layer 101d or servo layer 114v, and irradiates
the light beam to the photodetector 21 via the beam splitter
39.
(2-2) ZIrradiation of the blue light beam
The laser diode 31 of the optical pickup 40 emits the
pblue light beam Lb under the control of the contrel unit 2,
and routes the light beam to the beam splitter 45. The beam
splitter 45 transmits the blue light beam Lb at a predetermined
ratioc, and routes the i1ight beam. to the movable lens 34.
The movable lens 34 varies the converging state of the
plue light beam Lb according to the distance from the laser
diode 31, and routes the light beam to a mirrer 47. The mirror
477 reflects the blue light beam Lb, and changes the advancing
direction by 90° so that the light beam will enter a liquid
crystal elsment 48,
The lLiguid crystal element 48 applies a spherical

aberration to the blue light beam Lb according to the positicn

of the movable lens 34, and routes the blue light beam Lb to
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Lb is determined with the distance of the movable lens 34 from the laser

diode 31. In the optical pickup 40, not only when the blue light beam Lb is

irradiated to the voluminal medium 100v but also when the blue light

beam Lb is irradiated to the BD medium 100b, the movable lens 34 is

displaced in order to focus the blue light beam Lb on the signal recording

Iayer 101b thatis an object of irradiation. Now, the objective lens 42 that
entr tes t e red ht beam Ly and the obj ectlve lens 43 that

theéonc ﬁ{:ratlesethe bite ?ght EE I{_DB A hdig i 6]%0“?98%%?5538% the
4 | relationshi b th tive, |
bll&l@lt éh@r}gegﬁ%%smon% rela |o§s between the e(;;]\z{&iezg)er%%es 42 a1

Is fixe e posmons of the o Jectlve Ienges 4 are

reggﬁf% d §%§£?xtfth% blug lightbeam,Lb gpd red light hbeamplrwill he .\

irradiated with ocus Fb of the blue light beam Lb and the focus Fr of

ththe red light sheam Lseparated from each.pther by;a predetermined .y inai

number of tracks on the servo layer 114v. Specifically, when the objective
medeingd2 isodisplaced while being driven by the actuator 41A, the objective
lens 43 47 is also displaced. Along with the shift of the focus Fr of the red
light Beamelr; therfad usiddvef, thettdué dight beamdib tis shifiedk Theseforesam
in the optical pickup 40, when information is recorded or reproduced in or
L figmcthe solumingl widdiumhEOOM, s & hwelight béamridot iditmadiates Ba fron

the objective lens 43
the laser diode 31. 1In the optical pickup 40, not cnly when

the blue light beam Lb 1s irradiated to the voluminal medium
100v but also when the blue light beam Lb is irradiated to the
BD medium 100k, the movable lens 34 is displaced in order to
focus the blue light beam Lb on the signal recording layer 101b
that is an object of irradiation.

Now, the cbjective lens 42 that concentrates the red
light beam Lr and the objective lens 43 that concentrates the
blue light beam Lb are held in an objective lens holding unit
41, and the positicnal relationship between the objective
lenses 42 and 43 is fixed. The positions of the cobjective
lenses 42 and 43 are determined so¢ that the blue light beam
Lb and red light beam Lr will be irradiated with the focus Fb
of the blue light beam Lb and the focus Fr of the red light
beam Lr separated from each other by a predetermined number
of tracks on the servo layer 114v,

Specifically, when the objective lens 42 is displaced

while being driven by the actuator 41A, the objective lens 43
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with the red light beam Lr focused on the servo layer 114v. Thus, the
tracking direction of the focus Fb of the blue light beam Lbl is squared
with a target mark position. Further, in the optical pickup 40, the depth d
of the focus Fb is adjusted based on the position of the movable lens 34
with the red light beam Lr focused on the servo layer 114v. Thus, the
focusing direction of the focus Fb is squared with the target mark

. _position. In the optical pickup 40, the light intensities of the red light beam

S LP AR bitieHgtit bedm LbSimiftelf oM tHeSlasel- diodes 11 4nd $F1US 11 of
} el d usj i hown) included in th
R e D b e B oo

aser dio 1an réspec |velc§/f:}§§ mentiohed above, in
; o Pickup 40 ,4the blue light beam Lb and red light beam Lr are irradiated

from the objective lenses 42 and 43 respectively to the optical disk 100.

At thig fime, ﬁbﬁl@,oatﬁaéﬁlgk&!g@asgi fixing the, nositiopalrelatonship, « ; o)

between the objective lenses 42 and 43, a target mark position for the

i shiue-tightdeam Lbsande-determined with thesenvolayar 114%a8 an 100v,
reference. Focus 48 control and tracking control can be implemented in

a thersaineymanrerad bieyiareiinthe fiest@mbadiment (@=3)sActions anths 43
advantage In the foregoing constitution, the optical pickup 40 of the
wi1pptiddleliskedriviel X uses the bbjettiveilend 48rserving sas adirstzobjectived v .
lens to concentrate the blue light beam
Thus, the tracking direction of the focus Fb of the blue light
beam Lbl is sguared with a target mark position. Further, in
the optical pickup 40, the depth d of the focus Fb is adjusted
based on the position of the movable lens 34 with the red light
beam Lr focused on the servo layer 114v. Thus, the focusing
direction cf the focus Fb is sguared with the target mark
position.

In the optical pickup 40, the light intensities of the
red light beam Lxr and blue light beam Lb emitted from the laser
diodes 11 and 31 respectively are managed using rear monitors
{not shown) included in the laser dicdes 11 and 31 respectively.

As mentioned above, in the optical pickup 40, the blue
light beam Lk and red light beam Lr are irradiated from the
ocbjective lenses 42 and 43 respectively to the optical disk
1006, At this time, in the optical pickup 40, by fixing the
positional relationship between the objective lenses 42 and

43, a target mark position for the blue light beam Lb can be

determined with the servo layer 114v as a reference. Focus
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Lb, and uses the objective lens 42, which serves as a second objective
lens and exhibits a different numerical aperture from the objective lens 43
does, to concentrate second light. Further, the optical pickup 40 uses the
objective lens holding unit 41, which serves as a lens holding unit, to hold
the objective lenses 42 and 43 with the positional relationship of the
objective lenses 42 and 43 fixed. Eventually, the optical pickup 40 focuses

the red light beam Lr, which is irradiated through the objective lens 42,
OB e B0 LG BHITRP o CR e R BERRT T8 o ne same

itrary target mark position by displacing the maovable lens 34 so that
maikgéf%cgg Fb ot thé b uellrllgh?%%a%nliﬁgwi%rﬁ%%gégr%%d from the servo

layer I(Iﬁ\L QZ an, arbjtrary ggghaggg%gédé'ng or reproducing information
in or from the BD medium 100b, the optical pickup 40 displaces the

movable Jgas 2418 4he same mapner,as #,doesfar reaording of; cup 40 of

reproducing information in or from the voluminal medium 100v. Therefore,
thin thecaptical pickupdds assphericakaberrations 49canke carected e rving

implementing control so that an arbitrary voltage will be applied to the
asliguithiorgstab blement w8 acoerding tethesdistance:ot the signal recorting e am

layer 101b or a target mark position from the incident surface 100vA
Lbwhich! is deteriisedwithahe positionof4Be movable leas@4sFeas a second

recording or reproducing information in or from the
objective lens and exhibits a different numerical aperture from
the objective lens 43 does, to concentrate second light.
Further, the optical pickup 40 uses the objective lens holding
unit 41, which serves as a lens holding unit, to hold the
objective lenses 42 and 43 with the positional relationship
0f the objective lenses 42 and 43 fixed.

Eventually, the optical pickup 40 focuses the red light
beam Lr, which is irradiated through the cbijective lens 42,
on the servo layer 1l4v, and irradiates the blue light beam
Lb to an arbitrary target mark position by displacing the
movable lens 34 so that the focus Fb of the blue light beam
ILb will be separated from the servo layer 114v by an arbitrary
depth.
For recording or reproducing information in cr from the

BD medium 100b, the optical pickup 40 displaces the movable
lens 34 in the same manner as it does for recording or

reproducing information in or from the voluminal medium 100v.

Therefore, in the optical pickup 40, a spherical aberraticn
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BD medium 100b or voluminal medium 100v, the optical pickup 40
controls the liquid crystal element 48 in the same manner. Thus, the
control of the liquid crystal element 48 can be simplified. According to the
foregoing constitution, even when the red light beam Lr and blue light
beam Lb are irradiated through the two objective lenses 42 and 43, as
long as the positional relationship between the objective lenses 42 and 43
is fixed, the same advantage as that of the first embodiment can be

a3 6vided = (35 Other BhnbbRintaht irthe Soresartefibodimbntd: #roitrary

cription has been made aqf a case,where the three-dimensional mark
vo?é%c%)?gi)ng aggr I%)? fgprﬁsf %h%gin?:tl en %ﬁrféczéqllbjo%A.cﬁ\{eS %?eiseﬁ’?ement 48

aciyegtion is. not limited.to this case. For %@8& af»&é@miﬂ{g 242015

protective layer 115v forming the incident sufface 100vA may

or dispasedendhe three-dimensionah mark recording,layerlke: -Ihes nvn which

protective layer 115v is disposed by performing, for example, bonding or
is sponting<Ehus, the vakiminalinediims 50 120v.hasdhe incident 3.,

surface 100vA formed to be hardly flawed. In the aforesaid embodiments,
a desEriptior basdeey madesofraocasei wheterthe threeidimensionabmank t he
recording layer llly is disposed on the side of the incident surface 100vA.
BDThedprasentinventior isinotlinsitedrtodhisrtadé Ofor edraanplet thel pickup
three-dimensional mark recording layer lllvmay be disposed
40 contrels the liquid crystal element 48 in the same manner.
Thus, the control of the liguid crystal element 48 can be
simplified.

According to the foregoing constitution, even when the
red 1ight beam Lr and blue light beam Lb are irradiated through
the two objective lenses 42 and 43, as long as the positional
relationship between the cbjective lenses 42 and 43 is fixed,
the same advantage as that of the first embodiment can be
provided.

(3) Other Embodiments

Inthe aforesaid embodiments, a description has been made
of a case where the three-~dimensional mark recording layer 111v
forms the incident surface 100vA. The present invention is
not limited to this case. For example, as shown in Fig. 13,
a protective layer 115v forming the incident surface 100vA may
be disposed on the three-dimensional mark recording layer 111iv.

The protective layer 115v is disposed by performing, £for

example, bonding or spin coating. Thus, the voluminal medium



on the side of the back surface 100vB. As shown in Fig. 14, two
three-dimensional mark recording layers may be disposed on both sides
of the servo layer 114v. In this case, a voluminal medium 121v may have
the blue light beam Lb irradiated to the three-dimensional mark recording
layer lllvB on the side of the back surface 100vB thereof beyond the servo
layer 114v. The voluminal medium 121v may be placed upside down, so
12@% t the bﬁe light beam Lb will be irradiated to only the three-dimensional

e o o1 irTcr TASIS T FA HRPO et BT SHE O TR e b ed -

100vf\ evond.the servo layer 114v. Further, in the aforesaid
emboé}rbﬁé%/rﬁs%dfaogees%ﬁﬁ%o%%fggé been Mdda é]easgé:slep \!/’Cvﬁgrf(l—:'1”\:7v‘.”hse}r:1j & ade

of Blue.light beam L is. iradiated through one side of the voluminal medjum, ,
b ot

121v, the record mark RM is formed with a e in the vicini

i s fogus b cEhe-presgat igyeationrisdiat limited ko this cases s Ear exgmple, ary o

reflectance in the vicinity of the focus Fb can be varied depending on

propiical reaction ecthermal seaction; tehe rasord:mark may be fermed byp1 e,
breaking a hologram, which 51 is formed in advance in the voluminal

thenedivre,-alongwithoirsediation efa bghtheam zkurther, asshower il Hgosed
15, the blue light beam Lb emitted from one light source may be

on seiparatédntoblué tightlveams thhard 1LB2 vand tiesbleedight ilbeamsg LblL 4,
and Lb2 may be irradiated to the same target mark position through both

tWehé BieRs of HReVSILATHIAl Meditinte2prding layers may be disposed

on both sides of the servo layer 114v,

In this case, a voluminal medium 121v may have the blue
light beam Lb irradiated to the three-dimensional mark
recording layer 111vB on the side of the back surface 100vB
thereof beyond the servo layer 114v., The voluminal medium 121y
may be placed upside down, so that the blue light beam Lb will
be irradiated to only the three-dimensional mark recording
layer 111vA disposed on the side of the incident surface 100vA
beyond the servo layer 1l4v.

Further, in the aforesaid embodiments, a descripticon has
been made of a case where when the blue light beam ILb is
irradiated through one side of the voluminal medium 121v, the
record mark RM is formed with a bubble in the vicinity of the
focus Fb. The present invention is not limited to this case.
For example, a reflectance in the vicinity of the focus Fb can
be varied depending on optical reaction or thermal reaction.

The record mark may be formed by breaking a hologram, which
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in order to form the record mark RM based on the hologram. The
configuration of the optical disk drive is described in the aforesaid patent
document 1. In the optical disk drive, information recording processing or
information reproducing processing can be executed for the DVD medium
100d by irradiating a red light beam alone, and information recording
processing or information reproducing processing can be executed for the

, Bf? medium,100b by irradiating a blue light beam_through one of the sides
5 of BRETE mideiui FHr, i the RrorESaPembodifgtts 8 decchfdin # £

._has.b de of th jective | it 20 {
£ R SAoR it & T ot A cGEIAL oF e AMASetch Semibnt ™

iS ombinatior of thé ditffact

£ n &3 And-objegtive lens 26; T hsnpf@ggzér%snprg]oésyéi%f“ﬂ'imegé%@% Cr%ys%- be

For example, an optical element raction element ma

sepeconaingd witd 1the ebiegtive dens.26,9r theobjestive,lens, 26 alone 1 ; on«

may be used to form the light irradiation unit. Further, in the aforesaid

begmbadiment @ deseriplionihas; been madeof acaseavheredhe opfieal narx
pickup 10 records or 52 reproduces information in or from the BD medium

pod00band-BYDbu grediomtl@0d:regaided @s conwentidnat opticakdise. Jdkhe 21+
present invention is not limited to this case. For example, as the

in comientionaf opticabhdisks cinratiditior: tBlthe BEemediunh 400 and &VD The
medium 100d, a CD medium 100c conformable to a compact disk (CD)

comietivd atdyobe afopled invidertd réprodudeive is described in the

aforesaild patent document 1, In the optigal disk drive,
information recording processing or information reproducing
processing can be executed for the DVD medium 100d by
irradiating a red light beam alone, and information recording
processing or information reproducing processing can be
executed for the BD medium 100b by irradiating a blue light
beam through one of the sides of the BD medium.

Further, in the aforesaid embodiments, a description has
been made of a case where the objective lens unit 20 serving
as a light ilrradiation unit is formed with a combination of
the diffraction element 25 and objective lens 26. The present
invention is not limited to this case. For example, an optical
element other than the diffraction element may be combined with
the objective lens 26, or the cbijective lens 26 alone may be
used to form the light irradiation unit.

Further, in the aforesaid embodiment, a description has

been made of a case where the optical pickup 10 records or
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information. Even in this case, similarly to the first embodiment, when the

movable lens 34 is disposed on the optical path for the blue light beam

Lb, a conventional optical pickup can be used in common without the

necessity of greatly modifying the configuration of the conventional optical

pickup. More particularly, for example, as shown in Fig. 16, an objective

lens unit 50 formed with a combination of a diffraction element 52 and an

objective lens 51 o timized for the BD medium 100b (that is, exhibiting a
“Chom ?%ﬁisaﬁé)rﬁ?rg S‘Féﬁﬁ}oﬁﬁnﬁtﬁlfé%)%? lg’@eﬁ‘ﬁﬁdy@ﬂ Fgb and DVD

JTfIEI%CtI ement 52 h a DVD diffractian qmg DGd, w |ch diffracts h
e red earr?ﬁr toebe iffadiated 16 the- [5%713 cTRInT 0 d, “digFosed The

proBaNe ilgsé%%@% and %%Scal%éi&fgscw grating .DGC, w h diffracts,

an infrared light beam Lc to be irradiated to the CD mealum 100 S

as disRosed 98.the gther side thereqf; The DV dé@@fgg%g"@gngy%% medium

applies a spherical aberration to the red’hght beam Lr, whereby the

100bjestive tans hdactmas adans exbibitinge;numenical apsHuepbnie to a
approximately 0.6. The CD diffraction grating DGc applies a 53 spherical

competration4a the infrared ight heam kcawbereby the ebjgestive fensbloduce

acts as a lens exhibiting a numerical aperture of approximately 0.45.
infroideritally; the Biffeactiom eleinent ardsthe canfigiitationyof the optieal first

pickup are described in patent document 2. The patent document 2 refers
N JPIRDDO7vPEI0The movable lens 34 is disposed on the optical
path for the blue light beam Lk, a conventional optical pickup
can be used in common without the necessity of greatly medifying
the configuration of the conventional optical pickup.

More particularly, for example, as shown in Fig. 16, an
objective lens unit 50 formed with a combination of a
diffraction element 52 and an objective lens 51 optimized for
the BD medium 100b (that is, exhibiting a numerical aperture

£

of approximately 0.85) may be employed. The diffraction
element 52 has a DVD diffraction grating DGd, which diffracts
the red light beam Lr to be irradiated to the DVD medium 100d,
disposed cn one side thereof, and has a CD diffraction grating
DGc, which diffracts an infrared light beam Lc to be irradiated
to the CD medium 100c, disposed‘ on the other side thereof.

The DVD diffraction grating DGd applies a spherical
aberration to the red light beam Lr, whereby the cbijective lens

51 acts as a lens exhibiting a numerical aperture of

approximately 0.6. The CD diffraction grating DGc applies a
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Further, in the aforesaid embodiments, a description has been made of a

case where the total thickness tl of the voluminal medium 100v is

approximately 1.2 mm. The present invention is not limited to this case.

The total thickness may be set to any of other various values. Further, in

the aforesaid embodiments, a description has been made of a case

where guide grooves are formed with grooves and lands in the servo

ayer 114v. The present invention is. not limited to this case. For example,
Sp}ﬁ%Ei’fiSﬁ&l ARSTARGT Tay DeTeBordediin e serts 1y dr eIkt Hiprrely

which.is_formed.with canvex %réd concave parts, o to any other

h r accordi
th?necfc%g : J’theer,lﬁ\Dtﬁe%;orae%ald e%b%dﬁéﬁ?s,%xgjggﬁéﬁgg has hg&Tt +cal
ap8Ade.Qf a case ngﬁr@)?ir éig%&beaﬁﬂ. hiaving a W‘fi“z’al%l% thtgfu% ot THE
' nt

approximately 660 Is Irradiated to the servo layer 114v. e pre

d1 invention isnot limited to thiscase, For example, an ;mﬁﬁgegg@b&%gspckup

Lc having a wavelength of 780 nm may be irradiated to the servo lay

ardl4edpthiscasenthes; distancedhyfom the incident surface 100vA of the
voluminal 54 medium 100v to the servo layer 114v is, similarly to the

distames:tosthe<Ch nediumst00c? settoek.2 mm. Furtherpindhe aforesaid

embodiments, a description has been made of a case where the movable

lens 34 istdisposed drhongf divesging myscthierpnesent invertionisddbn has

limited to this case. The movable lens 34 may be disposed among
begbriedgimyt a case where the total thickness tl of the voluminal
medium 100v is approximately 1.2 mm. The present invention
is not limited to this case. The total thickness may be set
to any of other various values.

Further, in the aforesaid embodiments, a description has
been made of a case where guide grooves are formed with grooves
and lands in the servo layer 114v. The present invention is
not limited to this case. For example, positicnal information
may be recorded in the servo layer 114v with a pit, which is
formed with convex and concave parts, or according to any other
method.

E‘urthéz:, in the aforesaid embodiments, a description has
been made ¢cf a case where the red light beam having a wavelength
of approximately 660 nm is irradiated to the servo layer 114v.
The present invention isnot limited to this case. For example,
an infrared light beam Lc having & wavelength of 780 nm may

be irradiated to the servo layer 114v. In this case, the

distance ©1llv from the incident surface 100vA of the voluminal
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rays. A so-called relay lens that is a combination of a stationary lens,
which causes the blue light beam Lb to diverge or converge, and the
movable lens '34 that moves in the light-axis direction of the blue light
beam Lb may be disposed among parallel rays. Further, in the aforesaid
embodiments, a description has been made of a case where the
wavelength of the blue light beam Lb for use in recording or reproducing
information is shorter than that of the red Iiﬂht beam Lr to be_irradiated to

e e Bervd Y8y 140 ST HES e et iientiont i hot fmitéd-Totthisr daset©  the

41 90g Wwavelength OfQA'gﬂé %%@a foryse 'nﬁfggorggpglo_rg reproducing
information'may belongerthan the walelength ot a light beam to be

inadigtedigahe senvo laver 134k Further e loresaid embodinents, ..

a description has been made of a case where three-dimensional mark

pe&ecomling Jayer Ly sendng as-a recordinglayenand Ihe Servolayery among

114v serving as a reflecting layer constitute the voluminal medium 100v
d1i-Sendng gsanepticatinfopnatien recordingimedium 1he pregentd to this
invention is not limited to this case. The 55 recording layer and reflecting
catayer formechwithiather various4 campopents mayhe tsechtneonstititerging
the optical information recording medium in accordance with the present
raywentién. Furthet, is theraforssaitkernbadiménts sa descriptiombas deent a
made of a case where the objective lens unit 20 serving as a light
Stﬁ’?ﬂd?@t@d?vu}lﬁ?ﬁ]e Blakisk m@g@gg@p@s}@m light beam Lb to diverge

or converge, and the movable lens 34 that moves in the
light-axis direction of the blue light beam Lb may be disposed
ameng parallel rays.

Further, in the aforesaid embodiments, a description has
been made of a case where the wavelength of the blue light beam
Lb for use in recording or reproducing information is shorter
than that of the red light beam Lr to be irradiated to the servo
layer 114v. The present invention is not limited to this case.
The wavelength of a light beam for use in recording or
reproducing information may be longer than the wavelength of
a light beam to be irradiated to the servo layer 11l4v.

Further, in the aforesaid embodiments, a descripticn has
been made of a case where the three-dimensicnal mark recording
layer 11lv serving as a recording layver and the servo layer
114v serving as a reflecting layer constitute the voluminal
medium 100v serving as anoptical information recording medium.

The present invention 1s not limited to this case. The
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as a drive unit, the movable lens 34 serving as a focus shift unit, and the
control unit 2 serving as a control unit constitute an optical disk drive 1
serving as an optical information recording apparatus and an optical
information reproducing apparatus. The present invention is not limited to
this case. The light irradiation unit, drive unit, focus shift unit, and control
unit which are realized with other various components may be used to

constitute the optical information recording apparatus and optical _
e Ao ORI A A A AL C e e prBsGRe var Lous

invention. Further, in the afaresaid embodiments, a description has been .
oA KTe 0 L2 wherd (G OTyoctNe Tang GNIE20 Seriry a4 IGHE 221 -i07

relradigtion ynit the bigxial actiiatar 20A serving. gs. adrive unit, 9%%(: ion.

movable lens 34 serving as a focus shift unit constitute the optica up

10 serving:as:an; optical piekup.sEhespsesent inyentian is net limited:to this, . o

case. The light irradiation unit, drive unit, and focus shift unit which are

be tealizedWitlF otherawsiorscomponents mayey §61used to,constitutedhey i ng
optical pickup in accordance with the present invention. Industrial

as Applicabitity Ansaptical informeétion recording aiediuay andwesroptigalserving
information recording apparatus and an optical information reproducing

as gpparatus inatceordareewitli theeplesent #Wentioving as a focus shift

unit, and the control unit 2 serving as a contrel unit
constitute an optical disk drive 3 serving as an optical
information recording apparatus and an optical information
reproducing apparatus. The present invention is not limited
to this caé@. The light irradiation unit, drive unit, focus
shift unit, and control unit which are realized with other
various components may be used to constitute the optical
information recording apparatus and cptical information
reproducing apparatus in accordance with the present
invention,

Further, in the aforesaid embodiments, a description has
been made of a case where the objective lens unit 20 serving
as a light irradiation unit, the biaxial actuator 20A serving
as a drive unit, and the movable lens 34 serving as a focus
shift unit constitute the optical pickup 10 serving as an
optical pickup. The present invention is not limited to this
case. The light irradiation unit, drive unit, and focus shift

unit which are realized with other various components may be
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can be applied to, for example, an optical disk drive that has a large

capacity and can record or reproduce information. 57 Claims 1. A

voluminal recording medium comprising: a recording layer in which

information is recorded by forming a three-dimensional record mark in the

vicinity of the focus of first light according to the first light that is

concentrated and has a light intensity equal to or larger than a

redetermined,intensity, and from which.the information is reproduced

uSHdsed orPretirhed Tight AEriig trom iradiAtion of tRE R iGRCant & > the
or Er}esf(laen tin A%er{ttkﬂ%t reflects at least part of second light which is irradiated

in order 10 square the position of the first light in the recording layer with

an arbitrary position and whose wavelength is different from that of the

first light, and that is separated in the light-axis direction of the second
Indightfram the incidentisuiface of the voluminal recording medium, to

which the second light is routed, by the same distance as a distance from

an ingident sudace 0f a0 r Apticab infeamation; regording wredisny WRIGhHS: ca1

compatible with the second light, to a signal. recording layer. 2. The
infoluminalrecarsing thedin aceordingtoLlaima 4, wheteia theidistanget icn

from the incident surface of the optical information recording medium
repompatiblegnithithe seventrlighictortharsignal recordinglagerist invention

approximately 0.6 mm.
can be applied to, for example, an optical disk drive that has

a large capacity and can record or reproduce information.
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58 3. The voluminal recording medium according to Claim 2, wherein the
thickness from the incident surface to a back surface opposite to the
incident surface is approximately 1.2 mm. 4. The voluminal recording
medium according to Claim 3, wherein the reflecting layer has guide
gloves or concave and convex parts for indicating positions in the
reflecting layer. 5. The voluminal recording medium according to Claim 4,
wherein two recording layers are disposed on the sides of the incident
surf ace and back surface with thglré‘ﬁéfb‘fing layer between them. 6. The
voluminal recording medium according to Claim 3, wherein a protective
layer for protecting the recording layer is disposed on the recording layer.

7. The volum| recor ifg ium.according to Claim_1,.wherein the
recorzihg éygg asa F%corégr%%r Ofé%r1 ed with & bubble. 8 ThE Vvoluminal

recordingmediym,acqarding to,Claim 59 1, ywherginithe recarding lavey, ; 1,

has a record mark formed with a hologram. 9. An information r_ecor_ding
£ o aRPAAtHSCOrRRrIsing <3 ight-dradiation paitthatconcenttatesfirst ighty £ +ne

and second light whose wavelength is different from that of

focus of first light according to the first light that is
concentrated and has a light intensity equal to or larger than
a predetermined intensity, and from which the information is
reproduced based con returned light deriving from irradiation
of the first light; and

a reflecting layer that reflects at least part of second
light which is irradiated in order to sguare the position of
the first light in the recording layer with an arbitrary
position and whose wavelength is different from that of the
first light, and that is separated in the light-axis direction
of the second light from the incident surface of the voluminal
recording medium, to which the second light is routed, by the
same distance as a distance from an incident surface of an
optical infermation recording medium, which is compatible with

the second light, to a signal recording layer,

2. The voluminal recording medium according to Claim
1, wherein the distance from the incident surface of the optical
information recording medium compatible with the second light

to the signal recording layer is approximately 0.6 mm.
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the first light, and irradiates the first light and second light to optical
information recording media; a drive unit that drives the light irradiation
unit in a depth direction, in which the light irradiation unit approaches to
or recedes from the optical information recording media, so as to move
the first light and second light in the depth direction; a focus shift unit that
shifts the focus of the first light in the depth direction by varying the
converging state of the first light; and a control unit that controls the drive
unit and focus shift unit to focus the first light and second light on
positigns t@,r\l/vhi%kg)ghemfirst igh} and sgc_ond li f}#_ishould be irradiatg_d, ,
wheréin for aTirstoptical informiation Talsrdifg tedlum Wich Has &orifst- 210
signayl rding layer ti ith_the first_light, out of the optical

2 informéﬁg?l (rgeli?:%r ?%Cr?%gi%%t?e%%\%nﬁ% urjli%f%%%%gs% th%uﬁrg? Iflzg%tgoon ﬁ%ebac}{

sufirst signal Jegording layeraceording to light returned from the first 60, . 1

signal recording layer; for a second optical recording medium, which has a
mmSecond signal recording layer compatible with the second light, out of the

optical information recording media, the control unit focuses the second

light on the second signal recording layer according to light returned from

the second signal recording

4. The voluminal recording medium according to Claim

3, wherein the reflecting layer has guide gloves or ccncave
and convex parts for indicating positions in the reflecting

layer.

5. The voluminal recording medium according to Claim
4, wherein two recording layers are disposed on the sides of
the incident surface and back surface with the reflecting layer

between them.

©. The voluminal recording medium according to Claim
3, wherein a protective layer for protecting the recording

layer is disposed on the recording lavyer.

7. The voluminal recording medium according to Claim

1, wherein the recording layer has a record mark formed with

a bubble.

8. The voluminal recording medium according to Claim
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layer; for a voluminal recording medium, which has a reflecting layer that

reflects at least part of the second light and in which information is

recorded as a three-dimensional record mark when the first light whose

light intensity is equal to or larger than a predetermined intensity is

irradiated thereto, out of the optical information recording media, the

control unit controls the drive unit to focus the second light on the

reglﬂectin layer according to light returned from the reflecting layer, and
1, Chofs the 186US SHRAMIES S Hhe TBGUSLFARETS g th frie-disisth L =0
dg 8tion S0 as to thus focus the first light on a target depth to which the
irs I?gﬁ should be irradiated. 10. The information recording apparatus
according to Claim 9, wherein the light irradiation unit is formed with a
combination of: an objective lens; and a diffraction element that is
dispoged in,2 stage &L preseding-the phigetive.lens, varies the spherical.
aberration of the first light or second light or the spherical aberrations of
the fiest lighhand seeend light-acgerdingitg the-wavelgngthse of thefirst 11 on+
light and second light, and thus differentiates the numerical aperture of
andhe:ebjentive lemisywhichss exhibitechwhan the firstlightds rotedto theat of

objective lens, from the numerical aperture of the objective lens exhibited
the first light, and irradiates the first 1ight and second light

a

to optical information recording media;

a drive unit that drives the light irradiation unit in
a depth direction, in which the light irradiation unit
approaches to or recedes fromthe optical information recording
media, so as to move the first light and second light in the
depth direction;

a focus shift unit that shifts the focus of the first
light in the depth direction by varying the converging state
of the first light; and

a control unit that ceontrols the drive unit and focus
shift unit to focus the first light and second light on
positions to which the first light and second light should be
irradiated, whereiln

for a first optical information recording medium, which
has a first signal recording layer compatible with the first
light, out of the optical information recording media, the
control unit focuses the first light on the first signal

recording layer according to light returned from the first
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when the second light is routed to the objective lens. 11. The information
recording apparatus according to Claim 10, wherein the focus shift unit is
formed with a movable lens that varies the converging state of the first
light by displacing the first light in the light-axis direction. 12. The
information recording apparatus according to Claim 9, wherein the light
irradiation unit includes: a first objective lens that concentrates the first
light; a second, objective lens that concentrates the second light and
g(ﬁfbi@ SR Ireriehl hpdhare different from the first objective lens does:
and a.lens holdin%gnit t@at hglds the f(iést and second objective lenses

3 ASHi R fiisPand seBond objattve s ond

with ¢ %Kpgsﬁ%%a refations Ip bétwee
si j 3. The ] ' ing.a rt%accord'n Q u
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ot secandlight. 14. The dnformation recording apparatus accprding o Glaim,,;

9, wherein the first optical information recording medium is a Blu-ray Disc

£o BB} fregistered-trademark): and thessecandneptical information seearding ¢ »
medium is a digital versatile disc (DVD). 15. An information reproducing

acappdtatys conpiiging: ra tightisadiation unitthat eencenirates andecording
irradiates first light and second light whose wavelength is

lavyer;

si

for a voluminal recording medium, which has a reflecting
layer that reflects at least part of the second light and in
which information is recorded as a three-dimensional record
mark when the first light whose light intensity is egual to
or larger than a predetermined intensity is irradiated thereto,
out of the optical information recording media, the controcl
unit controls the drive unit to focus the second light on the
reflecting layer according te¢ 1light returned from the
reflecting layer, and controls the focus shift unit to shift
the focus of the first light in the depth direction so as to
thus focus the first light on a target depth to which the first

light should be irradiated.

10. The infeormation recording apparatus according to
Claim 9, wherein the light irradiation unit is formed with a
combination of:

an obijective lens; and

a diffraction element that 1s disposed in a stage
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different from that of the first light; a drive unit that drives the light

irradiation unit in a depth direction, in which the light irradiation unit

approaches to or recedes from an optical information recording medium,

so as to move the first light and second light in the depth direction; a

focus shift unit that shifts the focus of the first light in the depth direction

by varying the converging state of the first light; and a control unit that

controls the drive unit and focus shift unit to focus the first light and .
PTSEEGH fight'6nCResifforis’fo which i firse Ryt sh ¢ BECSHc Rightdtokm t L on

irradiated, wherein 63 for a first optical information recording medium,
S TR A A e S LR

of %%r%l%tcf%%ﬁ?é ghnedﬁé%tfggrﬁ L QLn% tﬁ:tf | rs(t: ?;'% lei 1[%?%@ i@g el-av¥§ {’fe lengths

a
according to returne thefitst” signal recording layer; for a

o £ Segend ppticahinfgrmation recarding mediym hmgtﬁfelessaﬁ%ggﬂ@iates

recording layer compatible with the second fight, the control unit focuses

théhe:seeand light opthe secend signal kecoyding layes according to Jighty, 5 5

returned from the second signal recording layer; and for a voluminal
exhecording megiurnwhichrbas @ kgflectisg- dayeethatyeflests gt laast partef, s,
the second light and in
from the numerical aperture of the cbjective lens exhibited

when the second light is routed to the objective lens.

11. The information recording apparatus according to
Claim 10, wherein the focus shift unit is formed with a movable
lens that varies the converging state of the first light by

displacing the first light in the light-axis direction.

12. The information recording apparatus according to
Claim 9, wherein the light irradiation unit includes:

afirst objective lens that concentrates the first light;

a second objective lens that concentrates the second
light and exhibits a numerical aperture different from the
first objective lens does; and

a lens holding unit that holds the first and seccond
objective lenses with the positional relationship between the

first and second objective lenses fixed.

13. The information recording apparatus according to
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which information is recorded as a three-dimensional record mark when

the first light whose intensity is equal to or larger than a predetermined

intensity is irradiated thereto, the control unit controls the drive unit to

focus the second light on the reflecting layer according to light returned

from the reflecting layer, and controls the focus shift unit to shift the focus

of the first light in the depth direction so as to thus focus the first light on a

,target depth to which the first light should be irradiated. 16. An optical

CLBRUP cOMBRSAG: &NiGht Rrsttiationtinie that Benédnrites tlat ifadiabes ter
. first ]Ci%httandfse ond Ii??ht whose wavelength is 64 different from that of

EDES firstiightea dhve BRETRG drit@e the light irradiation unitin a depth

direction, in which the light irradiation unit approaches to or recedes from
an optical information recording medium, so as to move the first light and

second,lightinhe depth diregtion; &%ﬁ&g%sv g%@tna;ﬂ“é!}%t SIS the, o +o

focus of the first light in the depth direction e converging

cistates ofthe fisstlightswherein fora first optieal informatioprecarding. o 45

medium having a first signal recording layer compatible with the firstlight,

i sthe mirive tunit, thestocusrshift twiti o thedriverunitand- focus shiftypit s o cong
focus the first light on the first signal

optical informaticn recording medium is a digital versatile

disc {(DVD).

15. An information reproducing apparatus comprising:

a light irradiation wunit that concentrates and
irradiates first light and second light whose wavelength is
different from that of the first light;

a drive unit that drives the light irradiation unit in
a depth direction, in which the light irradiation unit
approaches to or recedes from an optical information recording
medium, so as to move the first light and second light in the
depth direction;

a focus shift unit that shifts the focus of the first
light in the depth direction by varying the converging state
of the first light; and

a control unit that controls the drive unit and focus
shift unit to focus the first light and second light on
positions to which the first light and second light should be

irradiated, wherein
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recording layer according to light returned from the first signal recording
layer; for a second optical information recording medium having a second
signal recording layer compatible with the second light, the drive unit, the
focus shift unit, or the drive unit and focus shift unit focus the second light
on the second signal recording layer according to light returned from the
second signal recording layer; and for a voluminal recording medium
which has a reflecting layer that reflects at least part of the second light

and irt Q¥hitH inferm At S e chrde 8¢ & imBeldifeRsibnal Fechramisr 1ng

hen the first Jight whose intensity is equal to or larger 65 than a

& RSO RO I adi iR HOrER B Ve Uit RetfokaE drifent

nit, or.the drive.unit.and focus,shift unit control the drive unit tq focus the
B e b B 1y e L Ona

refeflegting layer, and control the focus shift unit fg s iétn%h focus ot the first

light in the depth direction so as to thus focus the first light on a target
sidepth tewvhieh the,first Jight should be irradiated. 66

for a second optical information recording medium having
the second signal recording layer compatible with the second
light, the control unit focuses the second light on the second
signal recording layer according to light returned from the
second signal receording layer; and

for a voluminal recording medium which has a reflecting
layer that reflects at least part of the second light and in
which information is recorded as a three-dimensicnal record
mark when the first light whose intensity is equal to or larger
than a predetermined intensity is irradiated thereto, the
control unit contrels the drive unit to focus the second light
on the reflecting layer according to light returned from the
refiecting layer, and controls the focus shift unit to shift
the focus of the first light in the depth direction sc as to
thus focus the first light on a target depth to which the first

light should be irradiated.

16. An optical pickup comprising:
a light irradiation unit that concentrates and

irradiates first light and second light whose wavelength is



different from that of the first light;

a drive unit that drives the light irradiation unit in
a depth direction, in which the light irradiation unit
approaches to or recedes from an optical information recording
medium, so as to move the first light and second light in the
depth direction; and

a focus shift unit that shifts the focus of the first
light in the depth direction by varying the converging state
of the first light, wherein

for a first optical information recording medium having
a first signal recording layer compatible with the first light,
the drive unit, the focus shift unit, or the drive unit and
focus shift unit focus the first light on the first signal
recording layer according to light returned from the first
signal reccording layer:

for a second optical information recording medium having
a second signal recording layer compatible with the second
light, the drive unit, the focus shift unit, or the drive unit
and focus shift unit focus the second light on the second signal
recording layer according to light returned from the second
signal recording layer; and

for a veluminal recording medium which has a reflecting
layer that reflects at least part of the second light and in
which information is recorded as a three-dimensional record

mark when the first light whose intensity is equal to or larger

65



than a predetermined intensity is irradiated thereto, the drive
unit, the focus shift unit, or the drive unit and focus shift
unit control the drive unit to focus the second light on the
reflecting layer according to l1ight returned from the
reflecting layer, and control the focus shift unit to shift
the focus of the first light in the depth direction so as to
thus focus the first light on a target depth to which the first

iight should be irradiated.

6o



