2 February 2006 1 DESCRI PTI ON OPTI CAL RECORDI NG MEDI UM AND OPTI CAL DI SK

DEVI CE 5 TECHNI CAL FI ELD The present invention rel at es 2thebagnogeieal
recordi ngynedi um (hereinafter also referred to as an "optical disk") and
an optical: di sk device for playing back or recording on this, nore
particularly relates to 10 an optical recordi ng medi um capabl e of high
density recording and an optical disk device for playing back or
recording. on-this. BACKCGROUND ART In recent years, along with the

devel opment of 15 technology for digitally recording noving pictures, stil
"pictures, and other video data, |arge volunes of data are now being

handl ed. CD or DVD and ot her opticalpESGRIPTIEONCes are now in the |inelight
as | arge volunme recordi ng devices. Research for further increasing 20
capacity is also underway. FIG 1 is a schematic view of a sectional
structure of an optical disk of the CO-RW(rewitable) type and a nethod

of em ssion of 'i%?%-dﬂﬂ“ﬁﬁéﬁﬂ@xﬁ@euEDQWMQQQﬂ OPTCAILIDISE: DENICH i ght 25
transm ssi on type rigk substrate 5 having a thickness D5 2 February 2006 -

2 :
5 TECHNICAL FIELD
The present invention relates to an optical
- recording medium (hereinafter also referred to as an
| "optical disk") ﬁnd an optical disk device for playing
back or recording on this, more particularly relates to
10 an optical recording medium capable of high density
recording and an optical diskrdevice for playing back or
recording on this.

BACKGROUND ART

in recent years, along with the development of
15 technology for digitally recording moving pictures, still
pictures, and other video data, large volumes of data are
now being handled. CD or DVD and bther_dptioal disk
devices are now in the limglight as large volumg
recording devices. Research for further inéréésing
20 6apacity is also ﬁnderway.
FIG. 1 is a schematic view of a sectional structure
of an optic$1 aisk'bf the CD-RW (rewritable) type and a
method of emission of light.
Grooves 6 are provided in one surface of a light

25 transmission type disk substrate 5 having a thickness D5



of about 1.2 mm An optical recordi ng Iayer 7 conprised of for exanple a
dielectric film a recording film another dielectricZ2ffiebiHara20@d | ecti on
film etc. stacked in that order is formed on this surface. The film5
configuration and the nunber of |ayers are different according to the type
and design of the recording material. A protection layer 8 is formed above
the optical recording |layer 7. 10 An optacal disk device for recording on
or playing back a CD-RWtype or other optical disk, in the nornal
configuration, has a light source for emtting |light having a wavel ength A
for recording or playback, an optical systemincluding an object |ens
(condenser | g8)avduiaV] Ngaw. MHRSPichta pescandling) Yayer dhaarpriFate | i ght
emtted by the Ilght source onto the optical recording |ayer of the

optical recorgh pLésl didietrid ebbin Ny ssaumshing diildet ecting

I'i ght reflected romthe optical recording layer; etc. 20 In for exanple
the CD-RWsysl oy &s ﬁﬂ&'ﬁlnl; a Ard PEEEthORNELTh f astqpl aytbmaikedr
recording is cond%nse or exanple an object |lens 50, passes through the
light transnis d 42 thifsuiSadOCumasl £k he optical
recordi ng Ia Stlh'%f %‘gelgp I ca I sk having the 25 above structure. 2

February ZOOGé%flguration and the number of layers are different

‘according to the type and design of the_recording

- material.

A proteétion layer 8 is formed above the optical
recording layer 7.
10 An optical disk device for recording on or playing
back a CD-RW type or other optical disk, in the normal
| configuration, has a light source for emitting light
having a wavelength A for recbrding or playback, an
optical system including an objecf lens (condenser lens)
15 having a numerical aperture NA for condensing the light

emitted by the light source onto the optical recording

o~

,,‘
N

layer of the optical recording medium, and a light |
receiving eiement for deteqting 1ight reflected from the
optical recording layer, etc.
20 '~ In for example the CD-RW system, as shown in FIG. 1,
a laser beam LB for playback or recording is condensed by
rfbr exaﬁple an object'lens 50, passes through the light’
transmission type'disk substrate 5, and is focused on the

optical recording layer 7 of the optical disk having the .

‘25 . above structu:e.



At the time of playback of the optical disk, return light reflected at the
optical recording layer is received at the |ight recei2habgasyd@nt, a
predeterm ned signal is generated by a signal processing circuit, and a 5
pl ayback signal is taken out. At the playback or recording of the optical
disk, a spot size O of the light on the optical recording layer is
generally given by the follow ng equatiog (1): (P = X NA 10 The spot size
(p of the light directly affects the recording density of the, optical
recordi ng nedium The snualler the spot size 0, the higher density of
recording -possible and the | arger capacity possi-ble. Nanely, this neans

that the shorter the iyl RoldE PlelyHdux |6 hedopta dale dimigerrativrn
nunerical aperture NA of the object lens, the smaller the spot size 0 and

the higher dnghly rdfdCRitdGiP 4 Rigtidal secmding layee 48D RW syst em as

shown in FIG in a configuration wherein the wavel ength of the |ight

20 source is_in an -infrar 189 t,he preddtaamiapst t ure
Rfdd GO (AR Jbpl b tend 12 i

of the objecF' phase change type recording layer is

used for the recqrding |ayer ri her ' JitfP iRl Byaindas a
t opogr aphy c&‘ﬂ?&oﬁtﬁ Sr’ge'{ orat%eé{ ;bgt)c%rsafpé‘}gﬂ??rfﬁg?si n the di sk substrate
5, only the side of .the QPticaI 2 Februagy 2006 - 4

5 playback sigrnal 1s taken out:.

At the playback or recording of the optical disk, a
spot size ¢ of the light on the optical rgcording layer
is generally givén by the following equation (1):
& =.h/NA ... (1)

10 The spot size ¢ of the light directly affects the
recording density of the optical recording medium. The
smaller the spot size ¢, the higher density of recording
possible and the ldrger capacity possible. Namely, this
means that the shorter the wavelength A of the light or

15 +the larger the numerical aperture NA of the object lens,

the smaller the spot size ¢ and the higher density

P
)

recording possible.

For example, in thelcp-RW system as shown in FIG. 1,
in a configurétion wherein the wavelength of the light

.20 source is in an iﬁfrared region (about 780 nm), the

numerical aperture of the object lens 1s about 0.45, a
phase change type recording layer is used for the
reéording layer, further the optiocal recording 1éyer has
a topography corresponding to the topogfaphy formgd in

25 the disk substrate 5, only the side of the optical



recording | ayer having the topography close to the emtting side of the

| ight for recording or playback, that is, the portiong februane2@jg i cal
recording |layer corresponding to projecting portions of the topography, 5
I's used as recording areas RA, and the side far fromthe emtting side of
the light for recording or playback, that is, the portions of the optical
recording |layer corresponding to recesseqd -portions of the topography, is
not used as the recording areas RA, a recording capacity 10 of about 700
MBis realized in the case of an optical disk having a dianeter of 120 mm
Regardi ng the above projecting portions and recessed portions, in the-

process of prRis cﬂQa hey t}ﬁ{viﬂgwﬁﬂwto@ug‘mmyofclamsloerthﬁm form ng
the di sk substrate 5 15 ormed with the grooves the portions correspondi ng

to the ar eaéﬁ@éﬁ@ﬂ Dad hee l@aser fpamfor alaxirdind eamphagbac¥.erred to
as "grooves e areas | ying between the grooves G are referred to

as "lands L". a 23 drie dER e foptioge neic rdimy sy et
producti on of hteﬁ! i?((f opt cpﬁ ‘{}T sk shovvn [ nﬂFI G 1, the projecting portions

of the tOpongtpﬁJﬁPa‘ﬁldmtgoq%ds‘é%%% Pest onaig acdecopaasasdy por tions

correspond t s undermay for further raising the
?ggiiéuynéofjs%%"%%%%rﬁsfec?ﬁ%’r g 4 aser 1%OOEEH:W(FH%R|Efr}u&réacgdrFebruari;%}{eéOOG 5
emitting side of the iight for recording or playback,
that is, -the portions of the optical recording layer
'correspondiné torrecessed portions of the topography., is
not used as thé recording areas RA, a recording capaocity
10 of about 700 MB is realized in the case_of an optical
disk having a diameter of 120 mm.

Regarding the above projecting portions and recessed
portions; in the process'of producing the master, in the
surface of a master for forming the disk substrate‘s

15 formed with the grooves the portions corresponding to the

| areas exposed by the laser beam or electron beam are

- referred to as "grooves G" and the areas lying betﬁeen
the grooves'G are referre& to as "lands L". For example,
in the case of the-genéral'process of productidn of the

20 optical disk shown in FIG. 1, the projecting portions of
the topography correspond to the grooves G, while the
recessed portions correspond to the lands L. |

Research is underway for further railsing the densitj

of optical disks. For example, document A "Optical disk

25 recording using a GaN blue-violet laser diode” (Ichimura



at al., Jpn. J. Appi. Phys., vol. 39 (2000) pp 937-942) proposes a
techni que for realizing a storage capacity i edi ng 2Feliugabi®s in an
optical disk of a DVD size by using a blue-vi‘ol et sem conductor |aser and
a 2-group 5 object |lens having a nunerical aperture 0.85. \Wen the
nunerical aperture of the object |ens becones larger, the allowable tilt
of the disk in an optical disk device s generally decreased. A comatlo
aberration WB, generated with respect to atilt angle 6 10 relative to the
optical axis is given by the following Equation (2) according to docunent
B "Aplanatio condition required to reproduce jitter-free signals in
optical disk J’S temJ Uhpt et .alphys\0PivoIPiag (\zmloo)26p(91%7l)-9qg:)
3961-3973) and is roughly proportional to a cube of the 15 nurmeri cal

aperture NA 'Feiﬁ;)xfi fo Fd¥ HeRAliAhg |Aiordgey Yapaeityd above
the opti cal ragec&%d';t ng%(ayer q?l the opti cal dq Note that, in Equation

(2), nis a ref iy r #1¥hal A MBa DVD size
t(n2- 1) n2si n&%’ ?é g q‘paq}%ﬁ 20 Accordingly, when the val ue

of the perm gsi tlca ration \gzgljl 1ddbOR 4 2l a
al | owabl e di SW ﬁejlr‘ 3 6}; e%/lgcreéfrn an .optical disk device
rai sed up to a nuner.i cal erture of cessary to nake
t he t hi ckhes®@tgecthdens v lai&’lmfe?ﬁ;ecra faq%e op{lcaﬁ%edl sk as thin as
about 0.1 2 Febru%%é;aﬁﬂilﬂgmerical aperture of the object lens

becomes larger, the allowable tilt of the disk in an
dptical disk device is generally decreased. A comatid
aberration W, generated with respect to a tilt angle ©

10 relative to the optical axis is given by the following
Equation (2) according to document B "Aplanatic condition
.required to reproduce jitter-free signals in optical disk
system” (Kubota et al., Appl. th., vol. 26 (1987), PP
3961-3973) and is roughly proportional to a cube of the

15 numerical aperture NA and a thickness t of a protection

(j , layer (layer formed above the optical recording 1aygr) of
the optical disk. Note thaf, in Equation (2), n is a
refractive index of the ﬁroteqtion layer.
W, = t(n’-1)n%sindcosO'NA®/2(n*-sin®0)** ...(2)

20 Accordingly,.when the-value of the permissible

| comatlc aberration W,, is A/4, in order to secure a
allowable disk tilt equivalent to a DVD player in an
optical disk_device ralsed dp to a nﬁmerical aperture of
0.85, it becomes necessary to make the.thickness of the

-25 - protection 1ayér of the optical disk as thin as about 0.1



FIG 2 is a schematic view show ng a sectional structure of an opti cal
disk formed by the technique reported in the above do2imebmeary’2Mied t he

met hod of 5 focusing light thereto. G ooves 2 are provided. in one surface
of a disk substrate | having a thickness D1 of 1.1 to 1.2 mm An optical
recording layer 3 having a thickness D3 conprised of for exanple a
reflection film dielectric film 10 recgrding film and dielectric film
stacked in that order is fornmed on this surface. The filmconfiguration
and the nunber of layers are different according to the type and design
of the recording material. A light transm ssion type protection |ayer 4
‘having 15 apighi ckness D4 of about 0.1 mmis fornmed above the optical
recording layer 3. In the above system as shown in FIG 2, the |aser beam

LB for playback ofppgecer dish@ isshemadarsedecwy shoaing or segtionalconpri sed by
for exanple a first lens (close 20 lens) 12 and a second lens (far |ens)

14, passes t G QuaR e olel gt gbft%%ri* Wisk" fotiRd byt ehiel eechmiguel, and i s

focused on the optical recording layer 3 of the optical disk having the

above structure. At | Slovid %{gmtt Re angit whie BRAMoEidfect ed 25 at
the optical €S Fﬁb a&ggEFEOFECEIVEd at the light 2 February 2006 - 7 5

5 focusing light thereto.

Grooves 2 are provided in one surface of a disk
‘ substrate 1 having a thickness D1 of 1.1'to 1.2 mm. An
if} optical recofding iayer 3 having a thickness D3 comprised
.of for example a reflection £ilm, dielectric film,

10  recording £ilm, and dielectrio film.staoked in that order
is formed on this surface. The film configuration and the
number of layers are different according to the type and
design of the recording material.

A light transmission type protection layer 4 having

15 a thickness D4 of about 0.1 mm is formed above the
optical recording layer 3.

. In the above system, és shown in FIG. 2, the laser
beam LB for'playback or fecording is condensed by the 2-
group lens comprised by for example a first lens (close

20 lens) 12 and a second lens (far lens) 14, passes through

| the light transmission type protection layer 4. apd is
- focused on the optical recording layer 3 of the optical

disk having the above structure.

At the time of playback, the return beam reflected

25 at the optical recording layer is'received at the light



receiving elenment, a predeterm ned signal is generated by  the signal
processing circuit, and the playback signal is taken @dé$"#ﬁyﬁwginethod of
production of the above optical disk, a stanper having grooves in its
surface is formed by transfer froma disk nmaster having grooves in its
surface, the surface shape is transferred fromthe stanper to forma disk
substrate 1 having grooves 2 in its surgage, and an optical recording

~layer 3 conprised 10 by the stack of for ‘exanple a reflection film,

dielectric film optical recording layer, and dielectric filmis forned
by. this filmformation order. This is a reverse order to the ordinary

order. Finally, the |light t s EH&&ﬁn@HQE@ laQn ils2Yy@hetatted byTEd
above the 1 3F&W§- %QEFFP%p %;iﬁﬁggbtec nlque,%gh optical disk having a
protection layer qf a.thickness of Q. c { onaRAhadi dilaabawe
system in oﬂ%‘?r 5819“ Ip&?geﬁ?é.na é’%‘fgoﬂﬁéc%r%gf)ﬁzgedgm ty, a land and
groove recording nethod 20 wherein a depth D2 of the groove structures is:
made about XFG#ePXP"%évelength of light source of optical disk device, n:
refractive index of light transm ssion type protection_|lay ~41he opti cal
recordi ng | ayer hd® &he geddodhf &ﬁqdé‘é%ﬁﬁ&ﬁ i ttg‘q i ogvreoc())%g')is?t&rluct ures,
and 25 both areas of the side close to the enittin% si_de of th %Iﬁpbruary
2006 8 5 disk, a stamper having grooves in its surface 1s rorme

by transfer from a disk master having grooves in its
‘surface,'thelsurface shape is transferred from' the
lstampeb to form a disk substrate 1 having grooves 2 in
its.surface, and an optical recording layer 3 comprised
10 by the stack of for example a reflection £ilm, dielectric
| £ilm, opfical recording layer, and dielectric f£ilm is
formed by this film formation order. This is a reverse
érder to the ordinary order. Finally, the Iight
transmission type protection layer 4 is formed above the
15 dielectric film. By this technique, an optical disk
. \ ' having a protection layer of a thickness of 0.1 mm‘can be
formed.
In the above system, in order to improve the planar
recording density, a land and groove recordiné method
20 wherein a depth D2 of the groove structures is made about
A/6n {(A: wavelength of light source of optical disk
device, n: ref;active index of 1ighf transmission type
protection layer)}, the optidal recording layer has a
topography correqunding to the groove structures, anq

- 25 both areas of the side close to the emitting gide of the



light for recording or playback in this optica recordigg | ayer havi ng

t opography, that is, the lands L, and the side far fr@habrearedP®eing side
of the light for recording or playback, that is, the grooves G are used 5
as the recording area RAis enployed. In the | and and groove recording
system the track ~.pitch TP corresponds to the distance of the center
position of a‘land L to the center positign of a groove G and is
specifically set to about 0.3 /Lm 10 Details of the |Iand and groove
recording systemare described in docunent C Land and groove recordi ng for
hi gh track density on phase-change optical disks" (Myagawa et al., Jpn.

J. Appl. Phys,, h\@plfo,@gﬁeu%%)ﬁgt E’%es?io raeidn &ils bptialhirecorstisng in

order to maké e sign the | ands and the grooves equal,

t he grooves qf _the.di qQ,z?t Pq:ta%l e ft8¢: SGHd Alandly &,| @ind diliey rati o)
of the width a&'feﬁrlllgavﬁlg}%s r?r t éﬁrﬁrooves after the formation of the

optical recording la 20 .hec tolial o fl MhaM1dightOfEort he grooves is
det erm ned ?g'f%ﬁa#%rérw (]:tq}?s gﬁ%ﬁ'&%é&fﬁ%ﬁ%%l nstd(i:lorrgspondi ng to the
| ands and the grooves beco ual en. f.or M die Qfsdde

grooves for mEEGFHHI dﬁ‘él?rieag%’a\t%#s WRedé ag%&gﬁﬁeof' t he pistch of the

grooves 25 and the dielectric film_.recordi n_l_%fidm other dielectric 2
February5200@59the recording area RA is employed.

Tn the land and groove recording system, the track
. pltch TP corresponds to the distance of the center
-position of é land L to the center position of a groove'G.
and is specifically set to about 0.3 um.
10 | Details of the land and groove recording system are
descoribed in document C “Land and groovg recoxrding for
.-high track density on phase-change optical disks”
(Miyagawa et al., Jpmn. J. Appl. Phys.. vol. 32 (1993)., pp
5324-5328) etof
15 In this system, in order to make the signal
'g , amplitudes of the lands and the grooves equal, thel
-grooves of the disk substrate aré formed so that a‘ratior
{(duty ratio) of the widths of the lands and the grooves
.~ after the formation of the optical recording iayer
20  becomes about 1:1; The width of the grooves is determined
so that the widths of the recording films corresponding
to the lands and the grooves become equal when for
example the width of the grdoves formed in the disk
substrate is made about 60% of fhe pitcﬁ of the groovés

25 and the dielectric f£ilm, recording f£ilm, other dielectrio



film and reflection filmare stacked over the entire surface while
covering the inside walls of the grooves. Al so, in ordé@febsanedde the
anount of the light reflected fromadjacent tracks, that is, the crosstalk
5 conponent, using groove interference, the depth of the grooves is nade
A/ 6n. When enpl oying the above | and and groove recording system however,
general ly, when recording a signal at _the side far fromthe emtting side
of the light for 10 recording or playback, that is, in the grooves, the-
phenonmenon (crosswite) of the signal marks recorded previously in the

| ands closer in being erased tends to easily occur. This is due to the

fact that the,qpf i iy St iohd falnd dredls tidtkeld Gredl thec@nting i s not
al ways unlforn1 since the nunerical aperture of the object lens is |large

and the grooyes A& Rﬁﬁ@l? Holve ?1 13 1thareRf Wal 1588 theRGRIvies WAV es

are hard to be propaga int grooves and the emtted output at the

grooves is raised: Furt E[@&%s dundUlole theAQRiggMe a
uniformaquality ofmﬁmf 61 aceE Sl gna s at t{"? q’i“Ian(Ijls and the grooves.
Accordi ngly, ra SI t uf fi O pds @rYs st x
characteri st F@ffe'@ﬁ%ﬁﬂg Ié’ﬁ? f%g&??&% r%e%?h 51 ‘that is,.the
effect 0f5. Carcls(t:)(ranlplo(’%;[eln%n, ?Isitn%e g%ola%ber Liartyer%O rerfce the depth of the

grooves is made A/6n.

When employing the above land and groove recordlng
.system, however, generally, when recording a signal at
fhe side far from the emitting side of the'light for
10 recording or playback, that is, in the grooves, the
phenomenon (crosswrite) of the signal marks recorded
preéiously in the lande closer in being erased tends to
easily occur. ‘
This is due to the fact that the optimum emitted
15 output at the time of recording is not always uniform
since the numerical aperture of the object lens is large
and the gfooves are relatiﬁely deep and therefore
electromagnétic waves aré_hard to be propagated.in the
grooves and the emitted output at the grodves.is raised. .
20 ‘Further, this makes it difficult to achieve a
unifbrm guality of the playback signals at the lands and
~ the grooves. | | |
Accordingly, a track dénsity sufficiently making
gobd use of the characterist;c feature of the land and

25 - groove method, that is, the effect of cancellation of the



crosstal k from adj acent tracks, has not been realized. Al so, since both of
the | ands and the grooves are used as recording areasg Februgas2@cessary to
devi se sone neans to secure conpatibility with a read only (ROM Read only
menory) disks recording information by bits. D SCLOSURE OF THE | NVENTI ON
The present invention was made in consideration with the above

ci rcunst ances. Accordingly, exanple enB8dinents of the present invention
provi de an optical recording nedium (optical disk) which reduces the

t hi cknessCEIssttRék| fem a@ﬂéﬁ@?ﬁsﬁﬁ%ﬁﬁstyékﬁ Netobeer ¥rligper to about 0.1 mm

and can handl exhighsdgasigoty 8¢orsld MGy Leduald QRoBfed Neravauelhengt h of the
| irght source and an increase of the nunerical aperture of the object |ens,

whi ch  opf§CALPECHT Mg LhedPBIRYEaSREBsEDAEVEAE | BPOMEEPEsEM IR TaNnd
uni f or m t yorgfatRbaybae krithgnale NN (@S] IRL 8C6HIE KR i Bididy Wwith a
read only disk, and an optical disk device for recording on and/or playing
back t hi sTeFITEEE of HEHEE SHPR PR EdSpect of the present invention, there is
provi ded an optical recording mediumon which |ight condensed by a |lens

having a n rical aperture of 0 .85+0.1 and a wavel ength of 405+5 nmis

f ocused f%ﬂﬁﬁé§§§%i%§‘%¥‘6NE§%%%%1 the optical recording medi um

conprising: a ®mebptreatet fiorwedivhtdaa ngeove d¢dhsikdegasidi agieh aneoptical 2

February 590%'-.1% recording |ayer formed on the s bstratefa%héhe groove
Format | or QU SIS no e ST bRy FOPRASp ORI Ge o
~ present invention provide an optical recording medium (coptical

disk) which reduces the thickness of the light transmission type
proﬁection layer to about 0.1 mm and can handle high density
recording by reduction of the wavelength of the light source and
an increase of the numerical aperture of the object lens, which
optical recording medium realizes prevention of crosswrite and
uniformity of playback signal and can easily secure compatibility
with a read only disk, and an optical disk device for recording on
-and/or playing back this.

In accordance with an aspect of the present invention, there
is provided an optical recording medium on which light condensed
by a lens having a numerical aperture of 0.85+0.1 and a wavelength
of 405+5 nm is focused for recording of playback, the optical
recording medium comprising: a substrate formed with a groove in

its surface, an optical



the groove, and a light transm ssion type protection |ayer forned on the
optical recording |layer, used when 5 |ight for recordi Bdebruapt 20a6ack i s
focused fromthe protection |layer side to the optical recording |ayer,
using as :a recording area only the optical recording |ayer of one of a
side far fromthe emtting side of the light for recording or playback in
the optical recording 10 |ayer having tgﬁography, that is, a portion
corresponding to a recessed portion of e topography, and a side close
to the emtting side of the light for recording or playback, that is, a
portion corresponding to a projecting portion of the topography, having a
pitch of a 15 praj.ectin orti r S | ddiR recordi ng
SR et et ool JHE SRR I a2

area (track aving  a depth of a recessed

portion with respect to a _projecti.ng portiaon. in 4 nm
Since the opthiodiatiat %cﬁ't%tbq‘q'jt% t;?lpé’gex%tp é%\%%t‘ﬁ%}rﬁi]i?‘s?t Ca':r?2

optical recording nediumon_which |ight condensed by a lens ving a
nuneri cal apdheuFasvey @R 2 Aeht \%ﬁ@%‘ﬁ&ﬁﬁ'o& Y rnomelgsﬁféégused for
recordi ng or playback which uses as a recording area only thea ggltei cal
recordi ng | aj@yest fsrames op sthee opbical d'?ﬁqc’r:Fé%'“?S 4 P 8D the
light for recording or playback in 2 February 2006 - 12 the tical :
recor di n | aydrgbtaviany nesssgtnm\er tavhack ds faunf P ddhding to a
recessed portion of the

: protection layer side to the optical recording layer,

_using as a recording area only the optical recording
layer of one.of a side far from the emitting side of the
light for recording or playback in the optical recording

10.' layer having topography. fhat is, a portion corresponding
to a recessed portion of the topography, and a side close
to the emitting side of the light for recdrding or
playback, that is, a portion corresponding to a
projecting portion of the topography, having.a pitch of a

15 prbjecting portion or recessed portion used as the

.A) | ;ecording area (track pitch) of 0.32+0.01 um, and having
a depth of a recessed portion with respect to a
projecting portion in the range of 19 to 24 nm.
Since the optical recording medium of thé presént

20 _invention is an optical recordingrmedium on which light

condensed by a lens having a numerical aperture of |
._0;85i0.1 and a,wavélength of 40515 hm is fooused for

recofding oxr playback which uses as a recording area only

the opticai recording layer of one of a side far from the

- 25 emitting side of the light for recording or playback in



topography, and a side close to the emtting side of the [Iight for

recordi ng or playback, that is, a portion 5 correspondi2rRebreara20d®d] ecti ng
portion of the topography, prevention of the crosswite between the
recessed portions and projecting portions and uniformty of playback
signals are realized and, further, it maygbe easy to secure conpatibility
with a read only disk. 10 If condensing |light having a wavel ength of 40515
nm by a | eas having a nunerical aperture of 0.850.1, in view of the size
of the spot of light on the optical recording layer, it is optimal to set
the pitch of the wikedl nfegrdimn iy dnsaaty foddgraplged et e, 1% '
recording area (track pitch) to 0.320.01 um To obtain a satisfactory
quality of tlbraliict Reskdgptldal 66 e Cededldd poritaiaactod itd cs, it may
be necessary to set the depth of a recessed portion with respect to a

projecting PRYpdgaphy.! hhd AR idded o tHeNemdttihg AL idE ahe

recordi ng nmedi um of t he present invention, a wobble having an anplitude of

+8 to | 2nm may bR TRt d P PhGry Hafcl@etttﬂdftgitahedjimﬂt:wnthe

recessed portion with respect to the projecting portionin the above

et ubr y 20080 -PERoRR I ES OB B o or W IRRINE. o0 4
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portions and projecting portions and uniformity of

playback signals are realized and, further, it may be easy to

secure compatibility with a read only disk.

10 If condensing light having a wavelength of 465t5,um
by a lens having a numerical aperture of 0.850.1, in
view of the size of the spot of light on the optical
recording’layer, it is optimal to set the pitch of a

'pfojecting portion or recessed portion used as the

15 recording area (track pitch) to 0.32+0.01 um. To obtain a

F*\ satisfactory quality of the obtained signal and servo

control characteristics, it may be necessary to set the depth

of a recessed portion with respect to a projecting
portion in the range of 19-to 24 nm.
_20 In the optical recording medium of the present
invention, a wobble having an amplitude of +8
to 1Z2nm may be formed in the groove.
If setting the depth of the recessed portion with
respect to the projecting portioh in the above range,

25 when forming address information as bits, the degree of



i ncorporated inthis. In this case, to satlsfy the conditions of the C/'N
ratio of the wobble si'gnal and the anmpbunt of |eakage of Febr@ang¥M e from

t he adj oi ning tracks, the anplitude of the wobble may be set to a range of
+8 to 12 nm Further, since only one of the recessed portion and
“projecting portion is used as the recordidlBg-area, there 10 are sonetines

di sadvantages in respect to the recording density, but the recording
density can be inproved by obtaining the address etc. froma wobbl e signal
eta. In the above opti cal recordlng medi um of the present invention, the
optical recording layer of 15 the side close to the emtting side of the
light for recording or playback in the optical recording |layer having

t opography, that is, a portion corresponding to a projecting portion of

‘the topogr aplyul FBYob@ fUsRE 8BSt I1gnal epestidrg iasenfi ARnWeno conpabilagnane
'si de close o the emitti ' for cordlng or playback,

; ng side of the |ight
. that is, PBﬁ“%‘?:tﬁnnéhgo?”f‘?%vr’ﬁ a&ﬁdt}f‘%eacgjrrd’ésf h?f?% Phet®nitting side
~of the |i ghtlnfceltpbfzﬁmdlmgtmspIImylﬁaﬁ:k casd,hab kstidhe theeces@ﬂdiqusrbfon,

“the projecti rtion may bhe e ed, as the cordln re Qn 2

" February 2008 % BZQ r1¥ﬁb?¥ QE*8§th%%a%ﬁan éﬁ r%%ﬁﬂﬁw 6 g aré%terlstlc.
.'In the opti aale webh&éhﬂr@mneﬂeLHﬁ]ﬂinﬁhg pragent thenwmnﬁuhndg,oth@heﬂwmébéeose
to t he en1tt|ngb3|de

& set to a range of +8 to 12 nm.
Furtber, since only one of the recessed portion‘and
projecting portion is used as the recording area, there

10 are sometimes disadvantages in resﬁeot to the recording
density, but the recording density can bp improved by
Aobtaining the address etc. from a wobble '‘signal eto.

In the above optical recording meqium of the present
invention, the optical recordiﬁg layer of

15 the side close to the emitting side of the 1ight for
recording or playback in the optical recording layer
ﬁaving topography, that is, a portion corresponding to a
projecting portion of the topography, may be used as the
Vrecorﬂing area. ”

20 . When comparing the side close to the emitting side
:of the light for recording or piaybdok, that is, the
projecting portion, and thé side far f£rom the emifting

V'Side of the light for recording or playback, that is, the

recessed portion, the projecting portion may be employed as the

recording area bhased on : -



of the light for recording or playback, that is, the 5 portion
corresponding to the projecting portion of the topogr&fhsbruamsy08®drrespond
to an area exposed by a | aser beamor electron beamat the surface of a
master for fornming a substrate. forned with the groove in a process for’
produci ng that master. 10 In the optical ygcordi ng nedi um of the above
configuration, in the production nethod, since the area .exposed by the

| aser beameta. at the time of production of the master becones constant,
this area nmay be wused as the recording area. 15 Therefore, anong the

proj ecting poexpepimefitaEcEis@ing®osti the &hessicbte dlunrdotérideisi ne of
production of the master may becone the projecting portion. That is, when

the portion correspenghédJop@lé¢dE rESPREthlg MmESidn oAl tRsl pidsegt oove™, ' it
may be lproduced so that, the projecting portion becomes the groove. In

accordance Widrameide! aspect of tfife PEERENELISW HY 11 ediOEfnd SsOVi ded

an optical disk devi ce’ conpr|5|ng a rotation driving means for. driving

rotation of g anid %ﬁ@%ﬁl %H%Jtﬁ&g R |caef s{d atghd ormed with

a 2 February 2006 - groove N an opt recordi ng

layer forgred 5 Q0 4 d}¢ é&%gl%neﬂﬁg e ﬁeo Poo Aiflg Yoo W diP G b

topography, may correspond to an area exposed by a laser
Vbeaﬁ or eleotron beam at the surface of a m&ster for
'forming é substrate formed wiﬁh the groove in a process
for préduding that master.

10 In the optical recording medium of the above
configuration,‘in the production method, since the area
exposed by the laser beam etc. at the time of production

of the mastér becomes constant, this area may be
used as the recording area.
15 _ Therefore, among the projecting portion and recessed

portion, the area exposed at the -

time of production of the master may become the projecting

-poxrtion. That is, when the portion cvorresponding to the

exposed area is called the:“groove',iit may be = j

'Ep;oduced so that the projecting portion becomes the
' groove.

In accordance with another aspect of the present invention,
there is provided an optical disk device comprising a rotation
driving means for driving rotation of an optical recording medium

comprising a substrate formed with a



havi ng a'topography corresponding to the groove, and a |ight transmi ssion

type protection layer formed on the 5 optical recording Fedmery 2606 i ght
source for emtting |light for recording or playback having a wavel ength of
40515 nmto the optical recording |ayer; an optical systemincluding a

| ens having a nunerical aperture of 0.8501-for focusing and emtting the
light fromthe 10 protection' filmside to the optical recording |ayer; a
light receiving el ement for receiving a return light reflected at the
optical recording layer; and a signal processing circuit for generating a
pr edet er mi nedgzbgrel inbatedsarnfabe,r ahuoptiioght reeoedind byyeheforghtl
receiving elenent; using only the optical recording |ayer of one of a side
far fromthe efi thengubk€eatt hbethégfiroboe Ebeinatfonas@pfadenand
corresponding to a recessed portion of the topography, and-a side close to

the em tting Ra¢engl a2BopbgrhpEPt cbLiespoANTLEILEN thbAYHGSVe, LA &S, a

portion corresponding to a projecting portion of the topography, as the

recording arepjqg ﬁﬂdtﬂéhﬁﬂiéﬁi3ﬂet$ﬁé'ﬁfbté@EQBH'ﬂﬂy&Fdf&ﬂ&@@ &Rt tBal
recordi ng nmedium having a pitch of  the projecting portlon or recessed

d Jor:{ di
D2t ecor ding PchOf EEReLaly PLELAIE G FRERERIEEA eheCRLUGNO TOd, 00,
- 16 dentn of, bhe 4cesaSk BAIS|A Y ADbASEPESS 1S & WavdX QhSEA1 B8 POTTi O

~of a.range of

40515 nm to the optical redording layer; an optical
" system inocluding a lens having a numerical aperture of
 0.8510;1 for foousing and emitting the light from the
10 protection f£film side to the optical recording 1a§er; a
light receiving element for receiving a return light
refleoted at the optical feoordingrlayer: and a signal
.processing oircuit for generating a predetermined signal
based on the return light receive& by the light receiving
element; using-only the optical recording layer of one of
 ) _ é side far from the emitting gilide of the light for
E _' : -iecording.or playback in the optical recording medium,
thatris, a portion coﬁresponding to a récessed poxrtion of
the topography,'and'a_side'close to the emitting side of
' 20'-‘the,light for feoording oxr playbaok} that is, a portién
borresponding to a projedting portion of the topography.
as the recording area; and using as the optical recording
Vﬁedium aﬁ optichl recording medium'hafiﬁg a pitch of the
pProjeocting pdrtion or recessed portion used as the

25 recording area (track pitch) of 0.32%0.01 um and having a



The optical disk device of the. present invention preferably uses as the
optical recording nmediuman 5 optical recordi ng nmedi.um2ffmbnedy 2008 he groove
with a wobble of an anplitude of i8 to 12'-nm The optical disk device of
the present invention nmay use only the optical recording |ayer of the 10
recording area. Furthernore, it may useasighe optical recording medi um an.
optical recording nediumwhere the side close to the emtting side of the
light for recording or playback, that is, the portion corresponding: to
the projecting portion of the topography, corresponds to an area exposed
by a | aser beaspth elfetheopebessed! politionlkitherekpactastbethéor fornmng a
substrate formed with side far fromthe emtting side of the light for

recording or preyjeatingnpbbeiont bgah rasgedogibayer24haming the
t opography, that is, the portion corresponding to the projecting portion

of the topography,maa_bEeicaﬂeaﬂéﬂoaev&aeaoEreﬁe5§réeén§r£ﬂvehamohhat
master. The optical disk device of the present Invention may provide an

optical disk gdexegali$y stdCadPihadbptibal’ Abb8riBayUte@iuhanpr esent
i nvention able to realize 25 preventlgn o? orosswitée and uniformty of the
playback g Fegpuab¥i 2008oiding medium formed in the groove with a
wﬁbble of an amplitude of 8 to 12 nm.
The optical disk device of thé present invention
'1may use.oﬁly the optical recording layer of the
side far from the emitting side of the light for
10 recording or playback in the optical recording 1éyer
having the topography, that is, the portion corresponding
to the projecting portion of the topography, as the
) recording.area,
Furthermore, it may ﬁseas the optical recording
i5 _medium an optical reoording medium where the side close
to the emitting side of ?he light for recording or
playback, that is, the portion corresponding to the
projecting portion of the topography, corresponds to an
area exposed by a laser be&m oxr electron beaﬁ-at the
20 '.sﬁrface of a ﬁaster for forming a substrate formed with
‘the groove ;n a prooess for:producing that master.
The optical disk device of the present inventioqémay
rprovide an optical disk device using the oétical

recording mediuﬁ of the present invention able to realize

25 prevention of orosswrite and uniformity of fhé playbaok



signals and secure easy conpatibility with a read only %?Ek and recording
on and pl ayi ng back the same. BRI EF DESCRI PTI ON OF THEZ wqcho@ FIG 1is
a schematic view of the sectional structure of a CO-RW (rewitable) type
optical disk and a focusing nmethod of |ight according to a first
conventional example. FIG 2 is a schematic view show ng the sectional 10
structure of the optical disk according t;g; a second ‘conventional exanple
and the nethod of focusing light thereto. FIG 3 is a schematic view

showi ng-the sectional structure of the optical disk according to an

enbodi nent 15 and the nethod of focusing light thereto. FIG 4A and FIG

4B are secti offgn¥i®Ven@f sebePe Shsp SBIMPRELVL1PEPIRLEL 08 BbadnorDyi Cal
di sk optical disk according to an enbodinent. FIG 5A and FIG 5B are

secti onal Vi efespf et Fosba1dd én TRAAOH1ELLRS SOk | A e, DL cal di sk

optical disk according to an enbodi ne 6A and FIG 6B are secti onal
views of steps of a nmethod of production of an optical disk optical disk
according to an enbodinment. 25 FIG 7A and FIG 7B are sectional views of

steps of 2 February, 2006 18- get hod.af praductdon of an optical disk

optical disk
5 FIG. 1 is a schematic view of the sectional

structure of a CD-RW (rewritable) type qptical disk and a
: fpcusing method of light according to a first
conventional example.
FIG. 2 is a schematic view showing the sectional
10 structure of the optical disk according to a second
"~ conventional example and the method of foousing light
-thereto.
FIG. 3 is a schematic view showing the sectional
structure of the optical disk according to an embodiment
15 and the method of focusing light thereto.

- e FIG. 4A and FIG. 4B are sectional views of steps of
a method bf production of an optical disk optidal disk
according to an embodiment.

FIG. 5A &nd FIG. 5B are sectional views 6f steps of '
20 a method of produdtion of an bptioal disk optical disk
| 'aocording to an embodiment.
FIG. 6A and FIG. 6B ére sectioﬁal views of steps of
é method of production of aﬁ optical disk optical disk
according to an embodiment.

25 FIG. 7A and FIG. 7B are sectional views of steps of



-according to an enbodinent. FIG 8 is a perspective V|em10f a Er|n0|pal

part of an enmbodinent. 5 FIG 9-is a view of results

@fent of

Jitter and a push-pull.signal in Exanple 1. FIG 10,|s a plan view of an
exanpl e of wobble of Exanple 3. FIG 11 is a viewof a CNratio of a

wobbl e si gna
Is a view of

10 for changi ng the wobbl e anplitude of Exanple 3. FIG 12
results of measurenent of _ jjigter of Exanple 4. FIG 13 is a

schematic sectional view of the configuration of a 2-group lens for an
optical pickup 15 (head) of an optical disk device according to an

enbodi nent .

FIG 14 is a schematic view of the configuration of an optical

pi ckup (head)aohethedopti pabadoskoflevt can GptDsall ngisk eptieabditent. 20
FIG 15 is a plan view of the configuration of a |ight receiving el enent

according to aBcePRDEdEHtan Ehbodikens. a bl ock diagram of the
configuration of an optical disk device according to an enbodi nent. 25 BEST

NCDE FOR VIORKI NG Trfe | W/ENI! O\, 2- EgRbLsGy 2006 df o pRIBbEpASdperbosi et s

of the present invention wl be ‘expl ained next wt

attached

10

15

20

- 25

reference to the

an embodiment.

FIG. 9 is a view of results of measurement of jitter

‘and a push-pull signal in Example 1.

FIG. 10 is a plan view of an example of wobble of

'Example 3.

FIG. 11 is a view of a C/N ratio of a wobble signal
for changing the wobble amplitude of Example 3.

FIG. 12 is a view of results of measurement of
jitter of Example 4.

FIG. 13 is a schematic sectional view of the
configuration of a 2-group lens for an optical pickup
(head) of an optical disk device according to an
embodiment.

FIG. 14 is a schematic view of the configuratidn of

an optical pickup (head) of the optical disk device

" according to an embodiment.

' FIG. 15 is a plan view of the configuration of a
light receiving element according to an embodiment;‘

FIG. 16 is a block diégram of the configuration of

an optical disk device according to an embodiment.

BEST MODE FOR WORKING THE INVENTION



drawi ngs. Below, a detailed explanation will be given of _an 5 enbodi nent

of the present invention by using the draw ngs. The préfsuas#88@i nent was
applied to a recording and/or playback apparatus (hereinafter referred to
as an "optical disk device") for recording and/or playing back 10 data to
or froman optical recording medium that is, an optical disk. FIG 3 is a
schematic view showi ng the sectional struggure of the optical disk
according to the present enbodi ment and the nmethod of focusing |ight
thereto. 15 Grooves 2 are provided in one surface of a disk substrate 1
having a thickness DI. of 1.1 to 1.2 mm An optical recording |ayer 3

having a thi cknessppdfaigedC eibolifénts L@’ tavapRlegeat’ ehiveation Wil
dielectric film recording film and other dielectric filmstacked 20 in

that order isphopiBia®fedNBekt! k2eh réferbhbd teORhegdifhcABaand the nunber
of layers are different according to the type and design of the recording

material. A ljpRj1hganNsm ssion type protection layer 4 having 25 a
t hi ckness D4 of about 0.1 mmis forned above the 2 February 2006 - 2 0 -

opti cal recording hgygly, 3a hdehifeh’ BR5HAGTREH HERL: 855208 oEE! G

5 embodiment of the present invention by using the
drawings.
The present.embodiment was applied to a recording
| and/or playback apparatus (hereinafter referred to as an
"optical disk device")} for recording and/oxr playing back
210 data to or from amn optical recording medium, that is, an
optical disk. |
FIG. 3 is a schematic view showing the sectional
structure of the optical. disk according to the present
embodiment and the method of Focusing light thereto.
15 Grooves 2 are provided in one surface of a disk
N substrate 1 having a thickness D1 of 1.1 to 1.2 mm . An
optical fecording iayer 3 having a thickness D3 and.
comprised of for example a reflection film, diglectric
£ilm, recordiﬁg film, and other dielectric fiim.stacked
20 in that order is formed:on the surface. The film
configuration and the number of layers are different
adcording to the tfpe and design of the recording
méterial.
A light transmission type protection layer 4 having

25 a thickness D4 of about 0.1 mm is formed above the



pl ayback use or recording use |laser beam LB is condensed by the 2- group

| ens conprised by for exanple the first 5 lens (close: @éﬁ?ﬁ“ﬁ? 2801 the
second lens (far lens) 14, passes through the light transm ssion type
protection |layer 4, and is focused on the optical recording |layer 3 of
the optical disk haV|ng t he above structure. The above 2-group lens is used
so as to use a lens 10 of a numerical apggture of O. 850. 1. Further, the
wavel ength of the |aser beam LB used is 405*5 nm At the time of playback,
the return light reflected at the optical recording |layer is received at
the light 15 receiving elenent, the predetermined signal is generated by

t he signal pragegahmgrgbbgaghg gagebhg pl ayback signal is taken out. In
the optical disk, the optical recording |layer exhibits a topography

corresponding to thg thoﬁﬁésantoaﬂboanaﬁtth8s3b36wﬁ|QﬁeFtG.tbe eBetting
side of the light for recording or playback, that is, projecting portions,

and the si dep] aephERTubECqe kbbbad1AGTgsR! 1hbex! bGHIn £.8" 15" 86886hBEAOT

pl ayback, tha? recesse portions, used as the-recording area RA. 25

e s T
recordingsarefegg,(gigggn égg)oizthed the second lens (far lens) 14
| ‘passes through the light transmission type protection
layer 4, and 1is foocused on the optical recording layer 3
pf the optical disk having the above structure.
The above 2-group lens 1s used so as to uée a lens
10 of a numerical aperture of 0.85%0.1.
Further, the wavelength of the.laser beam LB used is
40515 nm. |
At the time of playback, the return light refleocted
at the optical recording layer is received at the light
15 recelving element, the predetermined signal is generated
N by the signal processing circuit, and the playback signal
/ is taken out. |
In the.optical disk, the optical recording layer
exhibits a topography corresponding to the grboves 2. One
20 of the side close to the emitting side of the light for
recording or playback,_that is, projecting portions, and
~ the side far from the emitting sidé of the light for

recording or playback, that is, recessed portions, is

used as the recording area RA.

25 In the optical disk of the present embodiment, since



crosswite between the recessed portions and the projecting paortions and
uniformty of playback signals 5 are realized and, furt2fegorigry 2086 easy to
secure conpatibility with read only disks. Regarding the above projecting
portions and recessed portions, in the process of producing the master, in
the surface of a master for formng the disk substrate 1 10 fornmed with

t he grooves the portions correspondi ng Lobihg areas exposed by the |aser
beam or electron beamare referred to as "grooves G' and the areas |ying
between the grooves G are referred to as "lands W In the present

enbodi nent, as explained in the 15 nethod of production expl ai ned bel ow,

the medi um i sonRfOBHECS S hehProYedeinhOperiteohde a8@ reoBgstidpopiibhe
light for recording or playback, that I's, the projecting portions, becones

the grooves G%nggEﬁea§i@ﬁeféﬁckiﬁqh%hﬁreﬁnhhﬂiBQe%Eﬂ%iQB bie thieght for

recordi ng or yback, 20 that is, the recessed portions, becones the |ands

L Ln the optbeBhafksbeobatligoh! £AE"1-oB0BRUATBRL LS ahAEKeP! ! o

TP. cor r esponds g pitch o e projec portions or recessed

Center pos t1 BRO3POEsE, BoukTbuel PRE parePem i, oF R RRARK REEPEEN O i1

2 2O 58211 b0 RLOLREL!9.POLt Lo OF (s fiat ance of
compatibility with read only disks.
Regarding the above projecting portions and recessed
| portions, in the process of producing the master, in the
surface of a master for forming the disk substrate 1
10 formed with the grooves the portions corresponding to the
éreas‘exposed by the laser beam or electron beam are
referred to as "grooves G" and the areas lying between
the grooves G are referred to as "lands L".
In the present embodiment, as explained in the
15 -method of production explained below, the medium is
SN produced so that side close to the emitting side of the
| 1ight fof recording or playback, that is, the projédting
portions, béoomes the grooves G and the side far from the
emitting side of the light for recording or piayback,
20 . that is, the recessed portions, beqomes the lands L.
In the optical disk of the present embodiment, the
_track pitch TP_corfesponds to thé éitch of the projeocting
‘portions or recessed portiohs used as the recording
areas, that is, the distance‘between a center poéition of

- 25 one projecting portion and the center position of its



of its adjoining recessed portion. If condensing |ight having a wavel ength
of 40515 nmby a lens having a 5 nunerical aperture ofzdﬁﬁgﬁ?ﬂ?OQQ I s best
to set the track pitch to 0.3210.01 mfromthe spot size of the 1light on
the optical recording layer. Further, to obtain a satisfactory signal
quality, it 1is necessary to set the depth of the recessed portions 10 with
respect to the projecting portions at not,pgore than 24 nm On the other
hand, to obtain satisfactory servo control characteristics, it is
necessary to set the depth to at least 19 nm The optical disk of the above
enbodi ment is 15 preferably formed with a wobbl e having an anplitude of 8

to 12 nmin t R HeAY drdfedtihd PRIt ith (d1° thRC WA WFORS clriter

respect to the projecting portions. is set to the above range, the degree"

of modul ati on yfsitih@mide TrdhHectiied YdPIBrR ArRALHRS Sentled! PRIJ1HARS Pits

beconmes insufficient, but by formng.a wobble in the grooves, it is

e e L IR o T £ hadly e, 0
of ) alkate oyl P OLELIgi o2 gt B LESRSTRALE ST, 1
12 nm Ut el el 16810 Mot rtae b 18 d536°35°9 P9 b2tk ¥set the

track pitch to 0.32+0.01 um from the spot size of the

light on’the optical recording layer.
e _- Further, to obtain a satisfactory signal quality, it

is necessary to set the.depth of the recessed portions

10 with respect to the projecting portions at not more than

24 nm. On the other hand, to obtain satlsfactory servo

control characteristics, it is necessary to set the dqpth

to at least 19 nm..

The optical disk of the above embodiment'is'

15 preferably formed with a wobble having an amplitude of +8
=} to 12 nm in the groove 2.

If fhe depth of the recessed portions with reséect
to the projécting-portions is set to the above range, the
degree of modulation'of'the pit signal when fﬁrming

20 fadd:éss information as plts becomes insufficient, but by
forming a wobble in the gfooves, it 1is possible to
_iﬁcorporate the address information there. In this case,
to make the conditions of the C/N ratio of the wobble

signal and the amount of leakage of the wobble from the

- 2b adjolning tracks satilsfactory, the amplitude of the



projecting portions is used as the recording areas, there are sonetines

di sadvantages in terns of the recording 5 density, but 2debskaraddhg t he
address etc. fromthe wobble signal, inprovenent of the recording density
becones possible. This is preferable fromthis point. In the optical disk
of the above enbodi nent, when conparing the side close to the emtting
side of the 10 light for recording or playpack, that is, the projecting
portions (grooves G, and the side far fromthe emtting side of the |ight
for recording or playback, that is, the recessed portions (lands L), from
the results of experinents on the crosswite characteristics, it is 15
preferabl e t owebplLey ishgeftr @iocthenGange! ofnts( goodreamG as recording
areas RA as shown in FIG |. Further, in the nethod of production of the
optical disk of tkarkhesenkindeodnTRbneSbECehbheeabaBedeHRRTAdnsbYNENE

| aser beametc. at the tinme of preparation of the 20 di sk nmaster becone

constant in WhghhecktlingS pbrefiohabhe uSedlad thesfedbe@ingS arldds’,ceaksend
areas. Fromthe above reasons, it is preferable to produce the disk so

that the proj gehi BnBRibS"a1USAYaAtabRS 1hoRALARNGFALARS soGLRIRGN Lo the

) a .
exposed areas I n the . process of preparation of the disk master, that

kS TR0 Y BYRRS PRSP b ARAURRORECL " hPRNES: | he
wobble signal, improvement of the recording density
'becomes possible. This 1s preferable from this point.

In theoptiéal disk of the above embodiment, when

comparing the side close to the emitting side of the

io light for reéording or playback, that is, the projectingr
portions (grooves G), and the side far from the emitting
side of the iight for recording or playback, that is, thé
recessed portions (lands L), from the results of |
experiments on the crosswrite characteristics, it is

15 preferable td employ the projecting portions (grooves G}

as recording areas RA as shown in FIG. 1.

.

Further, in the method of production of the opfical
disk of the present embodiment, since the areas exposed
by the laser beam etc. at the time of preparafion of the

20 disk master becomé constant in width, it is preferable to
use these areas as the recording areas.

Frﬁﬁ the above reasons, it is preferable to produce
the disk so that the projecting portions used as the
recording areas correspond to the exposed areas in the

. 25 process of preparation of the disk master, that is, the



7RPP nodul ati on schene is used, and the shortest mark | ength as determ ned
by the performance of the optical 5 disk device side i 2heldear§2086/im a
recordi ng capacity of about 23.3 G gabytes can be realized by an optical
disk of -a CD size. Here, the shortest mark length is nmade 0.16 pm
assum ng that the channel clock T of the optical disk 10 device is 0.08
Fcmand a 2T signal is the shortest mark.pin.the future, if the channe

cl ock becones further shorter, the capacity can be increased nore. Next,
an explanation will be nade of the nethod of production of the optical

di sk of the present enbodinent. 15 First, as shown in FIG 4A, a disk
mast er conpri pedjebting poTtiohs biiceme ©heWgirebvesresist filmb is formed
is prepared. Next, as shown in FIG 4B, a | aser beamor electron beam or

the like is used tgrexpeserahk pAtich ifsi bBh R, 26:f @xkampaEn)! eha pattern
for photosensitizing the areas torm ng the grooves of the disk substrate

and this is ¢yl ABAAIEE 10ACEMEMeOEE AskbAS Ahdl kh@ RhoWtkltamBgkt ern
opening the areas for formng the grooves of the disk substrate. 25 Here,

the portions Qénﬁi}ﬁ sépaa%@r@%tea% Ehkhg?%%sggmauawo@ fe” bptidaldl ass

substrate a in the process of production master (portions shown- by
X in the %Iguﬁfgkcaébiggoggdgois made 0.16 um, a recording capacity of
about 23.3 Gigabytes can be realized by an optical disk
~of ‘a CD size.

Here, the shortest mark length is made 0.16 Hm

assuming that the channel clock T of the optical disk

10 device is 0.08 um and a 2T signal is the shortest mark.
In the future, 1f the channel clock becomes fufther
'shorter, the capacity can be incoreased more.
Next, an explanation will be made of the method of
production of the optlcal disk of the present embodiment.
15 First, as-shown in FIG. 4A, a disk master comprised
of a glass substrate a on which a resist £ilm b i1s formed
is prepared.
Next, as shown in Fin 4B, a laser beam or electron
beam or the like is used to exﬁose the gesistAfilm b by
20 rfor examp1e a pattern forxr photosénsitizing the areas
.forming the grooves of the disk substrate and this is
developed to thereby form a resist film‘b' with a pattern
: opening the areas for forming the grooves of the disk
substfate.

. 25 ' Here, the portions of the exposed surface of the



t he above exposed areas and becone grooves in the finally forned optical

di sk, but in the present enbodi nent becone 5 the side f2drebfyasy2@®fe enitti ng
side of the light for recording or playback in the optical disk fornmed
with the grooves, that is, the projecting portions. Next, as shown in FIG
5A, for exanple, silver plating or other filmformation processing is used
to 10 forma netal master a on the di skonmpgter conprised of the glass
substrate a and resist filmW The. surface of the netal master a has
transferred to it a topography having a reverse pattern to the topography
of the pattern conprised by the glass substrate a and the resist film 15
b'. Next, as ghaes ismbst@ateBa dnrhecbrocesse ofd productrivnd ofn thiee net al
master a. The surface of the nother stanper d has transferred to it a

t opogr aphy haiagges (wwisﬁ_sp%&whnbgoxt he teBROFHYIE )0lcorie spenidaae of
the 20 netal master a. The figure is drawmm with the netal master ¢ at the

| over side or t4BS h@SvdOWkpHsll %%%Q%Chnho baldeme> grodRels 1S thROWAnEN 15 G

6A, for exanple a conpresSion nolding nmethod, injection nolding nmethod, 2P

A e A L
e(l), on %he ERB°§&§3h¥aEaEE%h”tBL Lﬂit%ﬁh@e ide of the light for
recording or playback in the optical disk formed with the
gpooves,'that is, the projecting portions.
Next, asrshown in FIG. 5A, for example, silver
plating or other film formation processing is used to
10 form a metal master ¢ on the disk master comprised of the
glass substrate a and resist £ilm b’. The. surface of the
' métal master ¢ has transferred to 1t a topography having
a reverse pattern to the topography of the pattern
comprised by the glass substrate a and the resist film
15 b’.
-) 7 : Next, as shown in FIG. 5B, a mother stamber dlis
formed on the metal master.c. The surface of the mother
stamper 4 has transferréd to it a topography having a
.reverse pattern to the topography of. the surféce of the
20 metal master c¢. The figure is drawn with the metal master
| c at the lower side or upside down with respect to FIG.
BA.
Next, as shown. in FIG. 6A, for example a compression

molding method, injection molding method, 2P (Photo

25 Polymerization) method, etc. is used to form a



stanper d. The disk substrate e(l) has the grooves f(2) giving a

t opography of a reverse pattern to the 5 topography of 2hebroanyf206€ of the
not her stanper d. The figure is drawn with the nother stanper d at the

| ower side or upside down with respect to FIG 5B. Next, as shown in FIG
6B, the result is renbved fromthe nother stanper d to obtain the disk
substrate 10 e(l). In the obtained disk ggbstrate e(1l), the projecting
portions sticking out fromthe substrate surface correspond to the exposed
areas X shown in FIG 4B, that 1is, the projecting portions formthe
grooves G while the 15 recessed portions between themformthe | ands L.

Next, as showpolfcarbonébe 08" othaiDipd agtiplisudstigteretthat @isG. al disked to
form an optical recording layer g(3) having a stack of for exanple a

reflection filkmhstirahac(i19 fblnmchree%b@g&aplhay atteid ohehedmeitriri ¢ 20
filmby that filmformation order. This is a reverse order to the ordinary

order.. Next i N | | el viaisOtEq@h)i on
| ayer h(4) |s§? E%%ngboangEgL§bfﬁgg%g%Ereggg rﬁg§laygrb§?§) SZEQThe | i ght

Lransii ss! on bYBSal A SERLOTLRNCL ket YAkeZf0Ra chE Can be foried

by thé net hod n coatrng-or otherw se ng and then curing for

exanpl e an “'%BSXQ%L% yp%%l%ge surface of the mother stamper d. The

- figure ié drawn with the mother stamper d at the lower
- side or upside down with respect to FIG. 5B.

Next, as shown in FIG. 6B, the result is removed

from the mother stamper d to obtain the disk substrate
10 e(l).

In the obtained disk substrate e(l), the projecting
portions sticking out from the substrate surface
correspond to the éxposed areas X shown in fIG; 4B, that
1s, the projecting portions form the grooves G, while the

15 recessed portions between them form the lands L.
‘w _ : Next, as shown in FIG. 7A, for example a sputtering
method etc. is used to forﬁ an optical recording layer
g(3) having a stack of for example a reflection film,.
dielectric filﬁ, recording lafer, and other dielectrio
20 film by that £ilm formation order. This is a reverse
order to the ordinary order.
| Next, as showh in FIG. 7B, a light tfansmission type
protection 1éyer h(4) 1is formed above the optical . -
recording layer g(3).

25 ‘The light transmission type protection layer h(4)



resin or by lam nating a polycarbonate or other plastic sheet. 5 By this

t echni que, an optical disk of the structure shown in EBIFebrgrhagiiég a
protection layer of a thickness of 0.1 mmcan be forned. In the method of
production of optical disks used broadly in the past, to topography was
inverted fromthe 10 nother stanper -to further forma son stanper and
injection molding etc. was used to invertthe topography on the surface of
the son stanper to formthe disk substrate, but in this nmethod, the
exposed areas in the process of fabrication of the disk naster' becone the
side 15 far fromthe emtting side of the Ilight for recording or playback

that is, the dfifassetbifdd B Sthdnd ifo@! ST spii bod tildd oes tiosrwise
production of optical disks of the present enbodi ment, the disk substrate

is formed di rgeiding r44a t%m&ﬁnitﬁ@%xﬁﬁé%ﬁ heriafr o Dee duvmigi on

step is elimnated conpared-with the above conventional nethod. Therefore,

the exposed .,y .ot %’Fﬁfémﬁ%ﬂﬂ{‘}&adﬁ%l*ﬂaﬁmﬁ@%%mef asedaon of

t he di sk master becone ose e emtting side of the |light
for recordim%égeéﬂayback in the final 25 optical disk, that is, the
projecting portions. That is, 2 February 2006 - 28 the side close to the

en Ft | ng éi de OT té’ue éﬂ&httgc rni&t?é:,oréjxil ncgpé){cﬂ a&’ﬁﬁ? kof t'ﬁf’é ééruéf\?re
prOJeCtlng_portlonéz
shown in FIG. 3 having a protection layer of a thickness
. of 0.1 mm can be formed.

.In the methﬁd of production of optical disks used

broadly in the past, to topography was inverted from the
10.' mothexr stamper to further form a son stamper and

- injection molding etc. was used to invert the topography

on the surface of the son stamper to form the disk

substrate, but in this method, the exposed areas in the

process of fabrication of the disk master become the side
15 far from the emitting side of the light for recording or

L'j | playback, that is, the recessed portions.

On the other hand, in the method of production'of
optical disks of the preéent embodiment, the disk
substrate is férmed directly from the mother étamper and

20. ,therefore one lnversion step is éliminated'oompared with
the above conventional method. Therefore, the exposed

‘_afeas (areas x_in FIG. 4A) in the process of fabrication

of the disk master become the side close to the emltting

side of the light for recording or playback in the final

25 optical disk, that is, the projecting portions. That is,



beconmes the grooves, while the side far fromthe emttin S|d§ of the
l'ight for recording or playback, that is, the 5 recesset B pecone
the lands L. In the nmethod of production of an optical dISk of the above
enbodi ment, the width of the exposed areas (areas X in FIG 4B) in the
process of fabrication of the disk master corresponds to the spot size of
the | aser 10 beam or el ectron beam so .a gpnstant value can be secured,
that is, the width of the grooves beconmes constant. On the other hand, the.
di stance between one groove and another groove, that is, the wdth of the
| ands, 15 depends on the accuracy of feed of the |l aser beamor electron
beamin the renéasidér etbsa@ntof thbeceditkihg sh@e 6BStRéei DggBysfem It is
difficult to make it constant. Namely, this nmeans that the anplitude of the

pl ayback si gnsbcep@ih§Cot’ pEA&YHECR! M Bhati 882 theCPHEectingi pbLteohs| or
every track when using the lands L as the recordlng areas. This becones

nor e ConSp'Cqﬂaéom@sa@hgp?b6@$eg'Sﬁhiﬂé ¥hiachige NEGP £famktHENShi¥ting
demanded Due to th Is preferable to use the grooves rather than the

lands as the Lpgor grffghgoggpréggfﬂgg ;Eagﬂ?%backhetﬁaesw the

enbodi nent, it 1s ruar use the projecting
portions gathqécégggdthgrtigggssggcggéttﬁgslgﬁdéhﬁ recordi ng areas as
expl ai ned y ' :

In the method of production of an optical disk of
_ the above embodiment, the width of the exposed areas
(areas X in FIG. 4B) in the process of fabrication of the
disk master corresponds to the spot size of the lasex
10 beam or electron beam, so a constant value can be
secured, that is, the width of the grooves becomes
constant. |
On the other hand, the distance between one groove
and another groove, that is, the width of the lands,

15 depends on the acouracy of feed of the laser beam or

_'\ electron beam in the radial direction of the disk in the

mastering'system, It is difficult to make it'constaﬁt.
Namely; this means fhat the amplitude of the |
pléyback signal and the tracking error signal.becomes
20 different for every track when using the lands L as the
recording areas. This becomes more conspicuous in an
optical disk for whiqh a high trackrdeﬁsity is demanded.
Due to this, it is preferable to use the groovés
rather than the lands as the reéording areas.

25 On the other hand, in the present embodiment, it is



above. Therefore, it is preferable to produce the disks so 5 that the

proj ecting portions becone the grooves. To realize thiFebryary Be0&pove

nmet hod of production, one inversion step is elinmnated conpared with the
conventional nethod and the exposed areas in the process of fabrication of
the disk master are nade the projecting 10 portions in the disk substrate.
FIG 8 is a perspective view of principalagoartions of the optical disk of
t he present enbodi ment. The surface of the disk substrate 1 is provided
with a groove 2. An optical recording layer 3 is fornmed on its 15
surface. A light transm ssion type protection layer 4 is formed above

this. Either pfetéfabbodtd asd the progecting fporekondl cathas thamsthat ed,
only the groove G is used as the recording area RA as illustrated, and a -

recordi ng spotedSssed pértL6n®das THRe PPEEOHILISY & Hbiel edls byxpllinken | ine is
the spot S of the | aser beam As shown in FIG 8, it is preferable to cause

the groove sigsgpdure to nmeander in the disk radial direction 25 by a
constant cycle to forma wobble WB. A wobble signal 2 February 2006 - 30

|s generated by t Fﬁﬁé@@f’&fe VB ¢ %éeﬁrgﬁeffﬁfe StINtodtdE thé 08KsRs 996!
synchroni zed with the rotation of the di sk,
5 that the projecting portions become the grooves. To
realize this, in the above method of.production, one
~ inversion step is elimipated compared with the
conventional metﬁod and the exposed areas in the process
of fabrication of the disk master are made the projecting
10 portions in the disk substrate.
FIG. 8 1s a perspective view of principal portions
of the optical disk of the present embodiment.
The surface of the disk substrate 1 is provided with
a groove 2. An optical recording layer 3 1s formed on its
15 .surface. A light transmission type‘protection lhyer 4 is
*) _ ' fo;med above this.

Either of the land L and the groove G, for exaﬁple,
as illustrafed, only thergroove G, is used as the
recording areé RA as 1llustrated, and a recording spot RS

20 1s formed.

The portion surrounded by a broken line is the spot
'S of the laser beam.

As shown in FIG. 8, it is preferable to cause the
groove structure to meander in fhe disk radial direotion

- 25 by a constant cycle to form a wobble WB. A wobble signal



the address signal, etc. are detected. Wen formng th bee &E in the
groove structure 5 as descri bed above, the phase of th 6

determ ned by the address etc. and the adjoining grooves do not match in
phase, so the width of the |ands, which corresponds to the distance

bet ween one groove and another groove, becones uneven. 10 For this reason,
to nake the anplitude of the playback siggnal or tracing error signa
constant, it is preferable to use the grooves G rather than the lands L as
the recording areas RA. In order to secure conpatibility of the tracking 15
error signal wwth a read only (ROV disk for reproducing information pits,
it is preferabs egénesatedhieyrtherdobhle aWBa Basied om thisopignal, dtk& to
not nore than 50% and obtain an identical signal polarity. (Exanple 1) 20
The jitter ansiiglshspghal ssymehrohizedeatthethé rackation aof ophe cdlskli sk of

t he above -enbodi nent having a track pitch of 0.32 Mn when using the 1-7RPP

schene as thech@dadi@dbess SLHERE, &BE| Ngréhgetbotéd@st mark |length 0.16 Mn
overwiting the track nmeasured 100 tinmes, then 25 overwiting the adjoining

track 100 tines weykeieASHAHNY ZnEelsBLY #H06n 3ine Howo 606 setieatured
val ues changed when changing the depth of the recessed portions with
respect t® thg HQEEFIHEE above, the phase of the wobble is determined
'by the address etc. and the adjoining grooves do not
- match in phase, so the width of the lands. which
'corresponds to the distance between one groove and
another groove, becomes uneven.

10 For this reason, to make the amplitude of the
playback signal or tracing error»sigﬁal constant, it is
préferable to use the grooves G rather than the lands L
as the recording'afeas RA.
| In order to secure compatibility of the tracking

15 error signal with a read only (ROM) disk for reproducing
information pits, it is preferable to set the reco:ding
area width on the optical disk to nof morgrthan 50% and
obtain an identioal signal polarity.

(Example 1) |

20 . The Jjitter and push—pull'signal'of a measured track
in an optical disk of the above embodiment having a track
pifch of 0.32 pm when using the 1—7RPP scheme as the

" modulation scheme, making the ghortest mark length 0.16
um, overwriting the track measured 100 times, then

25 overwriting the adjoining track 100 times were measured.



portlons of the dISk substrate was |nvest|gated FIG 9 shows ép&%results

of the above neasurenent. 5 In the figure, -the black TRy e val ues
of jitter, while the white dots show the val ues of the push-pul | signal .
To mai ntain stable tracking, the push-pull signal has to be nade at | east
0.25. To satisfy this, it is 10 necessary that the depth of the recessed
portions with respect to the projecting pgrtions of the disk substrate be
made at |east 19 nm On the other hand, for systemmargin, jitter has to

be made not nore than 8.5% To satisfy this, it is 15 necessary that the

depth of the recessed portions with respect to the projecting portions of

t he di sk subsfioRt Ehebe RHBESubeld WalGeshehardedvhénoshahgirgr thel dspthhe
depth of the recessed portions with respect to the projecting portions of

the 20 di sk sgbsihat febés8BACpartdsEs WitAOréspddtntv thé&Xpivliectingl G 10
Is a plan view of an exanple of wobble in an optical disk of the above

enbodi ment. 1 £,1PEoHEPLR Phe! BEsk CERESEF PO HASNEnVeEDLEREERCt 25 to the
projecting portions of the disk substrate is set 2 February 2006 - 3 2 - to

the range det er i ngfel o FYAGHACtte +08aTBH\bR! L8 a6k Holbubbekt! SiOna

when form ng the address
5 In the figure, the black dots show the values of jitter,

while the white dots show the values of the push-pull
. signal. |
To maintain stable tracking, the push-pull signal
has to be made at least 0.25. To satisfy this, it 1s
10 necessary that the depth of the recessed portions with
respect to the projecting portions of the disk substrate
be made at least 19 nm.
On the other hand, for system margin, Jjitter has to
be made not more than 8.5%. To gatisfy this, it is
15 necessary that the depth of the recessed portions with

-respect to the projecting portions of the disk substrate

-

be made not more than 24 nm.
From these results, t#e depth of the recessed
portions with réspect to the prbjecting portibns of the
20 disk substrate is made a range of 19 t6'24 nm.

(Example 2)

FIG. 10 is a plan view of an example of wobble in an
optical disk of the above embodiment.
If the depth of the recessed portions with respect

25 to the projecting portions of the disk substrate is set



information as bits beconmes | ess than 201 or ‘insuffici%%%%»so & wobbl e is
formed in the grooves to 5 incorporate the address i nf &r $ogh2 e areas
bet ween one groove G and another groove G becone the lands L. A wobble VB
is formed in the grooves G This shows that, therefore, the widths of the
|l ands L do not becone constant. 10 When using as units the channel clock T
of the optical disk device, setting the 4ength LxB of one cycle of the
wobbl e WB at 69T, and nmaking T = 0.08 pm L., becones 5.52 m (Exanple 3)
15 The wobbl e signal is determned by its anplitude. As shown in FIG 10,
the anplitude A.B of the wobble WB is the difference between the center

position of tHg PhROVEngkNabRBrfdAeaOinNRx¥ABEe12NEnEhRodaDARLONOSI tiON Of
t he groove when wobbl ed the nmaximumin one direction. 20 FIG 11 shows the

C/Nratio of %ﬁf&@bgketﬁ%ggi‘k@ %ﬁ]ﬁﬂaﬁhﬁﬁGh”ﬂokﬂQn&O’eﬁbeaa&ﬁékbUde- In

general, the ratio o bl'e signal has to be at |east 40 dB, so the

anpl i tude OfO#Qfﬁ%ﬁ%@%gPhg§2E9thP§Eo SQSEeﬁg RflanBokherot her hand, the

upper limt e anpliTtude is determned by the anount of

| eakage of 2 Febiyary, 2000 £33 LuphblesLreGLhBd 3 gha! Bobtaskeo In

experinments, ccurred when nore than

5 incorporate the address information.

_The areas between one groove G ﬁnd another groove G

. become the 1andg L. A wobble WB is formed in the grooves

.'). | G. This shows that, therefore, the widths of the lands L
do not become constant.

10 When using as units the channel clock T of the
optical disk device, setting the length L, of one cycle
of the wobble WB at 69T, and making T =.0.08 um, Lyg
becomes 5.52 um.

{Example 3)

15 The wobble signal 1s determined bj its amplitude. As
) " shown in FIG. 10, the amplitude A, of the wobble WB is
| the difference between the center position'of the gioove
in the casé of no wobble and the center position of the
groofe when wobbléd the maximum in one direction.
20 ' FIG. 11 shows the C/N ratio of the wobble signal
- when changing the wobble amplitude.'In general, thg C/ﬁ
 ratio of a wobble‘signal has to berat least 40 dB, so the
amplitude of the wobble has to be at least %8 nm.
' On the other hand, the upper limit of the wobble

25 amplitude is determined by the amount of leakage of



From the above results, the anplltude A of the wobble is set to a range

of t8 to 12 nm 5 (Exanple 4) The jitter of a measured 2tFeRsuary R0 optica
di sk of the above embodi nent having a track pitch of 0.32 mwhen using
the 1-7RPP schene as the nodul ati on schenme, making the shortest nmark

| ength 0.16 Mm overwiting the track 10 neasured 100 tines, then
overwiting the adjoining track 100 tineg;was neasured. In both the case
when recording at portions corresponding to the projecting portions of
the optical disk and when recording at portions corresponding to the
recessed portions of the optical 15 disk how the value of the jitter

changed at poyghs1E0£irbm! €AS €dd Poindyatdadhi WisnespetNgesbe, opdaress
recordi ng power 0 was investigated. FIG 12 shows the results of the above

nmeasurenent. o}Pobhgcbi:pres. wﬁgﬁ wbtberdahsS+3B0umt he val ues when recording
at the projecting portions, while the black dots show the val ues when

recording at the reggasede BOGYSOASenYELD PALNak{E1PAAL AL BE Reeli ons and

recessed portlons jitter tended to deteriorate as the 25 recording

pover vas | NG sased y BULoLNiS YARaUBLSGe Wb Egbhiary 2006 - 34 the
portlons han the proj ecting portions. hi's
5 ' (Example 4)
The jitter of a measured track in an optical disk of
_ the above embodiment having a track pitch of 0.32 um when
using the 1—7RPP scheme as the modulation scheme, making
the shortest mark length 0.16 um, overwriting the track
10 measured 100 times, then overwriting the adjoining track
100 times was meaéured. In both the case when recording
'at portions corresponding to the projecting portiomns of
the optical disk and when recording at portions
corresponding to the recessed portions of the optical
15 disk how the value of the Jjitter changed at powers
increased by 10% and 20% when making the optimal
-recording power Q w#s investigated.
FIG. 12 shows the results of the above measurement.
In the'figure;.the'white.dots show the values.when
20 recording at the projecting pbrtions, while fhe black
dots show the values when recording at the recessed
. portions.
With both the projecting portions and recessed
portions, the jitter tended to deteriorate as the

25 recording power was lnocreased, but thls was worse with



shows that crosswite erasing data when witing in adjoining tracks occurs
nore easily with recessed portions. 5 Fromthese resuPtf&brigRet0onpari ng
the projecting portions and recessed portions, it is preferable to use
the projecting portions as the recording areas. Next, an explanation w ||
be given of the optical disk device for recording on and pl-ayi ng back the
optical 10 disk of the present en1:)odir1pr1_§42 FIG 13 is a schematic

a -

sectional view of the configuration of 'broup | ens for an optical

pi ckup (head) of the optical disk device according to the present
enbodi rent. 15 Two | enses having different dianeters, that is, a first

I ens (close 'Eﬂé)ré@&@ddiﬁ&fﬂi‘ohénEhSBaEhbeﬁfé:jééting’lr oRtisngcdTRisan .
identical optical axis and supported by a Ilens holder 13. This assenbly is

mount ed on Ay ghECLLQNAIAELLR=AELUBLAL 1Y HRKAWindy SEELELHE 1020 These Lo

| enses function as e 2-group object aving the nunerical aperture

of 0.85. The ser_beam LB, fr L he |ight i Sy f nto the
opti cal reco%@?%%n$%§2%r%ﬁk%n8§% F%a Og?sﬁ§§¥i§gv%§h1%8?§§ge§chenatic Vi ew
of the configquratjon of 25 an optical pickup (head) 10 of an optical disk

device 2 FebrREFYy 906 - 35 according to the present enbodi nent.

5 ' From these results, when comparing the projecting
‘portions and recessed portions, it is preferable to use
. the projectipg portions as the recording areas.

Next, an explanetion will be given of the optical

disk detice for recordiﬁg on and playing back‘the optical
10 ‘'disk of the present embodiment.

FIG. 13 is a schematic sectional view of the
configuration of a 2-group lens for an optical pickup‘
(head) of the optical disk device according to the
present embodiment.

15 : Two lenses having different diameters, that is, a
-3 —_— first lens (close lens) 12 and second lens (far leps) 14,
are arraﬁged on an identical optical axis and suppofted
by a lens helder 13. Thts assembly is mounted on an
electromagnetic actuator 15 having a structure.
_20 . "These two lenses function ae the 2-group object lens
.having the numerical apertﬁre of 0.85. The 1aser'beam LB
-.fiom the 1ight_scutce is focused ohto the optical
recording layer of an cptical disk 11.
FIG. 14 is a schematic view of the confliguration of

25 an optical pickup (head) 10 of an optical disk device



A |l aser beam LB emtted froma sem conductor |aser 16 passes through a
collimator lens 17, 1/2 wavel ength plate 18, and diff Rd@rey P&& i ce 19
and enters a 5 polarization beamsplatter 20. Part of the |aser beamLB is
reflected at the polarization beamsplitter 20 and guided to a |ight
em ssi on out put detection use light receiving element 22 by -a condenser
lens 21. 10 .On the other hand, the |aser jgeam LB passed through the
pol ari zati on beam splitter 20 passes through a 1/4 wavel ength plate 23,
expander l-ens unit 24 able to change the distance d,, between the two
| enses, far lens 14, and close lens 12 and is focused onto the optical

recordi ng 15 t i ' &ot.the reflected |ight
gé.‘tg%(gjft?glfﬁ?tﬁﬁ OR4 | §Rbs&hE KerdoaHh

(returned i optical disk 11 is reflected at the polarization

beam splatter 20,,0pldef blaft £ GRILO0| +00L POl B0REESLoL NAER (Do

condenser lens 25 a ens 26, enters 20 the light receiving el enent

27 for detect*eg?%%%?gg§ﬂﬁ %ﬁﬂror°$i£gﬁgtgpdlgﬁgsign?%{za@gvéfeﬁggyerted to

an electrica _ Oel'eCtTTC CoONversion. F 15 1s a plan view
o e oeont LR b B | 00 PR S Ot 0, L
receivi ngSel epnc?{]z;rizz?aéfogob arlilssegl:lt.) tgzli:' gzhé- -

Part of the 1aser beam LB 1s reflected at thg

- polarization beam splitter 20 and gulded to a light
emission output detection use light receilving elementlzz
by a condenser lens 21.. |

10 On the other hand, the laser beam LB passed through
the polarization beam splitter 20 passes through al/4’
ﬁavelength plate 23, expander lens unit 24 éble to chaﬁge
the distance d,, between the tﬁo lenses, far lens 14, and
close lens 12 and is focused onto the optical recoxrding
15 layer of the optical disk 1l1.

Also, the reflected light (returned light) from the
optical disk 11 1is reflected at the polarization beém
splitter 20, guided to a detection light path,rpasses
through the condenser lens 25 and multi-lens 26, enters

"20 - the light receiviﬁg element 27 fér detecting the sexrvo
error signal and RF signai, and i1s converted to an
electrical signal by photoeleotric.conversion.

FIG. 15 is a plan view of the configuration of the

light receiving element 27 for detecting the servo error

25 signal and the RF signal.



.light detection elements (A, B, C, D E F, G H as _illustrated. Light
entering the light receiving elenent 27 enters 5 tfual%%ﬁﬂ?“ﬂ&?@@@ion

el enents (A, B, C, D) as one main spot MS and upon the |ight detection
elenents (E, F) and the light detection elements (G H) as two side spots
(SS1, SS2) generated by the diffraction lattice 19. A focus error signal,

tracking error signal, wobble 10 errOr_;%gnal, and RF signal are conputed
fromoutput values fromthe eight |ight detection elenents (A, B, C, D,
E. F, G H. FIG 16 is a block diagramof the configuration of -the
optical disk device according to the present 15 enbodi ment. The | aser beam

LB fromthe opticalphpi §kgRt(Peadiviflg E3chBa¥S89 28t Bohpeiseli b3 eigner di ng
| ayer of the optical disk 11 drivento rotate by a notor 43. The pl ayback

signal obtain ' e¢pedgl i ght p20g(rpt ugnegyl hght)
thereof is ingg?ﬂ¥oa§EEggﬁggn%Pg?%QFESEP' %ﬁeabIQnggkﬂéignaﬁ)fron1the head

anplifier 31 ] ' to an RF equalizer anplifier 32, focus matrix
circuit 34, t%g%&§%ggg% fix circuit 37, and wobble.matrix «circuit 44. 25

e I e () PG yd e AN, AL 600480 cnfofe
5 the light detection elements (A, B, C, D) as one main
spot MS and upon the light detection elements (E, F) and
. the light detection elements (G, H) as two side spots
(Ss1l, SS2) generated by the diffraction lattice 19.
A foocus error signal, tracking error signal, wobble
10 error signal, and RF signal are computed from output
values from the eight light detection elements (A, B, C,
b, E, F, G, H).
FIG. 16 1s a block diagram of the configuration of

the optical disk device according to the present

15 embodiment.

The laser beam LB from the optical pickup (head) 10

is focused onto the optical recording layer of the

optical disk 11 driven to rotate by a motor 43. The
playback signél obtained by detecting the refiected light
- 20 ‘(refurned light} thereof is ihpuf to a head amplifier 3l.
The playback signal f£rom the head'amplifier 31 is
. input to an RF equ&lizer amplifier 32, focus matrix
circuit 34, tracking matrix circuit 37, and wobble matrix

clrcult 44.

- 25 The RF signal (RF) computed at the RF equalizer



33 mhere the S|gnal IS processed as the playback S|gna

of the

information recorded on the optical disk 11. The focus ZfreRsuaryi2§f@l (FE)

and tracking error  signal (TE) conputed at the focus matr
tracking matrix circuit 37 are conpensated in phase by ph
circuits (35, 38), anmplified by amplifiers (36, 39), and
use actuator 45. 10 The wobbl e signal MWg-£aonputed at t he
circuit 44 is input to an address detectlon circuit 46, a
circuit 47, etc. The focus actuator in the drive use actua
position of the head 10 In the optical axis 15 direction b

iXx circuit 34 and
ase conpensation
nput to a drive
wobbl e matri x

cl ock detecti.on
tor 45 noves a
ased on the focus

error signal 5ﬁbiﬂfi€ﬁ|BieisfﬂﬁﬂﬁtSEBVQ §08h4 P! dehdad et PbReEibeadt 1t

noves the position of the head 10 in the dianetrical dire

optical disk 44, b@ﬁeﬂeoehéheigﬁafkiggpeaéeéséaggéttﬂEfpiﬂy

servo control. 20 A CPU (central. processing unit) 40 co

pheri cal abert arior by S HEEhchy Sep AR 5 ‘?“%h?ﬁﬁ%ﬁ? i

ction of the

Sék'éfghéﬁCklng
rols the

gﬁrfgtlon of

tween the two'

an expander 25 con TehSPE pHELE RTGhER, ) flaFLEASR: Goaphott 1o

February 006,138 bt Pl B8 S e RE" Yok Bl S0 c B ahe above

tracking matrix.circuit 37 are compensated in

phase by

. phase compensation circuits (35, 38), amplified by

amplifiers (36, 39), and input to a driwve use

45.

actuator

10 The wobble signal WS computed at the wobble matrix

circuit 44 is input to an address detection c
.clock detection circult 47, etc.

The focus actuator in the drive use actu
moves a position.of the head 10 in the optica

15 direction based on the focus error signal FE

ircuit 46, a

ator 45
1l axis

to reallze

- ) 5 - focus servo control. On the other head, it moves the

position-of the head 10 in the dlametrical direction of

the optical disk 11 based on the tracking erx
to realize tracking servo control.

20 "A CPU (central processing unit) 40 contr

or signal TE

ols the

operation of the entire optical disk device such as the

correction of spherical aberration by adjustment of the

distance d,, between the two lenses of the expander lens

unit in the optical pickup (head) 10 through

25 control circuit 41 and control of the drive o

an expander

f rotation



servo nmechani sm The above optical disk device.can provide an optical disk
devi ce using the optical recording medi um of ‘the 5 preé%ﬁﬁmﬁﬂﬁggpﬁent abl e
to realize prevention of orosswite and uniformty of the playback signals
and secure easy conpatibility with a read only disk and recording on and
pl ayi ng back the same. | NDUSTRI AL APPLI CABI LI TY 10 According to the optical
recordi ng medium of the .present inventifg .and the optical disk device
using this, since.only the optical recording | ayer of one of the side
close to the emtting side of the light for recording or playback in the
optical recording |ayer having 15 topography, that is, the lands, and the

side far fromhheugBnat spifdsbdgesiot Berbiugbt 42 06theE0EHANTLRE @beydack,
that is, the grooves, is used as the recording area, the prevention of

crosswite beifuepd hdcnhaldsa. and the grooves and uniformty of playback
signals are realized 20 and, further, it is easy to secure conpatibility

with a read only ghskendbe 8pPeeal aiupNaboilod ol pkb¥iaslahdobbeoabove

enbodi ments. For exanple, the [ayer configuration of the opti cal
eoorihng | gk Sedloh dHLAg 4 U5LEOAT AMealachy mEtbuney 200 - 20
5 present embodiment able to realize prevention of |
crosswrite and uniformity of the piayback signals and
. secure easy gompatibility ﬁith a read only disk and
rrecording on.and:playing back the same.
INDUSTRIAL APPLICABILITY

10 According to the optical recording medium of the
present invention and the optical disk dévice using this,
.since only the optical recording layer of one of the s;de
close to the emitting side of the light for recording or
.playback in the optical recording layer having

15 topography, that 1s, the lands, and the side far from thé
emitting side of the light for recording or playbaqk,
that is, fhe grooves, is used as the recording area,:the
prevention of crosswrite between the lands and the
groovés and uniformity of pldyback signals aré realized

20 .and, further, i1t is easy to sécufe compatibility with a
read only disk.

The present invention is not limited to the above

embodiments.

For example, the layer configuration of the optical B

.- 25 recording layer is not limited to the configuration



structures in accordance with the material etc. of the_ recordjng film
Further, the invention can be applied to a magneto- 5 SPEPUaNeeY i ng
medi um or an optical disk nmediumusing an organic pignment nmaterial in
addition to a phase-change type optical recording medium The present
invention can be nodified in various other ways as well in a range not
changing the gist of 10 the present inve#ion. 2 February 2006 - 4 0 -
CLAIMS 1. An.optical recording nmediumon which |light condensed by a | ens
having a nunerical aperture of 0.8510.1 and a wavel ength of 405f5 nmis
focused for 5 recording or playback, said optical recording nedium
conprising: @¥pipdpedt dnf sheeanbpdimgnisoand can Pe sWAfACEaTERAUSPt | cal
recording layer forned on the 10 substrate at the groove formation surface
and havi ng t opbynaphyesodnespontiagceowith gheometezihglaetegheLt EBAsM ssion
type protection layer fornmed on the optical recording |ayer; used when
light for recoedorngiog fidmback is 15 focused fromthe protection | ayer
side to the optical recording |ayer; _

' Further, the invention can be applied to a magneto-

5 optic recording medium or an optical disk médium using an
-organic pigment material in addition to a phase-change
- type optical recording medium.
The_pre&ent invention can be modified in wvarious
other ways as well in a range not changing the gist of

10 the present invention.



using as a recording area only the optical recording | of a
side far fromthe emtting side of the light for recogﬁ¥ﬁﬁ zgﬁgyback I n
the 20 optical recording |ayer having topography, that is, a portion
corresponding to a recessed portion of the topography, and a side close to
the emtting side of the light for recording or playback, that is, a
portion corresponding to a projectingfaradi-on of the topography; .25
having a pitch of a projecting portion or 2 February 2006 - 41 recessed
portion used as the recording area (track pitch) of 0.320.01 m and having
a depth.of a recessed portion with respect to a projecting portion in the
range of 19 to 24 5 nm 2. An optical GIgddi ng nedium as set forth in
claim1l1, wherein a wobble having an anplitude of 8 to 12 nmis forned in
the groove. 3. An bpticah optbcal ngegeddingasediumfeontwhigh1Dightim 1,
wherein only the optical recording |ayer of the side close to the emtting
side of the |&gh@iehsed bgcarDeng havphgyaastmenicak apértaterefordi ng | ayer
havi ng topography, that is, a portion corresponding to a projecting
portion of the. 89P0JLaRhY, alﬁaﬁélﬁdngﬁhtbﬁ 455:[:5Cﬂﬁdi£lgE0diﬁﬁed4foﬂn opti cal
recordi ng nmediumas set forth in

5 recording or playback,
said optical recording medium comprising:
a substrate formed with a groove in its
'surfacé, |
an optical recording layer formed on the
10 ° substrate at the groove formation surface and having
ﬁopography corresponding to the groove, and
.a light transmission type protection layer
formed on fhe opticél recording layer;
used when light for recording or playback is
15 focused from the protection layer side to the opticai
) 7 recording layer;

'using as a recording area only the optical
recording layer of one of a side far from the emitting
side of the 1i§ht for recording or playback iﬁ the

20 optical recording layer having topography, that is, a
portion corresponding to a recessed portion of the
'._tdpography, and a Side close to the.emitfing side of the
1ight for recording or playback, that is, a portion
coxreéponding to a projecting portion qf the'topograpﬁy:

25 , having a pitch of a projecting portion or



claim3, wherein the side' close to the emtting side Oér: he I%@ﬁg for
recordi ng or playback, that is, the portion corresponin%?qu

proj ecting portion of the 20 topography, corresponds to an area exposed by
a laser beamor electron beamat the surface of a master for formng a
substrate formed with the groove in a process for producing that master. 5.
An optical disk device conprising: 25 & ratation driving neans fo driving
“rotation. 2 February 2006 - 42 of an optical recording medi um conpri sing
a substrate formed with a groove in its surface, an optical recording

| ayer fornmed on the substrate at the groove formation surface and having a
t opogr aphy coreeegsedi pgrtibon lesédgasovke pechrdingnrea ahtrnekiRitedibe
protection layer formed on the optical recording layer; a light source for
emtting |ightefor3zecoodiag; amdpl ayback having a wavel ength of 40515 nm
to the optical recording |layer; 10 an optical systemincluding a | ens
having a numerical apehavifgod Qepbth.dsfarréocssedpanticniwithg the
light fromthe protection filmside to the optical recording |ayer; a

light receivifgegbSteRb 40hré$66E¥AGIpSrtisn I A Utie | fahde ref | Eoted 24 the
- optical recording |layer; and :
5 nm.
| 2. An optical recording medium as set forth in
claim 1, wherein a wobble having an amplitude of 8 to 12
| nm is formed in the groove.
3. An optical recording medium as set forth in
10 claim 1, wherein only the optical recording layer of the
side close to the emitting side of the 1ight7for
recording or playback in the optical recording layer
having topography, that 1s, a portion corresponding to a
projecting portion of the topography, 1s used as the
15 recording area;
.> - 4, An optical recording medium as set forth‘in
| claim 3, whereiln the side close to the emitting side Of,
the light fbr recording or playback, that is, the portion
corresponding to the projeoting portion of thé
20 ,topbgraphy, correéponds to an aréa exposed by a laser
beam or electron beam aﬁ the surface of a master for
‘_fdrming a Substraté formed with thé groove in a process
fbr producing that master.

5. An optical disk device comp;is;ng: '

'drf.ihé’rdtatiqn?,w

25 a rotation driving means fo




a signal processing circuit for generating a -predeterm ped signal based on
the return light received by the Iight'receiving-elené%%@"%ﬁyggﬁ%g only
the optical recording layer of one of a sidefar fromthe emtting side of
the light for recording or playback in the optical recording nmedium that
I's, a portion corresponding to a recessed portion of the topography, and a
side close to the emtting side of 25 thetd i-ght for recording or playback
that is, a portion 2 February 2006 - 4 3 corresponding. to a projecting
portion of the topography, as the recording area; and using as the optical
recordi ng nmedi uman optical recording nmedi um havin _a.gitch of the

r

projecting 5°PoRrRi 8BRtéPalcteglrding nedhunseempsis cHRFHRYPea (track
pitch) of 0.320.01 Mmand having a depth of the recessed portion with
respect to thBopreflewithgapgreewn infihsrangEaee, 130 tepbhonk recor@ing: i cal
di sk device as set forth in claim5, 10 which uses as the optical
recor di-ng medlayesnfopnedabn theosubstratbei atn the ngtoove t fermabboR with a
wobbl e of an anplitude of 8 to 12 nm 7. An optical disk device as set
forth in cl aisubfacehand haetngnik ytopegoapphy aboreespoending aberthe t he side
15 far fromthe emtting side of the Iight for recording. or
5 groove, and a light transmission type protection layer
formed on the optical recording layer:
a light source for emitting light for recording
~or playback having a wavelength of 40515 nm to the
optical recording layer{
10 ~an optical system including a lens having a
numerical aperture of 0.85+0.1 for focusing and emitting
the light from the protection f£film side to the optical
recording layer;
a light receiving element for receiving a
15 return light reflected at the optical recording layer:;
' ) and
"a signal proqessing circuit for generating a
predetermined signal based on the return light received
by the light réceiving elemeht;
20 i using ohly the optichl'recording layer of one
of a side far from the emitting side of the light for
récording or playback in the optical recording medium,
that is, a portion corresponding to a recessed portion of

the topography, and a side close to the emitting side of

- 25 the light for recording or playback, that is, a portion



pl ayback in the optical recording |ayer having the %3%%Fp ¢§_ IS,
the portion corresponding to the projecting portion of %%88 phy, as
the recording area. 20 8. An optical disk device as set forth in claim?7,
whi ch uses as the optical recording nmediuman optical recording nmedi um
where the side close to the emtting. side of the light for recording or
pl ayback, that is, the portion correspoddng to the projecting portion of
t he 25 topography, corresponds to an area exposed by a | aser 2 February
2006 - 44 Dbeamor electron beamat the surface of a naster for formng a
substrate formed with the groove in a process for producing that naster. 2
February 2006corzespop@OIRALT Fhareieating | pRikion PH e dkRPF-aRY cal
recording nediumand an optical disk device realizing prevention of 5
crosswite angs ubié ore¢oydbhg phegdackndi gnal s and capable -of easily
securing conmpatibility with a read only disk. It provides an optical
recordi ng nmedi um on whiusinhg g tie copbileantecedoyrdinemedi®n am) having a
nunerical aperture of 0.8510.1 and a wavel ength of 40515 nmis focused for
10 recordi ng aptidal wedordiivg Ngedli v Isdvhie 4 pDrore v the sprgjecting in
its surface, an optical recording |ayer 3
5 portion or recessed portion used as the recording area
{track pitch) of 0.32+0.01 um and having a depth of the
- recessed portion with respect to the projecting'portion
of a range of 19 to 24 nm.
6. An optical disk devicé as set forth in claim 5,
10 which uses as the optical recording medium an optical
recording medium formed in the groove with a wobble of an

amplitude of +8 to 12 nm.
7. An optical disk device as set forth in claimls,
which uses only the optical recording layexr of the side
i5 far from the emitting side of the light for recording or
) playback in the optical recording layer having the.
topography, that is, the portion corresponding to the
projecting portion of the topography, as the recording
area.
20 ‘8. .An optidal disk device as set forth in claim 7,
which uses as the optical recording medium an optical
. recording medium where the side oloée to the emitting.
side of the light for recording or plafback, that is, thé
portion corresponding to the projecting portion of the

25 topography, corresponds to an area exposed by a laser



formed on-the substrate and havi ng topography corresp ing t e groove,
and a light transm ssion type protection |ayer 4 forngg%ﬁﬁgyﬁgo%gtica
recording 15 | ayer; used when light for recording or playback is focused
‘fromthe protection |ayer side to the optical recording |ayer; using as a
recording area only the optical recording |layer of one of a side far from
the emtting side of the light for recorddi mg or playback, 20 that is, a
portion corresponding to a recessed portion of the topography, and a side
close to it, that is, a portion corresponding to a projecting portion;
having a track pitch of 0.3210.01 ,um and having a depth D2 of a
recessed portbeampx elecheen beam atofketsurfars (9Hm iPRASHEr (FRTr ange of
19 to 24 nm

forming a substrate formed with the groove in a process

for producing that master.
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ABSTRACT

The present invention provides an optical recoxrding
mediﬁm and an optical disk device realizing prevention of

crosswrite and uniformity of playback signals and capable

‘of easily securing compatibility with a read only disk.

It provides an optical recording medium on which light LB

 condensed by a lens (12, 14) having a numerical aperture

of 0.85:0.1 and a wavelength of 40515 nm is focused for

recording or playback, having a substrate 1 formed with a
groove 2 in its surface, an optical recording layer 3
formed on the substrate and having topography
corresponding to the groove, and a light transmission
type protection layer 4 formed on the optical recording
layer; used when light for recording or playback is
focused from the protection layer side to the optical
recording layer;r using as.a recording area only the
optical recbrding layer bf one of a side far from the

emitting side of the light for recording or playback,

‘that is, a portion corresponding to a recessed portion of

the topography, and a side close to it, that is, a

. -portion corresponding to a projecting portion; having a

track pitch of 0.3210.01 um; and having a depth D2 of a

recessed portion with respect to a projecting portion in

the range of 19 to 24 nm.



