30 Novenber 2004 DESCRI PTI ON OPTI CAL DI SK AND MANUFACTURI NG METHOD THEREOF
TECHNI CAL FI ELD The present invention relates to an opti’c¥tvedPek 4Rff ch can
increase its recording density and a manufacturing nethod thereof.
BACKGROUND ART A conventional optical disk, e.g. DVD (Digital Versatile
Disc) is fornmed such that, as its cross section is schematically shown in
FIG 6, a reflection film 102 having a thickness of several tens
nanoneters, e.g. thickness of 50 ' d on a light transm ssive disk
substrate 101 having a signal recg$%¢§5&%g$$ion 100 on whi ch successive

pits are formed amdIgapr DISE!ARD MAYEFACRTRINGAG@lopAFHRRAEBRI C materi al
havi ng a thickness of, e.g. about 10 ., m covers the surface of the
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FIG. 6, a reflection f£ilm 102 having a thickness of several tens
nanometers, e.g. thickness of 50 nm is formed on a light
transmissive disk substrate 101 having a signal recording portion
100 on which successive pits are formed and a protection layer 103
made of an organic material having a thickness of, e.g. about 10 pm,
covers the surface of the reflection film.

To read out a signal from this DVD, reproducing laser light 105
is irradiated on the signal recording portion through an objective
lens 104 from the side of the light transmissive disk substrate 101,

~and pits in the signal recording portion 100, is detected i.e.
recorded data is read out by returned light of the reproducing laser
light.

In the case of ordinary DVD, since the disk substrate has a
thickness of 0.6 mm and a signal is reproduced through this disk
substrate 101, the numerical aperture N. A. of an objective lens
that a reproducing pickup includes is restricted to about 0.6.

. By the way, the size of a spot of reproducing light is in
proportion to a ratio A/N. A. between a wavelength ( of the

reproducing laser light 105 and an N. A. of the objective lens 104.



reproduci ng laser light 105 and an N. A of the objective lens 104. 1 30
Novenber= 2004 In the conventional ordinary DVD, the wavdl BGFRef%he
reproducing light is 650 nm the N A is 0.6; and one side of the disk
has a recording capacity of 4.7 GB. For exanple, consider an optical disk
whi ch is reproduced by reproducing |laser |ight having a wavel ength X of
400 nm through an objective |ens having a nunerical aperture N A of
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simply be calculated to be 25 (B based on the proportion of this disk to
the AbgWve-kemibmmy ddwydirt Bends DVD; &bdevre  side ofddredidigkchpacaty t hus
calculated_ |s obtained in consideration of only the characteristics of the
r epr oHECPFHIT FRRACIY, ofcthud] SBractice, the pit size of the optical disk
shoul d al 50 be made m nute and nmade with hng accuracy. An ordinary optical
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This photoresist |ayer 107 is subjected to exposure. Wien this™ exposure is

carri ealanlatadetce bics 26nEBopaded paAtLke NpLXPEStich iI0F vMiiscikases thaht 109
havi ng a wavel ength of 413 nmfroma recording |aser |ight source 108 made
of , eabpvermentipnad donventdbhakoBuPat ed
However, the recording capacity thus calculated is obtained in
consideration of only the characteristics of the reproducing pickup.
In actual practice, the pit size of the‘optical disk should also be
made minute and made with high accuracy.
An ordinary optical disk manufacturing method is as follows. As
shown in FIG. 7, on a glass disk 106 having a diameter of about 200
mm and a thickness of several millimeters and whose surface was
precisely polished, there is formed a photoresist layer 107 having a
film'thickness.of about 0.1 pm, in which a photoresist sufficiently
Sensitive to a wavelength of a recording laser light source 107 of a
laser cutting apparatus is uniformly spin-coated.
This photoresist layer 107 is subjected to exposure. When this
éxposure is carried out, £here is employed a pattern exposure in
which laser light 109 having a wavelength of 413 nm from a recording
laser light source 108 made of ,e,g, a Kr laser, is on/off-modulated
by‘an acousto-optic modulator, i.e. AOM 110 in response to a
recording signal and focused to irradiate on the photoresist layer

107 through an expander 111 and an objective lens 112, making this



by an acousto-optic nodulator, i.e. AOM 110 in response to a recording
signal and focused to irradiate on the photoresist |aye YawrPehr884h an
expander 111 and an objective lens 112, nmaking this 2 30 Novenber 2004
| aser light spot scan the photoresist layer 107 in a spiral fashion to
formlatent inmages of pits and grooves. Thereafter, when this photoresist
| ayer 107 is devel oped by an al kaline devel oper, the exposed portion is
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120 of this naster dis own’i1n 8, there is deposited a
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effecting nonelectrolytic plating and el ectropl ating of nickel |? in
such alkeites derdlope,| khiehiexpusedepopeideris dhasEIAidEr anlihiherBt 84 | ayer
122 is peeled fromthe nmaster disk 121, and a stanper 123 having an

i nverfaigned,eras giayin time FiGevén pamaster 1@slofl2hemadiieh dnskné2dnis
obtained fromthe netal |ayer 122 thus peeled. This stanper 123 is
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thickness of about 300 (m by sequentially effecting nonelectrolYtic
plating and electroplating of nickel (Ni) in such a mannér as to
£i11 this uneven pattern. Thereafter, this metal layer 122 is peeled
from the master disk 121, and a stamper 123 having an inverted
version of the uneven pattern 120 of the master disk 121 is obtained
from the metal layer 122 thus peeled.
This stamper 123 is disposed within ,e,g, an injection molding
die for injection molding to produce the optical disk substrate 101
made of polycarbonate (PC) or the like, as shown in FIG. 9.
On this optical disk substrate 101, there are transferred uneven
-patterns of the stamper 123, i.e. there are formed pits and grooves
corresponding to the uneven pattern of the master disk, thus causing
the signal recording portion 100 shown in FIG. 6 to be formed.
In this optical disk substrate 101 on its surface that the
signal recording portion 100 is formed, there is deposited, as shown
in FIG. 9, the reflection film 102 shown in FIG. 6 by sputtering
using aluminum (Al) target 124 for example. Further, the protection

film 103 is formed on this reflection film.



in this optical disk substrate 101 on its surface that the signal
recording portion 100 is fornmed, there is deposited, as‘sHeW@rerf®REiG 9,
the reflection film 102 shown in FIG 6 by sputtering wusing alum num (Al)
target 124 for exanple. Further, the protection film103 is fornmed on this
reflection film 3 30 Novenber 2004 This protection film 103 is generally

made of a -Layi cLCUr] resjn cured by irradiating ultraviolet rays
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pattern exposure effected by |aser ""light having a wavel en

wi || hapinscoaedngveopas std tiaRe a igreen, tWibkhebave the shortest pit
| ength of 0.4 Rmand the track pitch of 0.74 m_In addition, the width of
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0.35 gmwhich is half of the track pitch. Due to such restrictions inposed
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pitch of 0.74 um. In addition, the width of the pit, i.e. the length
along the radial direction of the disk is about 0.35 pm which is

- half of the track pitch.

Due to such restrictions imposed upon the pit size when it is
made minute and with high precision, the pit size cannot be made so
minute and made with high such precision that an optical disk having
a recording capacity of ,e,g, 15 GB or more, in particular 25 GB.can
be obtained by the conventional pattern exposure using the 1aser.
light having the wavelength of 413 nm.

DISCLOSURE OF INVENTION

The present invention provides an optical disk and a method of
manufacturing the same which can provide a high-density recording,
i.e. which can provide the aforementioned recording capacity of,

"e.g. 15 GB or higher recording capacity of, e.g. 25 GB.



manuf acturing the sanme which can provide a high-density recordin%, i.e.

whi ch can provide the aforenentioned recording capacity%fovergeg 2096 GB or
hi gher recording capacity of, e.g. 25 GB. 4 30 Novenber 2004 In accordance
with the first aspect of the invention, there is provided an optical disk
conprising an optical disk substrate in which successive pits
corresponding to a recording signal are forned, a reflection filmforned
in said optical disk substrate on its surface that said successive pits
are formed and a light transm ssive layer fornmed on said reflection film
wherein a signal recorded as said successive pits is read out by

i rradi ati n§oRCrasépnce | ghthhabendiasthavepesgt P & nipYergrma@s0 tmnen 420
nm chract rézed in that when the successive pits, are observed fromthe
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corresponding to a recording signal wusing laser |ight having a wavel ength
r angi nigrdmsm L00ren M e B3 7 mmd prrodesi digrefl eoptical fidingk wiistirate $gmdi ch
successive pits containing pits having |length and width both ranging from
80 nm ¥&co e arald euasngesisy ver aashensi ngadabpdtshycbssidbaping of smalr
light having a wavelength ranging from 350 nm to 420 nm,
chracterized in that
when the successive pits are observed from the side of said
light transmissive layer, said successive pits contain pits having

length and width ranging from 80 nm 250 nm and said reflection film

has a film thickness selected to be 20 nm or less.

In accordance with the second aspect of the invention, there is
provided an optical disk manufacturing method comprising the steps
of:

producing an optical disk manufacturing master disk for forming
successive pits by exposure corresponding to a recording signal
using laser light having a wavelength ranging from 200 nm to 370 nm;

producing an optical disk substrate in which successive pits
containing pits having length and width both ranging from 80 nm to
250 nm are formed by transferring said successive pits of said

master disk; and



mast er disk; and 5 30 Novenber 2004 formng a reflection filmhaving a film
t hi ckness of 20 nmor less in said optical disk substrit&GAPeY sgoggrface
that said successive pits are fornmed. BRI EF DESCRI PTION OF DRAWNGS FIG 1
is a schematic cross-sectional view of an exanple of an optical disk
according to the present invention. 5a 30 Novenber 2004 FIG 2 is an

enl arged cross-sectional view of pits of an optical disk according to the
present invention. FIG 3 is a diagramshow ng neasured results of val ues
of bottom formiEngod aefipcodocedibnghalriodt ai fedmwibncanessmtfhi2ék mas soof
an Al reflection filmis varied as a paraneter. FIG 4 is a diagram of
arrangt®ent 97 gaiexamprecat disdsesubstrarag epparta usurfpce 5that g said
di agram of optical, paths showi ng an auto focus optical system of an

exanpl 4ofeF s dtt taﬁeng"&ﬁ‘ﬁgrat us. FIG 6 is a cross-sectional view of
an optical disk according to the prior art. FIG 7 is a diagram of
arrangenent of a |laser cutting apparatus for producing a naster disk to

rranufagﬁ?%lrg Sk by Hb2eaRd ng to the prior art. FIG 8 is a

di agram for explaining the nanner in which a stanmper is produced fromthe
optical di gkgmapuf ackurdR@Riterdstksectional view of an example of an

optical disk according to the present invention.

5a



FIG 9 is diagramfor explaining a nethod of manufacturing an optical
di sk. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON An opti SAI ¥efegRen 29€¢€or di ng
to the present invention conprises, as a schematic cross-sectional view of
its exanple is shown in FIG 1, an optical disk substrate 3 having a
thickness of 1.1 mmfor exanple, in which successive pits containing pits
2 corresponding to a recording signal are fornmed, a reflection film4

formed i ngily.s2 @pt hpabntli AR i htS:SUr : t.he Rt are
formed and a |ight laflr gﬂ%ﬁ%ﬁ?\%%yer C%l?g?%egl%ﬁ {)ﬁicélt?%ﬁfec | O %L?"F% 4,
Wien alirste eicdeddingnab therpeskant ,invedtibapr oduced fromthis 6 30 Novenber
2004 optical disk 1, a signal recorded as the successive pits is read out
fromthe &¥G-cdl idi skdbggram sshewing nelasnredavesehys hof aseiuds @it bolkéwinng a
wavel ength of 350 nmto 420 nmfromthe side of the light transm ssive

| ayer B ned 8nrepsoduped crigiak mbtagnedawhensi. £ Mo edviarknestsewf an
this-qptic disk is,seen fromthe side of the Ilight transm ssive |ayer 5
irrad&@té@ CFéBPogﬁi?nbsl%@ﬁ%eqi%ﬂﬂﬁ ParpReEGEcessi ve pits contain the
pits 2 hayjng Length and width, ranging from80 nmto 250 nm _The

reflecti O#I%H i ngi g ﬁ’h%%rﬁ‘ %@rr@%gﬁg?gtkpﬁdgno?xm]é i @ d@SgFuni num
(A), Sidpvsl géggrgggs old (Au) or two or nore kinds of alloy materials of
them The thickness of the reflection filmis selected to be 20 nm or

| ess, andge.r 8f §8ChAAELRln (1€ diftilAA! aBnG | bRdEng AEChAD 1RRG 15 0 of
greater. If a thickness of the light transm ssive layer 5 is selected
optical system of an example of a laser cutting apparatus.
FIG. 6 is a crbss—sectional view of an optical disk according to
the prior art. '
FIG. 7 is a diagram of arrangement of a laser cutting apparatus
for producing a master disk to manufacture an optical disk according
to the prior art.
FIG. 8 is a diagram for explaining the manner in which a stamper
is produced from the optical disk manufacturing master disk.
FIG. 9 is diagram for explaining a method of manufacturing an
optical disk.
BESfI' MODE FOR CARRYING OUT THE INVENTION
An optical disk 1 according to the present invention comprises,
as a schematic cross-sectional view of its example is shown in FIG.
1, an optical disk substrate 3 having a thickness of 1.1 mm for
example, in which successive pits containing pits 2 corresponding to
a recording signal are formed, a reflection film 4 formed in this
optical disk substrate 3 on its surface that the pits 2 are formed

and a light transmissive layer 5 formed on this reflection film 4.

When a recorded signal is read out, i.e. reproduced from this



between 10 mto 177 m e.g. 100 m (0.1 my, then a pickup which uses as
reproduci ng | aser |ight short-wavel ength laser |ight, €°giovepPer &fCf aser

i ght by a GaN-based | aser having a short wavel ength, e.g. a wavel ength of
350 nmto 420 nm as and which al so uses an objective | ens having a high
nunerical aperture, e.g. 0.85 will be able to ensure an allowance of disk
skew, ' a so-called skew margin. |In other words, according to the

1. e.
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so that a signa not “read™ ol iTTa
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0.6 Mmfor exanple as int past, b a sign out b

i rradhaving a eprvadicrigth bdses0l hghto f4pm dher mindaref dile Lrgkhet 151 ssi ve
7 30 Novenber 2004 layer 5 having a considerably thin thickness of "0.1 nun
for ekoampsmissive ilayeossi fibemed osetlam sbjfrid \of s dpavicad aiskeri cal
aperture of 0.85 for exanple, and a | aser spot can be reduced in size,
“which | MARRIVeIe hede hifeopbierti diskicsigeenoffram dpei sidedbskthe

, 1f the pits are made_ mnute, as described above,. then when
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capacet Ynde Wihd® GF RhtbRaPPtSL 1 EhSam (28N, silver (Ag) and gold

(Au) or two or more kinds of alloy materials of them. The thickness

of the reflection film is seiected to be 20 nm or less, and a

reflectance of the reflection film is selected to be 15 % or

greater.

If a thickness t of the light transmissive layer 5 is selected
between 10 pm to 177 pm, e.g. 100 pm (0.1 mm), then a pickup which
uses as reproducing laser light short-wavelength laser light, e.g.
violet laser light by a GaN-based laser having a short wavelength,
e.g. a wavelength of 350 nm to 420 nm as and which also uses an
objective lens having a high numerical aperture, e.g. 0.85 will be
able to ensure an:allowance of disk skew, i.e. a so-called skew
margin.

In other words, according to the optical disk of the present
invention, because the optical disk is arranged SO tﬁat a signal is
not read out by irradiating reproducing laser light from the side of
the thick optical disk substrate having the thickness of 0.6 mm for
_example as in the past, but a signal is read out by irradiating

reproducing laser light from the side of the light transmissive



when a conventional Al reflection filmhaving a thickness of about 30 nm
is formed, the insides of the pits are filled with this? ¥&fEmeet 28R4 fil m by
an amount corresponding to the thickness of this reflection filmso that
the pit size when the pits are seen fromthe side of the |ight

transm ssive layer 5 cannot be set at the above- nentioned target size. As
shown in FIG 2, for exanple, if the reflection film4 has a cross-section

Wi th dayepebebaaigd ea Ccoredialdradliyothhe §RiGknssk fFEQ . 1BanPiforhexampisel

di sk substrate 3 on which the pit 2 is formed and this reflection filma
havi ngtal@nbessibldittkusss an iobikokird dens hisavived la sumfeadealt Apebodtom
surface and the major surface of the pit 2 by sputtering, for exanple,
then S 8fPactPrcexamRiey B & RaSBIt SPQhefaR Hee giadicaade 10hSéreedwhiz@m t he

side of the Ilght transmi ssive Laéer 5 irradiated by reproducing |aser
i ght 28f FBFRt HECTRATR 15 6h ToOr iR sdeBribY hrbertCeH 4i88- based on the
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of the pit, for exanple, is assumed to be 90 nmand the tapered angle 0 is
assumégonoabeotilcal tdietk.t he above-nentioned |l ength will be about 120 nmin-
the track direction and about 100 min the.radial direction of the disk.
The reason for this is as follows. If an EFM (Eight to Fourteen

Modulation) signal is recorded as successive pits having a shortest

pit length of 220 mm and a track pitch of 410 nm and having about 15

GB, as the recording capacity in one side of the optical disk, then

when a conventional Al reflection film having a thickness of about

30 nm is formed, the insides of the pits are filled with this

reflection film by an amount corresponding to the thickness of this

reflection film so that the pit size when the pits are seen from the

side of the light transmissive layer 5 cannot be set at the above-

mentioned target size.

As shown in FIG. 2, for example, if the reflection film 4 has a

cross-section with a tapered angle 8 relative to the major surface

3a of the optical disk substrate 3 on which the pit 2 is formed and

this reflection film 4 having a uniform thickness T is formed on the

wall surface, the bottom surface and the mgjor surface of the pit 2

by sputtering, for example, them an effective length B of the pit

when the pits are observed from the side of the light transmissive

layer 5 irradiated by reproducing laser light after the reflection

film was formed can be calculated based on the film thickness T of



Accordingly, if the reflection filmhas a filmthickness of 30 nm and
over, then the value of the effective pit size B will B8 B%emaey i289¢ he
track direction and 65 nmin the radial direction of the disk. Thus, the
val ue of the effective pit size will unavoidably decrease to approxi mately
1/3 of the above-nentioned proper pit size. However, the |ongest pit
having the I ength about 3.7 tines as long as the shortest pit |ength can
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to thpitpaoper pit length. If the pit length deviates fromthe proper size
and the inbal ance of the shortest and |longest pit |engths occurs, then a
reproducel sijnal2 is Taff éemedblfg)such deviation and inmbal ance so that
jitters wll greatly increase. In contrast, apcqrdlng to the
above- merffi®riapesind eaigle 8k generahdy pfebbmtwitrhiantd amngehefjitters can be
prevented from increasing Dby making the thickness of the reflection film4
equal ARPRFFIRERLY HY Koy ERbeMouRwWamakheo Lepgtindsofi khehbobpomcal di sk
according to t resent. invention can avoid the disadvantage that the
succe3%t cepi‘fgg"g%cﬂ? i SpEPAFLAPTaRLY f‘“:ﬂlﬁ"ﬁ'i I:’bitg@ é&@ﬁflteﬁé Biﬂ(;l @%3 tPan I
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formed on the signal pits.
then the above-mentioned length will be about 120 nm in the track
direction and about 100 nm in the radial direction of the disk.
Accordingly, if the reflection film has a film thickness of 30
nm and over, then the value of the effective pit size B will be 85
nm in the track direction and 65 nm in the radial direction of the
disk. Thus, the value of the effective pit size will unavoidably
decrease to approximately 1/3 of the above-mentioned proper pit
size.
. However, the longest pit having the length about 3.7 times as
long as the shortest pit length can also cause a similar pit
reduction effect. In this case, the reduction ratio of the pit
length in the track direction will be about 75 % relative to the
proper pit length. If the pit length deviates from the proper size
and the imbalance of the shortest and ‘longest pit lengths occurs,
then a reproduced signal is affected by such deviation and imbalance
so that jitters will greatly increase.
In contrast, according to the above-mentioned optical disk of

the present invention, the jitters can be prevented from increasing

by making the thickness of the reflection film 4 equal to or less



FIG 3 shows neasured results of values of bottomjitter of a reproduced
si gnal obtai ned when the thickness of the A- reflectiort? FeyemPas 494f anet er
is varied to 15 nm 20 nmand 30 nmrespectively, using the optical disk
in which the successive pits by the EFM signal equivalent to the actual
recording density of 15 GB are forned. In this case, the optical disk had
such a structure that a signal is read out of the optical disk by
irradekan P lraser light fromthe side of the light transm ssive |ayer 5, .
and the filmthickness of the light transm ssive layer 5 was selected to be
100. ( mThuf 1 Hits thes eptacefoddhkt aecorpimyitn theopresaht simstam iGeddhe
mavelqu§$1§%?§§2 %gg the N. A was selected to be 0.94. Mreover, the
hor i ZOW TSRdvaatage, thatksthe ssueresssivienPits eachhpit dpe iy ced

si gna| nd the vertical ,axis thereof represents the value of jitter. As

i s e\all‘lré tsdI?arlgmsﬁzé eguag, &3 Pﬁef??? M%{F&éﬁ’ew gret hélked wish ¢dig on film
I's 30.a - d : ri,Qh- akt t] ' t.he value, of the bojtomjitter
ot e a AR i & R Bb BB HER MRy il hE et T diham

unsatjsdadedl Yatid0uaY ebpr | ﬁee&hfn{wrhltrﬂelg) cqcuivﬁgpﬁr%i?gré]t‘ée#%? Kness 1s

made 20 nmor less, the value of Jitter ones appr ™ \hen

the fidpmddicilnedasies degheagedmdend $ielor uB, rarsati sbact oy 4val ue of
jitter on a 6 %Il evel can be achieved. However, if the filmthickness is

si npl §omesst eas adiepsdgnedspieby in order to prevent the shortest pit from
being filled with the reflection film then the reflectance of the optical
di sk subdilGat & shows measured results of values of bottom jitter of a

reproduced signal obtained when the thickness of the Al reflection

film as parameter is varied to 15 nm, 20 nm and 30 nm respectively,

using the optical disk in which the successive pits by the EFM

signal equivalent to the actual recording density of 15 GB are

formed.

In this case, the optical disk had such a structure that a

signal is read out of the optical disk by irradiating laser light

from the side of the light transmissive 1§yer 5, and the film

thickness of the light transmissive layer 5 was selected to be 100

(m. In this case, although the reproducing optical system used the

wavelength of 532 nm, the N. A. was selected to be 0.94. Moreover,

the horizontal axis in FIG. 3 represents the asymmetry of the

reproduced signal, and the vertical axis thereof represents the

value of jitter.

As is evident from FIG. 3, when the film thickness of the Al
reflection film is 30.nm as in the prior-art optical disk, the value
of the bottom jitter increases approximately up to 10 %, which makes

the quality of a signal unsatisfactory. However, when the film
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3is lowered with the result that the S/N of reproduced signal wll
deteriorate. Fromthis point of view, the filmthicknes¥ Sntsmbar 39Péf erably
be selected to be 8 nmor greater. The table 1 shows the dependence of the
refl ectance of reading Ilaser light (wavelength is 407 nm at the A
reflection filmsurface on the filmthickness of the Al reflection film
TABLE 1 Filmthickness (nm of A reflection filmReflectance (%9 40 1 30
88 82 8, 67 4 8 Fromthe appve scriptjon, it can be seen that
t he o%ﬁ?%‘é]l}ésl S 4 :%aad\’i‘el % émhioggl-lfa@&')rggﬁgv% ‘b%cf?fﬁjd:ft%b@%‘?sgr eater in
whi ch ihdeipiglkness il i b e of 8 nmto .20 nmand the
refle% gﬁ%% I'S de 15 % or g%%é?%?ﬁigh%£€%§%%¥%ﬁ(éﬁQ£§%§ePe8988ugédTgsignal

'-gf gOﬂd , Gdlasat Vs £AARY Bialuds ode§eEtBedoRPOVE o tlfb%élgféaﬁcgla%?ﬁhé%é .of the
ptical disk according to the présent invention can be nmade of, I'n
addi ti on Howettemhiich tie Widel ¥hitkhegedis @il yiRircalseapir-65roay evdiy
' in orde; to prevent the shortest pit from being filled with the
reflection film, then the reflectance of the optical disk substrate
'3 is lowered with the result that the S/N of reproduced signal will
deteriorate. From this point of view, the film thickness should |
preferably be selected to be 8 nm or greater.
The table 1 shows the dependence of the refleetance of reading
laser light (wavelength is 407 nm) at the Al reflection film surface

on the film thickness of the Al reflection film.

. TABLE 1

Film thickness (nm) 40

of Al reflection film

Reflectance (%)

From the above description, it can be seen that the optical disk
having a high-recording capacity of 15 GB of greater in which the
film thickness falls within the range of 8 nm to 20 nm and the
reflectance is made 15 % or greater is able to provide a reproduced
signal of good quality.

Moreover, as described abeﬁe, the reflection film 4 of the
optical disk according to the present invention can be made of, in

addition to Al which is widely utilized, metal materials which have

11



30 Novenber 2004 a high reflectance at a thin filmthickness, such as Au
(gold) and Ag (silver), or alloy materials of two or rdrBowimres P4t hese
netals, or netal (alloy) materials in which Ti (titaniun) and the like is
added to these respective materials. Furthernore, the optical disk
according to the present invention can be fornmed as the so-called data
repeatedly recordable type of optical disk by arranging a signal recording

i1 m aumflgnsrat phasdrce hange chiibmepflec lciofods, Sl aleafl § bfa) & |

between the reflection film4 and the Iight transm ssive

the opgi tailvisk, aocaldioyymatetrialpr 68enio i dW iircOkigas oberndgified to as
an optical disk having the so-called nultilayer structure by formng two
or moPetalgerer gietwdt H aldeylefhteriahs f it whiklamd t(hdtangom) aedofigs ng
film_or two or npre |layers of only the signal recording filmof the

pr esehtke _n?ir%rﬂqQﬁfl. toitheganprEPesyivannatatiis.ne signal - recording filns
Fequi red TSR, CIE SBEICAT S1Sk SerP U thodhel BRaRPo 1Hcrisu
sign ed.fromthe.respective si | recording films by a
su?tg% equtc%%kgﬁ%% %@efggﬁéﬁﬁbeﬁe%?%ﬁhﬁﬁﬁﬁfﬁgﬁigrr?FBﬁgabgﬁ EfRe s pect i ve
Si ghabdpt 2601 gk Ty | :eRr Qd L ON. : acturi an
optica?Ediskqg%gBr iﬁnggg§ﬁg Qp%%é%%?'?%%enJﬁgﬁf%ﬁprgggﬂd%%d?i Hext .

Thi s emmgactit fgdebode, iy bespPIM Mt AaPRlied! pdiskeaceneding to the
present invention described above, including successive pits which contain

pi t s ¥efiectidreriln 4ndndi the bight rangidgdeiee 8ayam 60 250 nm In the
opti cal di sk manufacturing nethod according to the '

Further, the optical disk according to the present invention can
be modified to as an optipal disk having the so-called multilayer
structure by forming two or more layers of both the reflection film
4 and the signal recording film, or two or mbre layers of only the
signal recording film of the present invention.

For example, by laminating the signal recording films each
having the successive pits through reflection films having a
required reflectance, an optical disk can be formed, in whiéh
recorded signals are reproduced from the respective signal recording.
films by a suitable method such as focusing reproducing laser light
on the respective signal recording films in reproduction.

A method of manufacturing an optical disk according to the
present invention will be described next. This manufacturing method
is to obtain the optical disk according to the present invention
described above, including successive pits which contain pits having
length and width both ranging from 80 nm to 250 nm.

In the optical disk manufacturing method according to the

present invention, the optical disk is manufactured by the process

12



present invention, the optical disk is manufactured by the process 12 30
Novenber- 2004 of producing a master disk to nanufact ur &faleGpbreal08i sk in
whi ch successive pits are fornmed by exposure corresponding to a recording
signal using laser light having a wavel ength ranging from 200 nmto 370
nm produci ng an optical disk substrate having successive pits containing
pits having length and width both ranging from80 nmto 250 rim by

t ' ' ' f, thi t di sk f |, flecti
IS R B EeR BlsBy coghamie s = pBEArelofEFRatn aitien
bst ' : the ' ' e f d_. The..
o oochR o e PATY REETLOP A BT SHRY torReRenifa St meer i ng

t 0 t heigHaas @Rt ig1aBkiron i gh 8KRSv DARGE walﬁa.!lf&xgttherﬁﬁ?iﬁb' E??&naﬁé xﬁﬁ*tédbgg

apparatus. An exanple of this laser cutting apparatus™w be descr

bel 0v@ i trim,r gfrexierdagt anaopsibaledisk ¢uieaate hhbSngdsudbébouah s | aser
cutting apparatus uses short-wavel ength recording |laser light, its

f undaanitadiniagr gigenbavisgnlergbased onidtthhdothdiraagyngofivemt ®nah Haser
cutting apparatus. This apparatus-is provided with a recording |aser |ight
souré@ﬂ’Z@lﬁﬂi@ﬁaéﬁﬁe§§h§9a§@0¢%§ﬁavaigﬂhs ipev ithd.samaatet ediggkh axid 266 nm f or

source 20 conprises a solid- state

g PR I SR A R CU L
ol U RSS2 24P TRBEPRR P S CROSATAATE FORCekIRpFRsCerti v SHo
pits are formed. -

The eﬁposure process to produce the master disk in the
manufacturing method according to the present invention, takes place
using the so-called laser cutting apparatus. An example of this
laser cutting apparatus will be described below with reference to a
schematic diagram of FIG. 4.

Although this laser cutting apparatus uses short-wavelength
recording laser light, its fundamental arrangement can be based on
the ordinary conventional laser cutting apparatus.

This apparatus is provided with a recording laser light source
20 which can generate laser light having a wavelength of 266 nm for
example. This recording 1aser'1igﬁt source 20 comprises a Solid-
state laser'21; a phase modulator 22, an external resonator 23 and
an anamorphic optical system 24.

The solid-state laser 21 comprises a YAG (yttrium aluminum
garﬁet) laser (wavelength is 1064 nm), for example, and an SHG '
(Secondary Harmonic Generator) for generating laser light having a
wavelength of 532 nm by converting the laser light from the above-

mentioned laser to that of double-wave. Then, laser light from this
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(Secondary Harnonic Generator) for generating laser |light having a

wavel ength of 532 nm by converting the laser.light fromdt & abey 004

menti oned-1 aser to that of doubl e-wave. Then, laser light fromthis 13 30
Novenber 2004 solid-state laser 21 is introduced through the phase

nodul ator 22-to the external resonator 23. This external resonator 23

I ncludes a wavel ength converting optical crystal 25 nade of ,e,g, BBO (B -
BaB2OKoldidr-stealehausag 21 sik fimitdceditaRohgahing %ﬁbﬁ@ SRb E P 20 o he
far-ultraviolet ray region for further converting the above |aser |ight

i nto Ithseexteghalofedonbter vave TH\E egtermaleresghditof 2266hdImds wel | as
an optical resonator formng a predeterm ned resonator length by mrrors
Ma t o Wweleggtiyxgaprerting  epiitalacaystaihadsmnaderet Me and BED afe f or ned of
mrrors having necessary reflectance and transm ssivity. The mrrors M

and VPaReR4} haingors SHEGI PRt hethiah ddghtotrapspisabuity UEss
Mo , ' Q.. mrr. d d, adjusted b
ol cot o AR SRRV G oF Sy heteRtp doro 2BRPRER VoReNoiie 081 Ao or)

t t f ok , ) | 1 .Qw h t I th_t
cont r AHEEY VRREERES, 180 SV RO RS TV i '€ O vk e oF
det ectod 0Bt Bb31T 25 OARtSHL Ra1R r%@%h&@%kefé%i%%té L%b%eﬁﬁ%ﬁuﬁih%ﬁt odi ode

PD, and the actuator 26 is controlled by the out ot odi ode.
Thus, resbnatognlengthshefibttart 37 86 xti,f), cifecaY b@:ﬁmﬁia.oﬂéi TR €5.006H OF
a

| ength, i.e. resonance wavel ength, and ser |ight having a wavel ength of
266 nrabigagddrons higlanslthuarenfostedlaf niomorsubasingvareosssatyt i on
wavel engt h can be obtained. Then, laser |ight derived fromthe external

r esondedlegbanger avd spernyhi gty igayanfthe mirrors M; and M, are formed of

mirrors having a reflectance of ,e,g, nearly 100 %. Moreover, one
mirror, e.g. mirror Mz can be moved and adjusted by an
electromagnetic actuator 26 having a so-called VCM (Voice Coil
Motor) structure for example, thereby allowing the resonator length
to be controlled. Then, light passing through the mirror M;, for
example, is detected from this resonator by‘a photodetector 27 such
as a photodiode PD, and the actuator 26 is controlled by the output
of this photodiode. Thus, servo-control is effected so as to provide
an optimum resonator length, i.e. resonance wavelength, and laser
light having a wavelength of 266 nm based on high output and stable
éontinuous wave oscillation wavelength can be obtained. Then, laser
light derived from the external resonator 26 is reshaped on its beam
shape by the anamorphic optical system 24. In this manner, high-
output and stable continuous oscillation laser light 50 of several
tens of milliwatts having a wavelength of 266 nm can be derived from
the recording laser light source 20.

Then, the laser light 50 obtained from this recording laser

14



shape by the ananorphic optical system24. In this manner, high- output and
stabl e continuous oscillation laser light 50 of several3V Yeisgbef 2808 i watts
havi ng a wavel ength of 266 rimcan be derived from the recording | aser

| i ght source 20. Then, the laser |ight 50 obtained fromthis recording

| aser 14 30 Novenber 2004 |ight source 20 is split by a beamsplitter 28,
for exanple. One part of the | aser Iight I's supplied to a photodetector 29
such hot odi 1N _whi h t he or the like of the laser light 50
wgi’i’ﬁ‘é %%I”mﬁw ot”r?ersP&&Ft ¥r at ke a%%*ﬂ‘i%tzarvwﬁ%he?@m%ektob? t he

be , b duced
Cnoo RREL & AndSaddh THOHRC T XuBof SRATES T e asieattn 25 FROhoRecA o
the rERoEdIGIS) gﬁalwhlﬂﬁethésgbwlakgéf thus R0WALEL ek niEghlceg forough

a colTimator I ens 32 and a be msplitter 33 1nto éam expa
conprinshhgptenses 34 and 35, and expanded by this beam expander 36 and
I ntroduced into an objective lens 37 as a beam spot of a dianeter several

times as The gu:hey ipastentfr sheelpspr | Lightemesieich Ref epeReehPULRE ol
denotes a mrror for directing the laser light fromthe beam expander 36

t onar @b &t Ve Iferysed. b¥he condensegliterish® eodvehgadibyrédeced
obj ective | ens %é‘ls i.rradiated on a resist disk 39, which is installed
ont o H%Urdh Hodh t°§835y53ﬁhaﬁﬁ she AP whars iitg is mednighedciur acy, for

obt aini n ti.cal disk.manufacturing master disk. This resist disk 39
rot ates éﬁb”‘lﬁ ticﬁé:h(?eﬁfagpr g S199%k- (T, 1359y digdt, shuscwodglated ek st

di sk B PRfucC b oaghUSt 4681 180 Tens 32 and a beam splitter 33 into

a beam expander 36 comprising lenses 34 and 35, and expanded by this
beam expander 36 and introduced into an objective lens 37 as a beam
spot of a diameter several times as largé as its entrance pupil
diameter. Reference numeral 40 denotes a mirror for directing the
laser light from the beam expander 36 toward an objective lens 37.

The laser light thus converged by the objective lens 37 is
irradiated on a resist disk 39, which is installed onto a turn table
38 by an air spindle rotating with high accuracy, for obtaining an
optical disk manufacturing master disk.

This resist disk 39 rotates about the center axis as the turn
table 38 rotates. This resist disk 39 has such a structufe that a
photoresist layer photosensitive to the wavelength of the laser
light 50 is previously coated on a substrate forming the master
disk, e.g. a glass disk.
| Then, the laser light 50 which is turned on/off in response to
the recording signal by the above-mentioned modulator 31, i.e.
exposure laser light is irradiated on the photoresiét layer of this

resist disk 39 with a spot size of 0.3 pm or less.
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photoresi st |ayer photosensitive to the wavel ength of the laser 1ight 50
is previdusly coated on a substrate forming the naster3OdN§meéf§00 gl ass
di sk. Then, the laser light 50 which is turned on/off in response to the
recordi ng signal by the above-nenti oned nodul ator 31, i.e. exposure |aser
light is irradiated on the photoresist layer of this resist disk 39 with a
spot size of 0.3 mor less. 15 30 Novenber 2004 On the other hand, the

| aser cutonnghappehiart Usnds, phevildedrwehbt iy Ey éﬁhﬂﬁﬁ'ﬁ%a?rh%§h$d4% PH'Ch '
novable in the direction along the radial direction of t turn taﬁ

on t hAsnapingEppi¢alaltalebldd, whiieheibsmovaibledin etp direckéam axpagder 36
and an auto_focus, optical iésten1to be descri bed bel ow al t hough not
shownthenragial hmations ofhitdensuragtable c38 . tQmthis] moyimgyeptacalt he

turn %agL %IIS rotated, exposure |aser |ight scans the photoresist |ayer
of t hE2PEET stk s giounted, s gi-Aal thashean %’FPW%—"nrﬁﬁl and paspube forus

| t wh th h th
oboveOBEHETL il o, 2 feseRBly Bapgd>el ‘?411 & R8ohBam splitior 35
mdul ot oit oo RN L LA orea‘?’fﬁét@ a?%ﬂ' oA e i B0arad, akdr ths ghy
from thﬁndt&klé%ai)ai%ﬁQ%taﬁ:@ﬁ?ugﬁﬁbgﬁréeméxpll'i[gtl‘ﬁ:r s%% n‘éh@%ﬁ&é&f’eg%} ¢ cal

path by mrrors 43, 44, 45 or the like for exanple s c nverge

condebager ofrshelGestilser diykcansinga eXPOBAT erd S lotcgah hAnfgafONI tor ed
e.g. by a CCD (Charge coupled Device) type of nonitor camera 47 for
fashion for example.

On the other hand, a part of laser light which passes through
the above-mentioned collimator lens 32, and is split by the beam
splitter 33 is detected by a photodetector 42 such as a photodiode
and thus the modulated laser light is monitored.

Returned light of exposure laser light from the disk 39 passes
through the beam splitter 33 and extended optical path by mirrors
43, 44, 45 oxr the like for example and is converged by a condenser
lens 46, thereby causing exposure laser light to be monitored, e.g.
by a CCD (Charge Coupled Device) type of monitor camera 47 for
monitoring“exposure laser light.

Then, the objective lens 37 is arranged to constantly be focused
on the photoresist layer of the resist disk 39 under the control of
focusing servo.

An optical system of an auto focus servo means for executing
this focusing is located on the aforementioned moving optical table
41.-FIG. 5 shows a schematic arrangement of an example of the
optical system of this auto focus servo means. The objective lens 37

is supported in such a manner that it may very slightly be moved in
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nmoni toring exposure |laser light. Then, the objective lens 37 is arranged to
constantdy be focused on the photoresist |ayer of the ¥elpzambdi SW039 under
the control of focusing servo. An optical systemof an auto focus servo
means for executing this focusing is |located on the aforenentioned noving
.optical table 41. FIG 5 shows a schematic arrangenent of an exanple of
the optical systemof this auto focus servo neans. The objective |lens 37

is s r - ] . per that it may very slightly be noved in 16 30
NoverblS SStrthaEh RiTR%IPe BY: abi adhleiShp s ditiang: acioRast Ractumey
strucf6§6éxgﬁqléyanple. In this case, the optical systemconprises an auto
focus | aser I ght source 61, optical |lenses 62, 63, mrrors 64, 65 and a

L1 on Tetgis ; 5 | i ah ,
posi tion iy Yasdqgviche OPER:af6sydten | asfiriddH %nS%Engfgéggﬁg?Q%% whi ch

conprised of a sem conductor |aser” having a wavel engt’

a hi ghighteqmnme 6ypepriskli densésash | espienerrEi@ Wiz g5dagqpyl se duty 50
%is applied. Laser light 67 fromthis laser |ight source 61 is nmade

skewdpPs¥eian [datactiohe dopiceal PARES6®f the optical systens of the | enses
62, 63 and irradiated on the resist disk 39 through the objective |ens 37.
Ret ur ned ThgyHassr ddght| seurcei ghtcan betempdsed afpessenboondtaeit on
deviﬁ§=%§§5%166 t hrough_the mrror 65, and the _actuator 60 is controlled
by t he? Yo% Gt pavedsngth of 168 nme typhdcah @e bighsfgeaneney s opti cal

axis éﬂﬁé?ﬁdé{%faﬂﬁ6&08u%£38ueﬁcy 400 MHz and a pulse duty 50 % is
applied.

Laser light 67 from this laser light source 61 is made skewed
relative to the optical axes of the optical systems of the lenses
62, 63 and irradiated on the resist disk 39 through the objective
lens 37. Returned 1light of such laser light is detected by a
position detection device (PSD) 66 through the mirror 65, and the
actuator 60 is controlled by the detected output so as to move the
objective lens 37 in its optical axis direction for focusing
control.

Since the optical system of the focusing servo means thus
arranged does not use a polarized beam splitter PBS and a polarized
optical system such as a quarter-wave plate QWP or the like as in
the conventional ofdinary focusing servo, the above optical system
is not’ limited by the numerical apertures of these optical elements
and therefore the skew angle of the laser light incident on the
objective lens 37 can be increased sufficiently. Specifically, a .

-large opening angle can be formed between outgoing laser light 67a
‘incident on the objective lens 37 from the laser light source 61 and

returned light from the focusing surface of the resist disk 39 after
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control. . Since the optical systemof the focusing servo neans thus
arranged does not use a pol arized beam splitter PBS andYMpoikefr 2084

optical systemsuch as a quarter-wave plate QAP or the like as in the
conventional ordinary focusing servo, the above optical system is not
limted by the numerical apertures of these optical elenents and therefore
the skew angle of the laser |ight incident on the objective lens 37 can be
i ncr e@36§180f thepugh| yhe Sprigdiioal lensa3’| aige. operomipqrigsecdidgme f or med
bet we out oing | aser Iighl 67a incident on the objective lens 37 from

the | &4br FPGREPEOHRROBEIAHRY lasewylight fghtand obhe hingaeing dgsear f ace of
th i L sk ter 17..30 mher . 2004 i ng t h. the obj ect |

| ons' ok 7B odR BY Stndiacty HRER Bahn GRlie BosSuhtbtalt iy Sheser. 11 ght -
67 he i i j ted, f h_.at her
compr aesS et ead e adedilied® I TRI BopE PR B oAty B Sa5B00i ¢ on
deteCHbOﬂcedEElC@hﬁﬁ,aliﬁﬁiﬁﬁ|é¥ﬂd@ﬂs§n§°§éf@@gsffﬁéi)Eﬁgﬂgﬂoﬂﬁﬁi gqobt ai ned

wi thout fail. By nmaking the optical syStem as IT were, a non-polarized
aut o wiehoatopaital system the skew angle of the laser |ight 67a incident
on the objective lens 37 can be increased as nuch as possible, and the
val ue of Bhemhkiphttled dptsisrall isyistempcadeiteware t he mij-geiliard zddeagtean
al so be increased sufficiently. Accordingly, an optical gain expressed by
an eq&8ENsnCBE PR} t sHFEEMs dhehskeporagliesef | bleel lamsghtigift |63serinkiigbnt
incidencg on éhe gh%ec ive | ens cgn al so be _increased remarkably as
compaPBd i APIREEE %v@ﬂ#?&ﬁbpagu § fBghgased as much as possible, and
the value of the height of laser light incidence on the objective
lens can also be increased sufficiently. Accordingly, an optical
gain expressed by an equation proportional to the above-described
height of laser light incidence on the objective lens can also be
increased remarkably as compared with the conventional auto focus
optical system, which can largely contribute to improvements of the
servo characteristics of the auto focus optical system.
Specifically, on the position detection device in the auto focus
optical system, there exists, in addition to original exposure laser
light to be detected, which has returned through the objective lens
after being reflected on the surface of the exposure photoresist
layer, slightly expanded laser light (hereinafter referred to as
noise laser light) which has not reached the surface of the
photoresist layexr, but is reflected on the rear surface of the
objective lens, i.e. on the surface of the opposite side of the
surface of the objective lens facing the photoresist layer. This

noise laser light exerts a bad influence upon the operation of the

auto focus servo as a background noise component of the detected
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optical system which can largely contribute to inprovenents of the servo
characteristics of the auto focus optical system Speci¥i Beatdmper G0 he
position detection device in the auto focus optical system there exists,
in addition to original exposure |aser light to be detected, which has
returned through the objective lens after being reflected on the surface
of the exposure photoresist |ayer, slightly expanded | aser |ight

h ' : ' 1 Lght) which h t hed th
Cur 1 aS0eRpe] RECCEE B LAY AT o iRENLLE | L lCu on the Tear aurf ace o

esi st layer, IS reflected on the rear surface of

the obj eehed§ WRES thi® ndibd NQspw iaﬁﬁtOfmef@wsO%fit& %rq%i?l%lt he

surface of the objective lens facing the photoresist layer. Th noi se

| aser retylinedxbight A wdatbh r:sﬂicnﬂmlce)::tigﬁﬁall_m}i?| poedatéied frim tdet o focus
servo as a background noi se conponent of the detected 18 30 Novenber 2004
out puphetorasipbslayen detazutseonndeviferendbefir indws, titics seaivee | aser i ght
interferes with original returned |ight, which should originally be

det ecFBATAFEBRITRICS pHR di@atdly dgyeriesatedsand rierihe eesairmencgesf t he
servo_ ¢ atacteﬁistics re greatly deteriorated and so the occurrence of

such PRERrfBFERtErFNGhddsinies Raseni sa511F cRtlfedth dandenieradinséncpaser
| engt RHERE LTRSS nfin, SR RABE, R eRRncY A i PP aeRrsRoRaE  Bet ween
5t Bk 1ot G A 90 b B SRLERES o RTINS BT
sur f agefoéréhce Al &rdiRithe@eaiykt, f @hish iR WY 1%imd14§- neher ef ore,
it is unavoi dable that the
detected, from the photoresist layer and noise laser light caused by
refiected light from the rear surface of the objective lensinearly
falls within this range. Therefore, it is unavoidable that the
interference fringes occur in the position detection device.

This interference fringes move frequency on the position
detection device as the objective 1lens moves very slightly on the
optical axis of the objective lens, thereby making the position
detection signal of the original returned laser light inaccurate. In
actual practice, if the auto focus servo is operated under the
condition fhat the interference fringes occur, then the servo will
osciliate frequently. As a résult, it is difficult to maintain a
normal auto focus operation.

In contrast, when the above-mentioned laser light source 61 upon
which the high frequency of 400 MHz is superposed is used, because
the coherence -length is decreased sufficiently, it is possible to
prevent the original returned (incoming) laser light 67b and the

noise laser light caused by the reflected light from the rear

surface of the objective lens from interfering with each other, thus
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interference fringes occur in the position detection device. This
interference fringes nove frequency on the position défeBtieghedédiPte as
the objective | ens noves very slightly on the optical axis of the

obj ective | ens, thereby making the position detection signal of the
original returned laser light inaccurate. in actual practice, if the auto
focus servo is operated under the condition that the interference fringes

occur enahding hetlseromrwinenceosdi kkhat énteetpenidey  fringed ealbk, abbidéd.
difficult to maintain a normal auto focus operation. In contrast, when the
aboveIRefthefafirTdsebadayise sodycthellapen lighic s AthecHaitglshbugdquency of 400

MHz is suger os%g ;f used, hecausg the coherence length is decreased
suf fi BF&H ’P"irfllft ¢ defgched) dst Brogeetedtortr e giarditics desegtidnconi ng)

| light £7b and th i.se | Light d by the reflected |ight
1 om SREVR S " S At RORRE O8] BE FYLCHam ol Aasmlbatky Kelangve tn Sbeh

th {6&@ 0 [ t th
?ntgi?%éencéégﬁfggggﬁfo ;bévgégggggblﬁﬂ% H%%“ﬁ%%%éf%%§§§3é¥'oﬁpyt?%e | aser
e O riainal] . ooy o

081 1o fof S A me Bl KePEnGBhat A et Acitiriet et "o,

r el at aweo t fodue squivet Magdllyt obayRlatad e 0 At GhoMnlll AGEHI aG¥us Act ual Iy,
in the case of the above-nentioned arrangement, it was confirmed that the

aut o $eres omanatitar dlap becimhliateinedd so the nornmal auto focus servo
operation can be nmintained. The |aser cutting apparatus using the above
aut o focuEh®pasen cudfdngnpEpatatbedusing hef @bovee angoFifGeous ophicahl i ze

t he extremalal . .
system described with reference to FIG. 5 can realize the extremely

stable and highly-accurate auto focus servo operation. Thus, £his
laser cutting apparatus can constantly and stably execute the
cutting of the high-recording density optical disk with high
productivity.

Therefore, it is possible to produce an optical disk
manufacturing master disk for obtaining an optical disk substrate
having successive pits with a recording deﬁsity of 15 GB by this
laser cutting apparatus.

An example of the method of producing this master disk using the
above-mentioned laser cutting apparatus will be describeé below in
detail.

Initially, there is prepared a glass disk which serves as a
substrate to produce a master disk, having a diameter of about 200
nm and a thickness of several millimeters and whose surface is
polished with high precision. There is then prepared the resist disk
39 in which the photoresist layer made by spin-coating the

photoresist uniformly a in thickness of about 0.1 pum sensitive to
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stabl e and hi ghly-accurate auto focus servo operation. Thus, this |[aser
cutting apparatus can constantly and stably execute thel Betdmbay 204t he

hi gh-recordi ng density optical disk with high productivity. Therefore, it
is possible to produce an optical disk nanufacturing naster disk for
obtai ning an optical disk substrate having successive pits with a
recording density of 15 GB by this [laser cutting apparatus. An exanple of

th d th di sk th b t d

cut t1 e Shplr 4t kT 1 Vel eBBTBent oha bl A Gl TaWmFeBaPRy| there | S
h bs te tQq d t

B ok VRocToRsan 20E hall o (R ¥y Sndhr Bl RicrleBl 25FSE Figls 50

11| 98t eoenaocbhare suisaeepbs 1ol HI! HIGI O ALECI S1 on. There 1

t hen prepared the resist dISk 39 in toresist |ayer made by

spi n- coatiexk | ey gHeolasesi &htﬁﬂm]f;oé@a/rétdsﬂ dé!#c‘i’i@n%%sw%haPQ)E@ e?nc"e Mo
sensitive to 20 30 Novenber 2004 Taser light wth a wavel ength o

f ar - UFIGRwidbland ry thegirerofdingvbismgt higiA6Gonms Eocubedabrvenderdd pied
recordi ng Iaser light 50 is fornmed on the surface polished with high
preci $19h. ?\Iéabt ‘they objectiyer leu$t3hgmppagatu&gdhemrabeﬂ abdninc r@ferance to
FIGS 4 a éi e recor |n% l,aser ht 50 is focused on the resist disk
39 by? tﬂfé R é’H?s héﬁl bz% QHINS Raéierab'b@t logsoratight spbt of
ég qﬁﬁlfésﬂ e. 8 Pg e the |l aser |light 50 scans the resist
dISk e PP dﬂﬁ h 1Br ?\?Hﬁ¥%%ﬂﬁﬂ%ﬁl°n or in the annular
fashion as mentioned before while turning on/off the laser luminous
flux in response to the recording signal by the AOM modulator 31 for
example, thereby forming the latent images of the uneven pattern of
the successive pits containing pits in which its length in the track
direction and its width in the disk radial direction are both in the
range of 80 nm to 250 nm (exposure process). The track pitch of the
successive pits is selected between 150 nm and 450 nm.

If the resist disk 39 on which the latent images of the pits or
the groove-like pattern are formed as described above is immersed in
an alkaline developer and the exposed portion of the photoresist is
dissolved, then the uneven patterns of the successive pits
containing pits in which its length in the track direction and its
width in the disk radial direction are both in the range of 80 nm to
250-nm can be obtained on the resist disk 39 (development process).

In this way, there is produced the optical disk manufacturing
‘master disk on which the uneven pattern in accordance with the

- pattern of the photoresist layer is formed.

Then, an Ni (nickel) thin film having a film thickness of

several hundreds angstroms is deposited on this master disk by
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fashion as nentioned before while turning on/off the laser |um nous flux
in response to the recording signal by the AOM nodul at 6t Bavefber 28%anpl e, -
thereby formng the latent inages of the uneven pattern of the successive
pits containing pits in which its length in the track direction and its
width in the disk radial direction are both in the range of 80 nmto 250
nm (exposure process). The track pitch of the successive pits is selected
bet we8PULSSTARTaRY AGRIentrdltthe pdsitingdi The 3fetal whawdr tise thehent i mages
of the pits or the groove-like pattern are formed as described above is

i rrrrer§é’gm?§ onnthigafhin Hdiisqeringnast Recenguceiveofilmmmmof the

phot or esi | di ssol v t hen . the_uneven patterns, of the successive pits
cont aFﬁL?’ﬁ%%B %t%‘ﬁgméi"bcﬁqﬁ’sg B layerndst Pegkedi indthe S aligd WaYsaswi dt h

in th | ' ' ' re hiin,the r e of 80 nmto 250-= can
be obt8 glglr‘iggb%ﬁd‘lfq#eh(rj%ésfecsj{én%'{és%o?:ﬁ%e\?él Sbﬁﬁnlf‘a f’b‘%e’s‘é)@n N SHREPRRY, there -
IS preadvesd Lhenodin ' NUfa@dC kLng kS ..ch the uneven
pattern ingacco?danéﬁﬁtf?%%%ﬁgﬁ gg?t #ﬁkgfb?EEE%ﬁ%?%¢é§?§¥1¥%§égufga?8rned.

Then, ofinthiis (Wi ckednipdihi i fihe® RaMiiRGed hhhMhd SEDeSHOL rak hundreds
angstrons is de‘posit%d on this %stleredi sk by 21 30 m\i%g?%ggogg '

sput t werkegdof s hameste ctarni factaringt pagcesbg.metal layer is then forned on.
this thin filmserving as a conductive filmin .electroplating, and this
met al | aylext s Yo il istampers dse digpoasd wieskin bedroliding dfier andech® Fl G
8, thus.making i Ni _stanper having a thickness of about 300 gmto be '
produ&@@l‘?c‘?ﬁ%‘?r’@‘glr%g}ﬁ free -9+ PRIYCRFLIRARPE(PG )l Athdhepdlikehdd and the end

face ﬁggfgg$eé§ Thus, the optical disk substrate 3 having the diameter of

120 mm for example, made of a plastic material shown in FIG. 1 is
produced as a replica of the Ni stamper.

Onto the signal recording portion of the optical disk substrate
3 thus produced, there is transferred the uneven pattern based on
the successive pits and grooves recorded by the above-mentioned
cutting and containing the pits in which its length in the track
Vdirection and its width in the disk radial direction both fall
within the range of 80 nm td 250 nm (transfer process}).

Subseguently, by the sputtering apparatus, an Al reflection film
24 having a film thickness of 20 nm or less, e.g. 15 nm is formed on
the surface of the signal recording portion side where the pits or
the groove-like pattern of the optical disk substrate 3 are formed (
reflection film forming process). |

Further, on this metal reflection film 4, there is cured and
formed the light transmissive layer 5 having the thickness of about
0.1 mm by spin-coating of ultraviolet-curing resin and irradiation

of ultraviolet rays (light transmissive layer forming process). In
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wor ked (stanper manufacturing process). Next, this N stanper is disposed
within a-nolding die and the injection nolding of, e.@? Botepbar B4t e (PO
or the like is performed. Thus, the optical disk substrate 3 having the

di aneter of 120 mm for exanple, made of a plastic material shown in FIG 1
I's produced as a replica of the Ni stanper. onto the signal recording
portion of the optical disk substrate 3 thus produced, there is

transfgficethahf@ryneHePe Pt f:{ﬁ‘idé}‘?e;t? dn opttggaf U&%§]§ S V%cc?:#:ecﬁprﬂ;[] qd grpaves

recorded by the above-nentione utting-and contal nin Its1n i ch

i ts | prgslentnihkentisfksheimiettiigand its width in the disk radial
direction both fall wthin the range of 80 nmto 250 nm (transfer

process) . I8ubsedasirabhle biyhathetltep dpodr idigmeppar af ushe ateptodefirRr liagerf i | m
4 having a filmthickness of 20 nmor less, e.g. 15 nmis fornmed on the
sur f addgdt fhefsthaahighcmebrdingndansityi dptivel elisle pidccandindgheo
groove-like gatte[n of the optical disk substrate 3 are forned reflection
fil m EOPnPRESBRECLRESDLERR (Rapufagiuneds byethe alPYediemrianadn 4, there is

curedH%nd %ﬁﬁnEd t he %igﬁt tﬁ%$snissiv | ayer 5 having the thickness of
about MAFUfaGHIING RGthad AGRPTHIng o, Fhe BESSERE MY iPm A isalegtedi on

of uL%%a¥§%ggg?ﬁéy3f(£6QQ&hHﬁgqﬁﬂj§aLve | ayer formng process). In 22 30

Nove r I's manner, there 1s Tinished the optical disk 1 according

o amot or oot et EE SRS Sargrpd s b Rt S ra s A

opti cpbrdieks 3snownr ih Nghd Gbove-mentioned embodiment illustrate only an
example of modes for carrying out the invention. It will be
appreciated that the technical scope of the present invention should
not be limitedly interpreted from these concrete shapes and
structures;

As described above, the optical disk according to the present
invention comprises the optical disk substrate in which the
successive pits corresponding to the recording signal are formed,
the reflection film formed in the optical disk substrate on its
surface that the successive pits are formed and the light
transmissive layer formed on the reflection film, wherein the signal
recorded as the successive pits is read out of the optical disk by
irradiating the laser light from the side of the light transmissive
layer. When the successive pits are observed from the side of the
transmissive layer, the successive pits contain the pits having
length and width both ranging from 80 nm to 250 nm and the film
thickneés.of the reflection film is selected to be 20 nm or less.
Thus, even when the successive pits of very small size 250 nm or

less are cut, the pits can be prevented from being filled with the
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the present invention manufactured by the above-nentioned manufacturing
met hod according to the present invention is-selected 3InFetrabear?§édof 200
nmto 500 nm Incidentally, concrete shapes and structures of the '
respective portions shown in the above-nentioned enbodinent illustrate
only an exanple of nodes for carrying out the invention. It wll be
appreci ated that the technical scope of the present invention should not
be |i #efd@ckipat Eiphesedtiabnthéaszpmuiunced: sighapesiBhthots idateirti b8 teAS
descri glgde?bove, .the optical disk according to the present invention
conpr "9EEeLRECoptEchf BPSRIRIDSES AhEain khechigherecondionsidensyitys

corre ' L Q, t [ec ing signal are fornmed, the reflection film
fornegggggbggd%%Fi%gleﬁ?giiéﬁlsﬁ?éﬁ%?ybn its surface that the successive
its are nd | i.ght r m_ssi.ye Layer. forned on the refl ection
1I‘O i 1m V\hefrqg%%s{t;ﬁg’ s?%%g 1Lw@rerc%érl %3: 58 %ﬁimsﬁ%)é@%%‘? B 9L BPEGdKRES of
the opifi fatediaksbyr alumthdh) nGivae | 93¢0 bEORI1dY GBS ide Bl L he, i ot

transm ssive |ayer. Wen the successiVve pits are -observe ro &1¢PHe of
the thesenmaséveal@yaby ddiend UGt @pHi@mP | Ides-183VEL R0

| ength and width bot% r%ngi ngcff ro%ﬁﬁﬁ% {n?%%%&%\?néé;r# tr?feét%?ﬁ%i HEII Eﬁﬁess,
of theefderbionofilnm| for sretlentiod) ttheb2a28r nivi ghit ) eixs.is Passibeuepowhen
the successive pits of very small size 250 nmor |ess are cut, the pits
can bebpriéjehhesatimtatony fidfiledtiionhchhragBeBistinse mseh20R4 1 eéteshi on
filmso tha]E fhe retﬁjoduced signal will not deteriorate. Therefore, it is

possi Bt BT obiQi 9 e i st slemsdgydensiegl disk.

Furthermore, since the reflectance of the reflection film is
selected to be 15 % or greater, it is possible to reliably read out
recorded information from the successive pits.

_Moreover; in the optical disk manufacturing method for
manufacturing the optical disk by transferring the successive pits
formed on the master disk by exposure in response to the recording
signal onto the optical disk substrate, because the optical disk
manufacturing methqd according to the present invention comprises
the steps of exposing by the laser light having the wavelength of
200 nm or more, to form the successive pits containihg the pits
having length and width both ranging from 80 nm to 250 nm
transferring the successive pits formed on the master disk onto the
optical disk substrate and forming the reflection film having the
film thickness of 20 nm or less in the optical disk substrate on its
surface that the successive pits are transferred, even when the
successive pits of very small size less than 250 nm or less are cut,
the pits can be prevented from being filled with the refiection film

so that the reproduced signal will not deteriorate. Thus, it is
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optical disk of excellent quality. Mreover, since the reflection filmis
made of -one or nore kinds of materials of alum num sidOvBevyengot k00K al | oy
materials containing these materials, by using an optinum naterial as the
material of the reflection filmfor reflecting the laser light, it is
possible to obtain the satisfactory reflection characteristics as the
reflection filmof the high-recording density optical disk. Furthernore,
si ncegddiei et | e f [ ' ' lLected.to. be, % or

gr eatepeé, i t]_'e% st%fot(‘)lggll %Iagfttu ’(’;);El_r ghgah%ﬁ?%%c ]I'(-)C%J]{Hd fdéeéloss?% d°P FS?%&?‘%’% ‘ﬁ om t he
succegsod uiltity.. Moreover, in the optical disk manufacturing nethod for
manuf acturing the optical disk by transferring the successive pits forned
on the magireowdirsk shipcexpheurefilact BSpofiskn tie k@ld @E0bHENEr HibBHAL; Y O
the optical disk substrate, because the optical disk manufacturing nethod
accoreff mptarisis pfesdnminnmensibvecpngrides dlloysmaperohlexpestatning t he
| aser |ight having the mavelenggh of 200 nmor nore, to formthe
succdgsk IRteTiad st 8N khet ARtHnem makenind |cawbe asadwadt bhéondtemiwgi ng
from80 rimtq.250.nm Lransferrigg t he successive pits forned on the

mast & filk TEIEECEIen Sitmcipr grefkleaciing dihe digeroddvhy, 1kt 1®fl ection

fil j 3 t I I f 20 . in.th ti . di sk
substaedtlel B8 mayFebRLFS ERe, Mok rrdulling” SRrstavoopFiief Midh Thven
wh i i | X 250 or |

cut, WTIh TRECIRTIERROhS s Y S Re S BAREY KRReREo et ect i on il m

so t kitaddeeer@ptodgced signal will not deteriorate. Thus, it is 24 30
Novenber 2004

Furthermore, since the reflectance of the reflection film is
selected to be of 15 % or higher, it is possible to manufacture the
- high-recording density optical disk in which the recorded

information can be reliably read out from the successive pits.
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possi bl e to manufacture the high-recording density optical disk of good
qual i ty. "Moreover, since the reflection filmis made of3%Hevanberpt®@4ki nds
of matertals of alum num silver, gold or alloy materials containing these
material's and the optinum nmaterial can be used as the material of the
reflection filmfor reflecting the laser light, it is possible to

manuf acture the high-recording density optical disk in which the
reflection filmhas the satisfactory reflection characteristics.
Furthernore, since the reflectance of the reflection filmis selected to
be of 15 % or higher, it is possibl £gMpanuf acture the high-recording
density optigal disk jn ich the rrecorded . [nforpation can be reliably
read out Efo%ﬁtﬂéé%%%%é¥§$%éxﬂmF§?l§g 38 RBYETDerdtfoFubsArREe in which
opti cal. ~dLsk s L Si ti.cal . di sk_substrate in i ch successive pits
corre§%8%3?§69§285£€é%%ﬁéﬁ%ﬁ§ﬁ91%%afga et FoPhEtd £+ QGPi%ﬂrF?@n1$orned
in saidfoptteah Sibk SMESId ale s@id bptrsHLi t ' CGESSLYE DILS
are formed and a light transm ssive ?ayer a?%ﬁ%e 5ﬁ§%%%d%§e$?§c F%$§#?Irn
wher ethag sagdabucessiad pitesard $HEREASANG Pi1fyHtS LrBAdmIYE -
irradiating of laser |ight having a mavelength'é%nging fron1§g% %%¥?% 420
nm cliermedeonzsaid reflsctiloan film, swheessn ve fidgmlarecokdgeaves 5o t he
side of said, light transm ssive |layer, said successive pits contain pits
havi n§UCFenglye aptts i reaghgutgblr dnr8dianing Sl aseraddghti Navefidgest i on

film has f filmthickness selected to be 20 nmor |ess.
wavelength ranging from 350 nm to 420 nm, characterized in that

when the successive pits are observed from the side of said
light transmissive layer, said successive pits contain pits having
length and width ranging from 80 nm to 250 nm and said reflection
film has a film thickness selected to be 20 nm or less.

2. An optical disk as claimed in claim 1, comprising a signal
recording film such as a phase—change film between the reflection
£ilm and the light transmissive layer.

3. An optical disk as claimed in claim 2, wherein the reflection
film and/or signal recording film is formed as two or more- layers.

4. An optical disk as claimed in claim 1, wherein said
reflection film is made of one or more kinds of materials of
aluminum, silver and gold or two or more kinds of alloy materials
thereof.

5. An optical disk as claimed in claim 2, wherein said
reflection film is made of one or more kinds of materials of
aluminum, silver and gold or two or more kinds of alloy materials
thereof.

6. An optical disk as claimed in claim 3, wherein said
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2. An optical disk as claimed in claim1, conprising a signal recording
fil msuch as a phase-change filmbetween the reflectior?? FetembandChe | i ght
transmissive layer. 3. An optical disk as claimed in claim?2, wherein the
reflection filmand/or signal recording filmis formed as two or
nore-layers. 4. An optical disk as clained in claim1l1, wherein said
reflection filmis nmade of one or nore kinds of materials of alum num

Silvi r i.nds_of all terials theregf. 5 An
opti cor TorefRat Sfu M SadiBich W8l hoBe RUnd St Bl Fi m s mmde
of oNgL &k Mk g&lugk(ghdr@kﬂri S | M | | ver_-ar lLd_or.two or
nor e ki nds ofﬁalloy naterialg %?hgggo?? %aiétg%ﬁéﬁtxi %ﬁiﬁ% ggtgFé?%%d I n
cl ai nelderednier ein said 26 30 Novenber 2004 reflection filmis nmade of one or
more kinds of materials of alumnum silver and gold or two or nore kinds
of all oy hat édi gipkicdieddsk as. cAaimpdi ialcThik 1S wHeaiei®dshigc! ai m 1,
‘wherein said reflection filmhas a reflectance selected to be 15 % or

gr eat®pfleqtiomfidm ihag adireflgstangenedlecteas] diont® 18hér erngsaater.
reflectigop filmhas refl ectance selected to be 15 %or greater. 9. An
opt i cal o‘? AL ORYIGat §I5K EfafAnimednih efdaimiZy wheedot sedadfi | m has a

fl se d % .10, A i cal disk | ai med
i cra G LA daR 5 R L PRafie TP e ot 24 e Son Snes Esaterd Lo be

15 0 or grealifloptical disk as claimed in claim 3, wherein said

reflection film has a reflectance selected to be 15 $ or greater.
10. An optical disk as claimed inlciaim 4, wherein said
reflection film has a reflectance selected to be 15 % or greater.
11. An optical disk as claimed in claim 5, wherein said |
reflection film has a reflectance selected to be 15 % or greater.
12. An optical disk as claimed in claim 6, wherein said
reflection film has a reflectance selected to be 15 % or greater.
13. An optical disk manufacturing method comprising the steps
of:
producing an optical disk manufacturing master disk for forming
successive pits by exposure corresponding to a recording signal
using laser light having a wavelength ranging from 200 nm to 370 nm;
producingian optical disk substrate in which successive pits
containing pits having length and width both ranging from 80 nm to
250 nm are formed by transferring said successive pits of said
master disk; and
forming a reflection film having a film thickness of 20 nm or
less in said optical disk substrate on its surface that said

successive pits are formed.

27



11. An optical disk as clainmed in-claim5, wherein said reflection film has
a reflectance selected to be 15 %or greater. 12..An Gt Vewnbelf SROAS
claimed in claim6-, wherein said reflection filmhas a refl ectance
selected to be 15 % or greater. 13. An optical disk manufacturing method
conprising the steps of: producing an optical disk manufacturing naster
disk for formng successive pits by exposur'e corresponding to a recording
signal u3éngahasptidaphiisiavian@raceayehgnidthéd el na find 280cPH k01370
nm producing an optical disk substrate in which successive pits containing
pits Wﬁ‘érﬁgnl eadd hrefiteatiinm fidwh isamgdegof rome &6 moreo kid@e om are for ned
by transferring said successive pits of said master disk; and formng a
ref I eE‘PFﬁﬁl"f‘i? n?%a"i'/]rlﬁbuél“}rl ISHLVRECRAEsgOMd o0 aklay matezdals sentabpingal
dlsknggbstratg on, s surface that said successive pits are fornmed. 27 30
Noventer=Sola-4% 2 A optical di sk manufacturing method as claimed in claim

wh d f . d
ot or i al 6781 ATkt SiedopanhFbSpEEey f@?‘f’g@;ﬁ%&ﬂpﬁﬁsﬁégﬁfa?ﬂmgl% hese
mat eriVﬁéfe:quSSaﬁi‘ Ml&aéflloqf %ﬁlﬂi&ﬂ&é &l P RI0L GaceLa IR, Ny gl Al m 13,

wherein said refl ection ec ance s
greater.g28ater.
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ABSTRACT OF THE DI SCLOSURE There are provided an optical disk and a

manuf acturing nethod thereof which can increase its re€ofuicRbeeaiatity,
e.g. to 15 GB or higher. This optical disk may conprises an optical disk
substrate 3 in which successive pits corresponding to a recording signal
are fornmed, a reflection film4 fornmed in this optical disk substrate 3
on its surface that successive pits 2 are forned and a |ight transm ssive
| ayer 5 fornmed on this reflection film4. Wwen a recorded signal is read
out, i.e. reproduced fromthe optical disk, a signal recorded as

successive pits is read OUKp®YrAdF ast g IgELoﬁbﬁﬁt-wﬁve|ength l'aser |ight

havi ng a wavel ength of 350 nmto 420 nm fromthe side of the light

~transmi ssive layer 5 formed on the surface of the optical disk. Mreover,
in this optical disk, when the successive pits are observed fromthe side
of the |i%here rarsmpxsiided ayeopticadi disk dyd 4 epmduritig inds aethoght , t he
successive pits contain pits having length and width ranging from80 nmto
250 nﬁ{leié%g tHei¢lefqant tinsireasia dthagerpedingneapacknes = spl éct 46 GB be 20

””‘Orh£§ gf.e%ﬁks éﬁéﬁﬁé? &ggipngyngbmprises an optical disk substrateVB
in which successive pits corresponding to a recording signal are
formed, a reflection film 4 formed in this optical disk substrateVB
on its surface that successive pits 2 are formed and a light
transmissive layer 5 formed on this reflection film 4. When a
fecorded signal is read out, i.e. reproduced from the optical disk,
a signal recorded as successive pits is read out by irradiating of
short-wavelength laser light having a wavelength of 350 nm to 420 nm
from the side of the light transmissive layer 5 formed on the
surface of the optical disk.

Moreover, in this optical disk, when the successive pits are
observed from the side of the light transmissive layer irradiated by
reproducing laser light, the successive pits contain pits having
length and width ranging from 80 nm to 250 nm, and the reflection
film has the film thickness selected to be 20 nm or less, e.g.

greater than 8 nm.
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