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

ref | cERCTOMIGAN: lAIELD read out a signal fromthis DVD, reproducing |aser
light 105 is irradiated on the signal recording portion through an
obj ect'i veThe drEesray: finyentiensirgdatest he an ghpt icahshisds wha.clli sknsubstrat e

101, anqﬁg%ts I n the sj.gnal recordlng portion 100, is detected i.e.
r ecor HAFERTS 35 1eaP ghepsiynand| f ghenefagHE ing ms¢dodn shezsef -

thh é@mﬁﬁﬂﬁfgﬁﬁhff ordinary DVD, since the disk substrate has a
_ i c KR and a signal is reproduced through this disk substrate
e AL bittch, figfl 80 (MG vl 200
o P XY i 8 SUSPEELLETLLE R Sl el i
obj eckige 4 gns rdfection £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.



1 30 Novenber 2004 In the conventional ordinary DVD, the mavelen%th of the
reproducing light is 650 nm the N. A is 0.6; and onefsYae™Ber t4984 di sk
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 |lens having a numerical aperture N. A of
0.85. Then, the recording capacity of one side of this optical disk can

si npl ynbehe cabwvbmi Bhdlo dre idargBphBSs eghe nw&*l?@l&igﬁcﬂp rdf Ahedfrebtoludifl t

the above-nentioned conventional DvD. However recordi ng capacity thus
cal culightd is @ aimed:hen N.cénsiidePab oandfomal yiddeo tdreactieki dbhsca of the
r epr oduci n ckup. . In actual practice, the pit size of the optical disk
shouIHe%?Eékﬁée?ﬁRﬁ?%ﬁﬁuﬂ@e aﬂngade mﬁth high accuracy. An ordinary optical

di sk manuf act uri ng net hod IS as foll shown in FIG 7, on a gl ass
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| i ght urce 107 of cutting a us s “tinit ormy “spin

Thi s pbeded Brd Séapadyialy b7 one sibkest thiQ SOOI Qi Bisplgxpesure is
carried out, there is enployed a pattern exposure in which Iaser 1 ght 109

havi ngalacuﬂaanaédangj beof254 6B basbgoon athe corohdtidasa dHighdiskuesetfd8 nade
of ,e,g, a Kr laser, is on/off-nodulated by an acousto-optic nodul ator,
I.e. ¢MQNQﬁmPntﬂQm%bGﬁgﬁ@@@lenaiebﬁﬁd|ng signal and focused to |rrad|ate on
t he photoresist |ayer
However, the recordlng 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



107 through an expander 111 and an objective lens 112, making this 2 .30
Novenber. 2004 | aser |ight spot scan the photoresist |aydrNaEreeh 24%4pir al
fashion to formlatent inmages of pits and grooves. Thereafter, when this
photoresi st |ayer 107 is devel oped by an al kali ne devel oper, the exposed
portion is dissolved, and there is fornmed, as showmn in FIG 8, a master
disk 121 in which an uneven pattern 120 conprising pits and grooves is

f t j I 07 t di sk 10§q. Then, t hi
umeverrae DR 3T S, o Bhotref P9b tadle '(F e o, Seiselo Fabnisn 15
0ePOSES Ofbn M dind Ahtlgel2 e 1Rk80af &P%%{gfss of about 300 (m by

sequentially effecting "noneleCtrolytic hg and el ectropl ati ng of

ni ckel (Nfherenfiueal) ahaEn Iifhﬁ.saﬁhbﬁoré'éiéttm)fe#nﬁ}@&soﬁéz%ﬁﬂ eahs?eaﬁt er,
this netal |ayer 122 is peeled fromthe nmaster disk 121, ang a stanper 123
havi rellenl ime etdved opear,sithie efkpbbedupereionatd alisslded, @ FRskEr 1§i sk
121 is obtained fromthe netal |ayer 122 thus peeled. This stanper 123 is
di spot@aned t s showm ian FIf-e8ti anmastei ndiskli 2 ¥ am iwhieht aanumelrdang to
produce the optical disk substrate 101 nade of polycarbonate (PC) or the
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reflection film 102 shown in FI 6 by sputtering
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.



using alum num (Al') target 124 for exanple. Further, the protection film
103 is formed on this reflection film 3 30 Novenber 2004NTtim¥eprasCécti on
film103 is generally made of a ultraviolet- curing resin cured by
irradiating ultraviolet rays after the wultraviolet-curing resin is applied
to the reflection film 102 by spin-coating so as to have a uniform

t hi ck I t f th bj ect I
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di r ect spinetobbéndi sé as-abquhnﬂz§5uﬁﬂkﬂﬁ1thbﬁne5§|f of the track pitch.
Due to such restrictions inposed upon the pit size when it is nade mnute
and with hPgncertbeslimit tdle flie mimesricainapebeun@der Sthe NbiEE: BRI 1EMde
mnth hl%h such precision that an optical disk having a recording capacity
21dscgenerable, abouip L 49 c diher op%icBlcdaskbthobt abtwihdy dfver the

conventlo aI ern e ure u5|n the | aser _light having the wavel ength
of 413™Af® @tﬁ%st'ﬁﬁ Eﬁo‘f %Pn@af‘}rt8§én?xPﬁ%%ﬁ?| offerird dos laser
optica netho turln he same which can provide a
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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 pum 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.



30 Novenber 2004 In accordance with the first aspect of_ the invention,
there is provided an optical disk comprising an optical® BP&reuréPlate in
whi ch successive pits corresponding to a recording signal are forned, a
reflection filmfornmed in said optical disk substrate on its surface that
sai d successive pits are fornmed and a light transm ssive |ayer forned on
said reflection film wherein a signal recorded as said successive pits is

read out by irradiating of laser 1ight having a wavel ength ranging from
350 nmto 420 nm chracterized in that when the successive pits are
observed fromthe side of said |ight transm ssive |ayer, said successive

pits contafh prEgrdansagwitenghh 4Adshi askecingifngHe omemtHmng50emeants

said reflection film_has a. filmthickness selected to he 20 nmor less. In
accor d%ﬁ%%l‘é\?‘fhaphéj%&?ﬁd AP cCOBPTLRENT nd@Nnt Pl Caheflasks subsdrpied Hh

opti cal, di,sk f ri t hod_conprising .the steps f: producipng an
opt i czaﬂ"h%:"@k nanu s}c ur i %gtggsF 8Frﬁ?§%?30rﬁgf ot Ry r%ﬁ@fgéggvesbg?%f by L€
EXPOSUES Q) I €3PLBEL BY: FOn 2k BROKAINA4SEANAl; 5 U S&f; di g@qg

wavel engt h rangi ng %r om 200 nm Frgg%@g nrln _ %_raé’ u?!ﬂr%ég% ge)c{oltglléc%ﬁb 'S & C?n
substrate idumbiceh sueeessive PidcestARiAl Bing Pits hawing | gngt haand @t h
both ranging from80 nmto 250 nmare fornmed by transferring said
successtamsipidsiwl bajak fmsiet oh skaidinck Sl S Nov efhier, 2804-ior M Ngidnal
reflection filmhaving a filmthickness of 20 nmor |ess in said optical

di sk steeserda® ah faigd qwdcsse ivieapisai ds read out by irradiating of laser

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



successive pits are forned. BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a
schematic cross-sectional view of an exanple of an opticBveaPek 288¢or di ng
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 values of bottom
jitter of a reproduced signal obtained when a filmthickness of an Al
reflection filmis varied as a paraneter. FIG 4 is a diagram of

arr angenent fofmang exampfeeotien| asEn heuitgng dppar ahiuskn€ss oFf 2 am or
di agram of optical paths showing an auto focus optical systemof an
exanpl £29% a1l aseidcuPPthed hpphirdt usubetcate jena idrossugdeteonthali e iod
an optical disk according to the prior art. FIG 7 is a diagram of

ar r ang@RERES Ve Ridse PTEUTOFA§ appar atus  for producing a master disk to
manuf acture an optical disk according to the prior art. FIG 8 is a

di agram for explaining the manner in which a stanper is produced fromthe

opti ca Lsk i isk. FIG 9 is diagramfor explaining a
et hodé%fé%allj’lu act%ﬁ%%ﬁdﬂg‘ﬁ]ﬁggﬁ di sk. BEST MODE FOR CARRYI NG QUT THE
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as a sche_mati C Cross-secti onal view 0 its exanple I's shown
opt i cabpdi ekl sk rate A itay itkd thet BrekBassi fledt domm f or
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exanpl e, in which successive pits containing pits 2 corresponding to a
recording signal are formed, a reflection film4 fornedmiﬂo?ﬂ$§r%@8fica
di sk substrate 3 on its surface that the pits 2 are formed and a |ight
transm ssive layer 5 fornmed-on this reflection film4. Wen a recorded
signal is read out, i.e. reproduced fromthis 6 30 Novermber 2004 opti cal
disk 1, a signal recorded as the successive pits is read out fromthe

optical diggl.by EérﬁﬂiéﬁiQﬁgéﬁ“&fﬁéﬁﬂﬁgd%ﬂﬂﬁglL?i?ﬁé$#ﬂ%%%srB?”éHJd%tical'

wavel ength of 350 nmto 420 nmfromthe si transnrssive
| ayer didkoramedrdingheosthé asresdnt Nimvepidieal. di sk. Moreover, when
this-optical disk is seen fromthe side of the 1light transm ssive |ayer 5

i rradi at efI®y Bepsodudiagramsshowinghmeasuiredsnesedss vat pra 1o rifabotitba
pits 2 having length and width ranging from80 nmto 250 nm The
ref | ecitdeT PEmR4Ippradaeedfsignal ebtsgnedkivhes af £idm erhiitlnass alfuannum

(Al), silv Ag) and.gold Au) or two or nore kinds of alloy materials of
t hem Ee&ﬁﬁéﬁﬁégsglﬁ %ﬁevé“é]feg%(ﬁq &n PALPARLFeTgel ected to be 20 nm or

| ess, andr.E?G r fLec%agce of t@ﬁ reflection fi.lmis select%g tg-be 15 % or
greater. A ChigkReREAFTHP Vh SUGANFEIERLNSh: 2R SEATRAR 0T § dassfect ed

bet weeR 13- F4fusm €.g. 100 m (0.1 mm, then a pickup which uses as
reproducinggrgggﬁ I'gﬁt short-wavel ength laser light, e.g. violet |aser

ight by #rGaNsbased dsegrala RibiaclophtHBVEHSHI an Gnflo FoRKE ength of

350 nmto 420 nm as and which al So uses an objective [ens having a high

nuner iopadicajesyatem ef gan Gexmplid loha labke tetensyrapprraldsawance of di sk
skew,' i.e. a so-called skew margin.

FIG. 6 is a cross-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



In other words, according to the optical disk of the present invention,
because the optical disk is arranged so that a signal i*8 Y#erPeegd®but by
irradiating reproducing |aser light fromthe side of the thick optical

di sk substrate having the thickness of 0.6 nmfor exanple as in the, past,
but a signal is read out by irradiating reproducing laser light fromthe
side of the light transmi ssive 7 30 Novenber 2004 |ayer 5 having a
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an objective lens havin nuneri cal aper

| aser rEoRt tEa oG dAd WG by $EE8aidbis sﬂd}fé-%f]a[bél%ﬁ Sﬁ%lste%el.ﬁ.rgﬁgrdi ng
density of an optical disk. Unfortunately, If the pits are mde nute, as
descrh#eihgbovweavelenyh vifies50hamsedesz@idecticn Hrid Bilge b whd agghp the

ordinary . conventional nanner, a signal of good quality cannot be
r epr odtereinifsion deyegt Scédbriedkon Thiee raastixcd @f tihes optiealf aikpws. |f an
~EFM (Eight to Fourteen Nbdulat[on£ signal is recorded as successive pits
havi ng a MOFSIQwdt, whien thiagtapbica2lolisgk s sean dolonpitheh sifle4¢6 e and
: haviqgwﬂgout 15 GB,, as_the recording 2§£acity in one side of the optical
di sk, THHEh tERRSMSsdyRy daVPonal 1aradiated tho Fepnnodusdnand agernl éghess of
about 0 |.s..for the,insides of the .pits are filled with this
refl e%l%(%osnln%glésfﬁ ‘}y% g’ﬁgﬁnﬁﬁﬂ‘f%‘&r R R :}g r{O‘E’a’J‘c"r‘ﬂe lemathnend widthi s
refl%'%iﬂgﬁ%otmlttgh 581 fpSi vg% the pits.are seen fromthe side
of theI?_g transm ssive ?ayeﬁm5{§%%no 56 et 1Fh§ &ﬁowgge n%t?%%ed
tar gedr mas®e MihdEh O mabeli & s 2ot f lumdP! @1 ) f stiﬁ%e%ef(br}éﬁt L4 %#i&n 4 has
a cross-section with a tapered angle O relati've to the 'ngajor surface
(Au) or two or more kinds of alloy materials of them. The thickness
of the reflection film is selected 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 that 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



3a of the optical disk substrate 3 on which the pit 2 is forned and this
reflection film4 having a uniformthickness. T is formed Bevefrher 2881 |
surface,. the bottom surface and the najor surface of the pit 2 by
sputtering, for exanple, then an effective length B of the pit when the
pits are observed fromthe side of the light transm ssive |ayer 5

i rradi ated by reproducing laser light after the reflection filmwas forned
can baagekchl haeingas esbriddrabilyl ghihi ekderseds B & 30 b yerbekarPPd, t he
reflection film4 and the length A of the bottomsurface of the pit as: B
A - 2it Fs-peapilpb: Ao TUre tapebdecanyeelongenaviid ya fradmes iwal hapestursge of
approximately 400 to 80. Moreover, the length A of the bottom surface of
the pPE PsBeofet de¥amPle<Ald 8 AaFRE shoktear hg trednead int Rézeapehich angl e

0. Thys, . if the depth of the pit, for exanple, is assuned to be 90 nm and
t he t&BeFEHnaﬁ%?Eezgs‘?% %Eﬁéﬁ’r{j&nﬁedﬁbﬁ%tﬁ%rﬁrt PSS e ddEkt i oned | ength
will be a in . r irection and about,.100.mi.n the radia
direction8§?6¥€é§é#%%#’ﬁ%ﬂ%ﬁ%iﬁ%%ﬁng? ?@é@r%ﬁqQa%iqﬁwq%SFﬁ%ﬁég abeYe m
t hi ck :t.hen:t{ he. t ef.fect it size B
w | Egég5%%§noii:lrllé]t %@%ae%%rgitrl Ié??t ?%‘%ﬂaﬁ%aﬁﬁgﬁ?\% iar#] t%ﬁle tfrhgdlblg%ﬁﬁfgr ction of
the dobakentlhomal thenit, e @fighhe 6Ff §6bd VGuel itPicndit beUpaypbaaddy
decrease to approximtely 1/3 of the above-nentioned proper pit size.
Howevéromt e opoiyms) diisk.havi ng the | ength about 3.7 tinmes as long as the

shortest pit length can also cause a simlar pit reduction effect. In this
case, theThe ceRRIomgattihdsofist pe fpllows. 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



length in the track direction will be about 75 %relative to the proper
pit length. If the pit length deviates fromthe proper 38i%&emaerd 20Re

i mbal ance-of the shortest and | ongest pit |engths occurs, then a
reproduced signal is affected by such deviation and inbal ance so that
jitters w.ll greatly increase. In contrast, according to the
above-mentioned optical disk of the present invention, the jitters can be

' ' f th fl film4
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equal to or less 9 30 Novenber hus

accorpivgagp the present invention can avoid the disadvantage that t he
successive pits each pit being of very small size equal to or |less than
250 nm ar® #id|-ed wi thh 't tan (8¥R¢ction film4 and so the reproduced signal
is deteriorated, when recorded data is reproduced fromthe optical disk by
i rradi atiPRe tﬁﬁﬁﬁﬁﬂﬂﬂnm@elQs@enErghlyffa&ﬂsrwnthxhaaﬂrdﬂge ogf | ection film4
formed on the S|ﬂgjygp|ts FI G 3 shows neasured results of val ues of

bot t AP XEPalR pit8déled *@I@%erobftaiené@nﬁﬁénm Aé theckebtemof the Al
reflecti oé rameter i varjed to_ 15 n 20 nm and 30 nm
respe%?¥€aﬁ?' 3%1 éﬁihésoﬁppﬁé eH&E%Yl%W@&%(ﬂ? §hexssstvripi dueptot he
s b Wi s SR 0 SRR, O SRR, 18
I():J;h?ist%ﬁa]%sc?nmgsﬁj\?e 9iéla?/lg‘r Q)Sidl %fr%%dlt&%éjft@? rﬁq?%r CEness 0 dt Q-,% I d%OQf the
t r ansthesitie layaie-mentiofaetictésgith Gre H¥ about 120 nm in the track
o direction and about 100 nm in the ré&ial 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
propexr 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, acqording 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



(m In this case, although the reproducing optical systemused the

wavel ength of 532 nm the N. A was selected to be 0.949 N5E8%&r2204t he
hori zont-al axis in FIG 3 represents the asynmetry of the reproduced
signal, and the vertical axis thereof represents the value of jitter. As
Is evident fromFIG 3, when the filmthickness of the Al reflection film
Is 30.-nmas in the prior-art optical disk, the value of the bottomjitter
i ncr egbas Appmoxi mately up to 10 % which nakes the quality of a signal
unsatisfactory. However, when the film 10 30 Novenber 2004 thickness is
made 20 rFAWY, |ids&he wptighrdeddfkj accerdines diresheappesantaiebenttidn AMen
the fi I(gj}_fshtickg%ess | s decreased down to 15 run, a satisfactory val ue of
jitt etV d Lsadvantagepdhatnthe cBCIRiFdVEr Pits eaehfpien hednkmess is

si npl cleased .progressi yel ln order to prevent the shortest pit from
bei ng%fﬁfls alvs\l/i thth &Y if ¥8¢¥’F0#19??I‘Fﬁall He? PFearef Fétladceid: thee opti cal

di sk ; IS 4l r i 1h t .that the . S/N pf reprodyced

si gnai Wi Ici@%glt efra'llgf At gl\.ﬂaFrggm%1 i]é”é o?c{n"fcseo S\'}ig&?'\lgl %ﬁed?{:?ﬁ}‘?lf‘ﬁ'i‘%re “houl d
pr ef egke n r:...{h8: hows .t he
depeﬁjlfzI@girﬁ:f’(aaeg%ce (?ﬁig rq'tgf ?gci:jtg gﬁggégf %@%dﬁeg 5'53; ﬁ.l%ﬁ?i’ f@%@?‘g’ﬁ%‘twq s 407
nm ateprteivdlingelllasetri dight! fremr£ke asidy dfhenbi Faribeekeessi i 4 he A

reflection film TABLE 1 Filmthickness (nn) of A reflection film
Ref | estameskt oché0sig88l pits.

FIG. 3 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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88 82 20 115 18 67 43 15 8 Fromthe above description, it can be seen that
the optical disk having a high-recording capacity of 1% BEPegrdater in
which the filmthickness falls within the range of 8 nmto 20 nmand the
reflectance is made 15 % or greater is able to provide a reproduced signal
of good quality. Mreover, as described above, the reflection film4 of the
optical disk according to the present invention can be made of, in

b L AT S 8 AT i T
(90! dhoppoiind sy Iavegr) oy, 0¥ 1R EF RiekReR] {4UQdImes Wnds of jLhese

netals or net al | oy) materrals 1n ke is

'addednm;) & fﬁ@léw valwel ol 3heteFUbh NeTéos eeddie Rt b%ahcﬁ;l. 8bed,
according to the present inventidon can be fornmed as the so-called gata

r epeat ed| Bowexcar daifl &Hey fd.1af thapkhess o sgu@a}arde@&ea@aaap%ﬁﬂé&si@éf}{,di ng
filmsuch as a phase- change fil mnmade of ,e, g, GeSb, Te or t

bet wedh Qrdﬁfe#QeaﬁQWﬂntfmmml$hanﬂeshepitgﬁmomrhﬁmng $91vied ayeh BheFurther,
the optical disk according to the present invention can be nodified to as
an opf¢ERPCHiYK HaW/n¢Fhene the- cafledtante idfiyidre optical disk substrate

' 3 is lowered with the result that the S/N of reproduced signal W111
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
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structure by forming two or nore layers of both the reflection film 4 and.
the sigmal recording film or two or nore |ayers of onl3f Heeembst AL
recording filmof the present invention. For exanple, by lam nating the
signal recording films each having the successive pits through reflection
films having a required reflectance, an optical disk can be fornmed, in

whi ch recorded signals are reproduced fromthe respective signal recording

fil meabyigh stéfBddesnmt d aSwhhnasi ' r(yuqy S Lgh on t he
respegtitghsignal recording'filﬁs,%%ﬁ?g%%ggﬁ%%gbn. %%thgd?é?iap énd

manuf Agt (silen), opt iddloydimskeadadsdbhgtw® dhenor &Seat bRveRtsoOn will be
descri bed next. This manufacturing nethod is to obtain the optical disk

accorBehyls o ¥hangirads drl Loy emaioniatiesin i vieid ity ¢ titank ud) ngnd ugleessi ve

pits which contain pits having length and width both ranging from80 nmto

250 nhike nit rddgs itoatheisek IpERaFhEVarmakeristlsod according to the present
ufactured by the process 12 30 Novenber

i ti { ti [, .disk. i

e Ok gl Bk s Teaulactured by, Uhe process 12 20 Novert
SUCCSSl i ARl Bl WPLODY SYRISHEE, SLLeRRENd 19 o3 feording. i ona
o ocisperan apbl o3/ adelbotbon BP0 SHSCOSTINCRA S0 OpILYG P Lo

succasisinge pfilm aladeniof 7BSHET GELBK b QI 141, 1 BLLGELA Ofnd || M having
filmthickness of 20 nmor less in this optical disk substrate on its

sur f et kdeitianh < idwc desaivehepligharerdmymipgivEheagsposlr e process to
produce the master disk in 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



manuf acturi ng nmet hod according to the present invention, takes place using
the so-called laser cutting apparatus. An exanple of tHhOsNoyegser 20Géti ng
apparatus will be described belowwith reference to a schematic di agram of
FIG 4. Athough this laser cutting apparatus uses short-wavel ength
recording laser light, its fundanmental arrangenent can be based on the
ordi nary conventional |aser cutting apparatus. This apparatus is provided

ith j:ng | Li ght 20 whi ch te | | i ght
i 0 FR % o P e CORTRT B e tirer P CRELGAN, RESK adervight
' Ld- .St .odyl at 22
ot o A 3TN (PR B A Lo R BANS R 0 N el Mt

| asers a0\ inge 1 a8 e YAG ittt havind!! A MdpdTeng@hnehhqli Age s
1064 nm, for l@(ncggrrgl g, ang an SHG ga( Secondaern%%Har %ghgééﬁéﬁ%ﬁ )qﬂ?(t)érb

gener:td ngn,| preducight ahavpdgcal Vavst et rafceSBdvaybY¥uE08Y ST +d NG de

| aser |ight fromthe above- nentioned-laser to that of doubl e-wave. Then,
| asercantgimifgo pitsi bayingOlenyemirnd 200k Is boitt- shatydngaseom2d0 ifmn to

i ntroduced through the phase nodul ator 22 to the external resonator 23.
Thi s 254 e¥mEy tEassiesring sweteritiven pikey cifetlis weatvert disk omd cal
cryst (B -. BaB2O4) cr&;tal having a sufficiently

1fl 25 made , e,.g, ?B }

hi gh 39"H"S% Par&i§SEHPRy ﬁg‘“tlbav%% & Filp thickpres Phy2P Sy RF @SS ur t her
converti t he abovye ..l aser. ljght inta.aser |light of double-wave having a
wavel"élngiftr}ﬁ‘so pti'ggin%lg %P?ég%htearf”bﬂtﬁsci'lurrféggn’épﬁfz FRe nFRgFessive

pred j&%”%g%ﬁfoﬁﬁéﬂﬂator length by mrrors Ma to M4, for exanple. As
illustrated, the mrrors ML and M2 are formed of mrrors having necessary

The exposure 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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reflectance and transmssivity. The mrrors M3 and M4 are fornmed of

mrrors Having a reflectance of ,e, g, nearly.100 % NordoV&teroehel04i rror,
e.g. mrror M3 can be noved and adjusted by an electromagnetic actuator 26
having a so-called VCM (Voice Coil Mtor) structure for exanple, thereby
allowing the resonator length to be controlled. Then, |ight passing
through the mrror ML, for exanple, is detected fromthis resonator by a
phot odsildel-ara2é Sdebr 25 s phairstiveda RRroagH the gristiadbiicy 22 to
controlled by the output of this photodi ode. Thus, servo-control is

ef f ectd® extesnad pesvnateor aid offhisumxtesanit oesbeaghh, 23 . BacRRENANCE
wavel ength, and | aser |ight having a wavel ength of 266 nm based on high
out putwayiedesgsB| eonveRting Rt igale csysitRilagbonadavef eygidy, BBO NG obt ai ned.
Then, laser |ight derived fromthe external resonator 26 is reshaped on
its b&aCsh I AeviRdndr PRIEIGIRIEH il dadgba. transmigsiwhverup High-
out put,_,an t ont jnuous oscillation |aser [ight 50 of several tens of
milli v1\:/a%t ga%aﬁ?%gaﬁl%%%%%ﬁewnz 8T EHF@ rb%mg‘é‘?#‘%ﬂe‘tﬂ frhsmahaye

recor gi | i ; | aser. light 50 obtain from
this (rig%%rrj dgzgﬁf:a%g‘r% 1%9%%‘0&1@%&&6?88%?%8%? s ?J‘F%ég DY Vegﬁnigt%g‘b?fa beam
splittmes A% abowetXxaa®! gn dfeicae i | SRl to a
phot odet ector 29 such as a photodigggék?g &ﬁ?@%néﬁg Eﬁﬁﬁ or egdrike of
the | aeeonhight 16Agth byromirt@ed i, The 8} hefor@kbnhet Ngs! 28eastiHhlq, Whi ch
is split by the beam splitter 28, is focused by a condenser lens 30 and

t hen itier sdyteds Mntanda Mypdueaforns] ofichimorshaasdhgwhecessarys nodul at ed

in response to the recording signal. The laser |ight thus nodulated is
reflectance and transmissivity. The 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
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i ntroduced through a collimator lens 32 and a beamsplitter 33 into a beam
expander- 36 conprising | enses 34 and 35, and expanded By Y¢regbehLfit
expander 36 and introduced into an objective lens 37 as a beam spot of a
di anmeter several tines as large as its entrance pupil dianeter. Reference
nuneral 40 denotes a mirror for directing the laser light fromthe beam
expander 36 toward an objective lens 37. The laser |ight thus converged by
t he o?#gﬁ ive Ien%ﬁfz IS ergdiated on a resist disk 39, which is

i nst a OB E 1t % SBLET BY ByPEAMFPLLHE9HI28 r dOt PRgTRLER Bngh

accur r t-aj : tical.di sk _manuf.acturing master disk. This
resis?gﬁ?s ngﬁgégggggqﬁggﬁtg?hgﬁggﬁf%é Wi Qﬂ?ﬁqdéﬁé%Fﬁr %§b§gc§8a$o?ates.
This pr&tSdicisk 130 S u t t qr.esi st . e .
photdgensjtive to tﬁgﬁﬁgbgﬁgng?ﬁégfs%ﬁgﬁ?52%%3qw?gﬁ% §8§?¥ %%é@¥o%%l§s

coat esomht@redbstrate forming the master disk, e.g. a glass disk. Then
the laser light 50 which is turned on/off in response to the recording

si gnal byThehetdisav pamenbifonhd Iaget al dghs,], which ise%posYr Byl 8p&bdaght is
irradi ated on the photoresist layer of this resist disk 39 with a spot

si ze RLOEEr R iseFocussd3by Neveohden200A s t3te andhehehandtrédecdaser
cuttip aﬁpgkghﬁf is provided with a noving optical table 41 which i
movabte-? FEoLt 3dnSYFBngs the 2QMiviiex® ridctisomodhlahedtimn tabl e 38.
on this nnving:ogﬁ{cal table, there is nnunted,.e.%. the beam expander 36
and arcmUES LS e SEEPErNgyE1entt o The dasay Hd@hketbus aredielatedots

urn FAB s RGN BocofInfPdt 'l 14 Gind & keem nelsfreraliace”
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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| ayer of the resist disk 39 '"in a spiral fashion or an annular fashion for
exanpl e.*.On the other hand, a part of |aser light which%Be&Edes m8gh the
above-nmentioned collimator lens 32, and is split by the beam splitter 33
Is detected by a photodetector 42 such as a photodi ode and thus the

nmodul ated | aser light is nonitored. Returned |ight of exposure |aser |ight
fromthe disk 39 passes through the beamsplitter 33 and extended opti cal

path by nonrohes o¥ifer 4andi5 the theeki kit Ohg CxPEY A wdNd & HrEPIMERIGHLRY 2
condenser |ens 46, thereby causing exposure laser |ight to be nonitored,

e.g. abpowimrppiaralyeaidepldddwbéchced hypabbd imriteoidicareianddlbag

nmoni toying exposure laser light. Then, the objective lens 37 is arranged to
constﬁﬁ?lga@%ﬁi(ﬂﬂﬁﬁﬁF1QQ1°@h hghsuspetsablie| 3§ erOmfthtilse moydingt ogté&aB9 under
t he cgn%iol g% fogusinqgfervo. An optical systemof an auto focus servo
means *PBHC exERRT e HEedycfsOngthe Peal:expaiah 8 6apdderBnanbaeiorsi ng

optic El G, b ws. a.schematic arragngenent of an exanple of

t he g%%%§§+q§§% é%ﬁ% b 9%ga5%8eﬁo§ﬁg°§e?§5p9ﬁ§hl ptTﬁboyﬁrective | ens 37
I S suppor L S negsth | very ,shi-ghtly.be noved i 6 30
Novenber iZlgglzlﬁit}she opteiq—c,ﬁrar:a Qagp%tsdﬁé‘éﬁé{’?o@ B %yn BTt 180™RY%S nﬁ“‘i ‘%kﬁ/l
structure tdlle @MY eothRell) &x §§§reti5%é¥“ﬂ%§ﬂt %ﬁ%h%”hﬁ@”ﬁ%ﬁf&%%§f§QUto

focus laser light source 61, optical |lenses 62, 63, mrrors and a

posi t Layeretcttliewreddstc di6RSEPY 66 . a THiFaB efadHidht oFOHNCANAR1ISAN be
conpri sed of a sem conductor
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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| aser having a wavel ength of 680 nm to which a high frequency
superposition of a frequency 400 MHz and a pul se duty 50 Bgiegben@dPi ed.
Laser light 67 fromthis laser light source 61 is nade skewed relative to
the optical axes of the optical systens of the |enses 62, 63 and
irradiated on the resist disk 39 through the objective lens 37. Returned
I'i ght of such laser light is detected by a position detection device (PSD)

66 | IS d 60_j ) | led by th
ot oot B8 R BT B, diyesfifm; B Brpdfestar o deyinna vEtoptredruss <

di recibpneffinfeocusing control. Since the optical systemof the focusing
servo neans thus arranged does not use a polarized beamsplitter PBS and a

pol ar i zedrn i aasey,Stae bpehcas Syskan tcf‘dmdﬁ‘é%sp%gat %u@!)\PftQ&u% hfaé(lf%e as

in the conventional ordinary focusing servo, the above optical system is
not |lihghtedsdurdeh&lnumptical apasésres, of3 ) hesa-drt isaal s8l spgnsys and
therefore the skew angle of the laser light incident on the objective |lens
37 capehition detastionf flevieat (FSDPpeei fically, a .l arge opening angl e can
be fornmed between outgoing laser light 67a incident on the objective |lens
37 from tHhe |lasar ﬂ#g%fc source 61 omal'be resmpmised oghe Senicohdudiomuisi ng
surface of .the resist digﬁggﬁ1after 17 30 Novenmber 2004 passing through the

obj ectISRE 1Baydng; 2 Waye A PER My jtghiwhighy a Wlghebyeareneyt goi ng

| aser_|| 1 nd .t heincomn (.. light 67Q can be separated from
each So'{q%e ocsgrir%oglt g’lfygaﬁﬁegw@nc?oéﬁgie’%z it & sﬁeHHEYeEi) etl ¥l iably by

t he \tigyn detection device 66, thus allow ng a focusing servo signal to
be obtained

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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wi thout fail. By making the optical system as it were, a non-polarized
auto focus optical system the skew angle of the |aser39 Vg7 2% hci dent
on the objective lens 37 can be increased as nuch as possible, and the
val ue of the height of laser light incidence on the objective |ens  can

al so be increased sufficiently. Accordingly, an optical gain expressed by
an equation proportional to the above-described height of |aser |ight

i nci d®36618d thEoushethevebjegisiveadeaksd7bel. ¢ ncinasking crurdmbiliyhas
conpar % mﬁbh the conventional auto focus optical system which can
Iargeﬁ? coHPPTBEY ethe PREISAFERSEToLighE 64araRd chhe atneoming daser t he

auto f i sfem ecificall on, the posjtion detection device
in théﬁgg?“og?%cégh %%tls%%?ras escfé{ﬁonf ﬁ#g SQP%Fs?gIPPi%%%H i ttdori gi nal
expos e, Laser Lgh ‘ i eh has_returned. thr h.t.he

obj ective ?eﬁsSt%%?eJr:a%g?%gd% %(t(:itegﬁ%%b?%eb U HT AL %3%55}98

phot odesiiekt 6b7y€hus ShiBding eXFdednkasstvdi ghind JUEY elerred to
as noise |laser |ight) mhicﬁlhas not Pgached trég%d??%géﬂgfhﬁﬁgﬂgd

phot oxéshett!| 8y¢€1, but is reflected-on the rear surface of the objective

l ens, i.e. on the surface of the opposite side of the surface of the

obj ect i veByemakingi the toptisdt cyesen, hayet.wdie s a nwsediasdizdd ghtoexerts
a bad influence gfon the operation of the auto focus servo as a background

noi se fE6HPORRRICRT $Hetemt dhiesked 30ghevefibehe J0tsenlight &7a Hacpdenti on
detectioghdev' Then, when this noise |aser light interferes with

ori gi 8 *Pfe? 5%%161‘{? ns i G0sREuLBCERATRR AT YWk & dassdbleroandhe

Phot Ofg81 541 h8Y8E {Re HYGh TLEELEESoht ' 1E tendS S "2 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 layer, 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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characteristics are greatly deteriorated and so the occurrence of such
interference fringes has a serious effect. In general, i Reembpagdf4| i ght
upon which the high frequency is not superposed has a coherence |ength of
several tens of centineters, an optical path difference between returned
I'i ght, which should originally be detected, fromthe photoresist |ayer and
‘noi se |aser |ight caused by reflected |ight fromthe rear surface of the

0b] eChiptButeBE PRSI bYsi{ Al alddUiRnl Rbgipange. Therefore, It is

unavoi dabl e t hat Interference Tringés occur in the position detection

devi ce. Tirhén| Ningsd SERNE id IdN AR HOY§ ght CHHE fléb%f]ﬂ t4i9, detection
device as the objective | ens noves verg sligh?f%aon t elpg%?%gaglaxis of

the olpturhed ligist, twleicbysakidortigenpdsyt bondediand,i dron @@l of the
original returned laser light inaccurate. In actual practice, if the auto
f ocusphetotesisbphayredaarse Haterdrdehcenft haded heclintsesfver ence fringes
occur, then the servo will oscillate frequently. As a result, it is

di f fi EHRECEeRBFRIGE e HAAHEY feteriecatedpandtsorthd wosummease, ofihen t he
above-nentioned_| aser 1jght source 61 upon which the high frequency of 400

Mz i SUSHpLRposEerencs dadinassc Hase 2 pRELeBRpEIRGE | difytaeniaradecsdased
ffieiLent! Ys it . ihle,to, . t th i gi nal ret i i
Paser O Light pr? AR Sae” niBh"¥ERinenSe ol ke sonenhoredc s R gne.
fro f bj, ect.i . i nterferi. i t h
ot hor CORREEASe QAP o0 s a1 L8R U8 CEMR MRS o ot e petn
i Nt er feFEBEEnES | FYRTdD ﬁ@ﬁu&‘ﬁ@ﬁdiightl,nwﬂiéﬁrsw{ﬂi; 1qﬂ‘;gt%gﬁqxf%y the | aser
e (6]

| ight 67b that should originally be detected Iis proje 0 the

posi t dehede¢@ctimmm 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 1igh§ caused by the reflected light from the rear

surface of the objective lens from interfering with each other, thus
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device 66, the spot position of cutting laser light relative to the .
phot oresi-st | ayer can be detected with accuracy. ActualddylNojembehe00¢ase of
t he above-nentioned arrangenent, it was confirned that the auto focus
servo hardly oscillates and so the normal auto focus servo operation can be
mai nt ai ned. The | aser cutting apparatus using the above auto focus opti cal
system described with reference to FIG 5 can realize the extrenely stable
and heghbyimganhaepanﬂnrehaeusfsehuoiﬁﬁerféiéﬂbe'Eﬂihgééﬂﬂa peagebigadti ng
apparatus can constantly and stably execute the cutting of the
hi gh- TBcBkRphgrerdss: theasmsiec anlyi shewlasehi Zightpresthudthiati tshouTlerefore, it
IS posslbleﬁio roduce an optical .disk nmanufacturing master disk for
obt ai AFAGH %ﬁ?%ﬁuef(ﬁ%@ds Bs PrQUBCtad Rk sthe &osiiidon detarthon

An exanpl e of -

L ng: densi f.19 GB hy.thi | tti tus.
e, neRSE RO iy PReStind: BF GREHiRg Inrnd Ligose laeAPPoRe hace:
tti ] | | ' detail ., InitLall '
o epeb SOPORT B Ity AR RECERLAERad utth hadfid - poinele nnkiter
di sk, ' ' ‘ d Ickr f
| Sk, chsei B ehdli HBRIRnel 1 8RAH! aggnggﬁ%rg@wJﬁ]%sc %%ﬁrﬂedsgﬂgﬁﬁeq% -

mllinmeters and whose surface Is  po gh préci sron.

then gnepatacid Eervesibarddysbsc391 hBedhind dhemNeiRnRal Shtba¥gtygade by
spin-coating the photoresist uniformy a in thickness of about 0.1 m
sensi $exeo tape2thtI®n\eaarber mafdalinsdr |ight with a wavel ength of -
far-ultraviolet ray region ( wavel ength: 266 nn) of the above-nentioned
recor di ngFadldsqy gwttdpg apparatus using the above auto focus optical

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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is fornmed on the surface polished with high precision. Next, by the |aser
cutting apparatus described with reference to FIGS. 4 #ndo&Embehed0écor di ng
| aser light 50 is focused on the resist disk 39 by the objective | ens 37
having a high N. A of about 0.9 as a spot of 0.3 mor less in size. In
this case, the laser light 50 scans the resist disk 39 in the spiral
fashion or in the annular fashion as nentioned before while turning on/off

t he | | i . i th or di i | by the AQV
) B e AT R S e 1 1

a . SHECESS s ng pits in which.its len in the
'P r acﬁﬁa‘éi r%I(I:(%i on andqﬁrps%\% %P % Pirglg?%%{l%‘%%rfea T 1o Tl -y #Bﬁeﬁril%b*f P9 the
rangei®f £Sndun dip 30 SUPLLEEPPSYE Shdld %fﬁ?n)hai#??g%fcﬁ%ﬁoﬁi tch of the

successive pits is selected between 150 n f the resist disk

39 on whidxt hey athenaisegestefing f‘@pd;mﬁétﬁ AR 1HA0WeLh ] k@fé’féﬁcﬁg e

formed as described above is imersed in an al kaline devel oper an
exposBEGHors iand df, ttihe peovodésgsltaser Wigimolseds ttheasbheonnewenrdatdier ns
of the successive pits containing pits in which its Ilength in the track

di r ecdi®h Ihdy the gpbdertivet hensli 3k haadira) adihright NonAaoce &bl 0. g hes r ange
of 80 nmto :%50-: can be obtained on the resist disk 39 (devel opment
proce®sJPOY % Hl -3 H O AEFE 18 BizRucEy ¥HE SRSvalthei drserntight 0 ng

mast e ' on whi.ch the. ugeven pattern in accqrdance with the attern of
the p %%%*sfgtsl}ésqtr‘ﬁséﬁ& gk 35@8.&%&91% jashiogier) innthe fammiag i ng a

o Ak, sonuastegelePURd: o ST o oBFEERL EAnPD d e
et al £1i@y ein redgdRRe 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 eiposed 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 Bd 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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formed on this thin filmserving as a conductive filmin .electroplating,
and this netal layer is peeled in the sane way as desci Bewtmhpt ROEef er ence
to FIG 8, thus making in an N stanper having a thickness of about 300 gm
to be produced. The rear surface of this Ni stanper is then polished and
the end face thereof is worked (stanmper manufacturing process). Next, this
Ni stanper is disposed within a nolding die and the injection nolding of,
e.g. PONfEarbpgatt te@ylertndlytickeliasinger fhe neetal husyert His e@pbincal di sk
substrate ﬁ having the di ameter of 120 mm for exanple, nmade of a plastic
mat er ERFMEHORR FRTEIRin fidm segyised ags aacppguceiveifile i st anper. - onto

th ' di ti f .t tical disk supstrat 3 th
pr oduseaC eEREF 8- FA0Y ARL R et dArEn LpaPPeler bHA diheo panenua¥ esessi ve
it : . t -mept i . fti d t ai ni
P11 S  BRSCOIBBCa LR SPELiEt . Ie bV TBALLonegl eui L 09, And contal i ng
?It sk hadiay & EREKAGPAN didlde 30t R tbNBer BPEGuEq SO A0, 230 A
process).  Subsequently, by the sputtering apparatus, an

ref | eofi eRiéi NN sdadient Mg aHen PollhistlkACaqOEne Ot Rcd 95515 nmis
formed on the surface of the s?gﬁél recordi ng portioﬁ:s?%%rﬁﬁgrésthe pits

or tWerjedo(stinpexr pertulactafrinke paptesal . di sk substrate 3 are forned
reflection filmformng process). Further, on this netal reflection film 4,
there i s Be¥ed Hhes Niorshagpere ilsi disposadswitkive Imyleting Hdwi agdttiee
t hi ckness of about.. 0.1 mm by spin-coating of ultraviolet-curing resin and
i rrad?‘ﬁi’?ﬁﬁm%fm‘i&i‘ﬂ%i%feﬁ'Bayé’oéwpaﬁpoﬂﬁ%s(ﬁ%bi% Yhey dikeodsi ng
procesg}fo££e3? fﬁh£$“%%%P%%t§%gi 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
direction and its width in the disk radial direction both fall
within the range of 80 nm to 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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this manner, there is finished the optical disk 1 according to the present
invention shown in FIG 1. It is desirable that the spol® Hieambeer206f the
reproducing laser |light 6 of the high-recording density optical disk 3
according to ‘the present invention manufactured by the above-nenti oned
manuf acturi ng nmet hod according to the present invention is selected in the
range of 200 nmto 500 nm Incidentally, concrete shapes and structures of
the r o PO}, LPAS; : d = aent ' t, illustrate
oty St o) DT hboRe LS PEIRL e b CRTHE AL OETE, SIS o0 o
appr egpiraseatt hatrehbeoheshowntaln seape 1of the present invention should not
be limtedly interpreted fromthese concrete shapes and structures. As
descri bedIsbdsedesheabpei tit ditek spotoridangten ohetlps esantodidiMRNliager
conprises.the optical disk substrate in which the successive pits
corr edg@hEi Agofothaechighoreiondmiqninsdty Optieal disle I efdamtdiong fol m
formed.,in the ogthaI di sk substrate on its surface that the successive
pits &M& PEPREBtaABVERELPR granufaciigieds byyshe gkevegrentdianed he refl ecti on
film mhereig t he sigFﬁl 'recorded asaghe successjve pits is read out of
the offPRAACHIELNE,m 9%&%@%{,%@ &r PEPERRt (IDRTHOR ife seiecked| i ght
transghs&hggrah€¥e§f y@@qykq§)§ﬁﬁpqa§ive pits are observed fromthe side of
e

the transm ssi ayer, e successi've pits contain the pits having

| ength an : I Ve Qﬁﬁké t fi] | ckness
of the re??g’ic'tétigﬂgﬁg?iif'm IS slé%e%:te t% %ghzgtﬁ?ng%&%%s% La%ht}]sﬁggg\?tgﬁb\%hen
the spocesshyeshown Dii W8S YalsoWR3-metiti®ndAlefBo @ mete Sl AR 1%e dni§ RhtS

can be prevented frombeing filled with the 23
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
thickness .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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30 Novenber 2004 reflection filmso that the reproduced signal wll not
deteriorate. Therefore, it is possible to obtain the RiCgheraeer diCAd
density :optical disk of excellent quality. Mreover, since the reflection
filmis nade of one or nore kinds of materials of alumnum silver, gold
or alloy materials containing these materials, by using an optinum
material as the material of the reflection filmfor reflecting the |aser

| i ght rSflecsippsibmeseothabt the tdprashicesf adgnay wiil aedt eeteriorate.
characteristics as the reflection filmof the high-recording density

opti cal e&f%fi’.reFu?‘Fhé? nBPES 1R} ecleo tohtadar thet higk-vecordineidesstityn fil mis

sel ec ; bg. % or_qgreater, it is possible to reliably read out
recorgggl%%%ogﬁ%gié% ?%%#ﬁf#ﬁ?é@%%%@%?ve pits. .Mreover, in the optica

di sk manu ' r nyf.act ur.ing.t he tical disk by
transfer r,?ggégggfgu%%%‘%g%lfé&prﬁfsﬁ#&r%ﬁeglgﬁ iﬁe‘“%‘g‘gt%f WS PHPOERpEIBAE i n
r espoa¥emh@ct D81 & €6 sh e nisd d 0] ti ' trate, .because
t he opti I(Elal edi sk mnﬂ%ﬁﬁ%éﬁr}e‘ﬁ%d gg’ggo?gi %‘Sﬁ%%@%&ﬁ?“gﬁ%m%n

conpr ithese mhtesis&Ds, dby y nth Ryplibenl AgeErid OMls ha R ﬁawa%ﬂf ! Eﬁgt h
of 200 nmor nore, to formthe successive pits containing the pifs avi ng

| engt Wedhechidn hf bbn omnge fipdiion 8her Lasép PHghtymid rangossibig the
successive pits forned on the master disk onto the optical disk substrate
and f 6PERAR the satistactory itefllestionp thera¢témisthicsk mesthef ra@lastoen! ess

in the.optigal. disk substrate on its surface that the successive pits are
trans%&iﬁeﬂ? %@%hhﬁﬁﬂﬁF?QR¥ It densilEy pPEicat ddsKe smal | size |ess than

R A AR e et SR TR
Thus, sbiekfed 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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24 30 Novenber 2004 possible to manufacture the high-recording density
optical -di sk of good quality. Moreover, since the refl3cteomber|2P0Es made
of one or nore kinds of materials of aluminum silver, gold or alloy
materials containing these materials and the optimum material can be used
as the material of the reflection filmfor reflecting the laser light, it
is possible to manufacture the high-recording density optical disk in

whi chpddei gef | ' [ a he. sat | fl.ection. characterjstics.
Furt hlbeé nor e]_}eé st?flgﬂea t ffglckt glfr Itél'egg1 %ngéég?k%%glc&r%q/eécﬁs&n flopﬁﬁzg}f diy c?%d to
be. ofgdd Ygualibygher, it is possible to manufacture the high-recording
density optical disk in which the recorded information can be reliably
read out Morsmviehg siacessheerpflsct26n 361 Moviermeide? 38408bAbMnode Whds
optical disk conprising an optical disk substrate in which successive pits
cor r espaatiargals ofr edomdnny, ssjheer argoXdroredllay matkedtaloncohtsidnigqred
in said optical disk substrate on its surface that said successive pits
are OGRS Bt TdalsgRNd: thRSAPEITYE Mmagerialk sanedeonsedi dsrbhée ovatenidl | m

wher ei Si | recorded as said_successive pits is read out_ b
irradﬁgﬁﬁﬁbl%&iﬁ&§éPn|#gﬂ? ﬁﬁViﬁ%f%?chW%ﬁ%ﬁbﬁﬁsﬁéhéiﬁgtiréﬁ13%% nmto 420

o e TR VBt Bhr R OBRo M FoBurecaRl it Beoda B eBpreal Co IR it
havi Rgh i dreRgeh x229 Wk 9b4 fﬂmﬁiHQSf{ﬁgnégkfy?éa%o%§0rg%13ggiggid'refleCtion
characteristics. |
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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filmhas a filmthickness selected to be 20 nmor less. 2. An optical disk
as claiméd in claim1, conprising a signal recording fi9 HPSUdRT P04
phase-change fil m between the reflection filmand the [ight transm ssive
| ayer. 3. An optical disk as clained in claim2, wherein the reflection
filmand/or signal recording filmis forned as two or nore-layers. 4. An
optical disk as clained in claim1, wherein said reflection filmis nade of -
one or nore kinds of materials of alumnum silver and gold or two or nore
kinds of alloy materials thereof. 5. An optical disk as clainmed in claim
2, wherein said reflection filmisGHd¥Sf one or nore kinds of materials

of alum nu silver_.and. gold or .two or nore, kinds, of alloy materials

t her eof . 2:“5% o%?%% f-éh qg?ﬁﬁ%ﬁﬁﬁﬂdaPnOEF%ﬁ?ﬁEﬂlﬁﬂu§495ﬁ¥§§ﬁd126WBDCh -
Novenper. 2204 .Le tl ' J . e_of _one.or nore kinds of materials of
alﬁnrﬁﬁﬁfagg 3%r£%ﬁ% %éﬁ%g%ﬂﬂﬂﬂﬁ§gg?g r ECRPRAS S5 Hdn aﬁﬁtgPFﬂﬁgr #her eof .
7. Anreptibetlofi S IR gl Al i ' refl i on_fil m has
a reflegtancgogefgyﬁgg to(gggﬁgﬁégoébg}ég%ggfgf .}E%%%%St?éaﬁgéig r%%ce

cl ai medatnsgidi sudceydiBreipt 1$alatel ebkpel! fal i 8¢ ect ed
to be 15 % or greater. QFEAn opti cal d?sﬁﬂgééé?gﬁﬁiéiﬁﬁgghgg%?g,fﬁﬁ%%ein
sai d fpemedconosaid | refilastdonefllidnl, anhersbh exteidyi) hectrddoasgsgader. 10.
An optical disk as clainmed in claim4, wherein said reflection filmhas a
ref | eEHEACESHER cRed 1 I9ad1Sul by grradeating of laser light having a

wavelength ranging from 350Anm 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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11. An optical disk as clained in claim5, wherein said reflection film has
a reflectance selected to be 15 %or greater. 12. An oft Newnbdi s104s
claimed in claim6-, wherein said reflection filmhas a reflectance
selected to be 15 %or greater. 13. An optical disk nmanufacturing nethod
conprising the steps of: producing an optical disk manufacturing master
disk for formng successive pits by exposure corresponding to a recording

si gna. j |4 avi v ngth rangi ng fram. 200 nmto 370
nmg p#%%%ﬂ‘gogﬁﬁ%l% iiceglmaéil% s\lgfggjlg%t \régt glglg‘ﬁg%\ﬂ?%% %Jé%gfsq%spPifs cont ai ni ng

pi ts Anvihhgurh LN v ¢ Pk haNGENEoEE 0P B TP t‘ilko§;59la“5}:ar f or med
by transferring said successive pits of saird naster di's ; ana 57 ng a
ref | echeéxeofi | m having a filmthickness of 20 nmor |less in said optical
di sk substrate on its surface that said successive pits are formed. 27 30
Novenber 2004 ppticadpidickl adi sRaimedf intelaing Nethedteds shamed in claim
13, wherein said reflection filmis made of one or nore kinds of
mat erfefkedhion fhilmuhassial veflgryagoedsetectedtardieediSalis ozograaténg t hese
materials, 15. An o chal_disk-nanufac;uring.nethod,as claimed in claim 13,
wherein i it é}rHté'tF% 3K Aehgdasmeds Lo celmide ZeMiiemednt said 15 % or
greaIfﬁflé%%id%P%ﬁﬁﬁpLagFangfELé a&é%wgglected to be 15 % or greater.
9. An optical 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 in claim 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.
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There are provided an optical disk and a manufacturing nethod thereof
which can increase its recording capacity, e.g. to. 15 GB Beverheyl¥€fé¢ Thi s
optical disk may conprises an optical disk substrate 3 in which successive
pits corresponding to a recording signal are forned, a reflection film4
formed in this optical disk substrate 3 on its surface that successive
pits 2 are fornmed and a light transm ssive layer 5 forned on this
reflectioh4fiAm dptiteh disk econdadtargng méshs®atk QUlaimed® in’ 8RESHUSSI
fromthe optical disk, a signal recorded as successive pits is read out by
i rr adwWheragnosaid heeflewtisirefgim Lasmadei gfitobavongnorevkieldengeh of 350 nm
to 420 nm .fromthe side of the light transm ssive layer 5 fornmed on the
surfaﬂ‘@tﬁFl’E‘L% Shid b iy silyesored, 9pkd 1ok salbiny mstediiels whehaihing
succeigi ve ﬁiit:s ar observed fromthe side of the light transm ssive | ayer
i rrad-ardd Byt Ebroduci ng 1aser 1ight, the successive pits contain pits

havi ng If gt' i,.Oht Ny ar i rom80 nmto 250 nm .and the reflection
filmhas the %ll ﬂ% t#%kr?elssgtng‘gﬂgg %gufﬁn%em% Bt 9 ,ege.lﬂ. clgimal 3r
than h8fkin said reflection film has a reflectance selected to be 15 %

Oor greater.
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