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;e3epxxy\{:{ }6V}T}r{A DESCRI PTI ON OPTI CAL DI SK AND MANUFACTURI NG NETHOD
. THEREOF TECHNI CAL FI ELD The present invention relates to an
whi ch can increase its recording density and a nanufacturlng mwﬂﬁm " ui m
t hereof . BACKGROUND ART A conventional optical disk,
Versatile Disc) is forned such that, as its cross sectlon |s schej F?cally
showmn in FIG 6, a reflection film 102 having a thickness of several tens
nanoneters, e.g. thickness of 50 ?ghiIEQEHFd on a light transm ssive disk
substrate 101 having a signal rec I'Ng~ porti on 100 on whi ch successive
pits are formed aghael Gha i MAXBEALISRIRG wefndl Mg MRl eri al
havi ng a thickness of, e.g. about 10 ~ m covers the surface of the
reflqucgthALnFIEnDread out a signal fromthis DVD, reproducing |aser
light 105 is irradiated on the signal recording portion through an
obj ecti veThenpréfdntr dnveheion deelftdshed iaghoptieaindiskvehilclskcanbstrate
101, and pits in the signal recording portion 100, is detected i.e.
r ecor dadréase ussreadondln@ydemsxnyuand|qymanaﬁach9rnagrmauho@gtMQﬁﬁqf4|ght.
In the case of ordinary DVD, since the disk substrate has a thickness of
0. 6 MBAGKGRQUYDART | s reproduced through this disk substrate 101, the

nuneri cal aperture t I t hat d '
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FIG. 6, a reflection film 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 gm,
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 objéctive lens 104.
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In the conventional ordinary DVD, the wavel ength of the reproducing |ight
1s 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 which is
reproduced by reproducing |aser light having a wavel ength ~ of 400 nm
t hrough an objective | ens having a nunerical aperture N. A of 0.85. Then,
the recording capacity of one side of this optical disk can sinply be
cal culgt t : qﬁﬁﬁ r r il [ i ddifici
above-& ?r‘eﬁ ?oﬁ%@g%%ﬁ%fg%iﬁona %]/Bt rbﬁol)\?e\?@rg g’? ﬁglgé%%l?d?%g&%pfa Ity tcﬁ'tljlg
cal cuhapge i§ 6HbahMedchd WONS] dey at.i6dN apl BALYsile ShHREtIEIdIStHAES 20f the
r epr oducCi ng pi ckup. fn actual practice, the pit size of the optical disk
shoul ¢eabgdihg capecihtypuw® 4 gmde with high accuracy. An ordinary optica
di sk manufacturing nmethod is as follows. As showmn in FIG 7, on a glass:

di sk 106 Rari egamplie aneorsiddr s wptd@alnmbiskdwhitchi Tk meaprafucas dyal
mllimeters and whose surface was precisely polished, there is fornmed a
phot orepreducangr laser hbighty havingma wayeidesgtbfA apbut00. nm-thgough @ ch a
photoresist sufficiently sensitive 'to a wavel ength of a recording | aser

| i ght obdaFedveo¥ens Bavingra QML adp sReatysei V- ubr f 8F n? y83pi Thelbattd®
Thi's phot ist_| 107 | bj ect.ed . t. N t hi i
carri SASBEALREREPRAY L Of R NS e B SR SRR R o AT B 106

havi n ngf h, of cardi .asef el j made
o obglelfYEufiigl n] 28 ch MRS BT (HE5HrhBR. 18007 AL}, AR GR SR
i.e. AMyLlRehPibREQ0ASHvEL: Pord£LC P .Ng signal and focused to irradiate on
t he photoresist layer 107 through an expander 111 and an objective |ens

112, nmaki pewbbes, 2the| P6€6rdimflcfRAitSCahusheapbalatedi 56 dsyeindd A n a
spiral fashion to formlatent 1mages of pits and grooves. Thereafter, when
t hi s gonsddesastiohagfroiDy tlse deheataupext ilstias alfk ahenceprodhojrg pidiaip.
exposed portion is dissolved, and there is forned, as shown in FIG 8, a
mast edndaskuallprachhfeh e upiy dhigmaafethel optdeapr Aiskgsheeld e Roves
is formed on the phqotoresist |ayer. 107 coated on the disk 106. Then, on
this MREeeRipiteernd1Badeswith N AGCYRAY-121, as shown in FIG 8, there

thi's dReeh S .
equenti Pty CEREBREY ngBkERat PR A ARGl N AR RE0 TR b PRRIMSY 2a
ot ol S LoETR T cPE A PoLane LNE LU HERAPS, 5TURangREE CBL Ehout D0

havi ngmaRndnyethedkHessi 6F Sévérel uREMEmeRirseandlRlose shefadstwas di sk 121
is obtained fromthe netal |ayer 122 thus peeled. This stanper 123 is

di spogadadiselliynpotighedn theeetionfomiet ray phickoresisnj 2ayeonlodl dawving &
produce the optical disk substrate 101 nade of pol ycarbonate (PC) or the
| i ke, fddmshdigknespl of abodh @ hl HBptikarhifikle phisdoresdstosutfpeiently
transferred .uneven patterns of the stanmper, 123, i.e_ . there are formed pits
and gﬁEﬁW@§1€@rF@sﬂoWBVﬁﬁePﬁtPH%fu%éﬁﬁggﬁgﬂﬁb#ﬁng ﬂﬁghﬁa§PEF°ﬂi§Q? hA

causing ddie 391l SBERILAY POTLALARY, AL doAeELG 6 to be formed.
This photoresist layer 107 is subjected to exposure. When this
éxposure is carried out, there 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 thrbugh an expander 111 and an objective lens 112, making this



In this optical disk substrate 101 on its surface that the signal recording
_portion 400 is forned, there is deposited, as shown in FIG 9, the
reflection film 102 shown in FIG 6 by sputtering using al um num (Al)
target 124 for exanple. Further, the protection film103 is forned on this
reflection film 3 This protection film 103 is generally nmade of a
ultravioletcuring resin cured by irradiating ultraviolet rays after the

ul trayl tyeMdREN j ko ' he echyop, Fildn s :
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numer icgakogReLh¥e R Ofmddes Qbf geittsv anleeRFobydsi.s general |y about 0.9, the
optical disk thus obtained after the nmaster di sk was produced by the

pattern etheseaftef | echenl tlyis gmtdreglisthdayey &0Wave| denglopEd 443 anm wi | |
have successive pits fornmed thereon, which have the shortest pit |ength of
0. 4 ~aikakdnehdevelepep; tithe cixmhsetl pontion addiissnlvede andittherfe tise pit,
i.e. the length along the radial direction of the disk is about 0.35 ~ m
whi ch fiogmady f agf shewn t ERCKIGi t&h.2a MaStes ddsk Lt ENcYRifR AmPHeLpon t he
pit size when_ it is made, mnute and with high precision, the pit size
cannoPaterBdé2 oCATRTE LG PR ARH IFOVER d8chophedi Qi oHhe r&iOW%ﬁtcal
di sk havi ng recoyding_ capacit f ,e,9, 15 GB or nore, in particular 25
@B ca aggroﬁﬁaiﬁgaL%Q ?ﬂéag%ﬁtgﬁfﬁéﬁkl pattern exposure using the |aser
light haviag,t hg, way el eﬂﬁé@ex?f%?“é%f}{“&zla' 89%35%.9&&%“5&&%1“ Jresent
I SK an o]

“invention provides an optica a netho manuf act ur’i'ng the same

wWhi ch ¢&RRmPHAVFEE. a8 Di She 8N tdeg it el B0 meitad. 1¥pbeh122mMarDyd de the

af orenenti oned recordi ng capacity of, e.g. 15 GB or higher recording
capacithickhess. 9f 2bo&B. 300 Onthy dedlietit 200§ diffiget dny hrope Bsenitolyvient i on
may conprises an optical disk substrate in which successive pits

corr eplatdnggand eleetvoplaiging grilniakelf dMNi)d inasnehl acmanmes iasntferned in
this optical disk substrate on its surface that the_successive pits are 4

f or medFidAd tAipi BREVER aR3RFSER veThRERAT HaF MR iGnTekRd 18YPECI DN iB9flafhen
o Lo hal Phtntl ke 5500 DAL Lok o RGeS FOn LY Soopthealofl ok 8
50" IR R VBB Ot R 140 1 BboSoumueLnast B ufid o
o; tﬂngMJeﬁglmgkg&.1&9éEOY§§,tHﬁ§Hbééjéa§mniCal disk is seen fromthe side
° 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.



| ight transm ssive |ayer irradiated by reproducing |aser |ight, the
_successive pits contain pits having length and width ranging from80 nmto
250 nm and the thickness of the reflection filmis selected to be 20 nm or
|l ess, e.g. 8 nmgreater. The optical disk manufacturing nmethod according to
t he present invention is the manufacturing nethod of producing the above
descri bed optical disk according to the present invention, conprising the

Sene ool Bh2d kg0 00 LORY Pl JaNkagh 1Y ARaB™SES et Qiidil 1 N

successi vEé pitsS usrng I'ng a el'ength ranging from 200 nm

to 37QuRIhEOLe8XROSHEEA | By I ESPAISR iy 411260468188 shpsahfdF oghing an
optical disk substrate in which the successive pits containing pits having

| engt ilardvibdeB-bat bngangs iy is @pidedmtioo tABOrafilaceibnr fklin 02 by
transferring the successive pits of this nmaster disk and formng a
r ef | espinrcbakimbasongs atdilhawe ha almiccgrmofthi@knessr | ess in this optical

di sk substrate an its surface that the successive pits are forned. BRIEF
DESCRI PTI SMince bRaw Mest FPLs the | ireriaadmipes tires9f ske | dpigctiway Ignsan
exanpl e of an optical disk according to the present invention, 5 FIG 2

is anléﬂléﬁgEGngFé$%Ysék?V%n%j?ui%ﬂ@gﬂPH§Qﬁ§ rskntBpEi ehraynek Ak Fyy to
Vol USSRBE 5o 8 FPo BFOBFCed P, it Gt S A PO HE G R ERE Y 130"
TR b Bal ARV AL AL R R BRECHELSGe E13 Al
i's a qiiRgam ofnebhi fdlePahdSsHbPVENY At Adndthoe¥s 008t j2hndYEhE ML{cian
exanple of a’'laser cutting apparatus. FIG 67is a cross-sectional view of
an optdiGah sk .gacpmdi g hadibeoR) i eHe afidth 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 laser
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.

An optical disk according to the present invention may comprises
an optical disk substrate in which successive pits corresponding to
a recording signal are formed, a reflection fiim formed in this

 optical disk substrate on its surface that the successive pits are



FIG 7 is a diagramof arrangenment of a |aser cutting apparatus for

_producing a master disk to manufacture an optical disk according to the
prior art.. FIG 8 i's a diagramfor explaining the manner in which a stanper

is produced fromthe optical disk manufacturing master disk. FIG 9 is

di agram for explaining a nethod of manufacturing an optical disk. BEST MODE

FOR CARRYI NG OQUT THE | NVENTI ON An optical disk 1 according to the present

i nventd o] i se : i r - el j i nple is
hoan ToateRcRY 35198, SrafelfUifs TNy TGl hEK Aidde TP C
for exgqpl.e, in which successive pits containing pits 2 corresponding to a
recording signal are forned, a reflection film4 fornmed in this optical

di sk substihahea3refotrded ssideace idateddoup,t 3.8.areptoduesd afxbm dHight
transm ssive layer 5 formed on this reflection film4. Wen a recorded

Si gnaloptdcagadishy , ai segnakprechmist fasorehichisactesshpei pits diskread awti gnal
recorded as the successive pits is read out fromthe optical disk by

i rr adifxomghehopticaledaskthy | Beradiatging shertgwavedengbhglaser BEMthimto
420 nmfromthe side of the I%ght transm ssive |layer 5 forned on the

sur f ad@vénat Rewapelengthi ek, 3D 42tham Erre spei eafe dpSkthe Lt from
the side of .the light transm ssive |ayer i rradiated reproduci ng | aser
i ght ,twngl&é&é@s?%eﬁi Farned on nt*l%eg%ﬁg&eﬂ a\"/ﬁﬁg%g%ﬁ?ﬁ Wi dt h
rangi ng from 80 nmipo 250 nm The refl.ecti.qn _fi | S de. ol nore
inds of HOEEPVETs Whef EniR ar Rt dEk, & ersp ERatosiE Ty SF S o
nore ki gL, ef | The, tal f r ti film
s cordat, tratph s TOR Ty S rdiod 1, LRGeS, MASEL I FLURLR |

I's selRflRdsiebpils Hoftafhepies hdvimy tilingeheandt welithheahg g from 80
transm ssive layer 5 is selected between 10 ~ mto 177 ~ m e.g. 100 ~ m
(0.1 mig td 260 ampi akdpthbi thiclesssaof afreodedilegtianefilinghs selected
short-wavel ength laser light, e.g. violet laser light by a GaN based | aser
havi ng:ca beh @0t Naes| éRgEH, €eJyg. 8 aNM@rBatRF-h of 350 nmto 420 nm as and

whi ch al so uses an obj ective | ens having a_high nunerical aperture, e.g.
0.85 wi || The gprdcad daskrvanpiaCreiknt aeihad accordingi te, the shresgnted

SkGMIrgﬁégd%ion is the manufacturing method of producing the above
described optical disk according to the present invention,
comprising the steps of producing an optical disk manufacturing
master disk for forming successive pits using laser light having a
wavelength ranging from 200 nm to 370 nm for exposure in response to
a recording signal, producing an optical disk substrate in which the
successive pits'cdntaining pits having length and width both ranging
from 80 nm to 250 nm are formed by transferring the successive pits
of this master disk and forming a reflection film having a film
thickness of 20 nm or less in this optical disk substrate an its
surface that the successive pité are formed.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a schematic cross-sectional view of an example of an

optical disk according to the present invention.



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
irradi ating reproducing laser light fromthe side of the thick optical disk
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 transm ssive 7 | ayer 5 having a considerably thin thickness of
0.1 f L e, Lt ] i Eegt ] '
numer 1 cal T3Ger fubd 3b hERFRET b ket cRAICPASE SY ol BT bRl

si ze, ; i ; L{cC rgRIdig . density of an optical disk.
Unforfﬁ%ﬁfgfggr?Fﬁghgap??%ﬁgéiéégika niﬁﬁ?g&as descri bed above, then when
the sane retlegt ionaf diaytsmfshoRihdindasured eedulasyotovybuds wilbotoier ,
a signal of good quality cannot be reproduced froman optical disk. The

r easonjiftedert bifsai gepsofiateédveigndl asbtaiMedEwhen tofkbmr tkbckndskilaf iam)
signal is recorded as successive pits having a shortest pit length of 220
nm andla neflektponchidnh is ovarieddsha ipRFaFeser-15 GB, as the recording
capacity in one side of the optical disk, then when a conventional Al

refl ecti ofIfi.l  BEvANGLATEAN cREexErafgenssh ofo apneramplenefl atkRsSehsi des of
the pits gre filled with this reflection filmby an anbunt corresponding to
the tf%EEYs 8BPALATYSref | ection fil mso that the pit size when the pits

are seen fromthe side.of the Light.transmssi l.ayer 5 n set at

t he aboveﬁ{.}%{'i néf Fa&ﬂ}@?rglf‘z%k %Us(fﬁ?a/r?q@rvsﬂsé\%wi%f oP %ﬁgﬁpfé?‘??ef t he
reflectd i | asfaLRr = td i R d relative to

t he na(i%ﬂ(}:rq'%gl}r gégegaagf ,ait:lhgité)?)l ?%a?f)(rh \éiatés%l}gst raﬁg%SagEgﬁFﬁ?f the pit 2 is
formed ang1idli § 18f heetb8y-Ebbvidndpw ity dfURInf p¥tthRiCHNSRSadcdBd s nesl on
the wall surface, the bottom surface and the major surface of the pit 2 by
sput t edHengrifoar agxanpl e, then an effective length B of the pit when the
pits are observed fromthe side of the |ight transm ssive |ayer 5

i rradi at eFI®s epsodudiiagramsef arxpngementy afha Aaspsccnshing| APPREAFWY med
can be cal cul ated based on the filmthickness T of 8  the reflection, film
4 and fore prodycing af maREepotisk, s rmapEfagtung a5 epsdcap digk_ acgcogdifg
(9/2) The .taper.ed angle 8 generally falls within a range of approxi mately
40 to'%ﬁﬁjﬁbﬁﬁafgf?rghe length A of the bottomsurface of the pit is

const dev aiyys S " aiBErSNCELESLxRld 14y thd HRohaRO1A0ANGN CaSor iy 1

the depth’o t he it exanp ass to 0 nm'and the tapered
angl e #y igrQfiide®dron RBe6Bptibal sk ahavierdmiidioehastagt Aivkl| be about

120 nmin the track direction and about 100 nmin the radial direction of
t he di sk. Prgiordiiesgldiagiramt fierr ekpeainbmg fa Imethesl @ff Manufhctknisg an 30
optical disk.
- BEST 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



nm and over, then the value of the effective pit size Bwll be 8 nmin
the track direction and 65 nmin the radial direction of the disk. Thus,

the value of the effective pit size will unavoidably decrease to
approximately 1/3 of the above-nentioned proper pit size. However, the

| ongest pit having the length about 3.7 tines as long as the shortest pit

| ength can al so cause a simlar pit reduction effect. In this case, the
reducty t] fqth | i c j i id |5 75 %
ol at PREEET HEsK 108 lgnqEcbidhd 4R ThRTEpELEBRI e Ut S R ke

pr opersrginZ € haNdpt N€al N@BsRNGE Drddidtihe basktandveDEAgEh Dider ENGHs
occurs, then a reproduced signal is affected by such deviation an

i nbal aavgngoat Waveléhgehsoi 330 gmeaid M2ionamedsem thecside asf , thee ddrghitng t o

t he above-nentioned optical disk of the present invention, the jitters can
be preransedstiven LageraSi formsd makithe tshefakeckfiesbeobptheak edisdction film
4 equal to or less 9 than 20 nm Thus, in the optical disk according to

t he preseMoreavert:i vherabhiy PREIGRL @iskdvaneqge fram the sideakithe pits
each pit being of very~snmall size equal to or less _than 250 nmare filled

wi th tHehtetr8ReMdASEVe ndaAYSRP shr Fatk-atssy bYuLERTSAYRANT| La3R% 1Bt ed,

wh ded data is. duced f th tical di ' di

Fopr odits FGCPREBLVP] BHESTISRTERE UiBist” onBavafb b RSrRY 0% 39 nog on
the siikdigdl Fon b it 8H0¥80 "BRS Uikl dHIUCkI ol £¥3hu8S1 0" mlR LOMdid t ©F
of a reprioddcéd signal frTmas paraneteér using the optical signa

equi valyeilorkOkiREs det%Qiigrfaf@,optaﬁinﬁ%nvhm)t,hsﬂbégkmg;s hd tde il

reflection is varie nm 20 nm and 30 nmrespectively, disk in which

the sygaAsSorvewd b R¥yréhRifdd ¢ 410 AGiatRlriageobdi 8HefleNthé YtipfckdedsB are
the optical disk had such a structure that a signal is read out of the

opti cadf dihek reflectadnafiby issseledtpd Ho e 20enm dr déssheand gint

transm ssive layer 5, and the filmthickness of the light_transm ssive

| ayer Iikectaaceceédthe pefieotion ##ﬂ@tﬁ%sﬁ%&§€Fe§IFﬁog@h1§h§ ?®pr oduci ng
optical systemused the wavel ength of 532 nm the N. A was selected to be
0.94. M5 &Fer, the horizontal axis in FIG 3 represents the asymetry of

e, 1 eP od0q cRiaRAhaa 2000k NEnl oL P Ak SATTRT fBRY 850" Sl e, v
ot SR 1 3, 3 1o eLbe BROSHAZLb SOAFOI sl plinpliscn | he
of a siggylasuepirodhashgr YasEpVeiglit sherttwirdlengithOlaser light, e.q.
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



thi ckness is made 20 nmor |less, the value of fitter becones approxi mately
8 % Wien the filmthickness is decreased down to 15 nm a satisfactory
value of fitter on a 6 %Ilevel can be achieved. However, if the film
thickness is sinply decreased progressively in order to prevent the
shortest pit frombeing filled with the reflection film then the

refl ectance of the optical disk substrate 3 is lowered with the result that

the Sll'ﬂy%& seﬁaegggleg %e'?xg?féeﬂﬂlly 4891ief ikidkBesE’ 8 6Dl SR OFoE Hamgiiey the

filmth ness s erably "be selected to be 8 nmor greater.” The
tabl e it shopsskhBldepengsscen dbidr inef Neakanaeing &ecatihegid#s epdigite

(wavelength is 407 nm at the Al reflection filmsurface on the film
thi ckrfs9 .86 fbe Akamplégcandr fidsar BfeitEcanFbenrefiucédets size, which
(nm) 4030201585re ction filmof AL fle:> ... ... . . . . . . . . . . .
...... in turn. increases.the.recording density of an optical disk.

Unfortunately, if the pits are made minute as described above,
then when the same reflection film is formed as in the ordinary
conventional manner, a signal of good quality cannot be reproduced
from an optical 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 6 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 major surface of the pit 2

- by sputtering, for example, then 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



e e e e Refl ectance ( %) ~8882 ~67 ~43 ~158 Fromthe above
~description, it can be seen that the optical.di sk having a high-recording
capacity of 15 GB or greater in which the filmthickness falls within the
range of 8 nmto 20 nmand the reflectance is nade 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

! nve“k'q%nr%gﬂegﬁﬁaﬁdﬁ%, 41 h@ddid 1Rt ALloWhLEE bet¥bfesyrtidd iFednaet al
material s I C ave 11 a high reflectance at a thin fil mthickness, such
as Aupigolag) and Ag (silver), or alloy materials of two or nore kinds of
these netals, or netal (alloy) materials in which Ti (titanium and the

|l i ke~i s a®dedAt e 2hes® resamc(d f2) materials. Furthernore, the optical disk
according to the present invention can be forned as the so-called data

r epeat edl fheetepdabticangbe &f geperally dialdsowisiviangi ngngesbfnal recording
filmsuch as a phasechange filmnade of ,e,g, GeSb, Te or the |ike, between
the r SERIOXISRtELYNAL® bR 8% MOFROVEranshPs4PUSER B ePE Sthe hHOM { he
optical disk according to the present. inventiqn can be npdified tp as an
opti CAULEAGE REFhE BEE 18- ConPiAPTARYY BBAd 36 EBEFROBTeF R h S F s

o e BaBioRT bRt CHRE! LEE (44 Mt MR 0Be! chERidhgte (14
i nvent] ek ot $28MBbenmPYnd RS A NG dd Gar1en8! 1s°5QkUned kb BB 88€h
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



having the successive pits through reflection filnms having a required
_reflectance, an optical disk can be forned, in which recorded signals are
reproduced fromthe respective signal recording filns by a suitable nethod
such as focusing reproducing |aser light on the respective signal recording
films in reproduction. A nmethod of manufacturing an optical disk according
to the present invention will be described next. This manufacturing nethod
is toy ﬂQBa?G ke optical disk according to the present invention described

above, Including successive pits which contain pits having | ength and w dth
both rangirRgs{ r £ Sile NPt 25 QIYR ab&o?rﬁ@.n?PEbC@lhe bk SR Ufriiedni4iiond camt hod
according to {he present invention, the opfical disk is manufactured by the
proceasold thefdpsadvantage thesd aheadistkckesimaupbes ussckarp ptbedialg difsk in
whi ch successive pits are formed by exposure corresponding to a recording
si gnaveuyi sgalaseizé i ginahaw g dessvehanglhor amgang fibied®Gditimihe 370 nm
producing an optical disk substrate having successive pits containing pits
havi ngelféagthonnfilindé ranbtse rdieyineprodyredosiagnab Lsodekrmionatadf sihenng
successive pits of this master disk and formng_a reflectjon filmhaving a
film trﬁF@IEﬁégsdBFa 288 nFeRFoJuaad ﬁ%@%aﬁesﬂ dfs%k Rpstrradiadning s

f h h f d
or OcUEEPER Bﬁ%gﬁefgf‘ié’is e P B a R G IS HERE CRCLHA it B 4 e

prese ent.i ?gg u5|ng the so-called | aser cutting apparatus.
An exgkﬁhgﬁogh ﬁ g él@% ng apparatus will be described below with

ref erenceptg, assgn@wtm@am@&i FBf1tE 6 $a1AbbhgEdbotbbn |aS&dr Gt td Ng

apparatus uses short-wavel ength recording laser light, its fundamental

arr angepedtiuead HegRAECShOindte vHdl ey thaBXABEE 06f! thasETl ¥a#lddidon
apparatus. This apparatus is provided with a recording |laser |ight source
20 whifdimcas penameter| bseratieghttdd\bi mm, a 20anal andt B0 ofim 26€speutiorely,
exanple. This recording |aser |ight source 20 conprises a solidstate |aser
21, avusiagethsdaphierl 2dislkynin whekdinithee SyseeEP1Y8 Bh’élsaby asherdiihi ¢
optlcal system 24. The soljid-state Iaser 21 congrlses (Sé%.trlum

al um RdONg4r RERIVALERF RS ARTIRY LoFERAIRg) JePBLtExQfpl 2, CBRF %N SHG
(Secog%&#% Fbrnnnlc Generator) for generating |aser Ilght havi ng a :
wavel of 532 nm by converting the laser light fromthe abovenenti oned

laser to thatyok QQHQ' %l}(}@‘éf% i s@é%rad' g%h b Q%ﬁ@t&r%%haéoel id-state

| aser 21 i's introduced f ase nodul at or e externa
reson%h%aZB1sTbeadeesﬁer@ﬁltm@&s@mc&l A sknphudesadi WBYRY ENgEr COIYIRS t i ng
optical crystal 25 made of ,e,g, BBO (a BaB204) crystal having a

suf f i dBrent khehsdlel ¢ ghthérhﬂthssnansmisadvbolhberfa; ahfirehe of EImray regi on
for further converting the above laser light into | aser |ight of

doubl @A@k@eﬁévpiﬁgthemh%@h’énﬁ%pml%efenriqaa@rmél wagssaheeped ct® besdtht or
form ng a predeterm ned resonator length by mirrors M to M4, for_exanple.

As i |1t T& &81St RESy r REFROWAD ke e “F&“HEGPBF-CﬂfiLr PYPECRNT 9y the

fl d d
o i PASPAeRg g taor 31 Tt HhEavor: AP SS3SHEFOL0 B8 Rod bovbrronie
M 1T Ol P %r Zbhtai ¥Bisaln bﬁI@vadr s“éi’it%Sttﬁé Q¥¥§i\ﬂeﬁffcéf opggnetic
act uat or aving a so-called VCM (Voice Coil Mto structure for

exanplgy rU&%E:@EYSithW Ngnd hené e@mﬂm laaat I‘l‘:theBQ EQPI:éQéh@Q tHden,

| i ght paSS|ng t hr odgh fhe mirror ML, for exanple, is detected fromthis

r esonatagluebyfajpkaeedet ect or 27 such as a photodi ode PD, and the actuator
26 is controlled by the output of this photodi ode. Thus, servo-control is
effected & ds ewigeDViﬂeoman©timunﬂnﬁsdﬂmt¢n1heh9&hknése of eslvmak e

wavel engt h, and | aser ht having a wavel ength of 266 nm_based on hig
outpnnrQ£¥?°§ﬂQBIéléﬁnﬂﬁng%ugmmé%elﬁmﬁﬂqIRQMQQTaN§VQP§HSFh @éﬁkbét@%t%ﬂ#ﬂﬁi
Then, | aser Ibght derived fromthe external re onator 2 reshaped on its

beam Hafdenp ﬁ@maﬂéﬁﬁ?ﬁh%ﬁcﬁﬁﬁﬁ?ﬁﬂaEREﬂ%%H%? YIHPtﬁPs?Ha%nthl RSt

S s & GRdeg0E Radaohah W ER: LB e bo¥euB VBHRT A CRE R ccor di ng

| aser Ilght source 20.
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Then, the laser light 50 obtained fromthis recording |aser 14 l'i ght
source 20 is split by a beamsplitter 28, for exanple. One part of the

| aser light is supplied to a photodetector 29 such as a photodi ode, in

whi ch the power or the like of the laser light 50 is nonitored. The other
part of the laser light, which is split by the beamsplitter 28, is focused
by a condenser lens 30 and then introduced into a nodul ator 31 such as the
AOM e L LoLSa t ' e ecor di Sl mesThe | aser

i ghr,@?%g]sfh%r% uf'g?lg%&?sf?jnérﬁloﬁca% t’hrttl)]%gkggu%oﬁ?i rd%?gerfl ens 52 and a beam
Sp"thﬁgréﬁihaiélg e wndRNdRY B4 MREKkLEY 8Ng8erSdsadtickm ®@Nd5
expanded by this beam expander 36 and introduced into an objective | ens 37
as a pmgmaspatisfaetdipmedBie sefvejiditell BBS aas kal@eedscah sberddhmisedquupi

di aneter. Reference nuneral 40 denotes a mrror for directing the |aser

| i ght froHoWwbeebgadf ekipanfickm Ithicknesd ds shmpiyi dectease® prodredsdsely

| i ght thus converged by the objective lens 37 is irradiated on a resist

di sk 3@, owHerhtosprevent | the hartestupitt dsba being &blhed wiimdihe rotating
wi th high accuracy, for obtaining an optical disk manufacturing naster

di sk. redilecréonsfiimskthen roheiraf lasdancenefcEheePPhiral adishsSuhatratspl e

38 rotat, Thi ist disk 39 h h t t hat hot 1St

ayer it JORRERH HLERctBhor aHAR hath e SAY PhsbroregtedcPTanal dius y
t t f ' £ er disk, - dj Then, th

fggere%ﬁggﬁ?'o%ggﬁirgﬁg?s%g% 'rrﬁod”g:ﬁ/égs} lI%II:V'I‘ g:zlgorflgcje‘ﬂt Bﬁ%%iég;é?é%oéﬁl nlgd siegnal ©

by thirgggfgﬁ nbé°ﬁéﬂe8€§&'éﬁ(ﬁeiﬁLn'-d%,g%éﬂ%é&[e | aser light is

irradirate he photoresist layer of thi's resist disk 39 with a spot size
of 0.3 ~ fhar thB3é: 1 18hows Ghd hepidiindeadd, thRerb@seetanéd i Of PRRBR) US 1S
provided with a noving optical table 41 which i's novable in the direction
al ong liakerr adghk (waeeleéngtlofid M7 um) taablthe381 Oaflbcsionviihln opirfaie
table, there is nmounted, e.g. the beam expander 36 and an auto focus

opti c&n &het Salmothickness i ok dthee |y rafilleskdonndil®aown. In this manner, as
this noving optical table 41 is noved and the turn table 38 is rotated,

expos FA8LEader light scans the photoresist

Film thickness (nm) 40 30 |20 |15 |8

of Al reflection film

Reflectance (%) 88 |82 |67 |43 |15 |8

FI

From the above description, it can be seen that the optical disk
. having a high-recording capacity of 15 GB or 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 aque, 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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| ayer of the resist disk 39 in a spiral fashion or an annular fashion for
_exanple.- On the other hand, a part of |aser Jight which passes through the
above-nentioned collimator lens 32, and is split by the beamsplitter 33 is
detected by a photodetector 42 such as a photodi ode and t hus the nodul at ed
| aser light is nonitored. Returned |ight of exposure laser light fromthe
di sk 39 passes through the beamsplitter 33 and extended optical path by

m 1oz nign #45145eicd e 14 K 0T ATRL EABGS | SO0 AY dadl (o cangenser

| ens 46 y- causing exposure Taser e noni tor

CCD (%ar(gil@f'?’l edr DeVi SP nd 38 AAfs BBNiLler oEaMBEE KindP o MIHdY | NY.
exposure laser [ight. Then, the objective lens 37 is arranged to constantly

be foaesalspnot heePdD! CAEsdBl maediadk thewheehsTid{sktadiunndeind Rhecont r ol
of focusing servo. An optical systemof an auto focus servo neans for
execullikg tihi adfled uso nghese | mespeetive maeezfialenenti oned novi ng opti cal
table 41. FIG 5 shows a schenmatic arrangenent of an exanple of the optical
syst em of FurtBenmere i ochs epbticalrskisk argerdbpgctevehe cpresnt sinvgntdoned
in such a manner that it may very slightly be noved in 16 t he opti cal

axi s GRPebei 6ATBd @S a%@%a’-’t%cﬁd-%\ﬁa%g Zepertedlyvicrecerdahleams ©f | n

this case, he,optjcal system compri ses an a : :
optica& Slsﬁ by arrghglng a signa recorggggfgffﬁ éggﬁras a phase-

change film made of ,e,g, GeSb, Te or the like, between the
reflection film 4 and the light transmissive layer 5.

Further, the optical disk according to the present invention can
be modified to as an optigal 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 more 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 which
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



i ght source 61, optical lenses 62, 63, mrrors 64, 65 and a position

_ detection device (PSD) 66. The |aser |ight source 61 can be conprised of a
sem conductor | 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 %is
applied. Laser light 67 fromthis |laser light source 61 is nmade skewed
relative to the optical axes of the optical systens of the | enses 62, 63
and irradiated. esi S§: di t j Y "

et ur REGPFRGREIBY 4 0BETEL TN 36, tidohEaBLele A ARNEEL ¥RQEDY Shich
devic : t 14 § &) 15 rEHyr d by
t he dgFé§§%%lg€t %%Qg%ﬂzgﬂ?gﬂﬁ%§§rfﬁgogg?gc%?€£é§%$gggégin its optﬁggPeaxis
di r eckligfal ohsing UFAgEr coighw haviingca Wagedphyth! rayginan fifon 200 amutiong
servo neéans thus arranged does not use a polarized beamsplitter PHS and a
pol ar 3zednapt peeducirsg ean sl digkasubstyave hawirg Qiaesgive Ibiks as in
the conventional ordinary focusing servo, the above optical systemis not

| i mi t ednbainhegnpives i kavingpeckangtds apld widsb bpthcranglrgrefrem A4 nthdoef or e
the skew angle of the laser |ight incident on the objective |ens 37 can be
i ncr e25@dnmubyi transferrigprugaansive pitsr gé bpeni RasHRR EgarBk f or ned

bet ween outgoing lLaser, light 67a i,ncident _on the objective |lens 37 fromthe
| aser fPF&HP‘JsBug%E]-%‘ith‘h‘H L AYENG &h&l#%ﬁ#‘%ﬁ%n?%%u%# r@o I U S5° ¢t he

resist, disk 39 afte 7 assi t hrQquah _th ] V. e e i, €.
inconﬁﬁgtﬁégePpg?ﬁﬂi %%%5 %ékﬁ&ﬁé#%lﬂ? &EgggPﬁgaggsgﬁg#igké éﬁﬁﬁﬁu1 e

i ncom I r ekl 67b can be separated from each other conpletely and
the f g%?iﬁgsng¥§g%én be detected reliably by the position detection

devi ce 66pnbhdgpabhP¥i PRoded HCLS I P¥bdRIeY el BR8tet0dRek 0Dk ated wi t hout
fail. By making the optical system as it were, a non-polarized auto focus

opt i calangfatedr ihjemekhod sagderding o deepreseht Gdeentionpntakes tplmce
obj ective I ens 37 can be increased as nuch as possible, and the val ue of
t he heisginig thel asecallehtlaser denicwing apparesusct Ancekanple oof atRis be
increased sufficiently. Accordingly, an optical gain expressed by an
equat il@segr 6psELngnapPPaBatER ‘&b]eig/@%é’é%ﬁqrﬂ@&dhépgﬁw H%LtﬁaE%FeW to a

i nci dence on,the,objectiyve % ns, can al so be increased remarkably as
conpaF%%@mﬁFﬁctﬁéagkﬁWeﬂ¥i% §I 4uto focus optical system which can largely
contri but [.mr f . ser r.ac LSk} f ocus
opt i cial us?&%@%"’%p@é?ﬁg%ﬁ?gc‘%{r}&fﬁ aﬁsaﬁ{éﬁ:g% gxgtfe gc%bgﬁtg&éﬁ{l’%ﬁel l'?he aﬂt o]

focus Qg eahgSYakerm 11§RE e £&é St¥nddnbraddl tHrAngemehtgbaal b&Xpased con aser
light to be dgfected, mgich has returned throughh?he obj ective lens after

bei ng v1Rf le@tiad roncbhecfitibnse Disdhenmyioniappaltatasesi st [ ayer, slightly
expanded | aser light (hereinafter referred to as noise laser |light) which

has not r &hdsedpphratusf dsepodvided pniditoreegiesoridipgr lapar 1ightf$ewre’l on

the rear surface of the objective lens, i.e. on the_surface of the opposite.

si de 0 midchucpacgepprahe bpsertlight dipying i yavrdepashoPEs? e PRYERT

Thi s noi se | ase ,Iight'eéerts a_ bad ] t he_operation gé_the
S

aut o fRAPLEer F&18s TECBLERPY oLATE Jis f{?ﬁ%@ﬂ&%&co{nﬁgl SPedt 23!

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
garnet) 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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18 . output of the position detection device. Then, when this noise |aser
~light interferes with original returned Iight, which should originally be
detected, fromthe photoresist layer to cause interference fringes, the
servo characteristics are greatly deteriorated and so the occurrence of
such interference fringes has a serious effect. In general, since |aser

| i ght upon which the high frequency is not superposed has a coherence

| engt h _of. .se I cent et {.C p i en
ot ar RGBT HECCLARERE b, 6 bieEtdRicR, rBYbhcBhelBhed odif 2L bl

| ayer +aRdoRebsRat a565cha i SRUSEH PYxieirhas! edsbhabbrf oM idrud&ara surface
of the objective lens nearly falls within this range. Therefore, it is
unavoidaalenyent coheet bing fepeiwa forysded escmadenothpepgsiBB@N(Pdet ection
device. This interference fringes nove frequency on the position detection
devi c@ads0} he ]t hawrihgna snfficienyly|high Mgt tHranspissaliayi spotot he
obj ective lens, thereby nmaking the position detection signal of the
ori gi rihle farunhtuvavisbet|rahtregiamn ion Surthezcconveptingi the akovee auto
focus servo is operated under the condition that the interference fringes
occur lasesnligbtsaénte haser okight afe daukdecivare. havipgrasypryelengtl of
difficult to maintain a nornal auto focus operation. Igaﬁggtrast when t he

above-48n MRS VPAL eRS| RRHPPELTAL FBPIATEF WAFERTENE R SERRTRy of 400

[ d i d..b h h I '
St 11 EOBAPRYBE, TePYERoBEi BHETTEE ArcTBnti{ HEoBr AN 1 AP SIS ALRR o)
L aser drcIli :350aAd 40 OR3R eBRREal LB LAURE hdvird heicRldsazied |1 gt

~fromthe rear surface of The objective lens frominterfering with each

ot her ,rdfesthfce 8RAPLEAASMI €1 PLGH] I GniQfrdirde M Nikd 1) eiree forrmegestt o be
avoi ded. In other words, because only the laser light 67b that should

- ori gi néldrprse hdetiagt adreflpcbarce eslf od ,qy,t Ineardyi 100n%deMereover deanee 66,
the spot position of cutting laser light relative to the photoresist |ayer
can benidaoagt ed gwi MArzotuMacsan g gwvied and addughed BY ame above- nenti oned
arrangenment, it was confirmed that the auto focus servo hardly oscillates
and sclestrenagartigt actBator s2f VeAGRg @ isarceddefe VAYi iVaiRedCO¥he | aser

cutting apparatus using the above t o focus ,opt.i cal .system described w th
refer é%é’p )o s,g,réctgrga%o;: eﬁ?‘?’i‘%i/? hgtl&é%&?‘bé’rreai | EPEnEeRP %ﬁo{% a%%ﬁ?‘é#me
auto focuys, ser at T. t.hi [ appaLakus, ¢
const ant Ilbye é:‘r?])&*gctog'g'ﬁé'e;g%ﬂf eféfﬁ%t cﬁ%%%‘?gl’ﬁ%?&ﬁ ﬁggo.r gi ng’ gfebnrsi ty
opt i calyfipile Wilsh deicabtBOgr6R Yhiy . rddWificy oy ial photbastebtert 27 pseshice
an optical disk manufacturing master disk for obtaining an optical disk
subst rad & phovedivdec®psi adpthe attiator exdridi mpndeediled by theGBubtyut his
| aser cutting apparatus. An exanple of the nmethod of producing this naster
di sk usf rthishehatoddodent Tbned seree-centioly i wfifeckedisPl aGet@eBEPY R
below in detail. Initially, there is prepared a glass di sk which_serves as
a an optimum resonator 1ength, i.e. resonance wavelength, and laser
light having a wavelength of 266 nm based on high output and stable
continuous 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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substrate -to produce a master disk, having a dianeter of about 200 nmand a
_thickness of several mllinmeters and whose surface is polished with high
precision. There is then prepared the resist disk 39 in which the

phot oresi st | ayer nade by spin-coating the photoresist uniformy a in

t hi ckness of about 0.1 ~ msensitive to 20 | aser light with a wavel ength
of far-ultraviolet ray region wavel ength: 266 nn) of the above-nentioned

: I Qi 50, L. . » :
or eci gt RBEFob, g0 12 raks WER el SBIIERECE0 POkoL 1oHatlid B ce o
Fl GS. p‘éﬁénég%néhfaééfq g 4 fshipgiiigat +80al gh696&é€éc96‘rti‘93 JRa Sls & sk
39 by“the objective lens 37 having a high N of about 0.9 as a spot of

0.3 ~gﬁb‘&bdﬁ.@§§,i AnSwEEch | thd howerfor, thiee llikeeof| thbt 188eschight 50 riesi st
disk 39 in the spiral fashion or in the annular fashion as nentioned before
whi | e nonitoirgdon/ of f the | aser lum nous flux in response to the recording
signal by the AOM nodul ator 31 for exanple, thereby formng the |atent

i mges of Theeothevepapht®Ereheflaser dughdssihdchi 8 ephitiby fghgikean n
“which its length in the track direction and_its width in the, disk radjal

di r ectSpdities B8y hisnferusednge dfcuwiansar; 1258 dfh aBIpbReR elBRICEd The

k pi h of i i i | d. 150 d
T ¥afhe1%:t%§ A, floghdftas SL Ses A% 1the A WerE 1 3F FRad e Y, 250 M
T t o ! T . _
Ol ol Erenstsll bho ke REchEAIRS Shafite inled URTiGhe HHRESffadiedll 4g |
then tf Stfga%\é%ﬁ Qﬁ&&ﬁéﬁsa%oifﬁ@&’&cﬁsv%zpiahﬁ @0BbahnspiPLes 3‘.7;1 Wigh

its length In the tra irection an s wwdth in the disk radia

- direct] gpa @xpahlerN3bhechproeind Béhdus t3a 239 3%, Candbexphhaédasy athide
resi st disk 39 (devel opnent process). In this way, there is produced the
-opt i cHeahi Pxpandetracbuandgintesoducetl sinton azhicdijechévendess Patasra heam
accordance with the pattern of the photoresist layer is formed. Then, an N
(ni ckeipott loifn &f diameherngeveral tineslgfedarge 6vAditsl CRGRARGEsPARYSt rons i s
deposited on this master disk by 21 ) ) )
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 structure 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 photoresist layer of this

resist disk 39 with a spot size of 0.3 um or less.
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sputtering or nonelectrolytic plating. The netal l|ayer is then formed on
this thina filmserving as a conductive filmin electroplating, and this
metal layer is peeled in the same way as described with reference to FIG
8, thus making in an Ni stanper having a thickness of about 300 w mto be
produced. The rear surface of this N stanper is then polished and the end
face thereof is worked (stanper nmanufacturing process). Next, this N

st anper i s,.diLgRoO i Ll | J LpiLegt i { f.o €. 0.
pol yoar bodlt oppeptist! Bed, Tl fuddg: Bkl RBakRLAS ST rAN A yfien
subst pakevingaypBichlet &b peel Lrwiichl 4% Mova®leC%AMBhe. d1B&Et Don Gampti C
material shown n FIG 1 is produced as a replica of the Ni stanper.” Onto

t he sit@ealratdeadr dingcpbohiofn €he thermpiabdal 38i.sbnsuhisrmadeisy tépasiqaloduced,
there is transferred the uneven pattern based on the successive pits and

gr ooveablegottetebyst heurbed g-eand itdree dbeant expgnded 836nand namcaute fodss i n
which its length in the track direction and its width in the disk radial

di r ectopgd.ciadt Bysaem Wt be ndeser ikedydadiove@liphough2Botnghevnansf er process).
Subsequently, by the sputtering apparatus, an_Al reflection film4 having a

filmthi cIIﬁe*s}Bi)éf mapn@ky oRs | EikS MOwng op¥dcad £abPhRd4bnit HBowed fand t¥e t he
[ I [ 1 i de wh the pit . =L ttel f
the. oftrcalto 8l 3Bub: PAr8 S G rR ot diob PRRRE! bh P AR |
Furth hi g L tion, fi i1 Iy dth
Sy o LR e e AL EE 1915 1 e PP o A e
spin-?%%%ﬁga Qgrugkgﬁpiglet-curing resin and irradiation of ultraviolet
g

rays t transmssive |ayer form ng process). In 22 this manner, there
is finisheg the ephbgahafilsKa lpaee Wi NEdro 1tikBtPWAIERAt paBYESt tRFoEdIOWN i N
FIG 1. It is desirable that the spot diameter of the reproducing | aser

| i ght theofabolre-meghioredr dohbimztst tlerptialandi 4k Spadtobdi tige tloedme
present invention manufactured by the above-nentioned manufacturing nethod
accor dinld titert B3 peederectadhy i drphetadataater 42 sHehrafga phobodiedr to
500 nm Incidentally, concrete shapes and structures of the respective :
porti GS &hydnthe FREUABES]- HaFRT o AMEFCTRA ust rat e only an exanpl e

Cechnt cal REEyEEeR 10HRE PE.SRRO TRt dristica Tadh BB RipRL3p pbed e
| ¢ er R LA LASACaBRRELEL s SNaNe AN UBkULSS: phtnd9Chlbeg-abOve.

the optical” di sk accor 0 e present I nvention conprise e optical

di sk sstyggt @si drvehehllike SU£CEepshpERe Ridd iOIConvReaddnbyt & EbRdésser di ng
signal are formed, the reflection filmformed in the optical disk substrate
on it Sleaiy fAaGe theakebyheaaningsexpesymrd slagexr fldigied tantet honlitgheéd, e.g.
transm ssive layer formed on the reflection film wherein the signal

r ecor datl aa$0hhd Chagges Spupledt Bevice bty pRitofo manidogpcamgradi kL ey
irradiating the-laser light fromthe side of the |light transm ssive |ayer.
Wien tMNIGQIdAgs XPOBIES AR8CELLEINEd from the side of the transmi ssive

aver, RRMCCRRA! 985k TaBOTRAA TR s Pt 10, NS RRIY, BRCHRGHEM
J5 3 GEIHE, ABUILE tybessr ThpestRy Sl ) ecpusc el ntkts o
bei ng fdddsithgvsidrviohe 23
An optical system of an auto focus servo means for exécuting
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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refiection filmso that the reproduced signal will not deteriorate.

. Therefore, it is possible to obtain the high-recording density optical disk
of excellent quality. Moreover, 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 optinmum material as the material of
‘"the reflection filmfor reflecting the laser light, it is possible to
obt ai n,.t.h | $f rys [ h L.SEhC I j ilm
of ¢ nehki SREELAE, ZELE Gutdte S 1R S5 AGRELROLTRY iading ' I ARze
refl eghanggambrbhe reflection filmis selected to be 15 %or greater, it is
possible to reliably read out recorded information fromthe successive
pits. Mreavehisi dasdp € i gptlidhlslsysnenl aohprisgs n®h hagkd ofodmn Wazedtrur i ng
the optical disk by transferring the successive pits formed on the master

di sk hyghxpesureei 61 | espoitsEl tkerndes 6@G0168i, nmisrgnsal 6dnt 65 tdred gpt i cal di sk
substrate, because the optical disk manufacturing nethod according to the
pr esepesiikiont dehecbihpn | dewiqa o RENp$H6af exposing by the laser |ight having
t he wavel ength of 200 nmor nore, to formthe successive pifs containing

the pits Khei AaSeEnbishhPrurer Phan PengoRETiresh 8b ansemieansiyghor

t ferring th ' its, f d t he.npst ey . di to th tical
i ok daser: daac rBRR T TR Sors iy, tol PRLARYR G The FRHAIGY cknoss of
20 | .in_th tical disk t ' t;th
succesipszbERitioh o8 B EfdmmeleY SIS Rhend bhied hue%50 184 Y., |

snalla?kﬁ?e ess than 250 nmor less are cut, the pits can be prevented from
being TrfTed with the reflection filmso that the reproduced signal wll

not deterigkate1idhtSe7i trom Sfis IHEY hlignkosBargbacl Uie mide skewed
hi gh-recordi ng density optical disk of good quality. Mreover, since the

r ef | eddlanifvel goi shendptitabnexes abrishekiopddcafll swseemal of ofhal lensasm
silver, gold or alloy materials containing these materials and, the optinmum
mat er 62, 63napd dsradiatedconsihe irgsigt disk 8P| Ebrrvahf then Phjeqevect i ng
the laser light, it is possible to manufacture the high-recording density
opticd@néi§ﬂ°iﬁeﬁHFBﬁdtiégpﬁf¢%c§qQﬂl¥QQQﬁI%%ghFhéssQFg§?E%§op¥ Reflection

Char ag) &t 1oh° Qe tBUELER" §B Soe S| BES) ¥ {rYldudh’ 20&°neE bR ST ARE QD 11 M
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 ordinary 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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sel.ected 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 fromthe successive pits. 25 CLAIMS 1. An optical

di sk conmprising an optical disk substrate in which successive pits
corresponding to a recording signal are forned, a reflection filmforned in
sai d optical di sk substrate on its surface that said successive pits are

forne f |
{ T e 80y gnﬁﬁ% A0S BisRots vayBhsf 87120, On SRdShik 1ea%réronltghltm

sal SUCCESSIVE pItS I's read out

i rradgabi Nghefebh@sttie |hitioiidy 1ages WaY¥BLEHTE haxﬁ@rlghélgufdcmm@qae@rt 0 420
nm characterized in that. when the successive pits are observed fromthe

si de Qi?ﬁﬁld7blcﬁﬁ e agepuretiede foyer eachi dtEer cesmpletaliyt amcbrha n pits
having length and width ranging from80 nmto 250 nm and said refl ection
film flesuaifigl state ckaresse sitectred rellieb29 byn the |pesition Aetegtiioal di sk
as clainmed in claim1, conprising a signal recording filmsuch as a
phasedehaqge56bIhh%%ta&ﬁﬁwxﬂﬁa&(ﬂqC@@ﬂPQnSPFVﬂ1%h@nQ P iRghtoRtadmest ssi ve

| ayer. 3. An optical disk as clainmed in claim?2, wherein the reflection
without fail.

By making the optical system, as it were, a non-polarized auto
focus optical system, the skew angle of the laser light 67a incident
on the objective lens 37 can be increased 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 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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filmand/or signal recording filmis formed as two or nore |ayers. 4. An

..opti cal
one or

fdisk as clainmed in claiml, wherein said reflection filmis nade of

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. filmis nade of one or nore kinds of materials of
al um num silver and gold or two or nore kinds of alloy materials thereof.

6. An gg%?gagfdtﬁg s £ B RbHdbtGlod Hedicwherein said 26 reflection film

IS na

one or e kinds of materials of alum num silver and gold or

two or notRek| NWBeRftRis Woiv Qrasdrs Llighredhterferds opitic dridisialas cl ai med
in claiml, wherein said reflection filmhas a refl ectance selected to be

15 % aetyraeteligBt, Avhigh isdeduldl sirigdnaldynbd detedtéd; 2framherhs n sai d

photéresist layer to cause interference fringes, the servo

characteristics are greatly deteriorated and so the occurrence of

such interference fringes has a serious effect. In general, since

laser light upon which the high frequency is not superposed has a

coherence length of several tens of centimeters, an optical path

difference between returned light, which should originally be

detected, from the photoresist layer and noise laser light caused by

reflected light from the rear surface of the objective lens nearly

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 lens 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 that the interference fringes occur, then the servo will

oscillate frequently. As a result, 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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reflection filmhas a reflectance selected to be 15 %or greater. 9. An
.optical disk as clainmed in claim3, wherein said reflection filmhas a
reflectance selected to be 15 %or greater. 10. An optical disk as clained
in claim4, wherein said reflection filmhas a refl ectance selected to be
15 % or greater. 11. An optical disk as clainmed in claim5, wherein said
reflection filmhas a reflectance selected to be 15 % or greater. 12. An

optic ' as | ] ' ' ' [ | | a

ot cepaitifiadile BoFErdh i U she HHERELA-GRLE EEIAGE (U fid iRl
manuf 3at 4eh8s WEEEPI KEFRIds idily hheSt8BErol i hedsTh NEha shydier! di sk
manuf acturing master disk for formng successive pits by exposure
COFr?&EQ?ﬂhQDlYOb@.déﬁé&tﬁdﬂﬁsﬂgruﬂedweﬁngntesﬁheIpq&ﬁtimmﬂdq;anummelength
rangi ng from 200 nmto 370 nm produci ng an optical disk substrate in which
. succegewieepsts thatspot npgitiormaf cgtiténgt hased hight tetdtivendgiongher om
80 nmto 250 nmare forned by transferring said successive pits of said

nast ephotokesist layer nepm hefdetaated with REIRAACYH- fACHIARI YA AEsEhef 20 nm
of case of the above-mentioned arrangement, it was confirmed that the

auto focus servo hardly oscillates and so the normal auto focus

servo operation can be maintained. |

The laser cutting 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, this
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 dehsity 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 described 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.l um sensitive to
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less in said optical disk substrate on its surface that said successive
. pits are<formed. 27 14. An optical disk manufacturing nethod as clai nmed
in claim13, wherein said reflection filmis nmade of one or nore kinds of
materials of alum num silver and gold or alloy materials containing these
materials. 15. An optical disk manufacturing nethod as clainmed in claima13,
wherein said reflection filmhas a reflectance selected to be 15 % or
great gr, 814 : _ ; :
"AS. A P?i?FHﬁQFA‘H#W\F?.%%V]A‘T’E% QI TR RECAPVABLRE TR F AL Aon. Asnl . ALY
- Anl . AakreABnQEN : AB6 6\Ftk) AbE Altle ;dfd¥e-mentioned recording laser light 50
nr H$f k3} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]lca]c:alcalca]calcalc
a] ca] ds| cakmeticehctheasurface qadleiaghea] wiah3high#p#EdISTGPSS90H % WVBE&FLO&E@
(~(()+-..13}xsnid_Z]ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] cdexa) chyctheal asér adwta] g eppeabtas3885616Bed;with reference to
, =" >?AA- BpBBB4Cx CCC* Di DDDDEE9FXFFF} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] c&LE]]-c 4] 8afca) chhe aFeedrding] e(,ra]lé-s}l@a%@a]l-éa}-@@']l% cel) e aesEREcGH)
8KL,N2NPfRSTTg[p£L‘aaabc]cpcc3dtddd'e xsnid_Z]ca]ca*cg*ca cal ca] ca] ca] ca]ca
] ca] c&lie¥ 4] b¥] EhpcabPiafeiye 4Ny | davdRpca] BaPhale c‘a% ] K|k &S ex f

A ’:j] B PEREoREClr dol BaPE ol B85 L8 (45 Oa) Gy Wen T BaFEoF DY) LaFEh] LAg/Ea  Th] cal o
e cay

T oa) - s ¥kt pRadot] A0k 16 it W iAol FRLRTRAGE AN 8 fnel,o2] ool ca

N\ V} 8ubGhkvsnad_sbAael 6A¢4 ab&fd il ks akc ahoakeal Ral tad €Al valGRIv=?] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! DWwE| 7n*b\ _$a20} xsni d_Z] ca] ca] ca]

ca] ca]faalxC ahc 2bepbfist C8b CehE At dcdrdilkplsiyingd] &9 eabCcAbRah6al Tl en ] Ta]fer] cal

ca] ca] ca] ca] ca! Te7n*b\ _$a20} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] calexampdpGakhefebycédrming| clad cdteaitc dmagesapfatbe] ua¢ven pattern of
;kaﬁlO%E&f()-#1Q%E&f()-10%E&f();,@QQ%E&Q()-,glowﬁaf(i-le%E&f()- _

s SGLO%fe( suzcrssiygoEets) copaigpng )pitssin which its length in the track
10968 () -"3%0%&" () - @& m 109" () - S4%4 0% ,().-s!, 10%6&' () - Uf YL?/ " 10% 10
10 |difegtign prdsiseceidyh +%ftﬂ%o;@&k( )r-adl% Fi’f}%t&?g)l?{%%t()lﬁ 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 diék radial direction are both in the range of 86 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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electroplating, and this metal layer is peeled in the same way as
described with reference to FIG. 8, thus making in an Ni stamper
having a thickness of about 300 pm to be produced. The rear surface
of this Ni stamper is then polished and the end face thereof is
worked (stamper manufacturing process).

Next, this Ni stamper is disposed within a molding die and the
injection molding of, e.g. polycarbonate (PC) or the like is
performed. 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
direction and its width in the disk radial direction both fall
within the range of 80 nm to 250 nm (transfer process).

Subsequently, by the sputtering apparatus, an Al reflection film
4 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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light 6 of the high-recording density optical disk 3 according to
the present invention manufactured by the above-mentioned
manufacturing method according to the present invention is selected
in the range of 200 nm to 500 nm.

Incidentally, concrete shapes and structures of the respective
portions shown in the above-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

23



10G3555555616" > 10G 1Y$10%e& ()- 1Y$10%Ge& ()- Y$S109%4 & ()- 104 104|

. 104|'F: t 10%| & ()-*3%A0% & ()- J67819_9 ;;} < > 10G @& %40%4& ()-f&
% 0%4| & ()-!,$10% & ()- $10%| & ()- ' ($10%\ & ()-$10%| & ()-;;;;;; == =
10G 9109Z& ()- !13%A0%WE ()-! 13%409ZZ& ()-3%40%& ()- 104| 104]

104] Y: t 10%| & () - >" >>? @GAAAN 24=

102| 1092& ()-!1"49409%2Z& ()-"49409%& ()-109@Z3& ()- 109@& ()- !; 9109%& () -

0o &E%Q%Q’E‘EBBV $1 90780 (Indt W& dproahddb&s i yndd Ol (ﬁo@#ﬁ&@x&&r)at%

Therefore, it is possible to obtain the high-recording density
optical disk of excellent quality.

Moreover, since the reflection film is made of one or more kinds
of materials of aluminum, silver, gold or alloy materials containing
these materials, by using an optimum material as the material of the
reflection film for reflecting the laser light, it is possible to
obtain the satisfactory reflection characteristics as the reflection
film of the high-recording density optical 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 method 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 containing 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 reflection film

so that the reproduced signal will not deteriorate. Thus, it is
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that said successive pits are formed and a light transmissive layer
formed on said reflection film, wherein a signal recorded as said
successive pits is read out by irradiating of laser light having a
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
film 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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7. An optical disk as claimed in claim 1, wherein said
reflection film has a reflectance selected to be 15 % or greater.
8. An optical disk as ciaimed in claim 2, wherein said
reflection film has a reflectance selected 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;
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
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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14. An optical disk manufacturing method as claimed in claim 13,
wherein said reflection film is made of one or more kinds of
materials of aluminum, silver and gold or alloy materials containing
these materials. |

15. An optical disk manufacturing method as claimed in claim 13,

‘wherein said reflection film has a reflectance selected to be 15 %

or greater.

28



