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5 DESCRI PTI ON STRUCTURE AND METHOD FOR MANUFACTURI NG
THEREOF, MEDI UM FOR FORM NG STRUCTURE, AND OPTI CAL
RECORDI NG MEDI UM AND METHOD FOR REPRODUCI NG THERECF
Technical Field The present invention relates to a
met hod for manufacturing structure, a medium for
formng structure used for the nethod for 10

manuf acturing structu s obtained by the
met hod for nanufacturﬁﬁ%séﬁﬁﬁﬁﬁgﬁg, and an optica
recordi ng nedi um whi ch perforns recordi ng and
BARGETITRE A1 PEETEHOD! GOS MABIEACMURRNG THEREOF,
‘convexity patterns) and a nethod for reproducing the

opt i aaE DT HORIFOTEMING SR BarkIReN AN OPTT AL ent

years, reproduction- only optical recording nedia

(h i , 7 I . LSEn

cofp e MR AN S P T RE B DUSING
for use with DVD- ROM bei n mai nly focused. And the
devel opnent of bl ue-| asditHEREghFdensity 20 ROM di scs
is being rushed. The ROM disc is for recorded
information by relief patterns of concavity and
convexity and generally manufactured through a 1

- Technical Field

The present invention relates to a method for manufacturing
structure, a medium for forming structure used for the method for
manufacturing structure, structures obtained by the method for
manufacturing structure, and an optical recording medium which
performs recording and reproducing by the structures (concavity and
convexity patterns) and a method for reproducing the optical recording
medium.

Background Art

In recent years, reproduction-only optical recording media

(herein after, may be referred to as “ROM disc”) composed of

microscopic structures are widely spread for use with DVD-ROM being

"mainly focused. And the development of blue-laser, high-density

ROM discs is being rushed.
The ROM disc is for recorded information by relief patterns of

concavity and convexity and generally manufactured through a
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conpl i cated process including master preparation,
stanper preparation and replication steps. A naster
is prepared by the procedures of (1) photoresist
exposure by | aser beans or electron beans, (2) pattern
formng by 5 resist devel opnent and (3) substrate
etching using a resist as mask in the nmaster

reparat ion_step. A.stamper is prepared by the
crBlitatids BIOEE niBRBILRR; ) MEEE BT ras hpmReT
and (2) N separation in the stanper preparation
pseparatign Andrregdicatigmset¢psoncave- convex pattern is
transferred to a resin material using the stanper as

mol d Anpd et el ipeaphfill Hethe PebédBliresd of @) photoresist
recording (authoring) is performed for the purpose of

confirm ng, and .adj usti ng, recordi ng copgdi tion, i
e%%?rwré’gb?g’ﬁsesfb%%%r&ry%%ﬁﬁfgr%ﬂqeﬁg?s’e@ PF‘ﬁtem forming by
manuf acturi ng process of ROMdisc. 15 There is a
r¢dint davelopnoentt oed (8bsubstRakt didungmsingasedetns mask in
manuf actured through all steps of the manufacturing

tH aeger Qe M tiGh $€ef.Or authoring in terms of cost.
Thereforée, a recording nmedium having a recording

| ayer ,whi ch cont ai ns phgase-change materi al L. .

or garf S EPRRST 98 BEPATEdabieHiGIRIOGPANERS O elldr Bighg! (ND

(herein after, may 20 be referred to as "medi um for
phatilg onridhe)mastar aed (2)oNeaspanatcamin the shaiperiprgparation

etc. This kind of nmediumfor authoring is disclosed in
Se:i))t_ent Literatures 1 and 2, for exanple. 2

A predetermined concave-convex pattern is transferred to a

resin material using the stamper as mold in the replication step.

Further, a test recording (authoring) is performed for the
purpose of confirming and adjusting recording condition, compression
efficiency and coding, etc. in manufacturing process of ROM disc.
There is a limitation on the use of ROM disc which has been
manufactured through all steps of the manufacturing process of ROM
disc for authoring in terms of cost. Therefore, a recording medium
having a recording layer which contains phase-change materials or
organic dye.s is used as a medium for test recording (herein after, may
be referred to as “medium for authoring”) in order to easily confirm
authoring, etc. This kind of medium for authoring is disclosed in

Patent Literatures 1 and 2, for example.
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Meanwhi | e, the optical recording nedia which perform
recording of information by existing relief patterns
of concavity and convexity have a probl em of
difficulty in mcroscopic concavity and convexity
transferring with higher densities. To settle the
problem a 5 mastering techni que by el ectron-beam

U1 ¢ or MRS G Sl o roBRBBRE, mbli Ly perform

relative to the electron beamis unsatisfactory in
redoeding of risfoitmaatiopr bytdxigtingdradiefcpaiterns of qemeawity and
in vaccum degradation of throughput is inevitable.

cW ALY R, adPrdifled] QFt diFNCRRIM P rhitrb O AL RIBAVRY 8nd
very expensive and a huge initial investnent is
needed. , Moreover, t ughput, i s.degr aged cause o
QPR PSR T Lo AP REESr LR RELIE 4b¢ Problem, a
conpared to the |aser-beam exposure. Therefore, a

nEstetiam declseigusubly thattrombeapr opassingpsif higesdensity is
sharply because of increase in initial investnent and

piobdsANinPa fdft! Lit8E&turds PaffBapUre to settle the
problemof rising process cost wwth mcronization , a

nmet h for form.ng m cr.oscopi c, concave- convex .
pattgﬁﬂg"eﬁfﬁr’l redist fRnSitiNdy selative Vel theelesgon beam is

exanple. This is a nethod to form patterns by
udsspsfichgryain ke ndetironr bemhoprmabirg hadesinc@At is a process
transformng a region which is smaller than the beam

il 8 Hhd Pati&aR¢ Ao 803 %é@gablre.egthmérmore, an
. 'e_ a thod

et chi ng r exanpl e, or form ng

COﬂCan-COHVQX patterns 3 . . ...
electron-beam printing apparatus is very expensive and a huge initial

investment is needed. Moreover, throughput is degraded because of
difficulty in maintenance and more running cost compared fo the
laser-beam exposure. Therefore, a problem arises such that the
process cost rises sharply because of increase in initial investment and
running cost, etc.

As a measure to settle the problem of rising process cost with
micronization, a method for forming microscopic concave-convex
patterns by laser beam has been developed, for example. This is a
method to form patterns by disposing a thermally transformable layer,
transforming a region which is smaller than Ithe beam diameter, and
removing untransformed region by etching.

For example, a method for forming concave-convex patterns




10

15

20

(structures) by crystallizing a phase-change film such
as GeSn, etc. by laser beamirradiation, and renovi ng
anor phous region by etching is proposed in Patent
Literature 5. Mdreover, a nethod in which a thin
auxiliary filmis formed first and a groove is forned
on the filmonce by 5 etching and then a phase- change

m foroed afterward is roc sed hi_n
GeufuRel BTy R oA 8RR ARG iy ShET AP S fee. by
concave-convex patterns (structures) by crystaII|Z|ng
ladea| leerge nirradiatoum ciisl chmeyice shfeigrhdns regen eatching is
irradi ati on and renovi ng anorphous region by etching

ptépéyeacilppﬁeeﬂmﬁ%trsmreust NS 1% eh a %Qethi%ﬂewvsvhlw a thin
order to formstructures with appropriate uniform ty

on.,a supstr.ate of ea such. tjcal [
afgilfy 3 ifhas Frtnd T arihs dedhvais Riptedibn thedias once by
(etching selectivity) between regions forn ng

egthingtandthemad pdiaserchaayieofibm fonmiedenftarseard is processed by
phase-change material, etching selectivity between

efdiiakahlbhnge ﬁt Q11§clb§e@nd PRRHNM R, Shalfeth8AP P S ming
state 's snal al so, Internediate state between

stalllne staeand hou state be for
VEf G X tPP‘(steaPFfl(aEH Pﬁeém?%r ms%&lgﬁng Cﬂgfjcogen
rri croscopic structures on a nedium of |large area by
céthpomatihadsh di (EéSsBeBSn by Pakeritean tiersatiation dndndntoving
Moreover, the manufacturing nethod 20 which requires
aﬁﬁﬁ’ﬁhﬂ s3bEfd B EtcB L oHl:aRR0A B PALAR'LHBEERARYE S S
as cau process cost Tl se.

Furt her, a mathod for form ng structures by formng a, |
r eact Weger in order to form structures with appropriate

-uniformity on a substrate of large area such as optical discs, it is

required to have large etching rate difference (etching selectivity)
between regions forming structures and other regions. In the case of
phase-change material, etching selectivity between crystalline state
and noncrystal state (amorphous state) is small. And also,
intermediate state between crystalline state and amorphous state may
be formed. Therefore, it is difficult to uniformly form microscopic
structures on a medium of large area by the methods disclosed in
Patent Literatures 5 and 6. Moreover, the manufacturing method
which requires etching step twice as disclosed in Patent Literature 5
has a drawback of causing a process cost rise.

Further, a method for forming structures by forming a reaction
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region (reaction region becones an alloy of two
nmetallic materials) through interdiffusion of two
netallic materials by irradiating a |laser beamto a
thernosensitive nmaterial which is conposed of stacked
two netallic materials such as Al/Cu and by renoving
unreacted region by 5 etching is disclosed in Patent

7 8 hogl, f
bl g o MR AL B8, e B Rerions
interdi ffusion of two materials |rrad|at|ng
theeneh betgrdiffusion: eicivee neetwble ma%m%l@rhsamadga‘ﬂm a laser

inorganic nmaterials such as Au/ Sn and renovi ng

beaees hetheraiseRsiyve nediedthli whidPidl eomposed dfitRak&dtwo
Literature 9. Fbmever it is dlffICU|t to unlforn1y

m cr.osc u a medi_ um of ar ea
ol B b B BB R R b Bl b e AR5 by
interdiffusing two materials directly becones a
etnpg g disrostd in PadendhitdrategeoisddBm ng
structures, and the etching 15 rate varies if the

CONPORfckrb§Per, S adin&idiodNtfor FRidRlg @AriBidied by \&Bi-ﬁ'i'né a
Iaser beamis irradiated to a stacked conp05|t|on of

S B EAAER L A i

chem cally- anplified resist used for photolithography
at bagerabshor mot e 28ckddr coxspositidn econdgeringndwo inorganic
untransformed region is renoved by etching to form

nﬁté%ﬁé‘ L&ehi s RUPPRSEH i‘é‘tn%@& %8 unlrb L 8 B0k Gy etchlng is
Wever materials form ng the structures 1 n Patent
dlsciose ﬁatent Literature 9.

However, it is difficult to uniformly form microscopic structures

on a medium of large area by these methods because thickness

- distribution of interdiffusing two materials directly becomes a

composition distribution of regions forming structures, and the etching
rate varies if the composition is different.

Further, a method in which a laser beam is irradiated to a
stacked composition of a light absorption, heat transfer layer such as
GeSbTe, etc. and a thermosensitive layer made wup of
chemically-amplified resist used for photolithography to transform the
thermosensitive layer and untransformed region is removed by etching
to form structures is proposed in Patent Literature 10.

However, materials forming the structures in Patent Literature
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10 are light absorption materials and the nethod in

which the light absorption material is used as a

structure -formng material is not suitable for

form ng structures of high aspect ratio (height of
pattern/size of structure). In other words, in the

case of formng 5 structures of high aspect ratio, a
ayer 1f ] ructures. i -1 hj 1

NS, e B Gk Eials AP ERE e 18 WELh, the lighe
heat is spread through the layer. Therefore, a nethod

apsernfaerufmetemphdgs sesak agr 8 alivchureformpgnmaterial 1s not
m croscopi ¢ structures inexpensively by a sinple

sRItAbES SfoM tfaeming 1 GtrisdtageHOf Ohigh OgRRDY radiod (BRight of
opti cal recordi ng medi um having the structures

uni f orm he. nedi um of .l arqe area. _haye not bee .
PPl Rl G o bRGIRE ortsy ogpB Eofle Tie 308, Pite o Torming
current condition. [Patent Literature 11 Japanese
statcénresrpphiglnaspectizatie, @ptayer(dPmingNdrudturge gz 3geded to
[Patent Literature 21 JP-A No. 2001-126255 [ Patent

bbiftgERt Ho®eddr, Jihibk Naye2Rbv3Ad 83k rohBaltedt bekchbatHeag is
41 JP-A No. 5603-0514537 [Patent Literature 51 JP-A

hb.(g-llSl%g ‘ératent Literature 61 JP-A No. 10-97738

spE 4 baeh theld¥dre 71 JP-A No. 2001- 250279 [ Pat ent
Literature 81 JP-A No. 2001-250280 [Patent Literature
91 JPTheifor@003nietb9d1fd@ manufacturing structure which can

form microscopic structures inexpensively by a simple process without

using photolithography, and an optical recording medium having the

. structures uniformly on the medium of large area have not been

provided and their prompt provision is desired in current condition.

[Patent Literature 1] Japanese Patent Application Laid-Open
(JP-A) No. 11-328738

‘[Patent Literature 2] JP-A No. 2001-126255

[Patent Literature 3] JP-A No. 2001-344833

[Patent Literature 4] JP-A No. 2003-051437

[Patent Literature 5] JP-A No. 9-115190

[Patent Literature 6] JP-A No.10-97738

[Patent Literature 7] JP-A No. 2001-250279

[Patent Literature 8] JP-A No. 2001-250280

[Patent Literature 9] JP-A No. 2003-145941
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[Patent Literature 101 JP-A No. 2002- 365806

Di scl osure of Invention The purpose of the present
invention is to provide a nmethod for formng
structures, which can formm croscopic structures 5
i nexpensively by a sinple process wthout using

phot ol i t hography by having a nmediumfor form ng

strucgglr,e i.ch _cont ai c ition of
i ght EIUaf’o‘%‘?%‘ lf%rﬁ%ﬁgﬁéﬂijﬁAZN?hé?ﬁ%é%?%@%s i on | ayer,
and by separating the |[ight absorption |ayer which
Diegleparesat heegntpgn | j ght absorption and the thernal
reaction |ayer form ng structures by 10 thernal

r eact TR p1adse offRHb Wiekont 19FdH then $§ 6 phrbvRleUs @ttt for
the nmethod for manufacturing structure and structures
fobtainedtb% the nmethod for nagufacturjn structuyre én
FRYRE ¢ STELHIAESex LUy 1°88uedOTHng TYSTPRACPIT | TiRHctures
~demand. Al'so provided by the present invention is a
inixpengevalityy apsimple pudeseoortliont useng phatblithogmphy by
performrecording of information with concave-convex

Q

degradi ng throughput and is favorably used as a nedi um

c4yRege it Qe IabhPOUPEP AR 198 o5 o o PR Foaction layer,

reproduci ng informati on using the optical recording
anddiyurepiratheg phedeght absmmiticon layes whids geneoites heat by
dedi cated i nvestigation by the present 7

light absorption and the thermal reaction layer forming structures by

- hBMd LN éSidiC %)mﬁidg hitgiclfRs WhichObsmdink t Hostacked

thermal reaction, and a medium for forming structure used for the
method for manufacturing structure and structures obtained by the
method for manufacturing structure in order to settle existing issues
and to fulfill the demand.

Also provided by the present invention is a high-density optical
recording medium which can perform recording of information with
concave-convex patterns (structures) of high density formed without
degrading throughput and is favorably used as a medium for
authoring.

The purpose of the present invention also includes a provision
of a method for reproducing information using the optical recording
medium of the present invention.

As a result of a dedicated investigation by the present
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inventors to settle above issues, it was found that it
is possible to form mcroscopic structures

i nexpensively by a sinple process without using

phot ol i t hography, and in particular, it is possible to
form mcroscopic structures uniformy on a nmedi um of

| arge area by having 5 a nediumfor formng structure

. Whi t.aj.Rs stacked ¢ 0Sg t i f-.a_ |igh

il Raf3pt PRREHIS aPoRhaSAR P WA Lbad Y 3y b3l g Jorm
separating the |ight absorption_ |ayer which generates

nHerascepiq isyhectugbs obpxinemsaydyt ¥ ahebmile reepsespnwithout
| ayer forming structures by thernmal reaction. 10

ubfi e Wiedtolit ho¥ep ey, SanfodAd phBdtulie R 85 epdsdiPMERbI EHrm

preferably enables to (1) formnore m croscopic

structures, b i rradi.ati a light. without substyates,.
kOBl S Rb s E P R IE B 4 fiinth of Rited 8Feh b tfvine
structure/size of structure) as well as to form
armedsondpr forming streduneiWichi gondains aedhoked cogragation

area by using a 15 specified material for the thernmal

of 82Qid1N AbA¥EHtioh3layed’ Hnd & CREFBLE reHctidst UAPSY, D¥ndNby
i nexpensi ve process W thout using vacuum apparatus

wi th hi t hy.opyghput by ns _of t etching,,(4) ,for.
sthAstghe TSt dRRarBtoRy AaRT  WBETb AereEa Brobeet in it
apparatus by using a laser beamas a |light and a
absmipdond i drtheadderamlaréadern slayece foramoh g SEreé@ures nby
m croscopi ¢ structures on a nediumof |arge area at
th@haBRERG R PY rotating the medi um when a | aser beam
I's irradiated to a medium for formng structure.

Moreover, it was also found that the present invention
preferably enables to (1) form more microscopic structures by
irradiating a light without substrates, (2) form structures of high
aspect ratio (height of structure/size of structure) as well as to form
microscopic structures uniformly on a medium of large area by using a
specified material for the thermal reaction layer, (3) form microscopic
structures by an inexpensive process without using vacuum apparatus
with high throughput by means of wet etching, (4) form microscopic

structures by an inexpensive process and apparatus by using a laser

"beam as a light and a semiconductor laser as a laser source, and (5)

form microscopic structures on a medium of large area at high speeds
by rotating the medium when a laser beam is irradiated to a medium

for forming structure.
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8 The present invention is based on the know edge of
the present inventors and the neans to settle above
i ssues are as follows. <1> A nediumfor formng
structure containing a light absorption [ayer; and a
thermal reaction |ayer, wherein the light 5
absorption |layer and the thermal reaction |ayer make

up a acked ¢ osi.tion, ;and;the.light absorpti,on

oy er TEEHERRECIREA 2 T bEPRY bl e By e i present
_thermal reaction layer contains a thermal reaction
ingaderapndthe meansegi settleorbaverisbngs ere astlolewss

stated in above <1>, 10 wherein the thermal reaction

| ayer<is o spedesmasfodn (SRRBAEOSiructy R cdtitaiffhg a light
stacked conposition, and contains a material having a

ransparency.in wavel engt.h of j.rradiated l,ight. > .
i @RI fero pRAdT SRR qepshanadaBiS: sp et ,ihe, eht

of above <1> and <2>, wherein the thermal reaction
absymptigodayémend the thiexmad ereaictivat bryieal malkenap a stacked

material B, the material Ais a silicon conpound
cdBpBEitRin, il thE 1ight U RrpBohIagbr LEAELING rb.eligﬁlt bs6Fhtion

from sulfide material, selenide material and fluorine

cqnpound erial. It is possible to formn crosgcopic.
matp HaL il T EOEIR) THCERE 14D CHHUEOR® PoPRFHGaL Toaction

structure as stated in the above <1> to <3> by 20
miadeiiad. a stacked conposition of a light absorption

| ayer and a thermal reaction |ayer and by separating

the |ightribaoiRhhPfod ﬁgﬁﬁggp&rﬁgpct&%nsé %Ez?n]%dhﬁ%bwe <1>,

I i ght absorption and t reaction | ayer
wherein the thermal reaction layer is disposed as an uppermost layer
of the stacked composition, and contains a material having a

transparency in wavelength of irradiated light.

<3> The medium for forming structure as stated in any one of

~above <1> and <2>, wherein the thermal reaction layer contains a

mixture of material A and material B, the material A is a silicon
compound material and the material B is at least one selected from
sulfide material, selenide material and fluorine compound material.

It is possible to form microscopic structures uniformly on the
medium for forming structure as stated in the above <1> to <3>, by
having a stacked composition of a light absorption layer and a thermal
reaction Iayer and by separating the light absorption layer which

generates heat by light absorption and the thermal reaction layer
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9 formng structures by thermal reaction. <4> A nethod

for manufacturing structure containing |ight

irradiation to a medium for formng structure

contai ning a stacked conposition containing a |ight

absorption | ayer which contains a light 5 absorption

material, and a thernal reaction | ayer which contains

I C rlal and et ching the nedi um

mh{%%{n}ﬁlﬁtuﬁa&t r%gﬁ %a e%‘ﬁﬁll Sirradiated with Iight.
By the nethod for manufacturing structure of the

pr esert> Ampethodori mapsifaeigying estracturenconigininopilight

structures inexpensively 10 by a sinple process

iMiaditibn W AgmRldeae iféh IeF @ phy s}ﬂyuéﬂtﬁbtcdﬂtb@ﬁjirig hO&acked
and etchlng In particular, it is p033|ble to orm

Crosco tructur f or nd. ecaus
S BoP I sfptiibige dLAEnt AbsSHRdn IR Hifh ARt Hknt
the thin layer can suppress heat diffusion by haV|ng
ahsenmdtdednatampakiandm thewmial gleactibnolateirowhich [capbains a

and a thermal reaction [ayer and by separating the

théGhhl RReOR IRAtdERYET ati @icﬂfﬂgerﬁfeesn@@ﬁimbyoﬂ | fghing

absorption and the thermal reaction |ayer form ng
ctur t her.na <5> The nethod for
STt P gs SRRREvaE WeBEeq i n ' above <d>.
wherein the thermal reaction layer is disposed as. an

20 upBgrtbstmethed of meshaticcdgcetpasiré oof, thedpresent
contains a material having a transparency in

| IWRMRIGD 9t Ch od i bRAL R 16l ing&toscgﬂll té\ﬁ'ucf@fé%‘)&ejx?)%nswely

nanufacturlng structure as state n above <5>

by a simple process without wusing photolithography by light
irradiation and etching. In particular, it is possible to form
microscopic structures uniformly because a layer which absorbs heat
and generates heat can be thinned and the thin layer can suppress
heat diffusion by having a stacked composition of a light absorption
layer and a thermal reaction layer and by separating the light
absorption layer which generates heat by light absorption and the
thermal reaction layer forming structures by thermal reaction.

<5> The method for manufacturing structure as stated in
above <4>, wherein the thermal reaction layer is disposed as. an
uppermost layer of the stacked composition, and contains a material
having a transparency in wavelength of irradiated light. In the

method for manufacturing structure as stated in above <5>, the

10
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10 thermal reaction |ayer is placed as an upper nost

| ayer of the stacked conposition and fornmed of a

mat erial which transmits light and at the sane tineg,
alight is irradiated fromthe uppernost |ayer, the
thermal reaction layer side in light irradiation. By
using the material having 5 high transparency for the

ernmpl reactihon | aye uppressing |igh absonpt i.on
RS E e @R 2P, B BlaeR S5 IRt B oy PR b
structures can be nicroni zed because the structures
cempopiion andyfonmad ofemanatesinl whigh fragamite lighjhand at the
absorption | ayer. Moreover, mcronization of the

s&foleUiind, @Slipht 3 $0-adesidoirond eRa wpP et dat 18PéL Ghiei®ermal
| ens can be 10 increased to focus a | aser beam by

b
irradi ating .a |.ight, wthaut,. subsjrates as a surface .
o B Rt ule TRRE R HBd R oR roi Gotiy i, Rt oy ine
as stated in any one of above <4> and <5>, wherein
higle trapspatencyatay the |theemadorgamitim layen, xqupmereséing light
material A and material B, the material Ais a silicon

aBSo1GRIRP U ehaRhEFhal réfdidheayer R psiflel andtthe&Astictures
one selected from sulfide material, sel enide

material and fJ uorine.conpound materjal . . .By. the

Fio DR B TR AR Ot T B P Ces P cder Bed bepbgenerated
<6>, it is possible to formm croscopic structures

onlyi frommithedight mbdorphieh lhgeye Mareavdieaaicsenization of the
specified material is used for the thermal reaction

slrd%ehres? Qs CARR) IftEsifle! BEELASE RICHMOpRRLAR g)éh%yc%n be

between I'1ght -irradiated region and non-irradiate
.region, Further, the structures of hjgh aspect . ratj
ingEER I wﬁlgsmsaﬁ deehiorpudout

because t he

- substrates as a surface injection.

<6> The method for manufacturing structure as stated in any
one of above <4> and <5>, wherein the thermal reaction layer contains
a mixture of material A and material B, the material A is a silicon
compound material and the material B is at least one selected from
sulfide material, selenide material and fluorine compound material.
By the method for manufacturing structure as stated above <6>, it is
possible to form microscopic structures uniformly on a medium of large
area because a specified material is used for the thermal reaction layer,
enabling to increase etching selectivity between light-irradiated region
and non-irradiated region. Further, the structures of high aspect

ratio (height of structure/size of structure) can be formed because the

11



10

i5

20

11 material can be easily thickened. <7> The net hod
for manufacturing structure as stated in any one of
above <4> to <6>, wherein the light is irradiated from
the uppernost layer, the thermal reaction |ayer side
inthe light ,5 irradiation. <8> The nethod for

manuf acturing structure as stated in any one of above

<4> < i B ljght irradiated in the |ight
n}aﬁ]thaafizftalzl;%e %ggi%?ltgé%{b eéiam <9> The net hod for

manuf acturing structure as stated in above 10 <8>,

wher efR>al e melhosk fammanadaetwanam stsuetwen s stafigd: by any

| aser. <10> The nethod for manufacturing structure as

ofit afedbbile abovin <B>, Wwherdnntke |laslel ivaaradiatedi AbPhe
apparatus, equipped with a sem conductor |aser beam

ubBE RSB s B T BhoRE srodbetdt efesBiy slds ' BEahpe1EBne
nodul ation unit and a nmediumdriving unit, is

igpgicdyenl. By the method for manufacturing structure as
stated in any one of above <9> and <10>, it is

possibie e WAl frOma@RIfGciiring IHF@SurbYas stated in any
i nexpensi ve process and equi pnent by using a

sem conduct l.ase as, a l.aser soyrce. 20 <11> The ..
oREHRDPYS T Poghm, PSR, T Seraliasd fn Jip light
one of above <8> to <10>, wherein the nediumis

ratmtecn whardaset heam. beamis irradiated to the medi um
for formng structure.

<9> The method for manufacturing structure as stated in above
<8>, wherein a source of the laser beam 1s a semiconductor laser.

<10> The method for manufacturing structure as stated in
above <9>, wherein a laser beam irradiation apparatus, equipped with
a semiconductor laser beam irradiation unit configured to irradiate a
laser beam to the medium for forming structure, a laser beam
modulation unit and a medium driving unit, is employed.

By the method for manufacturing structure as stated in any
one of above <9> and <10>, it is possible to form microscopic structures
by inexpensive process and equipment by using a semiconductor laser
as a laser source.

<11> The method for ma.ﬁufacturing structure as stated in any
one of above <8> to <10>, wherein the medium is rotated when a laser

beam is irradiated to the medium for forming structure.
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12 <12> The nethod for manufacturing structure as
stated in above <11> wherein a |aser beam

irradi ati on apparatus, equipped wth a | aser beam
irradiation unit configured to irradiate a | aser beam

to the nediumfor formng structure, a | aser beam

modul ation unit, a 5 nediumrotation unit and a

signal(gdeteetin Nixt . 1S € ed. By.the nethod, f .
o Sheor TG SRR for' TnSERERYG img S e Gunta
<11> and <12>, it is possible to form m croscopic
abevect LFoswherain medasan beamigadintianapphpgatuspeenisipped
to reduce the process cost by rotating the medium for

with & 18de s bedf 18 d4I8on uifiedbtibife B td 858diatk0a PP B&m
the nmediumfor formng structure. <13> The nethod for

ufa url tructur s _stated i any
g ERR RS 39 Tobitig shaidie 8 dfte RefPlmediafhndum. o
a vvet et chi ng nmet hod. By the method for manufacturing
msrdivot vetatien usitieed 4 sigabd detedtdng unit,iis gophiyede t o
formm croscopic structures by 15 an inexpensive
pr OceBﬁ et Rt‘é%'ho&%f‘ i YREEHETh ARRAE B LEBER 88 @té&eﬂ‘m one of
hi gh through put by using a wet etching nmethod. <14> A
tructyre o nable by t hod f.or manuf actu
aBpTeicL b <12, Hols RPSI CHROBT HHOTRSCORE Si50E lgrf% on a
<15> The structure as stated in above <14>, wherein an
medigem 20 lengpeareh at dugbsspeatd vo miducketlst protessecost by
any one of approximate vertical shape and/or

rGRRIAX it ABL R VA & ﬂ%\f‘iﬂ; §g sBhRfre ?rl] &n inFa BhEY Y Biser

as stated in any one ve <14>

beam to the medium for forming structure.

<13> The method for manufacturing structures as stated in any
one of above <4> to <12>, wherein the etching is performed by a wet
etching method. By the method for manufacturing structure as
stated in above <13>, it is possible to form microscopic structures by
an inexpensive process without using vacuum apparatuses and with
high throughput by using a wet etching method.

<14> A structure obtainable by the method for manufacturing
structure as stated in any one of above <4> to <13>.

<15> The structure as stated in above <14>, wherein an edge
shape of a cross-section of the structure is any one of approximate
vertical shape and/or approximate inverse tapered shape.

<16> The structure as stated in any one of above <14> and
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13 <15>, wherein the structure is a convex structure
formed on the surface of an optical recordi ng nedi um
<17> An optical recordi ng medi um containing a
substrate; a |ight absorption |ayer; and a convex
structure, wherein the light 5 absorption |ayer and

- the convex structure are di sposed on the substrate,

light .absprption. |ayer generates, heat by.ligh
<3SorSEPbs PRl eV RS o R G St i g e
the light absorption |ayer and contains a different
swafiacecdlan ppficahegcogflingymediught absorption | ayer, and
the convex structure is formed by the 10 nmet hod for

manuf agys rAﬁgo%iéMC&éﬁcﬁ-d@ﬁgSﬁn@Hﬁﬁni Borin e a06uBbR¥ee; a
<4> to <13>. th regard to the optical recording
d in above <17> it

[ Um as st at , It I s _possible t .
[TEBb AReo ol Toests: 250 cp seaex, sbiniing et ing dight
can performrecording of information wth
gbhswapdicdayex padt thescésveucitunelireofarhi dismesedi oy, the
which is fornmed 15 wi thout degradi ng throughput and is

S@yrate )y theedidst aaPRAPHB OlayedUldeQlerBths <A8x Ay light
opti cal recording nmediumcontaining a substrate; a

i ght _absorption | ayer; convex. st.ructure; an .
AhRLOR, Al R8s POt FERO R o SR EPRIAGgREch the light

absorption | ayer and the convex structure are 20
ghspesen bayarhendubrsttaate a dbffetdnghmadibeial ghiaonthaty of the
generates heat by |ight absorption, the convex

FAGGHEADond SATLAgt 1l e, b RCERALGN e
fn%%hod for manufacturing structure as stated in any one of above <4>
to <13>. With regard to the optical recording medium as stated in
above <17>, it is possible to provide a high-density optical recording
medium which can perform recording of information with
concave-convex patterns (structures) of high density, which is formed
without degrading throughput and is favorably used as a medium for
authoring.

<18> An optical recording medium containing a substrate; a
light absorption layer; a convex structure; and an optical transmission
layer, wherein the light absorption layer and the convex structure are
disposed on the substrate, the light absorption layer generates heat by

light absorption, the convex structure is in contact with the light

absorption layer and contains a different material than that of the
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14 1ight absorption |layer, and the optica

transm ssion |layer is disposed on the convex

structure and contains an optical transparency to

light, the optical transm ssion |ayer is applied on

the surface of the convex structures and fornmed in
approxi mate hem spheric formand the 5 convex

. ture.is forme Vit he thod for. manufact uri
ERP rEoR Tl B SRR e TR A8 i fposea
Wth regard to the optical recording nediumas stated
onthgmenvexigsuctyre ang goniains ap optisal deansparency to light,
hi gh-density optical recording nedi um whi ch can

t1€ bbeical tesRsdifGoRlaybnfi@npplicdnomithl SaT§ay bf ¥ha@nvex
convexity of high density formed 10 wit hout degradi ng

hr oughput i s favorably used as _a. nmedi um/if or
tRBFT gL 3G umipd o PRE RS, derbiRBE i aths Ande dhe
in any one of above <17> and <18>, wherein the convex
cenvarsineture infapwedky theemethdd fommamfactusng2oructure
The optical recording nmediumas stated in any one of

a@ROYR A<k Any OrEl§PabyeE @b ol BE3LONWEXh %?Hf"a b @ hbSptikal
approximate cylindrical formand a dianeter of the

conyex structure changes .according.to recarde .
G P S G AE SRR G A e FLBOL i TP AP o @Tovide a
stated in any one of 20 above <17> to <20>, wherein

higledennitmomicalotegording e dappr whichatan peyfommlrecatding of
formand is arranged to trigonal symretry on the

| iE i3t R P TwithN@oRPAVRE! ahB8CRLALSGLICH UTkh density formed

without degrading throughput and is favorably used as a medium for
authoring.

<19> The optical recording medium as stated in any one of
above <17> and <18>, wherein the convex structure is in approximate
columnar form.

<20> The optical recording medium as stated in any one of
above <17> to <19>, wherein the convex structure is in approximate
cylindrical form and a diameter of the convex structure changes
according to recorded information.

<21> The optical recording medium as stated in any one of
above <17> to <20>, wherein the convex structure is in approximate
cylindrical form and is arranged to trigonal symmetry on the surface of

the optical recording medium.
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15 <22> The optical recording nmediumas stated in any
one of above <17> to <21>, wherein a track line
wi t hout the convex structure is disposed every "n
track lines where "n" represents an integer of 2 or

nore in a radius direction of the optical recording

medi um 5 <23> The optical recordi ng nedi um as stated

in an e 10 wher he I|

absor s2onT e, ePARl riiaig mefTup" R Selph By e bme of
el ement selected from Sb, Te and In. <24> The optica
apeverdiTrgtaedlanwhsreima duach Lineywiho usftheatpmmexstrncture
to <23>, wherein the convex structure contains a

gt ipesed evBrefniei Al Bhedwiitde Ml @ebabsdhtstdififREer b2k or
Ais a silicon conpound material and the material B is

sfigeFt aradie AtsthRo R e arTEe medgumin ™™ °°

optical recording nediumas stated in above <_24>,
wher ef83¥hEhe ooptasalsrecrding wediwinngs sstaitad ume anfy Zns of
and Si 02. 15 <26> The optical recordi ng nedi um as

aﬁb?é ed| 7 tany22Re wlereAVAKR KEKE dHdorgEisn l’éﬁ%”reédht%ms at
fer layer is disposed between the ~substrate and

| i ght ab |onIa <273 t for
1%%&&&%% SRRt selEtied S5 Shr Thantbfal ni ng
detecting a reflected Iight anount by irradiating a
20 r epiéduthagoptigilt recwrding ghedabsoaptitated apeangndna of
convex structure of an optical recording nmediumfrom

abbfe QML THBYCWH K eth I8e éﬂﬁ%@ﬁ'%ru& dtﬁ?ﬁT a mixture

recor di ng nedi um contal ns the or ption | ayer

OF material A and material B, the material A is a silicon compound
material and the material B is at least one selected from sulfide
material, selenide material and fluorine compound material.

<25> The optical recording medium as stated in above <24>,
wherein the convex structure contains a mixture of ZnS and Si0s;.

<26> The optical recording medium as stated in any one of
above <17> to <25>, wherein a buffer layer is disposed between the
substrate and the light absorption layer.

<27> A method for reproducing optical recording medium
containing detecting a reflected light amount by irradiating a
reproducing light to a light absorption layer and a convex structure of
an optical recording medium from the convex structure side, wherein

the optical recording medium contains the light absorption layer and
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16 the convex structure di sposed on the substrate, and
the light absorption |ayer generates heat by

absorption of reproducing light and the convex
structure is in contact with the |light absorption

| ayer and contains a different material than that of
the |ight absorption layer. 5 <28> A nethod for

p i n ical 1r [ [ ont.ai ni Rg .

thEPEORVEL "Bkl ARBENA B, TS, B orRk: Bpfthghg tieht
reproducing light to a stacked conposition containing
ahsonpdian lagsygandgrates hyat by abserpEgngdmgprodueciagdight and
optical transm ssion |layer of an optical recording

tHedbhvex Whaittube iBenRitael wifle @hdileght BB 6#Ptich layer and
contains the light absorption |ayer, the convex

structure di sposed on supst.r and, the optj.cal
PSR A BB RE et B B B DL ABeGRiER fpger

the |ight absorption |ayer generates heat by .

absorﬁg%nAoﬁnetrkeplr dducreprpoduging epldcebmeeardimguanedinm

is in contact with the light absorption |ayer and
cOHPRERINS detdictigy ent ro@bkdallihRNafbantOfhyt h@rddiating a

i ght absorption |ayer, and the optical transm ssion

t.he rface of., .the convex

o i i . )
resbietie " BRREr o gy THOkBHT sorRttiofe OOMHENRE 1% Hight

and contains an optical transparency to reproducing
absayiption<korerTheomyen cdriichure sgrd ducepigcadpirapamission layer
recording mediumas 20 stated in any one of above

of R Bpitfat 28cor WA HRE M dh EWIRBYEX tRE bticH] Secdrihg medium

approxi mat e col ummar form <30> The nhethod for

repr.oduci t.ical recording nmedium as i
contains %ﬁe Tlgghgcpabsorptlonclayer, 191(3 convex structure disposed on a

substrate and the optical transmission layer disposed on the convex
structure, the light absorption layer generates heat by absorption of
reproducing light, the convex strﬁcture 1s in contact with the light
absorption layer and contains a different material than that of the
light absorption layer, and the optical transmission layer is applied on
the surface of the convex structure and formed in approximate
hemispheric form, and contains an optical transparency to reproducing
light.

<29> The method for reproducing optical recording medium as
stated in any one of above <27> to <28>, wherein the convex structure
1S 1n approximate columnar form.

- <30> The method for reproducing optical recording medium as

17




10

15

20

17 stated in any one of above <27> to <29>, wherein
the convex structure is in approxinmate cylindrica
form and a dianeter of the convex structure changes
according to recorded i nformation. <31> The nethod for
reproduci ng optical recording nediumas 5 stated in
any one of above <27> to <30>, wherein the convex

ctu 1S 1 r OXd e | indrical ,formand.is
BTy g A GURAR EI TR, S b R e foture
_optical recording nedium <32> The nethod for
1§ pr 6RDEPFIgLSt icxlindricadr Hirny andi amdigmesemtafdthe comyex
one of above <27> to <31>, wherein nmultiple track

stiutetire $RadEEs hERNAAHS €6 retartlddnfrmlayiddy, i rradiation
of reproducing light to the convex structure and

conveso Lt P iR ZobastuSin falfaqispding addifm as

reproduci ng optical recording mediumas stated in any
statedon ampvaed above <> to widreiwhereindbk donwex structure
W thout 15 the convex structure is disposed every "n"

id riackapraesmuiier eylindric8Pr 5390t andn is NhegMgdd % Hrigonal
nore in a radius direction of the optical Tecording

medi um <3ﬁ€ The, met for..reproduci ng optica
SPROHY i RerUrads oldpa Stidal eoovEragmeliviior i n n.1

track lines are reproduced 20 simultaneously and

r ef | e€832d Thagmethodulor reprdéneingzeoptidl xfcobderg mpdiom as

of Drawi ngs 18
stated in any one of above <27> to <31>, wherein multiple track lines
are reproduced simultaneously by irradiation of reproducing light to
the convex structure and reflected light amount is detected according
to the convex structure cycle.

<33> The method for reproducing optical recording medium as

stated in any one of above <27> to <32>, wherein a track line without
the convex structure is disposed every “n” track lines where “n”
represents an integer of 2 or more in a radius direction of the optical

recording medium.

<34> The method for reproducing optical recording medium as

stated in above <33>, wherein n-1 track lines are reproduced

simultaneously and reflected light amount is detected.

Brief Description of Drawings
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FIG 1 shows an exenplary nediumfor form ng structure
of the present invention which has a stacked
conposition of a substrate, a |ight absorption |ayer
and a thermal reaction layer in this order. FIG 2
shows an exenplary nmediumfor formng structure of the
5 present invention which has a stacked conposition of

a sub a hermal .reaction | ave a |ight
absor bt o s AnRatRRRE M Bl Rtornfing g of the
order. FIG 3 shows an exenplary mediumfor form ng
PEesamtt rvendion ehichr bagm stanked: compepition s gubstrate, a
st acked conposition of a substrate, a 10 thernal

lighaGihsonptianahyandnd 4 tBEEmabsOididOTay YRy thik dridies.
order. FIG 4 1s a process chart show ng |ight

b S O R LA AR e

shows (1) nediumfor formng structure, (2) a
preseditt iniendinn mchichghas iar statikedi comansit{@) o acenbistriade, a
after light 15 irradiation. FIG 5 is a process chart
t 19N N Be R TdH DGy drN atlfigh BB AP IR 1ay@RUHPE ek RG] reaction
structure of the present invention and each chart from
1the to .shO\[ys (1) a nmedium condition before etching,
POF 1] CBAEFEPBn  during etching and (3) a condition
after etching. 20 FIG 6 is a process chart show ng

heat FHgaBmsbows an erempdatfothediom frarfoieingrsitngeture of the
structure of the present invention and each chart

pHE QAL AR @RS Q&ﬂ:\’i@%(lﬁs A Sl ApP6iield BEA substrate, a

treatment, (2) al
thermal reaction layer and a light absorption layer in this order.

FIG. 4 is a process chart showing light irradiation in the

method for manufacturing structure of the present invention and each

- chart from the top shows (1) medium for forming structure, (2) a

condition during light irradiation and (3) a condition after light
irradiation.

Fi1G. 5 is a process chart showing etching in the method for
manufacturing structure of the present invention and each chart from
the top shows (1) a medium condition before etching, (2) a condition
during etching and (3) a condition after etching.

FIG. 6 1s a process chart showing heat treatment in the method
for manufacturing structure of the present invention and each chart

from the top shows (1) a condition before heat treatment, (2) a
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condition during heat treatnent and (3) a condition
after heat treatnent. FIG 7 is a process chart
showi ng second etching in the nethod for

manuf acturing structure of the present invention and
each chart 5 fromthe top shows (1) a condition
before etching, (2) a condition during etching and

3)..a condition after etching. FI 8 is_a.praoce
RSB e Bl R T B BrifiO8° Aer heat
manuf acturing structure of the present invention and
trepdmetfart from the top shows (1) a condition before
transferring, (2) a condition during 10 transferring

and (BIGa7wed F’Fﬁéd@sb Rhe2DeRYviNe 3860 K@ RYENIYin the method
transferred. G 9 is an explanatory di agram show ng

an_exenplary light _irradiation in the nmethod for
£ ARG g et HETeeObER? EepP Rt ERTeTing diRd Gach ghart
each shows (1) a nediumfor formng structure, (2) a
frpsn ddvedbop ovhoes i(RY ki gowditiomdieforeortemiong, IP) s condition
condition after light irradiation. FIG 10 is an

dAKRIPORINPAY B AMShPM Ha PRy @XERRIATY  etching in

the nethod for naenufacturing structure of the present

et chi BLC- 835 aPr0ssS St it e Ao BIEHT AL SRR o4 for
-condition after etching. FIG 11 is an expl anatory
mdiragfaatnighgutngctarreefdiel prosenasaventieamnd each ahiaoh from

apparatus used in the nmethod for manufacturing 20
the top shows (1) a condition before transferring, (2) a condition during
transferring and (3) a medium with concavity and convexity
transferred.

FIG. 9 is an explanatory diagram showing an exemplary light
irradiation in the method for manufacturing structure of the present
invention and each shows (1) a medium for forming structure, (2) a
condition during light irradiation and (3) a condition after light
irradiation.

FIG. 10 is an explanatory diagram showing an exemplary _
etching in the method for manufacturing structure of the present
invention and each shows (1) a medium condition before etching, (2) a
condition during etching and (3) a condition after etching.

FIG. 11 is an explanatory diagram showing an exemplary laser

beam irradiation apparatus used in the method for manufacturing
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"structure of the present invention. FIG 12 is an

expl anat ory di agram showi ng anot her exenplary | aser
beam irradi ati on apparatus used in the nmethod for
manuf acturing structure of the present invention. s
FIG 13 is a diagram show ng an exenpl ary
cross-sectional shape of the structures. FIG 14 is a

' | . ry cross-sectional shape of
S%@%%ﬁ%%g&o tlgléfsg?ié)glént invention. FIG 15 is a

di agram showi ng an exenpl ary cross-sectional . 10 shape
of t hElGt tdds amesxplanatery desguam ishesrnganothecexemplary
a di agram showi ng an exenplary | aser beam nodul ation

laget hoearh! GirrddidtioR AVROe (NSédPaat i YRe Vigwthed for
the structures of Exanple 3. 15 FIG 18 is a SEM

[ 1 [ f the. f I
Rt AR REF LG A B g b B BN i ng an

exenpl ary optical recording nediumof the present
i nvenfl@n 13FiGa 20agramashewpha an @senplagy acrasisossichignal
the relation 20 between incom ng direction of a |aser

seLALKE §fQARSns&et ional shap_e of an medi um i n an
exenpl ary nmet hod for reproducing optical recording

medi Uﬁé)f 1t4h$s R %ﬁggztanlams/ gévixgé]'axg 1exemp1ary cross-sectional

shape of the structures of the present invention.

FIG. 15 is a diagram showing an exemplary cross-sectional
shape of the structures of the present invention.

FIG. 16 is a diagram showing an exemplary laser beam
modulation method.

FIG. 17 is a SEM image (perspective view) of the structures of
Example 3.

FIG. 18 is a SEM image (perspective view) of the structures of
Example 4.

FIG. 19 is an explanatory diagram showing an exemplary
optical recording medium of the present invention.

FIG. 20A is an explanatory diagram showing the relation
between incoming direction of a laser beam and cross-sectional shape
of an medium in an exemplary method for reproducing optical

recording medium of the present invention.
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FIG 20B is an explanatory di agram show ng the
relation between |aser intensity distribution of
injected | aser beam and tenperature distribution on
the surface of an optical recording nmediumin an
exenpl ary nmethod for reproducing optical recording 5
medi um of the present invention. FIG 21 is an

expl a or i agram shqwi ng anof.her_exeppl ar optical.
Fecor Ao 2l B O SMBRBEN AR, SRR G eiftion
an expl anatory di agram show ng an -exenpl ar met hod

betweerplasgucintprspty cdistribudiadi nef rmigaies olasedre beam and
present 10 invention. FIG 23 is an expl anatory

téth pOF A reh Mk HGb afio8X P Rty sudPhdeCalf e ticl FRebMIThg
of the present invention. FIG 24A is an explanatory

diagram (top vie show rrangenent. of the )
ni Bl dhe a8 eesmblan Svatkpd 364, SABFET o 0g, obticrhgecaning

opti cal recording nedium of the present invention.
nridiunpdBthe paeseadpinyeatmny di agr am showi ng changes in

reproduction signal level in an exenplary nethod for

repr opipGi Y is @Rt é%ﬁiaﬂa%@i i g 1R HHoRi0k 48 HRE @SR plary

invention. FIG 25 is an explanatory di agram show ng

OB PeLTPr e Fi<eH S p o gRe T LNGRHhat ory.di agr am
(top view) showing arrangenent of the structures in
an exEHpl #2%/ isedhodxplmatepy odiaggrag 2thowing an exemplary
method for reproducing optical recording medium of the present
invention.

FIG. 23 is an explanatory diagram showing an exemplary
optical recording medium of the present invention.

FIG. 24A is an explanatory diagram (top view) showing
arrangement of the structures in an exemplary method for reproducing
optical recording medium of the present invention.

FIG. 24B is an explanatory diagram showing changes in
reproduction signal level in an exemplary method for reproducing
optical recording medium of the present invention.

FIG. 25 is an explanatory diagram showing an exemplary
optical recording medium of the present invention.

FIG. 26A is an explanatory diagram (top view) showing

arrangement of the structures in an exemplary method for reproducing
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optical recording nmedium of the present invention.

FIG 26B is an explanatory di agram show ng changes in
reproduction signal |evel in an exenplary nethod for
reproduci ng optical recording nmediumof the present
invention. 5 FIG 27 is an explanatory di agram show ng
an exenplary optical recording nedium of the present

Obpé%réq%qm%% 284 Iogﬁgmprggé]% nat.ory. di agram (top

arran VSTt ures in an
exenpl ary nethod for reprod u0|n3 optlcal recordi ng
nmedi ublGf 268 py ezenexp prondiagyam Ghowimg schanges in
vertical cross-sectional view of the optical

ré@odudtivh FRehMMévell pli 8 GBlei®pldrgNnidthad ExEFBpAsJucing
nethod for reproducing optical recording medi um of

rese |nv tion a_top view show ng
onfieabEiEFding BGRYRF R the Fradeh Btntihe) ™50 e a
top V|em15homnng exenplary structures of the present
i nvenFIGn.2Bdst anb@spianatoay r fiagyagutshdveingnwentaxemplary
(Structures and Method for Manufacturing Thereof, and

oﬁlwpiétroeaing Ak diign HFEH@%rEéHnﬂ%E@fHﬂ” ing structure
he present. invention includes light irradiation

ﬁ22e2§§¢3' 8" e ARBHTUPTY oRiAAIg TSt (00t (riewdr shRwine
present invention is
arrangement of the structures in an exemplary method for reproducing
optical recording medium of the present invention.

FIG. 28B is a vertical cross-sectional view of the optical
recording medium in radius direction in an exemplary method for
reproducing optical recording medium of the present invention.

FIG. 29 is a top view showing an example of existing
structures.

FIG. 30 is a top view showing exemplary structures of the

present invention.

Best Mode for Carrying Out the Invention

(Structures and Method for Manufacturing Thereof, and Structures)
The method for manufacturing structure of the present

invention includes light irradiation and etching and further includes

other steps as necessary.
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used for the nmethod for manufacturing structure of the
present invention, and at |east contains a stacked
conposition of a light absorption |ayer and a thernal
reaction | ayer and further contains 5 other |ayers as
necessary. The structures of the present invention are
manuf actured by the nethod for nanufacturing
struckyre of ;. thﬁ% gsendt |nven

l.0
det ai | e e Cgl'l e ? Hre 8{ tﬁ!gt%eé;egf 1{1N8nt10n 18

present invention, and the structures of the present
usadefnn dhewimethodo for miasuifastaringr stmtetune of the present
expl anation of the nmethod for manufacturing structure

ifverfienPrAsE Mt 1W@NtdRfhinthg BRAKED COMmpPoRItbATof a hght
structure at | east contains a stacked conp03|t|on of

b t th
oD AOSRE ot el B AR, R Aok Bl
heat by absorblng 15 |rrad|ated light. Amd the thernma

otkerclayens lagyrecesasrya function to thernally react by
the heat generated fromthe |ight absorption |ayer.

The | @bt sr2BsAlR @Ptﬁ@)ﬁﬁ‘ésgﬁf“i‘ﬁ@éﬁﬁoﬂe@& B:Yaﬂlhﬁ'%ured by
irradiation to the medidmfor formng structure and

nduc er mal ctlon of ermal reaction.

%;‘?%"r Oﬁh@waml Y5H5 FHNC%E%PI' R PR IHEVSEtion
reaction |ayer may thermally react together by |ight
i rr adHBatreon beldve detrdtl wErthe ofediter el fomanig ehructure of
i nclude changes in material density, crystalline

b R R R R
be (H’isglosgg tﬁrough the explanation of the method for manufacturing
structure of the present invention.

The medium for forming structure at least contains a stacked
composition of a light absorpi_:ion layer and a thermal reaction layer.
The light absorption layer has a function to generate heat by absorbing
irradiated light. And the thermal reaction layer has a function to
thermally react by the heat generated from the light absorption layer.

The light absorption layer generates heat by light irradiation to
the medium for forming structure and induces thermal reaction of the
thermal reaction layer. The light absorption layer and the thermal
reaction layer may thermally react together by light irradiation. The

embodiments of thermal reaction include changes in material density,

crystalline state, composition and surface roughness. A number of
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increase in material density and changes in nateri al
conposition may take place sinultaneously by thernmal
reaction. The |ayer conposition of the medium for
formng structure is 5 not particularly limted as

| ong as a stacked conposition of |ight absorption

| ayer and thermal reaction |ayer is contained, and nay

b el ect ed accordi ngly and ampl es |n | ude
haeRy Rl b detef B SHEMRaT tenrint or' Pormmale
structure. A nediumfor formng structure having a
ingrgeke dn goatrysak demsity ansf changesin magerd composghion may
absorption |ayer 102 and a thermal reaction layer 101

tale blce Qbﬁ@lﬁ:aﬁéoﬁﬂ?ﬂy tRefth&d rdadt®om.be included as a
medi um conposi tion A medi um for form ng structure

havi ng. a .st acked conposit of ,.a sybstrate 10 )
t her nERe 1XET {GIPACRyBPn 10t e, rReditet dBE dp TR Sthachure is
| ayer 102 and a thermal reaction layer 101 in this

nof dertasilshiywliimitedFas longmay besiavdkiedd edmposHion difuimght
conposition 2. A nediumfor formng structure having a

aBiAPERsh T@f@o§hﬂ'tﬁ%rnﬁfl l%a%’eilaﬁt Ia%b? 14 Q3ntRiddverdml may be

reactlon 'ayer 101 and i ght a sorptlon layer 1
solgetadl; afieraias: 5 §'X3m§h§% iRCRgct t%fﬂa?maqeﬁyer
material of the thernmal reaction |ayer 101 is not 25
capbstuwmpf yhé médiadn der fomyingsstiructwrea mat eri al whi ch
changes by heat

A medium for forming structure having a stacked composition
of a substrate 103, a light absorption layer 102 and a thermal reaction
layer 101 in this order as shown in FIG. 1 may be included as é
medium composition 1.

A medium for forming structure having a stacked composition
of a substrate 103, a thermal reaction layer 101, a light absorption
layer 102 and a thermal reaction layer 101 in this order as shown in
FIG. 2 may be included as a medium composition 2.

A medium for forming structure having a stacked composition
of a substrate 103, a thermal reaction layer 101 and a light absorption
layer 102 in this order as shown in FIG. 3 may be included as a
medium composition 3.

-Thermal Reaction Layer-

The material of the thermal reaction layer 101 is not
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generated fromthe |ight absorption |ayer 102, and nay
be selected accordingly. A material which has | ow
density or is in anorphous phase after formation is
preferable and exanpl es include silicon 5 conpound
material, sulfide material, selenide material and
fluorine conpound. Exanples of the silicon conpound
.er [ e, Si i and .Si 3M. . . The, mat erj al

ofBHER Ay 1O ECasTIs o8 i REneB ) pich e b o
heat fromthe_light absorption |ayer with _|ight

sppexafiedt from the ﬁﬁht |4hgierptionaliyeret02.cgh 8 nmisac beeselected
dense. In etching, the etching rate of

abédtdinglyt adl ahgebrig0mHichShhoBkedenkith 6€nsiinl addiPhous
of the material. As a result, light-irradiated region
emai Ng as.structures. anples_of, the syl fide .
ohErE . PReF REAEoSN S nerkhieaall SHhmies tlpde silicon
density of these materials changes by heat generated
camppuoth maderiajhsulfide meatemal, sgdenide matieghal and fluorine
irradiation, and light-irradi ated regi on becones
c6l@psandAnd the sulfur is dissociated and the material
conposition is changed in the light-irradiated region.

In etghin th tchi.ng rate of | aser-. irradiat .
g ofinBghaf she i sl At ib AR S0s SioN
and changes in the material conposition. 20 As a

andstisiNa. | ITHe mateatiladedsitg giforthesenmiatsriads shangearlss the
Exanpl es of selenide material include ZnSe and BaSe.
her Uedd tafrode RAL 1Y, Ekfﬁﬁ‘ ' '_lhg' L iat]
g%—eatatggner at gg from 2%19{ ﬁg | gh‘{ﬂf’é‘é&?ﬁﬁ}gn a?Z:FQ%atthon’

light. jrradiatipon, and light -jirradiated, .. :
and“hight-irradiated region becgmes ense. aItn etching, the etching

rate of hight-irradiated region is lowered with densification of the
material. As a result, light-irradiated region remains as structures.

Examples of the sulfide material include ZnS, CaS and BaS.
The material density of these materials changes by heat generated
from the light absorption layer with light irradiation, and
light-irradiated region becomes dense. And the sulfur is dissociated
and the material composition is changed in the light-irradiated region.
In etching, the etching rate of laser-irradiated region is lowered with
densification of the material and changes in the material composition.
As a result, light-irradiated region remains as structures.

Examples of selenide material include ZnSe and BaSe. The

material density of these materials changes by heat generated from
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regi on becones dense. And the seleniumis dissociated
and the material conposition is changed in the |ight
-irradiated region. In etching, the etching rate of
light-irradiated region is lowered with 5
densification of the material and changes in the
material conposition. As a result, light -irradiated

i ns _as_ struc es. of e .f.luoriyn
o8 e AR PR RnE Frc ML e, P SAnd LB e
denS|ty of these materi al s changes by heat generated
ré¢giom bheoweghtdenssor gindritheapeleniimn isi gasociated and the
irradiation, and 10 light -irradiated region becones
nfigeswl mpb@ﬁl(fﬂ Uar ER@ngéd dins $R6I Hfgﬁg Hireatd® region. In
mat eri al conp03|t|on I's changed in the
radl reqgio I.n. et hln the etching r
et ithe PEACRRE A, B tight T h AP gt 2 Towekdd With
densification of the material and changes in the
demsidicagionceffus intdtenial sagl ehanges in the ghatdmalactimpesition.
region remains as structures. is The thermal reaction

Alsaayfésm rﬁghﬂ&ﬁdﬁe@@f@gleﬁ &8t Ahksals Sruefgrs¥at eri al
B, and the nateri al is a silicon conmpound materia

and he teri S referabl at | east
sel eckaamat %wﬁ}fqe%&éomﬁwomou Bl seufiSas T and
and fluorine conmpound material. Exanples of the

Baitki cdhhe ompderidl ndersiinl obfthehe mmteriadd chaifes by heat
i nclude Si 02, SiON and Si3N4 . Exanples of the sulfide

gé@él%{tbal w6fn thE 1BHELh & rpBid B e wiiDili r8BL AP and
L@{ SeP % u

7 Exanples o enide material 1nc e ZnSe and

ligﬁt"lrradlated region becomes dense. And the fluorine is dissociated

- and the material composition is changed in the light-irradiated region.

In etching, the etching rate of light-irradiated region is lowered with
densification of the material and changes in the material composition.
As a result, light-irradiated region remains as structures.

The thermal reaction layer contains a mixture of material A
and material B, and the material A is a silicon compound material, and
the material B 1s preferably at least one selected from sulfide material,
selenide material and fluorine compound material.

Examples of the silicon compound material of the material A
include Si0g, SiON and SizNj.

Examples of the sulfide material of the material B include ZnS,

CaS and BaS.
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Exanpl.es of the fluorine conmpound nmaterial include
CaF2 and BaF2 A single material or nmultiple materials
may be used for these 5 materials A and B. As for the
mxing ratio of the material A and the material B
preferable range is 10nmol % to 30nmol % for the materia
A and 90nmol % to 70nmol % for the material B. In the

st age ' ' it . I t. L IS

o TEeRAEer WO eniah hei] BLANME 24 ahOR S
and each exists _independently. In the nethod for

manuf Bgemnlag of tthg dlwemngfcompoynd septeriahineinde(;aF2 and
t hi ckness of the thermal reaction |ayer corresponds to
Bafg. height of the structures. Therefore, the

thi ckness of the thermal 15 reaction layer is set at

the hegight, of form,ng sthuctures, T net hod for.

For m ORISR BB Pl REY'5 o2 for these
particularly Iimted and may be sel ected accordingly
mgpterials Asangdbf erabl y sputtering. O the sputtering,

RF sputtering is particularly preferable because a

filmAs therhedmakinp0pMib ITPHAMHRSial2A akliP thBUhhEHAD B,
target used for the sputtering is preferably a target

p BEPLIE rtec B Eotth 4 ROB L Pa e Pidereh & Bndo0pmol
chem cal binding between the 28 materials A and B and
teZomodls orshemiaperidbfk|y. By formng films

In the stage of film forming, it is preferable that there is no
chemical binding between the materials A and B, and each exists
independently.

In the method for manufacturing structure of the present
invention, thickness of the thermal reaction layer corresponds to the
height of the structures. Therefore, the thickness of the thermal
reaction layer is set at the height of forming structures.

The method for forming the thermal reaction layer is not
particularly limited and may be selected accordingly and it is
preferably sputtering. Of the sputtering, RF sputtering is
particularly preferable because a film is formed at room temperatures.

The sputtering target used for the sputtering is preferably a

target prepared by sintering method. In a condition of sputtering

target, it is preferable that there is no chemical binding between the
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by sputtering as described above, it is possible to
formlowdensity thin filnms in the stage of film
formng. Having a lowdensity thin film it is
possible to increase etching rate difference between
light-irradiated 5 region and non-irradi ated region
and form structures on a substrate of I|arge area

i formy.. W a M xad terial of .{heg materical s. A
i B X ] LR g (TR Soep B pb Al o5 KTt s
material, a lowdensity thin filmcan be fornmed and
byispmtiering disalasgrihegl Ao vee dbireposidhlectafigem low @lepiséty thin

generated heat fromthe |ight absorption |ayer by

filinghin the aeh@ bOMIm MAieniie. beilagiabhaokodbnsiteasen i, it
density difference between |I|ight-irradiated region

i REP BT FRCRRHR R Pus R B Bkt gt ERRagRee

the material B is dissociated in the light-irradiated
regiginomd Tea ‘woadiatedgegidn dnddormastarcturashn aapdspfate of
sulfide material. The seleniumis dissociated in the

£@%ea s aRifeRind material . The fluorine is
dissociated in the case of fluorine conpound material .

The osition, of the t.er.i al B changes b e .

ai o5 ol HER B ret tanbetial O T apdiariatioe 80t fire yithuybe
be increased by the changes in the 20 materi al

neaepizdi Al loeingAtha siBeen tconsp@bidgnatdmal,i ¥ilpy-dansipe thin
i ncreased by both of material densification and

AR 4h 3o FATRAS N OBght 2P atddSEERN F@Eéﬂl@g dense due to
m croscopi ¢ structures on a nediumof [arge 29 area
tﬁ(? !gfﬁflé\*'n%%d hFel'Iartt Hglr:nn}:)ﬁee ligm: albséopl())fcics){lqll_‘)ereit' gyflggrhr? i%régfa%(on.
And by being able to increase the density difference between
light-irradiated region and non-irradiated region, etching selectivity
can be increased in etching. Moreover, constituent element of the
material B is dissociated in the light-irradiated region. The sulfur is
dissociated in the case of sulfide material. The selenium is
dissociated in the case of seclenide material. The fluorine is
dissociated in the case of fluorine compound material. The
composition of the material B changes by the dissociation of elements.
The etching selectivity may be increased by the changes in the

material composition. As a result, etching seclectivity can be

increased by both of material densification and material composition

‘change, thereby forming microscopic structures on a medium of large
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| ow residual stress, because |lowdensity thin filmcan
be fornmed in the stage of filmform ng. The
structures of high aspect ratio (height of
structure/size of structure) can be forned because it
is possible to 5 thickly formthe thermal reaction

mat eri al whi ch forns structures -Li ght Absorption

of the. ht or |onI-e 102 .
alhgé/ nifd I}%l ti d L}lrr%hraym‘org Jtt; 1&9%05511 P E'orI f: fll(l)n with
naterlal havrng a function to generate heat by l'i ght

law gepistuadrstressd beaguselawdensily Huigofibmeginybe fgrmed in the

Exanpl es i nclude sem conductor material such as Si, Ge

st 6Bf%in fordhRIgTetBhé istrudiires |0¥|Iﬁgﬁ0@§§dﬂ|l‘ﬁgm (helght of
Iomrneltlng point netals such as Bi, , I'n and ;
s sugh.as .Sb i T
SERIEeher 4 SR rate), S, B Fsmifd diecal®e derisa goelhﬂfa to
Si C, oxide mterial such as V205, Cr2031 WMh304,
tirekdn formn 3bs thetmal @eactionrndéerisl wteh iferms wétuctaras.N
and GaN; binary phase-change material such as SbTe;

E@ﬂﬂ@%’sﬁb%ﬁ EQ e material such as GeSbTe, InSbTe ,
Bi SbTe and Ga e; and quaternary phase-change

cont ”rﬁ?nsu"t"errilasrfigo % cRehbnehaartko Tauer 1 0%, d, mot

Te and In is particularly preferable. The thickness of
patieculaghy labstedpas dongaaeit is anotateaiali baviard g function to
limted and may be sel ected accordingly, and it is

g@ﬁ?{aﬁ:&i@%ﬁﬁ '35} Ielggt faﬁ)sbil %ﬁ]nolfar@;ﬂ&)g 0B M EBRIingly.
Examples include semiconductor material such as Si, Ge and GaAs;
intermetallic materials containing low-melting-point metals such as Bi,
Ga, In and Sn; materials such as Sb, Te, BiTe, Biln, GaSb, GaP, InP,
InSb, InTe and SnSn; carbide material such as C and SiC; oxide
material such as V2035, Cr203, Mn304, Fez0;, Co304 and CuO; nitride
material such as AIN and GaN; binary phase-change material such as
SbhTe; ternary phase-change material such as GeSbTe, InSbTe, BiShTe
and GaSbTe; and quaternary phase-change material such Vas
AgInShTe.

Of these, a material containing at least one element selected
from Sb, Te and In is particularly preferable.

The thickness of the light absorption layer is not particularly

limited and may be selected accordingly, and it is preferably in the
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difficult to formin formof thin filmand the Iight
absorption rate nmay be lowered. Wien it is nore than
50nm heat diffusion in the Iight absorption |ayer
occur and heating mcroscopic regions may be 5
difficult. Gass and quartz may be used for a
substrate 103. Mreover, substrates used for

I C t Qducty h.,as:.9...an silicon .
rGR8D RUPEL B S i WS Rk RA 455 sbphSRaRtaR s
al um num (AD and opague gl ass substrate, - .
dpdiopdate derman fossl of thim Gbpyand thedight ahioyptien rate may
resin, epoxy resin, vinyl ester resin, polyethylene
bedoRiFAal AW Ben ((PES)mard thasi FOsw) Hd=at @iFHisdieh iaSthe light
ultraviolet curable resin may be used. The nethod for

nuf.actuying structur nclude light irradiation in
aBRPHHIR | fagit ocCuT , ARl RS (RACTSERRTS, FBEs drag be
15 structure and etching in which the nmediumis
dpfifisvdssed with etching. In addition, forned structures
may be processed with heat. Mreover, the nedi um may

be fuGlaey aRAARESEetn il He REEDIFNYaMBIEEAG 108, Myrdader,

structures as mask. Further, concavity and convexity

be transf.erred .to qther nedju by usin e
sBYrates i vb senueRpRheiho PR stan 1t dodiannd SOI
exenpl ary nethod for manufacturing structure using
(silieomedinunmiulatook nisuysteatest fore HOBhéhard ndigels sach as
FIG 4 shows light irradiation, FIG 5 shows etching,

afitlifin 8mS WS §ﬁdhgﬁﬁgﬁée@la{'é%msub%h%te? FOQLErFGEAR resin,
etching and FIG 8 shows

acrylic resin, polyolefin resin, epoxy resin, vinyl ester resin,
polyethylene terephthalate (PET) and resin substrates such as
ultraviolet curable resin may be used.

The method for manufacturing structure include light
irradiation in which a light is irradiated to the medium for forming
structure and etching in which the medium is processed With etching.
In addition, formed structures may be processed with heat. Moreover,
the medium may be further processed with etching by using the
formed structures as mask. Further, concavity and convexity may be
transferred to other mediums by using the formed structures as mold.

FIGS. 4 to 8 show an exemplary method for manufacturing
structure using the medium for forming structure as shown in FIG. 2.

FIG. 4 shows light irradiation, FIG. 5 shows etching, FIG. 6 shows
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transferring, and the detail of each steps are as
follow. In light irradiation of FIG 4, the top

di agramof FIG 4 shows a nediumfor form ng
structure and 101 indicates a thermal reaction 5

| ayer, 102 indicates a |light absorption |ayer and 103
indi cates a substrate. The m'ddle diagramof FIG 4

hRAR oA GONE R s 'deflha’ H{ARA! hRY ¥ 2R shows

I|g IS |rrad|atedfromthe substrate 103 side. The
transforning; agddbeoletrilmf eadnstepsarsomifallon af t er
irradiation and 202 indicates 10 a region changed wth

| aser In liphdiiféd dAtiohhsf ETGNYSthd €§ @hdram HPFIEd 4 dhows a
the thermal reaction Iayers 101 \Nhl ch are arranged

ng bel ow the on.l ayer
iR G SRR A orred PRnio] SiReS A heTgal Maction
predeterm ned place in the mediumfor form ng
lagtaructQ# endicageden light oabsaptiost Japer and T inidgtrtes a
source nmay be noved, the nmedium may be noved while the

shb&tatS OUTRE msidalexafhdg}raanifhlvm hghdws cﬁﬁﬂit‘i@n amﬁmg

medi um may be noved rlngthe step For the Iight

R At tor R, S07 JRRBHYEn dRerpibonBigg) o HERE R Agion.

| aser of approximtely 248nm wavel ength may be 20
Theelighths hngldiatad ddomt tha swelystbetpekfbmmdel | Thehdottom
at nosphere. Moreover, a light may be irradiated to

diznﬁ‘aﬁ?gf MG A How %E?Hﬁﬁ 1rpé/d1§€fotﬂ A8d 3'@9 indicates

mediumin a herneti cal sea cont ai ner an
i nt r.oducj ses .such as. ni e wat.er
avge%tp’n g}.l@gggg ith ulaser irra 1at on Weg c?langed region 1s

formed in the thermal reaction layers 101 which are arranged above
and below the light absorption layer 102.

In the light irradiation, a light is irradiated to a predetermined
place in the medium for forming structure in order to form structures.
The light source may be moved, the medium may be moved while the
light source is fixed or both of the light source and medium may be
moved during the step. For the light source, F2 laser of
approximately 1567nm wavelength, ArF laser of approximately 198nm
wavelength and KrF laser of approximately 248nm wavelength may be
used. The light irradiation may be performed in the atmosphere.
Moreover, a light may be irradiated to the medium in an atmosphere

gas, by setting the medium in a hermetically-sealed container and
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hydrogen. Further, a light may be irradiated to the
mediumin vacuum by setting the mediumin a vacuum
container. It is preferable to use sem conductor | aser
as a laser source in 5 the | aser beamirradiation.
The wavel ength of the sem conductor |aser is
preferably 370nn1 to 780nm and nore preferably 390nm
tr ﬁ%Onm ases Ba Btl cul1 [y GaN0 sem condt%clz,t or.d I AYE! ' a
aducing gases sUChRE RILTOgsE FBBx JERETy R U G
|rrad|at|on apparatus_by using the sen1conductor
hydeegen.r efurthewy anlicbhemayr beederadaated 10 fbe emedium in
hi gh- speed nodul ati on of | aser beam power |evel is
vROSSMIb P selt@hg tthe mediandus Vatuliasesntalher. ef ore,
structures can be fornmed at hlgh speed on a nmedi um of
| ar ge;,area. JFurt-hernore ots, can be
For et TsyokrdFHIPE e Fac e Ripondietp® Thoet B gt 15PE Pares in
m croscopi ¢ structures. 15 The | aser beam power | evel
the laper dwoeal iaradiagowi.t | Thewwarvelersgthy of uhes samdconductor
formed during | aser beamirradiation to the nmedi um for

lafs%!i'ni'snﬂre%i'ét'EI‘yUB¢0nM‘ tet h@@nﬁogﬁa n«_{cﬁ@eﬁrd}ey\myl 896hm to
is nodul ated "between high |evel and | ow | evel

ofGERL T B8, kartith ShaN s ironiat o Jaget sy miags Ol

| evel (pulse width) to the cycle is a pulse duty
pésribke tov adithin yiclespensivé lddee hehme ixhaidyafien pagp@raiolsyby
set at 10%to 30% When the pulse duty is less than

%ﬂlé’ ttHEe c@Bdh'Bﬁ% %%Efurrﬁéu&[‘?ﬁé Yﬁlp!{di?vellt}tﬂ'(ﬁ:ess cost.

ecause sorptlon does no

ener at at suf f nt. |
Oreover, El‘ngﬁ speel(‘i 811? tion of aser beam power level is possible

for the semiconductor laser. Therefore, structures can be formed at
high speed on a medium of large area. Furthermore, minute laser
spots can be formed by using the laser of short wavelength to form
microscopic structures.

The laser beam power level is increased at a position where
structures are formed during laser beam irradiation to the medium for

forming structure. In other words, laser power level is modulated

‘between high level and low level according to the cycle of the

structures. A ratio of the time the laser power is maintained at high
level (pulse width) to the cycle is a pulse duty (pulse width/cycle), and
the pulse duty is preferably set at 10% to 30%. When the pulse duty

is less than 10%, the end of the structures goes vapid. It is because
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the pulse duty is nore than 30% contiguous structures
may be connected to each other. It is because of the
di ffusion of heat generated fromthe |ight absorption
layer. 5 It is preferable to rotate the nedi um duri ng
| aser beam irradiation to the mediumfor form ng
structure. A laser beam may be irradiated to the

k ' FO di um f
BF AR A s B NP AhS PR RO b e Sygiemsly, When
beam may be irradiated to the nedi um whil e rotati ng
thaepiati Whtvois fmere nham 3%y ccomtiguoit séractatren gmaye be
focus servo and tracking servo. For the |[|aser source,
cbinbéedr tof caspr optidrat efty id SEedaudea el et Miffuibn| 86 Heat
of approxi rrately 193nm vvavel ength and KrF | aser of
appr.ox nm,wave. h may be used. It is
gﬁﬁgf%tregb gheég%tsa@rﬁogg XPII aser as a | aser
source. _The wavel engt h of the 15 sem conductor |aser
i s pr&f asaplrgfe3ablan tot gov8@ntheamaedimime dprisfeerlabey beam

390nmto 410nm In particular, GaN sem conductor
#r&984 tioh StoUied m MIR.Q0 B F ,forﬁnﬁg SRPIGREE W01k Meam may
structures on a nediumof |arge area at high speed by

T A R NS T

beamirradi ati on apparatus is shovvn in FIG 11. A

strmmgurdoand | actaditing ofocusi sersb. | Alsequi dpeelr tieam amay be

sem conductor |aser 511 and an objective |lens 512. 34

i%e%ég%ﬁten%@ Abdi SAME ARAHELQ theShleddh for 302 HThe

structure and activating the focus servo and tracking servo. For the

- laser source, F3 laser of approximately 157nm wavelength, ArF laser of

approximately 193nm wavelength and KrF laser of approximately
248nm wavelength may be used. It 1s preferable to wuse
semiconductor laser as a laser source. The wavelength of the
semiconductor laser is preferably 370nm to 780nm and more
preferably 390nm to 410nm. In particular, GaN semiconductor laser
is used. Moreover, it is possible to form etructures on a medium of
large area at high speed by irradiating a laser beam while rotating the
medium at iligh speed.

An exemplary composition of the laser beam irradiation
apparatus is shown in FIG. 11. A laser beam irradiation unit 51 is

equipped with a semiconductor laser 511 and an objective lens 512.
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The preferable wavel ength is 390nmto 410nm. For
exanple, GaN sem conductor |aser is used. The
nunerical aperture (NA) of the objective lens 512 is
set at 0.5 to 1.0. The preferable nunerical 5 aperture
iIs 0.8 to 0.95. A laser beam nodul ation unit 52 is
equi pped wth a pul se generating circuit 521, a |aser
riyi | J.eUj day.d. si l. ratin
Tile, PPl e, BE Gy BlibonBl oo LEsey, FLEiy PREHR' L' 50mm.
enerates a |l aser power |evel nodul ation signal 524.
r BERierable wayelgngtbors S99nmy toi 4hBnms25F9E example, GaN
generated. The laser driving circuit 10 522 generates
s@mli @iflucdbt ViaBer Sk008¢d .55 Thas adnddritdle apedtil@t (NA) of the
signal 524 fromthe pul se generating circuit. The

tandard si . generatlpg, cifyguitn,523 nenrates a .
oBREE! frl 1% s BREAR BUS TR PR G ufberical
based on the nodulation timng signal 525 from the
apertawedgaribBdoi h§5¢ci eliser dam38odnbitien et 58sigi emmipped
for formng 15 structure and 54 indicates the nmedi um
with \d palstigeneFgnpedieimtf 921, Eqa!%bﬂgiﬁ{rfﬂggbiﬂcﬁiﬁ%zlzsand
set at the top of the nediumdriving unit 54. By
means .of. the | aser .beamirradjati apparat us_a ..
sttt dignal goBeFRsiBe R 4T 1 DRmilo Reaeranes grouis
noved with a timng of |aser em ssion based on the
521 grdaraiesi ghaderi®wer faveinmsedwlatioresiganl £2420 Moreover, a
predeterm ned spot of the nmedium FIG 12 shows a

woFRLE0h 9MiAE ABRANEDS5!aSemda8d. I TR 1akbPRriving circuit
apparatus. The apparatus consists of a |aser beam

5%%%%5&3%%%%3?%& r?ggl]gj%agﬂag%%r beegn&rrl‘r?ﬂg llr?éélmtyor}jil tsignal

524 from the pulse generating -circuit. The standard signal

generating circuit 523 generates a standard signal 56 to ﬁlove a
medium driving unit based on the modulation timing signal 525 from
the pulse generating circuit. No. 53 indicates a medium for forming
structure and 54 indicates the medium driving unit. The medium for
forming structure 53 is set at the top of the medium driving unit 54.

By means of the laser beam irradiation apparatus as described
above, the medium for forming structure is moved with a timing of
laser emission based on the standard signal 56 to form structures at a
predetermined spot of the medium.

FIG. 12 shows a composition of another laser beam irradiation

apparatus. The apparatus consists of a laser beam irradiation unit
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Pt

signal detecting unit 65. No. 63 indicates a nmedi um
for formng structure and 66 indicates a | aser beam
The 1 aser beamirradiation unit 61 consists of a | aser
source, an 5 objective lens which focuses the |aser
beam an actuator which drives the |aser beam
irradiation unit. For the | aser source, F2 |aser of

r V
oD BISH PR Sy ST ORGA % AL Bl gt o4 s
approxi mtely 248nm wavel engt h nay be wused. It is
skgngd  dotestie wut B t M. s@gn gulieiesonr meddpm |forjforogng
preferable to use the sem conductor |aser as a |aser

st GEe atile66 Nadieh gl Nasdr béemseni conductor |aser is
preferably 370nmto 780nm and nore preferably 390nm

arti.cul
used. Thrdaidh RSk Fadariay AnirETEPETRTT PR Jp85 ot an
at 0.5 to 1.0. The preferable nunerical aperture is
objegtive lonesvhich fucaspadbe lpsarmbeatulan achnabertwhich drives
equi pped with a pul se generating circuit 621, a |aser

thls i14ES0 Helahe Uirka §d2ian it St @datih lﬁééln@buﬁ(%‘eFéltlhEQr of
circuit 623. The pul se generatlng circuit 62

ener.at es,a.l.aser ve dul at .on _si
AREHIRY 47O TTVHRREG ghal Taset ob apfﬁ%’gﬂﬂa% §1930m
driving circuit 622 generates a | aser driving signal
waveldmgtboa o Kiifelased wif apiponxangtelly BiBhah voavelapgpunsay be
generating circuit. The standard signal generating

u§bd CUITE ﬁsZ%IQ@nﬁth%‘iﬁl% RoPuksettsd %CGHaﬁC%IgI}QISGﬁZGIt 18
based on the nodul ation timng signal 625 fromthe

pPeLgergble to use the semiconductor laser as a laser source. The
wavelength of the semiconductor laser is preferably 370nm to 780nm
and more preferably 390nm to 410nm. In particular, GaN
semiconductor laser is used. The numerical aperture of objective lens
is set at 0.5 to 1.0. The preferable numerical aperture is 0.8 to 0.95.

The laser beam modulation unit 62 is equipped with a pulse
generating circuit 621, a laser driving circuit 622 and a standard
sigl_lal generating circuit 623. The pulse generating circuit 621
génerates a laser power level modulation signal 624 and a modulation
timing signal 625.

The laser driving circuit 622 generates a laser driving signal 67
based on the modulation signal 624 from the pulse generating circuit.

The standard signal generating circuit 623 generates a pulse standard
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generating circuit. The nmediumrotation unit 64 is
equi pped with a spin stand 641 for rotating the

medi um and a standard signal generating circuit 642.
5 The standard signal generating circuit 642 generates
a rotation standard signal 643 based on the signal

- fromthe spin stand. A pul se st andard signal 626 and

ot S and d si gnal.. 6 are fre

ot P B EPIC apd R A LSS Yt 168 e
unit 65 conS|sts of a light detecting 10 device 651

gemeradin@ cisudt.r cuit 652. The |ight detecting device
651 receives a signal 68 fromthe medi um and
generghemaédiik Yot216n turdi€ 64 @I dflippbdWith6Ds 1nTBﬁmd 641
servo CIrCUIt 652 generates a driving signal ?

irradiation, unit ased,on the. e

fog R e PR Mt dord AR ke Bl Sreuit 642,
apparatus as described 15 above, structures are

Ther standard r%ﬁetabrg\em@tmg)t@r@ﬂtt Bd2mgdherateshial gotation
rotating the nedium and controlling the focus and

sﬂarrﬂfdi'deilﬁﬁﬁﬁ 64Brba%teamlﬂ ghé een ASfrofPYRe gﬁlﬂﬁmé ARguise

top di agram of shows a medi um shape bef ore

SR A %%ﬁeéﬂa‘? éﬁ?ite Ay cpiands Sdnee fredency

condi tion during etching and 203 i ndicates an etching
lozppdrtatnetate filne spit standli agram of FIG 5 shows a
condition after etching and 204 indicates a

ST I UOPHE Qs bhAnP e At A8 ds Bondiles BBY HBht Hetecting
renoved to forma structure.
device 651 and a servo circuit 652. The light detecting device 651

receives a signal 68 from the medium and generates a focus and track

error signal 6563. The servo circuit 652 generates a driving signal for

the laser beam irradiation unit 69 based on the error signal.

By means of the laser beam irradiation apparatus as described
above, structures are formed at predetermined spots of the medium
while rotating the medium and controlling the focus and track errors.

In etching step as shown in FIG. 5, the top diagram of FIG. 5
shows a medium shape before etching and 202 indicates a changed.
region with laser irradiation. The middle diagram of FIG. 5 shows a
condition during etching and 203 indicates an etching apparatus.
The bottom diagram of FIG. 5 shows a condition after etching and 204

indicates a structure.
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As descri bed above, the changed region 202 is forned
by thermal reaction due to light irradiation. The
difference in etching rate occurs between changed
regi on and unchanged regi on because the etching 5 rate
in the changed regi on decreases, and the changed
regi on renains as a structure after etching. At |east
the t reaction | rocessed with
et oni e Fhimbe Aty B LY Siedinhn ¢ FoBpREGEE Tiutid, e
reaction | ayer 101 and the Ilght absorption | ayer 102
Agngesrmibrdadnyed the chasgedi ragionp2@dvisr formaedrby thermal
stacked | ayers may be processed with 10 etching. A
réictici alibme 1 iPPa &Rl o2 € ATRE daffe Alrfdel ifCe toR1 Q‘ate occurs
Exanpl es of dry etching include RIE (Reactlve
I.nduct i,vel
berEfih Phapssd simfih Fai Godh it et hd 5%3?%#3@ Gifiting
| eft unattended for a given period of tine 15 in an
rafiecin tiee ghangedwegivey decneakes,nand the tohaagedAragion remains
etching may be enployed for etching. FIG 10 is an
a@épétf%ﬁé’é@feyaﬂ;bﬁgartéﬁin?‘ OVA P Ge At EHCCTRA3ANI I'@ci@:mﬂ] Bay €01
top diagramof FIG 10 shoms a nedluntshape bef or e
etchin nd .10 |nd|cate reac n |
iS Tt A € HUS L BpEbins SFob: A Pijobolh t 158 thermal
i ndicates a substrate. No. 401 indicates a changed
raasficonlagierhl (i grhd thedaghtaabsorptibmel ayied dI02 miyalor aroafssed
FIG 10 shows a condition during etching and 402
wmﬂbﬁatlﬁg BMéfbo%ehgﬁaeraMk@aqayé% G P PeVSirshbde@Mih

403 I ndi Gates an etching

etching.

A dry etching may be employed as an efching method.
Examples of dry etching include RIE (Reactive Ion Etching), ICP
(Inductively Coupled Plasma) or sputter etching. The medium is set

in a vacuum apparatus and left unattended for a given period of time

in an etching gas atmosphere to form structures.

A wet etching may be employed for etching.

FIG. 10 is an explanatory diagram showing an exemplary
etching. The top diagram of FIG. 10 shows a medium shape before
etching and 101 indicates a thermal reaction layer, 102 indicates a
light absorption layer and 103 indicates a substrate. No. 401
indicates a changed region with light irradiation. The middle

diagram of FIG. 10 shows a condition during etching and 402 indicates
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solution. The bottom diagramof FIG 10 shows a
condition after etching and 404 indicates a
structure. A nmethod in which the mediumis dipped in
acid solution, 5 alkaline solution and organic

sol vent may be used as a wet etching nethod. By

di pping the nediumin the etching solution 403 in a

R e

di ssolved to formstructures. By this nethod, _
selutian.ur Ehechettpm fdipgpambpf NG ndWpehewseanganthbion after
wi t hout 10 usi ng vacuum apparatus. In the method for

efEHInEa6IdILDAANA1ida46E W SFuchurd. xt ure of  material A and
material B, with the material A being a silicon

conpoynd terial, i ed for the thermal .reactio .

" ayer A el Bod i oy igh, $B8 piseliutde HERER, i GREY SBlution,
cont ai ning hydrofluoric acid is used in 15 etching. )
alltadine chlwigosdnd iozganic sabliendt maybhe 408 dohs R Gretl otdhang
a water solution containing hydrofluoric acid. The

ahel. SBpidigping ARbaldidIanh YA thd WREhinh@Gotution 403 in a
sel ectively dissolves silicon compound material. In

t he non-i,rradi at ed regi on e sjlicqn ¢ ound . .
et praod GETe d SRt AE Shancih GRAREST Fegion with

m xture of the material A and 20 the material B, the
lasgire beam Brisdiaitfaredsoflissadvadetordbremi struvctiges. By this

di ssol ved. Because the densification of the materials

nfotABH, Biri#tred BEn MR AHMEMLA B EnBeSplakive GRTRGAI Witdidut
are taking place in the 39 changed region 401 by |ight

irradiation, etching resistance relative to
using vacuum apparatus.

In the method for manufacturing structures, a mixture of
material A and material B, with the material A being a silicon
compound material, is used for the thermal reaction layer. The wet
etching using a water solution containing hydrofluoric acid is used in
etching. The etching solution as indicated by 403 of FIG. 10 is a
water solution containing hydrofluoric acid. The water solution
containing hydroﬂuor.ic acid selectively dissolves silicon compound
material. In the non-irradiated region, the silicon compound material
as the material A is dissolved. In the mixture of the material A and
the material B, the material B is lifted off as the material A is
dissolved. Because the densification of the materials A and B, and

the change in the material B composition are taking place in the
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the water solution containing hydrofluoric acid is
i ncreased. Therefore, the changed regi on by I|ight
irradiation remains to form structures. Moreover, the
i ght absorption |ayer 102 has a very high 5 etching
resistance relative to the water solution containing
hydrofluoric acid, thereby functioning as an etching
' D 1 hj . haying the.etchin .
Y300 ReioRy 0113, 1ighE B2t e B B M il Mg tive to
even on a nmediumof large area.. A m xed |iquid of
the mvetter al sofution | etiteisnng bhydaeduaricutacid] gissoingreased.
and water is preferably used as the hydrofluoric acid
Thekefor®N the AHARGAH ré @on0 byhMghefirkpdiagi o3t irdn{a38%to form
dilution): water, is preferably in the range of 1:4

to 1:.50. I the density,of he hydrofluorig,acid is ..
YRR o1y Rt L mieplii st ofOF K8 gl high
absorption layer or the thermal reaction |ayer
efohengaseesistance heredatizpt ytoof thee watdry deodfutionr | contaiting
is less dense than 1:50, the etching tine is

hﬁ@ftﬁlﬁkﬁfi@%cﬂﬂdtﬁé}@b?rﬂ%@%n@ﬁgtasi $n iemslaﬁ%sgsbpéﬁﬁgtmﬁer in
or ne

eat treatnment step as shown In FIG 6,

ructurgs .are heated  in.a gas _atnosphere to renove
eiinGer &t SAREnNe GG FLOPRIE (RESToghrgures can be
Further, an interdiffusion of constituent 20 el ements
forajest upifarmlpetvemcon aavkdsimackdargapeeaand struct ures.
By having the interdiffusion , adhesion between
ST UCA Uh % P Rl N corh @il dvasla®as &hos e nd QR dilut
di agr am of FIT% 6 sh%oms a rredi}isjm 40acon itf-cﬁ}?be?%relue

e treat nent .and 204.indi cates. a struciure. The .
soqu 1on and water 1s preferably usegl as the hy(iro(ﬁuorlc acﬂl solution.

A mixing ratio, hydrofluoric acid (50% dilution):water, is preferably in

~ the range of 1:4 to 1:50. If the density of the hydrofluoric acid is

denser than 1:4, the surface roughness of the light absorption layer or
the thermal reaction layer increases. If the density of the
hydroﬂ.uoric acid i1s less demse than 1:50, the etching time is
lengthened and the process cost is increased.

In the heat treatment step as shown in FIG. 6, formed
structures are heated in a gas atmosphere to remove the defects of the
structures and the medium. Further, an interdiffusion of constituent
elements takes place between each stacked layer and structures. By
having the interdiffusion, adhesion between structures and other

layers 1s increased. The top diagram of FIG. 6 shows a medium
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m ddl e diagramof FIG 6 shows a condition during heat
treatment and 205 indicates a heat treatnent device.
The bottom diagramof FIG 6 shows a condition after
heat treatnment and 206 indicates a condition 5 in

whi ch the structure is changed by heating. The heat
treatnent nay be perforned in the atnosphere.

cg?ﬁ%over gorgegghe ttr(ta a&%‘e tnlgll egra% &nﬁ n(?&%rﬁfs A 'ggructur The
hernetlcally sealed contalner and i ntroduci ng gases
middhe diagnam odS1G. GsBeen 2 eomddtiongbming hregériregment and
hydrogen. Further, the heat 10 treatnment may be

295&5@&@&&%@@@@%&&&&1@6@ t rhe RALD didgRamVaL FUR. 6
contai ner. The heat treatnment may be perfornmed by high

uency yi,nduct, heat i erforne
shva Y S S e frRae AR A Pl b dligon
a light source. In second etching as showmn in FIG 7,
in hehmérd tlen stguétmrenisy chaBged doedeating. t Hllee dlﬂartgtn@@tngant
formed structures as a nmask. The top diagramof FIG
mlay BeViFerforBAd UM ﬁf&‘ﬁth‘o@ﬁh@ﬁ‘é O RIoRE&VE ) &h@q@ea&%eatment
i ndicates a structure. m ddl e dlagran1of FI G
condist.i on r|n etch| and 07 [ dlcates
TSR Ao O ioan SHRIE Bl A Seftie R HeaTfeh o
a condition after etching and 208 20 indicates a
hsrmetically-sekldd coatghiencamdyn e dewplp gade asueln ast witrrgen,
nethod Exanpl es of dry etching include RIE (Reactive
LPREl GPAAE) vl drddil AHADT ¥/ 0koEOHP! CHUHBSARIRR heat

T
sputter etchlng he Tedi umi s "set

treatment may be performed in vacuum by setting the medium in a

vacuum container. The heat treatment may be performed by high

frequency induction heating and may also be performed by a lamp
heating using halogen lamp or xenon lamp as a light source.

In second etching as shown in FIG. 7, the medium is further
processed with etching using formed structures as a mask. The top
diagram of FIG. 7 shows a medium condition before etching and 204
indicates a structure. The middle diagram of FIG. 7 shows a
condition during etching and 207 indicates an etching apparatus.
The bottom diagram of FIG. 7 shows a condition after etching and 208
indicates a structure.

A dry etching may be employed as an etching method.

Examples of dry etching include RIE (Reactive Ion Etching), ICP
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in a vacuum apparatus and | eft unattended for a given
period of tinme in an etching gas atnosphere to form
structures. Only a layer 102 directly below the
structure 204 may be etched, or a substrate 103 may 5
al so be etched. A wet etching as descri bed above nmay
al so be used as an etching nethod. In transferring as

h .13 _FLG .8 ncaw ty _and convexity e . .
Nty bR BERRRLA R el TP L T oF medippas et
cas mold. The 10 top diagramof FIG 8 shows a nedium
imjat Yadwimerppataiys @k Mg athafdended fompegiveudperiod of time

di agram of FIG 8 shows a condition during

it A et @illgNga & R P blebélitoafo?sn atFRALYER.t OOWN Ghlayer 102
concavity and convexity of the structures are

transferred., The botto i agram of |G 8:sho

A PR e T e pR T 2% Py B RLcRsysice SHERFize 108 may
nol di ng, injection nolding and 2P transferring

alsophé ebthesuri ng and heat curing) may be used as a
transferring nmethod. Exanples of the nediummterial,

to MACWeﬁo@&ﬁYh?YaQ%s%ﬂb‘éﬂxia'b)S_va miy WA NRS Bl as an
transferred, include resin nmaterials sSuch as

l.ycarbgnate resin, acrylic resin, polyolefin resin,
e&g’déﬁ ‘:P‘é@?(%if' vinyl ester %/esi n and 28 ul)/t ravi ol et
curabl e resin. The process conbinations as shown in
FI GS. It ttamsfemm ag cisasigodn indtéi.dB,nynicavitjeand convexity are
conpositions and materials of the nmediumfor formng

titn eI EAAL 4 SLiRs: ?@%ﬁni.snu@n?foﬂnéc? sPrudt@be£%8Mbfd. The

structures can b

“top diagram of FIG. 8 shows a medium with formed structures used as

mold. The middle diagram of FIG. 8 shows a condition during
transferring and 209 indicates a medium to which concavity and
convexity of the structures are transferred. The bottom diagram of
FIG. 8 shows a condition after transferring. The compression
molding, injection molding and 2P transferring (optical curing and
heat curing) may be used as a transferring method. Examples of the
medium material, to which concavity and convexity of structures are
transferred, include resin materials such as polycarbonate resin,
acrylic resin, polyolefin resin, epoxy resin, vinyl ester resin and
ultraviolet curaBle resin.

The process combinations as shown in FIGS. 4 to 8 are changed

according to the compositions and materials of the medium for forming
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formed by the follow ng process conbi nati ons. Form ng
Method 1: light irradiation ~ etching Form ng Met hod
2: light irradiation ~ etching ~ heat .5 treatnent
Form ng Method 3: light irradiation ~ etching ~ heat
treatnment ~ second etching Form ng Method 4: [ight
irradiation ~ etching ~ heat treatnent ~ second

8 rucg Ir']tg o%ll‘iffl%{]fﬁ'%@g ?Fozg’;][ngn‘% (%:Eérﬁo rﬁtﬁ eﬁ G be
6: % |rrad|at|on et chi ng ~heat treatrrent ~
fqrrnem% grihienfgllostingironesheembpinatigns. i rradi ati on

etching ~ second etching ~ transferring is The nethod

for fPormige Méthodil eheht idRAQiieheBteticRISAL | ON
preferably uses a nedi umfor form ng structure |n

whi chna t her a yer Qsi t| on an
upperﬁ%?fl ?%;‘g)ret(]jlfoﬁt %e gf o5i T oﬁ ﬂﬁ — heat
contains a material having an optr cal transparency in

trexbgleaigt h of irradiated |ight. Mreover, a | aser beam
is 20 irradiated fromthe uppernost |ayer, the thernal

react FeAniRy eMehed i 1igt9;ht1rr5dle@10arlm ettRifik G 9 heat
shows an exanpl e of the nethod for manufacturing

strucgﬁm : 'I(':Ig%dtgt% |agram of FIG 9 shows a nedi um

Forming Method 4: light irradiation — etching — heat
treatment — second etching — transferring

Forming Method 5: light irradiation — etching — transferring

Forming Method 6° light irradiation — etching — heat
treatment ~» transferring

Forming Method 7: light irradiation — etching — second
etching — transferring

The method for forming structures of the present invention
preferably uses a medium for forming structure in which a thermal
reaction layer is positioned as an uppermost layer of the stacked
composition, and contains a material having an optical transparency
in wavelength of irradiated light. Moreover, a laser beam 1is
irradiated from the uppermost layer, the thermal reaction layer side in

light irradiation.
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structure and 101 indicates a thermal reaction |ayer,
102 indicates a light absorption |ayer and 103

i ndicates a substrate. The thernmal 5 reaction layer is
positioned as an uppernost |ayer of the stacked
conposition. The thermal reaction |ayer may al so be

di sposed as other layers. The middle diagramof FIG

9 sho ordition durin LI dla |on and. 301 .
Pnar oR1GS € Yitels A, dh e ot b, bR - B ing
S |rrad|ated fromthe quernnst | ayer, the t her mal
stmwsuron Theltopediagram afnFHeh& shewasa medium for forming
irradi ated without the substrate. It 1is stated as

striethAc anidnl @Ttihaicatkd d feefhh]l e¥hAGoHleagss PLODPMndiBYtes a
enploylng surface |nJect|on productlon of aberration

e su str preyent ed. he nor,
¢ s toen otar, B8 PhaPmRiERSn ThdiEtale The fhetimal
bean1 By focusing, a changed region 302 can be 15
réanthnl lagenoiseposidiaesh gisc anegipprrofost Nayeheefvihe stacked
reaction layer. The bottomdiagramof FIG 9 shows a

c6apaEitian afher théxﬁﬁgl %heﬁoﬁnrhﬁe%mawmgetwes dtiaeosed as
changed region with |aser beamirradiation.

hanged reg n 302.4s.forned he ther mal act 0
ofthefSest TR sButte okt Enat BLFod s Agendition furing
absorption | ayer 102 20 A material having a hlgh

lichtngpaderon iand 30 wandlcahes a afiredtiomdifalighit |irgidiaitmon.
used for the thermal reaction |ayer 101. In

TB@rﬁéWﬁaﬁr?aidf@H%bﬁl tﬁ@ﬁbﬁgrﬁo%% ?%&elﬁl?tﬁﬁ tREFMA] ¥ehBtion

the Tange o 10-3 t0O X _ e wavel engt

I H§°a d' {131%11}31? rd%famuiss%.reﬁéﬁﬁﬁi ?&#@523%"?%{ Rt Tt
ist g?;ated as “surface injection” in the following description. By
employing surface injection, production of aberration by the substrate
can be prevented. Furthermore, NA of objective lens can be increased
to focus the light beam. By focusing, a changed region 302 can be
formed in more microscopic region of the thermal reaction layer. The
bottom diagram of FIG. 9 shows a condition after irradiation and 302
indicates the changed region with laser beam irradiation. The
changed region 302 is formed in the thermal reaction layer 101
disposed above and below the light absorption layer 102.

A material having a high transparency in the wavelength of

irradiated light is used for the thermal reaction layer 101. In

particular, a material having a light absorptivity in the range of 1 %

44




10

15

20

thermal reaction | ayer can be prevented. Because the
changed region 302 can be fornmed by the heat
generated fromthe |ight absorption 5 | ayer al one, the
changed region form ng structures can be m croni zed.
For the thermal reaction layer, silicon conpound
materials such as SiQ2, SiON and Si 3N4, sulfide

R & D IHnES ST o Bl e iR e PR ?énﬁg%%npgan‘asing

materials such as CaF2 and BaF2 haV|n%G? i
they septeriadnhaving 4 highdialyt trangpagenaw lisly a sqlsp.t.mm in the
may be used. In the nethod for manufacturing, the

thd¥skDNeSEctdin 1@ ridael Palpreeastddon Bédkise 13 desR@egion
to the height of the structures. Therefore, the

32 T B8 oo dF G Wt GERGHIRE HBNTbE JHEGL BsokBon

naterlal and steps may be used for the material of
layererloney the changedeegioapforiningfsirntiyestoanche meisronized.
(Structure) The structures of the present invention

are neoHfRet YhesmBY rdadeioRe gt fﬁhcﬁﬁné'(ﬁ]ﬁ bﬁhﬁn%atenals
structure of the present invention. FIGS. 29 and

BiIaAR 0 0oy %@ai%ﬁﬁ‘i”é@eﬁ%‘ﬁf asuﬁﬁ N @éaand

material by a nethod disclosed in JP-A No. 9-115190 45
Bafid splenid € neqtz38a1s BuehconpoSe snghBaBetansl flodirine ¢oompound
form ng structure is a
materials such as CaFz and BaFs having a light absorption rate in the
range of 1x103 to 1xX10% may be used. In the method for
manufacturing, the thickness of the thermal reaction Ilayer
corresponds to the height of the structures. Therefore, the thickness
of the thermal reaction layer is set at the height of the forming
structures.
The above material and steps may be used for the material of
other layers and the steps for forming structures.
(Structure)
The structures of the present invention are manufactured by
the method for manufacturing structure of the present invention.
FIGS. 29 and 30 shows top views of the structure shapes.

FIG. 29 is an example of forming structures by using

phase-change material by a method disclosed in JP-A No. 9-115190
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stacked conposition of GeSbTe, which is a phase-change
material, on a polycarbonate resin substrate. The
structures were forned by 5 irradiating a | aser beam
foll owed by etching to form phase-change material in
convex form Etching was perfornmed by using KOH, an

al kaline solution. The etching tinme was for 30

te 401 in FIG 29 indicates GeSbTe, the
aBQ 2% d@éﬁz . .

material in convex formwhich forns a
structure No. 2402 indicates 10 a traveling
di r ecThencompohdiomsefy theamedivog fondiozating atruature is a
end of the structure and 2404 indicates a back end of

stdt&kedt dotepdition! 6F GBESLTE 2 RicH id AP HIRSAra A BRI terial, on a
material, etching rate di fference occurs because of

i ff b t al h t
DA AR RORELS i AR *Hf&%é‘t i S e
et ch| ng. 15 Generally, a region remaining as the

iradiating ea 246¢r ikeamm fallomprbby etthing. torfermt pbase-change
regi on 2405 (the region other than 2401 with hatching

mdte P in2@dnvex Fork! ygt@hiﬂg‘%va%t ?Eﬁforfﬂéﬁ B?Ql‘slﬁgdKOH aﬁ

reglon 2404 is crysta |zed in the process where t

se-Cc e rres a ous by | aser beam
ARSe: SORBn ThRE et hink AV Mas s BUURIpRLeS { vet or o

becorres a falcate formwhere the back end 2404 | ooks
| i ke Nei ng48hubezEBHGas2% himahicdbes2408ShTe, File phasémwhange
the nmethod for manufacturing structures using the

lI?A}é?]%ll GRaRER e Fofehd dhich qﬁrlﬁgaap StARthAKESNLNS499M R dicates

rmeven if the materiral conposition is changed.

Because it co Li cated for n l.i cabl e range
fgay?ﬁp rectslon the laser beanrln 2303aigﬁlcates a frontgend of

the structure and 2404 indicates a back end of the structure. In the
case of the phase-change material, etching rate difference occurs
because of the difference in between crystalline phase state and
amorphous state and the structures can be formed by etching.
Generally, a region remaining as the structure 2401 1s in amorphous
state. The other region 2405 (the region other than 2401 with
hatching in FIG. 29) is in crystalline state. The back end region 2404
is crystallized in the process where the phase-change material
becomes amorphous by laser beam irradiation. Therefore, the shape
of the structure becomes a falcate form where the back end 2404 looks
like being squeezed as shown by 2401 in FIG. 29. In the method for

manufacturing structures using the phase-change material, the shape
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Further, when it is applied for the optical recording
medi um which will be described later, interference
bet ween codes (mutual interference 5 with signals from
adj acent nmarks) beconmes conplicated, requiring a
conpl i cated and expensive signal processing technique.
FIG 30 shows a shape of structures nmanufactured by

t f in ruGt . -Qr
ks (B RRte Wrl AR e el hBRbielOHe i8] ERERbea.
structure is a stacked 10 conposition of AglnSbTe as a
Becanse apk gtptoommpliegied dptmznsnspppligable rampgenas limited.
.reaction layer on a polycarbonate resin substrate. The
Fsirthiét, wiesn Weiseaglidtetbrbhd sptachlatdcosdihd mediuReaiich will
foll owed by etching to formZnS-Si02 in convex form

The et ghi was .perf.or med usi n } Xe L uti gn
b Fofirftld e BECIBEIRS, Bewbdh MR ffu gL it rffronce
solution. The etching time was for 20 seconds, No.
withy Bigmals| tong @ djacindamerkeh degporsi epomphvated, oraguiring a
which forns a structure. No. 2502 indicates a
codip¥iRhtd aAdr 8§ian@ivOkiddig proeslinBaafhanfie?503
i ndicates the region other than structures and it 1is

a Agl Te, sunrf ace, ich is the ]ight abs I 0
ayor PR SEFRNE & Rabs; o AipReRiia: B ERTweY domthe
are fornmed by the nethod of the present invention.
ngithod foremnaandactungpsteucturulofirtheoprgsenteinvention. The
structures have a w de applicable range. 47
cOMbbERISP 6f ML "meABYmMA  Br 2R h Btk | Hrukh@rLPis R stacked
recordi ng medi um which will be described later,

[ n ! . .
C(I)Irr}tpgg{tleorne gf ig?géﬁg asca? ?1eg?1t absorption layer and ZnS-SiO2 as a
P

- thermal reaction layer on a polycarbonate resin substrate. The

structures were formed by irradiating a laser beam followed by etching .
to form ZnS-SiOz in convex form. The etching was performed by
using a mixed solution of hydrofluoric acid and water, which is an acid
solution. The etching time was for 20 seconds.

No. 2501 in FIG. 30 indicates ZnS-SiOg1n convex form, which
forms a structure. No. 2502 indicates a traveling direction of the
laser beam and 2503 indicates the region other than structures and it
is a AginSbTe surface, which is the light absorption layer. The
structures in approximate circular form are formed by the method of
the present invention. Since they are in simple circular form, the

structures have a wide applicable range.
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(rmutual interference with signals from adjacent marks)
is sinplified and conplicated signal processing
techni ques are not needed. 5 Mdreover, they are al so
applicable for nmultiple-value recording by changing
the dianmeter of the structures according to recorded
information. FIGS. 13 to 15 show schematic

crossisegtional diagr of the j.strauctyres. . .Fl 13 ..
shoneP argher B, &y B Wyt AP URA RS Ratiogh rodotding
‘structures_and FIGS. 14 and 15 show structure shapes
medive whichewill ibeyvdastmhed Thidesr malerfencenbelwtripecodes
of the structures as shown in FIG 13 is a
(1085t HeekfaBate SHAREsIEANs FAnSAdjactHt @8afltd is simplified
manufactured by a nethod in which a |ight absorption
terial.istahan ed, by _heat. suc 5.as the ones . ded
anl s SPBURIICATRY ) PRNRY s PYOGE I 0 bR iqYes - SaBodipt needed.
2003- 145941 and 2002-365806. No. 701 in FIG 13
Mordpveer, echey sire ualsor epplikeblentfer imultipleavalneameoerdipg, by
which is a recording material of rewitable optical
ckliSging Nhe H3nididiCareshd LtaRtusds CARbr@hg aNET réddded
the material is GeSbTe, 20 a phase-change materi al .
. Meanwhil e, only structures and |ight absorption |ayer
m&%@mém in FIG 13, however, thernal reaction
| ayers or substrates that are not form ng structures
may afEeSbé348 b spowesthethatinaretergtthondl dlueraasenf the
beam used for formng structures is 405nm and the

stTHeRe. AYRI@PI9r RBokisOBt ghfetdll Sross-sectional shape of the

structures and FIGS. 14 and 15 show structure shapes of the present

- invention.

The cross-sectional shape of the structures as shown in FIG. 13
1s a cross-sectional shape when the structures are manufactured by a
method in which a light absorption material is changed by heat such
as the ones disclosed in JP-A Nos. 2001-250279, 2001-250280,
2003-145941 and 2002-365806.

No. 701 in FIG. 13 indicates a structure. The material is a
cyanine dye, which is a recording material of rewritable optical disc.
No. 702 indicates a light absorption layer and the material is GeSbTe,
a phase-change material. Meanwhile, only structures and light
absorption layer are shown in FIG. 13, however, thermal reaction

layers or substrates that are not forming structures may also be
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wavel engt h. Wien the thermal reaction material which
forms structures absorbs |ight, the cross-sectiona
shape tends to go vapid as 5 shown in FIG 13. FIGS.
14 and 15 are the shapes of the structures of the
present invention when the edges of cross-section of
the structures are approximte vertical shape or

roxi i nver t aper sh . IE1G 14 shows an .
IERREEN: "B o R ek AR E e Ber, iy boed MR Plpine
I ndi cates a structure made of ZnS-Si02 . No. 812 )
stgtergasedsa40bgm andsbthpt rvaningy elyenshsoghbs Gigbteln gthis

phase-change nmaterial. No. 813 in FIG 14 indicates a

walvelerdit®l. € OVhkhe theo3hes@Gl i f8adion t AifatetialCtwlieh Thems
wavel ength of the | aser beam used for form ng

SfiigHEr I CE DR 1 TP oo R MR e appid 2o

can becone approximate inverse tapered shape as shown
showni@ FIG. bg. using a material which does not absorb
light for the thernmal reaction |ayer which forns

St r UCFLGSS 14ait 1BYareNHe S d e CHBIME G uherdshe iM present

reaction | ayer by heat generated fromthe |ight

RSP Phabe Y Pl B ShPLeRRAh OF gl e

approxi mate vertical shape. No. 901 indicates a
appramate werti€ll2 shage cet epprokimhte albyergt itapered eshape.

The 49 materials of structures and |ight absorption
FIAY &4 Mo%rd £F eA88% 2D prBxidihfe inlbrse tapered shape. No. 811
indicates a structure made of ZnS-Si0Os. No. 812 indicates a light
absorption layer made of GeSbTe, a phase-change material.

No. 813 in FIG. 14 indicates a tilt angle of the cross-section of
the structur'e. The wavélength of the laser beam used for forming
structures was 405nm and ZnS-Si02 does not absorb light in this
wavelength. A cross-sectional shape can become approximate inverse
tapered shape as shown in FIG. 15 by using a material which does not
absorb light for the thermal reaction layer which forms structures, and
by thermally changing the thermal reaction layer by heat generated
from the light absorption layer and irradiating a light from the
thermal reaction layer side.

FIG. 15 shows an edge of approximate vertical shape. No. 901

indicates a structure and 902 indicates a light absorption layer. The
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No. 903 in FIG 15 indicates a tilt angle of the
cross-section. The structures havi ng edges of
approxi mate vertical shape can be 5 forned by

adj usting etching condition. Meanwhile, only
structures and |ight absorption |ayer are shown in
FIGS. 14 and 15, however, thermal reaction |ayers or

BB e 2 B R LR ST, % o

aagroxi mate vertical or 10 approxi mate inverse tapered
Fdragd; it is possible to avoid problens of connection
bet ween adj acent structures when the structures are

nore Nel @98l ¥ FIGRNDSAndidRestd YAt Wikde BIMHACsHLERIon.
the nmethod for manufacturing structure of the present

T BB R P S R o e b

expl ai ned later, and biochips, photonic: crystals and
fogtnearb by asljpatiagi chimg eonditimi. various electric
devi ces. (Optical Recording Medi um and Met hod for

Repr opianRehiiP!t iondy stl?‘lﬁﬁﬁ)t'ifgsn Qe dignp a%@o%ﬂiéihge 1dydrStare

enbodi ment, the optical recording mediumo _
B8 51 BRCFay Ll i LR SHSBFES r Biohtk Rgcr gAY or

generate heat and convex 50 structures, which are in
sulstratds whiah site ddtgldrmbeprefrucureaysrayamdso dontdsposed.

different material than that of the |ight absorption
Wit &he BAd shape of the structures being approximate vertical or
approximate inverse tapered shape, 1t i1s possible to avoid problems of
connection between adjacent structures when the structures are more
closely arranged.

The structures manufactured by the method for manufacturing
structure of the present invention can be applied for various fields
such as the optical recording medium which will be explained later,
and biochips, photonic crystals and element separation material of
various electric devices.

(Optical Recording Medium and Method for Reproducing Optical
Recording Medium)
In the first embodiment, the optical recording medium of the

present invention contains a substrate, and a Light absorption layer

which absorbs reproducing light to generate heat and convex
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the substrate. In the first enbodi mrent of the nethod
for reproducing of the 5 present invention, an

opti cal recordi ng nedi um which contains a substrate,
and a light absorption |ayer which absorbs reproducing
light to generate heat and convex structures, which
are in contact with the |ight absorption Iayer and

i fiferent mater han t he
GRS RHDS Bt 8 U, Ok ek 2% i Shaogblop 14 and
light is 10 irradiated to the |ight absorption_ |ayer
cemidinondifferemtupaterisl thamthas of dhaeghisabsarpiian Hye, on
-and the changes in reflected |ight anount is
1kekapkadte! N the second enbodi nent, the optical
recording medi umof the present invention contains a

substy at nd a Light absqgrption._ laye
“boor I the ikt kg Shght o ose Athed o Aepridustie of the
structures, which are in contact with the Iight
prdremtptimitieny.e amangticadnredordingli mediemt whichr contains a
than that of the |ight absorption |layer, on the
sﬁyét%hf@t 8ndNd BBhOPIB<oRption?189a:S SHI0Rh ay8sriiA¥eptoditing
optlca transparency relative to the reproducing
ht on the convex.,structu 20 wherein the o
ligh{Hh sPBereft Fepand SORYER PLETGSHTTH SV BifD Midottpporitact with
convex structures and is formed in approxinmate
theehighp ladsprption dayémnanBeoséaind dffboentmenttenfl then that of
nmet hod for reproducing of the 51 present invention, an

tlg@ltli'ggﬁlt ab Soﬁ:ﬂir{‘ gaf?rd'diﬁ‘tf\‘;i\ﬁ lﬁjsgtés\%r %rec‘ YRS %L a BBAt is

rption layer s reproduci ng

.light to .
1rragpated to the light absorption layer and convex structures from the

‘convex structure side and the changes in reflected light amount is

detected.

In the second embodiment, the optical recording medium of the
present invention contains a substrate, and a light absorption layer
which absorbs reproducing light to generate heat and convex
structures, which are in contact with the light absorption layer and
contain a different material than that of the light absorption layer, on
the substrate and an optical transmission layer having an optical
transparency relative to the reproducing light on the convex structures,
wherein the optical transmission layer is applied on the surface of
convex structures and is formed in approximate hemispheric form.

In the second embodiment of the method for reproducing of the
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generate heat and convex structures, which are in
contact with the |I|ight absorption |ayer and contain a
different material than that of the 5 |ight absorption
| ayer, on the substrate and an optical transm ssion

| ayer having an optical transparency relative to the
reproducing light on the convex structures, wherein
theI&pticakitransnission qg.on t he

| IS 3 |
PGP VE P tiogn dB R It p B ot ol e o Substrate,

approxi mate_hem spheric formis used. Alight is

~ apdr adilighdd abgorption slagisce Wlvishy abaorhry nepeoduging light to

absorption | ayer, convex structures and the optical

gbh&Ridl BSA P AndaySivdy efrddiarent whadh taraNiMesftfit Wattefthe
side and the changes in reflected Iight anmount is

detected. .The optical recordi medi um, of. th resen

1R Sheptirien T2y eh aBf caPRG ARG T CREA) hRB AL of the
recordi ng and reproducing of 15 information by I|ight,

lightl aliserptianclayeanbodiheesubsimate rndpm opticabdovadsmgssion
medi um of the present invention which will be

1:HRYHARE ak @peial 35 Sp ARNRGAR1AAY e tBHHRIMGI B8 ucing light
according to each enbodi nent. The optical recording

medi um of the first enfodi ne to t.h th enmbodi nent .
ofidher RUSKRR ROEGOR e FIBTRET dCotPlingl Pansmimygu RERT is
to 20 the 5th enbodinment will be expl ai ned
apphieénonalthe keirfave <dheobyeikcatriRdcoesi ngpdMVadi dommed in
Met hod for Reproducing Thereof of the First

apPRAGHRA! h@nﬁ@pﬁ@ﬁ% %Eh‘? ql?-. L8&5Pr di ngg‘ﬂ%disu E’h%fdiéﬂ% to a
present invention of the irst enmbodiment is for the
u e of achi evi ng. higher recordin

st%ciigasbod%r havpng the %gtfltga%sorptmn layeg, convex structures and
the optical transmission layer from the optfical transmission layer side
and the changes in reflected light amount is detected.

The optical recording medium of the present invention is a
recording medium which performs recording and reproducing of

information by light, and there are 5 embodiments in the optical

recording medium of the present invention which will be described

‘below, and 5 methods for reproducing according to each embodiment.

The optical recording medium of the first embodimgnt to the 5th
embodiment and the method for reproducing of the first embodiment to
the 5th embodiment will be explained sequentially below.

<The Optical Recording Medium and Method for Reproducing Thereof

of the First Embodiment >
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density with a sup er-re solution reproduction. The
optical recording nediumcontains a substrate, and a
light 5 absorption layer in formof thin film which
absorbs reproducing Iight and generates heat, and
convex structures, which are in contact wwth the

I'i ght absorption Iayer on the substrate and further

cont s qt.her IS as peces Fl G .19 sh
cxorpThE PRE P G ARGiGRE BE i pFesging dRgpaiih: BF the
medi um of the first enbodinent. In the optical

firsic embodjmenddisirfor athsu forapobeayel achoving higheroreediding
filmwhich protects the substrate is forned on the

dSHSisy WA alS@der-BéblationMpra@aetiphi on layer 1303 in
formof thin filmand convex structures 1304, which

conta ht absorptio .
for melpe PRt sﬁ?qréﬁng&%# 8 coBESmeEs, sfPetlEnand Slight
structure 1304 is separated on the surface of the

absdiptmraiayshrownfdrm Bl Ghid §ilnThehivdt absatbsofeprhducing light
substrate 1301 is not particularly limted and may be

af8 RHLItACRPLE] :ﬂﬂi Yon¥e% seMATRkEs, WhaS ars ShaHtacRRbth
resins are used and a resin-made substrate is

rable int rns of formability
s, BBt absgro fen Thten fa fir bk BoffathFEcpitains other
acrylic resin, epoxy resin, polystyrene resin,
lagery lasmedoeksbary. - st yr ene copolyner, polyethylene
resin, polypropylene resin, silicon resin, 53 fluorine

resi B e nd..ur e e
nFI('é\ S 4 §h£vssrl's‘n‘3]ns %aelrﬁﬁ)‘%uﬁr Hotip (g1 Bﬁ %? the optical

pol ycarbonate r arly pre erable In

ter of farmabi.l it . .
recording me(ﬁum of tlheyfirstp %odlment In the optical recording

medium, a buffer layer 1302 in form of thin film which protects the
substrate is formed on the substrate 1301, and a light absorption layer
1303 in form of thin film and convex structures 1304, which are in
contact with the light absorption layer, are formed on the buffer layer
1302. Each convex structure 1304 1s separated on the surface of the
medium as shown in FIG. 19.

The material of the substrate 1301 is not particularly limited
and may be selected accordingly. For example, glass, ceramics and
resins are used and a resin-made substrate is preferable in terms of
formability and cost. Examples of resins include polycarbonate resin,
acrylic resin, epoxy resin, polystyrene resin, acrylonitrile-styrene

copolymer, polyethylene resin, polypropylene resin, silicon resin,
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properties and cost. It is also possible to dispose
pregrooves and prepits for tracking 5 |aser beans on
the surface of the substrate 1301. It is preferable to
use a m xture of compounds such as Si 02, or Si02 and
ZnS, ZnO, Si 3N4, A1202 and AIN. The thickness of the
buffer |layer is not particularly limted and may be

selected.ac preferabl nm.to 100
R RES R AR 1 R i bp el e, DI ERER FotdEp i Onate
diffusion fromthe Iight absorption layer to the
regipstipaparticnlamy megamb!;% i texses t phnformmahility optical
thernal diffusion depression effect may be degraded.
prépdritidsSan®i@st.t han 100nm residual stress in the film
IS increased and nay cause problens such as warped

medi u bsor ption | a
or ef olasialsg anesily t B RaSEra e AL 3pbile dap fracking
selected fromSh, Te and In. In particular, binary
larer dreaans ondheasyirEadeofible bnbstraterl3fly material such
as GeSbTe and I nSbTe and quaternary material such as

Agl nSKTg ee’eratb%l@% fwaftﬁ{xm@ss HECRRMALRTs SRéIE %%ﬁ)g, or
such as and Ge may be 20 used. These materials

r th rption |ayer 1303
b@hap ﬁﬂﬁ{@gﬁfb& é&l b@%ﬂqgﬁgﬁl ation, and opti cal
properties 54 such as refractive index and absor ption
coef f The éhickuresscifahgddiff@ylaylearis mattipag tiduégdy limited and

~materials with convex structures, the optica

may be selected accordingly. It is preferably 20nm to 100nm. The

buffer layer is formed for preventing heat diffusion from the light

" absorption layer to the substrate. If the thickness is less than 20nm,

a thermal diffusion depression effect may be degraded. If it is more
than 100nm, residual stress in the film is increased and may cause
problems such as warped medium.

The light absorption layer 1303 is preferably containing at
least one type of element selected from Sb, Te and In. In particular,
binary material such as SbTe and InTe, ternary material such as
GeSbTe and InSbTe and gquaternary material such as AgInSbTe are
used. Further, semiconductor materials such as Si1 and Ge may be
used.

These materials that are making up the light absorption layer

1303 generate heat by laser beam irradiation, and optical properties
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properties in regions corresponding to the convex
structures can be changed by |aser beamirradiation.
5 Moreover, since the materials are in anorphous or in
mul ticrystalline state, and the residual stress in the
thin filmis Iow, production of defects such as
cracks can be inhibited even though precipitous

SR PP RESs L AR B i MRelmtnt oy “efsed. By

present invention, 10 which will be described later.
l:Batratgngofthese s mfteeinls mithosoopes stomfuxest ribet umdical
can be forned in the large area. The thickness of the

pkw&tn@wﬂ@tgwms kay@spb s teaﬂié eohPEt Ytrhdtiirb€&tan be
and may be sel ected accordl ngly. It is preferably 2nm

for,exa VWhen the thickness is | ess than
c%ﬂﬂ’?e‘?g]yllélsﬂlf pep nfrtrafi@ti%nf ormin formof thin film

and |ight absorption rate may be lowered. Wien it is
nmor e Mearo®@nmsindreatheli riaterordsi mrehanl i gnorphous or in
absorption |ayer occurs, and changing the optical

A 10REY S 8Bnb statd) Uéﬁd 8Q QRSARA] khesslih%Me ﬂﬁ%ofi[}h' @{Now,
Iayer may be difficult. The convex structure 1304

talns re of materi d . rial

pEREHET o Bl Rith BRcPHaBontb o dh i Ha Crvam. Cheh

the material B is preferably at |east one sel ected
pfeapiteukf itdmpexttureal chasgd etilds neltaeei @ dhd hetdroidnefor

compound nmaterial. 55 Exanples of the silicon conpound
ol bk Alridk g RANRbrdingd AR & B pR iAW ention,
which will be described later. Because of this effect, microscopic
convex structures can be formed in the large area.

The thickness of the light absorption layer is not particularly
Iimited and may be selected accordingly. It is preferably 2nm to 50nm,
for example. When the thickness.is less than 2nm, it is difficult to
form in form of thin film and light absorption rate may be lowered.
When it is more than 50nm, heat diffusion in the light absorption layer
occurs, and changing the optical properties in minute regions of the
light absorption layer may be difficult.

The convex structure 1304 contains a mixture of material A and
material B, and the material A is a silicon compound material, and the

material B is preferably at least one selected from sulfide material,

selenide material and fluorine compound material.

bb




Exanpl es of the sulfide material of the material B

i nclude ZnS, CaS and BaS. 5 Exanpl es of the sel enide
mat eri al include ZnSe and BaSe. Exanples of the
fluorine conpound material include CaF2and BaF2 A
single material or nultiple materials may be used for
these materials A and B. 10 O these materials, it is

pr ef | e a 4AnS-Si 02 m xture. Nor er .

hou ear et o el sBlan LeRgPB N o iRt W pgaterial A
_A1202 and AIN may be used singly. The height of the
inplpde tNiPes SiIQ@NoraféHallky 10nm to 100nm  Wen the

height is less than 10nm signal intensity may be

| over Edamplds OF thd 8udifle indRth] dftheShabatial B RR$HHY ZnS,
I ncreases as the structures becone hi gher; however,

en ity is higher than 100nm tracking stability may
C%S‘H@%?%ﬁ%d. Meanwhi l e, a protective |ayer nmay be

di sposed on the convex structures 1304. The silicon

conpolirampdes hf dbe seBivide Shaterialdinslwle ZoSsrand Hafse.
havi ng perneability may be used as the protective

| ayergximplbe offehBatd9he rc%mdwlmftl RSk (@i 41N@ Pl &S EHF, and

invention of the first enbodinent, the optica
Brﬁpording medi um of the first 56 enbodi nent is used,

aha a light is irradiated to a stacked body

consi sting of the Iight absorption |layer 1303 in the

f or m Afsinglennfatemal or multiple materials may be used for these

materials A and B.

Of these materials, it 1s preferable to use a ZnS-SiOz mixture.
Moreover, insulator materials such as SiOg2, ZnS, Zn0O, SisN4, Al2O-
and AIN may be used singly.

The height of the structures is preferably 10nm to 100nm.
When the height is less than 10nm, signal intensity may be lowered.
On the other hand, the signal intensity increases as the structures
become higher; however, when it is higher than 100nm, tracking
stability may be degraded.

Meanwhile, a protective layer may be disposed on the convex
structures 1304. The silicon compounds such as SizNg4, S102 and SiC
or resins having permeability may be used as the protective layer.

In the method for reproducing of the present invention of the

first embodiment, the optical recording medium of the first
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and the convex structures 1304 fromthe convex
structures 1304 side and the changes in reflected
l'ight anpbunt is detected. An exanple of 5 the nethod
for reproducing is shown in FIGS. 20A and 20B. In the
first enbodi ment of the nethod for reproducing, a

| aser beamis irradiated fromthe convex structures

1304,.s1 d h iLn FIG OA. . - in Fl.G, 2
epiitiedd & FRCebd A ofibg o irationdl tasd, Skl Body

The injected | aser beamis absorbed in the [ight
cemsistipe ohthalightigdodrpoionalpsiergl 30k in ithkt foans of phimilm,

| ayer to generate heat. Since the light absorption

- ahdYie ab¥hvdNELGRINEN IBOUGHHEShE @FRTSE sfudiukéS1S0Y side

material, heat val ues change directly bel ow the convex

st,ructuyres. .The ti | .properties pf the |ight

anfl e h AR s poreligerRg disth Amopniin detegte, o AR srample of
structures with the change in heat value. No. 1403 is
the aethogs for sepnedugreg Lo chiosth im FIES c80Acand20he In the

| aser beam and 1402 indicates the regi on where

fioPt emabodin®PSY tofethO@fmbtitod | MRt rARIARIASN s 1ANE' HBEG is
changed. The reproduction signal changes at a timng

AP PRy B Yk SR B GR G 4 FeB in F107 204,

intensity distribution 1404 of the 20 injected |aser
Noedd0and BIG e2psindicadeslbntinjdtidrodirk4tisnagdf thiedaser beam.
surface of the optical recording nedium As shown in

L e
figue §,changed region pf opll cal consiant g Lhe o
absorption layer and the convex structures consist of different
material, heat values change directly below the convex structures.
The optical properties of the light absorption layer changes at a timing
of the convex structures with the change in heat value. No. 1403
indicates a structure located in the center of the laser beam and 1402
indicates the region where optical properties of the light absorption
layer are changed. The reproduction signal changes at a timing of the
convex structures corresponding to the change in optical properties.
FIG. 20B shows a laser intensity distribution 1404 of the
injected laser beam and a temperature distribution 1405 of the surface

of the optical recording medium. As shown in FIG. 20B, the laser

beam intensity distribution 1404 is a Gaussian distribution. No.
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If the convex structures 1403 are di sposed on the

medi um -surface, the tenperature distribution
corresponds to the convex 5 structures 1403, and the
tenperature near the convex structures 1403, which are
| ocated near the center of the beam becones
particularly high. As a result, optical properties

586t b he con ructure 1403 are
1103 35 FYGR20H RhORer e, 40, §F aptitd) Pt the
changed. Because the optical constant in a snaller
hgb@ﬁgﬁOHEBQMémYQMe beam di amet er whi ch corresponds to
the convex structures 1403 changes, the reproduction

si gnalf eh@n@eveadt shrdctiidd 1003 hee GRPVEEd Sbih Udiel @Sdium
1403, even with a cycle at or below the diffraction

t.h t d
suBke: JB% SBORETRTHG raR by RRCRS el dhe convex
Meanwhi | e, No. 1406 |nd|cates a 15 threshol d val ue of
stirineturaspetQd, sl the tethpehature mogstn dw corvepestrieines 1403,

the |ight absorption | ayer changes. <Optical Recording

whiech Wi a0da i@t Redr fidle SR BTG bERRT, M coRes bB@tmu}]arly

Second Enbodi ment> The optical recording medi um of
rLese |nvent on o econd e LS for
BRE il gb B APEG P udiaTies, dUpRy relow the cShvex
reproducti on and hi gher recording density with a focus
stefitotesol 4@ fewHicls erreblenatah ndag thedicemter58f The beam, are
optical recording nedium of the second enbodi nent

n&vﬁbgﬁ'ﬂlsar?geﬂl"b%éﬁlﬁse e B tidadNoARSAE AL 2sth3N8E region
gener at es
than the beam diameter which corresponds to the convex structures
1403 changes, the reproduction signal changes at a timing of the
convex structures 1403, even with a cycle at or below the diffraction
1imit. By the super-resolution reproduction as described above,
higher density can be achieved. Meanwhile, No. 1406 indicates a
threshold value of the temperature, at which the optical properties of
the light absorption layer changes.
<Optical Recording Medium and Method for Reproducing Thereof of
the Second Embodiment>

The optical recording medium of the present invention of the
second embodiment is for the purpose of achieving super-resolution

reproduction and higher recording density with a focus effect of the

laser beam on the medium.

58



10

15

20

heat by absorbing reproducing |ight and convex
structures, which are in contact wwth the |ight
absorption layer and contain different 5 material than
that of the Iight absorption |layer, on the substrate,
and an optical transm ssion |ayer having an optica
transparency relative to the reproducing |light on the
convex,struct ures erein the optical transms
Cayer TP SHEeHLcResoBRAE  hedifPBet (e skEBY"omHctiment
structures and is fornmed in approximate henispheric
copkans 19 subatraie, shvthsr dighdx ehpomtyor dapesiwhimh genehates
optical recording nedium of the second enbodi nent.
h@ﬁﬁ_b@%lb&ﬁ'biﬁ%@@?ﬁbdlﬂcinﬁq MMhn@RionSak dteGefieBIwhich are
medi um has a buffer layer 1502 in formof thin film
.for protecti.ng.a substrate farmed on the,substrate.
%) Septath VAL | i L s GHHSOTBHOP oy BFET, SO | SPH e Gjtferent
thin film convex structures 15 1504 which are in
ngetrwd tthamt thathel thghgbébdeoppiion lhagsromblle ambstrate, and
optical transm ssion |ayer 1505 are stacked on the

| alﬁtﬁﬁﬁéaﬂ ARREMiaidn lzig@%rlﬁiﬁntgh&n Qpiticedltrhh PSS Rative

ayer 1505 is applied on the surface of the convex

styuctures 1504.and its vertical cross-sectional.shape
t £he FHDESTOREHEE oB bl GinHed StGr AT cEa P eIPIR b6 obtical

convex structures 20 1504 is separated on the nmedi um
tisunshansei@s laywows applibd dn ghe esurthe: sfitbhe reahge80kriistures

formed simlarly to the substrate 101 in the optica

a%%ﬁ?&ghﬂgdmﬁﬂﬁﬁﬁﬁﬁnﬁﬁglﬁﬁéﬁﬁkggﬁggéﬂﬁnt. The buffer

ayer 302 in formof t ormed simlarly

to th uffer layer 102 in the optical. recordi .
“medi uﬁlgf %ieSLP St AhbBERRBIIYa P RResition of the optical

recording medium of the second embodiment. The optical recording

medium, optical recording medium has a buffer layer 1502 in form of
thin film for protecting a substrate formed on the substrate 1501, and
a light absorption layer 1503 in form of thin film, convex structures
1504 which are in contact with the light absorption layer and an
optical transmission layer 1505 are stacked on the buffer layer 1502,
wherein the optical transmission layer 1505 is applied on the surface
of the convex structures 1504 and its vertical cross-sectional shape is
in approximate semicircular form. Each of the convex structures
1504 is separated on the medium surface as shown in the figure.

The substrate 301 is formed similarly to the substrate 101 in

the optical recording medium of the first embodiment. The buffer
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i ght absorption layer 303 in formof thin filmis
formed simlarly to the light absorption layer 103 in
the optical recording nediumof the 5 first

enbodi ment. For the optical transm ssion |ayer 305,

oxi des, nitrides and fluorine conmpounds having high
transmttance relative to the reproducing i ght may

A0 T o e S e

10 include Si3N4, AN and Si ON. Exan'pl es of fluorine

193ripothrigpticat raeer diag madinmarhthavliaatuemhodintent and the

t hi ckness of the optical transm ssion layer is set
light Gishoptiod Idher B0 hh folmt bL thid Wik £ SoBnedidindikarly to
set at |least at or above the hei ght of the
t rUGL Ures. an the ;hei ght,. of th
o8¢ g PR ption s, LS B, R o UEAL R BRbis mhefiyg of the
correspondlng to the structures. If it is too thick,
firshgmbodamendct uring tine is needed, |eading to cost
increase. In the nethod for reprodu0|ng of the present

i nvenFpPrhef ophieal %Q&ﬁ@ﬂu@éi’@ﬁdld%‘i‘t 305 N@xAPld, CRltrides and
recordlng medi um of the second 20 enbodlnent IS used,

and i s . rradi.ate stack body of .t he
TRPie sEBbpiRigh HEPARE  dust: FrROPRIORIE, TorFilp fhe the
convex structures 1504 and the optical transm ssion

répnochucingdighomapecboprdechl BRamples mifsexides| aydnda 588,
side and the changes in reflected |ight anount is

Al £cB8A10E! BicED S 2 g¥aMRhA®Of FReFBBodf ffikrides

r'eproduci ng
include SizN4, AIN and SiON. Examples of fluorine compounds

" include CaFs and BaFs.

Meanwhile, the thickness of the optical transmission layer is
set according to the height of the structures and it is set at Ieast at or
above the height of the structures. Ifitis less than the height of the
structures, it does not form in a semicircular form corresponding to the
structures. If it is too thick, longer manufacturing time is needed,
leading to cost increase.

In the method for reproducing of the present invention of the
second embodiment, the optical recording medium of the second
embodiment is used, and a light is irradiated to a stacked body of the
light absorption layer 1503 in form of thin film, the convex structures

1504 and the optical transmission layer 1505 from the optical
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of the second enbodinent. In the nmethod for
reproduci ng of the second enbodinent, a |aser beamis
injected fromthe convex 5 structures 1504 side as
shown in FIG 22. Meanwhile, No. 1601 in FIG 22
shows an injection direction of the | aser beam In the
met hod for reproducing of the present invention of the

AR Bl bRy EPhd 2BShedtEr ke AR ATigR imbunt

absorption | ayer 1503 to 10 generate heat. Because the
ippetecitd t r Bheni2€sihowg apeaxarspl: @ﬁtheheletbpm foalreproducing
recordi ng medi um of the second enbodinment is formed in

of theYsedwhd Ratbddisn . t | GAlther ﬁﬁﬁ:‘h%ﬁcfdlo@@br&hﬁﬁﬁg of the
becomes a semicircular form correspondi ng to

t 1504 t f. th b
SN o timEhEe o ofierc Ram Uik Seded &‘Eg@rhokmef"q?nvex

the figure. 15 The focusegl | aser beamis absorbed in
strivetureshi 5absudptaorhbwypem BB 22andMmartwhilbadNoy 16@1 in
| i ght absorption |ayer near the convex structures

F16032whiguds b 1h§1§cﬁoeﬂjdhréch|6% SEHeElaset Hegn beam

generates heat. The optical properties such as

refr |ve in nd absoyption cqefficient

Changit S et e rSPraHIcREdiana BroagH igomtion of the

i ndicates a 20 changed regi on of optical properties in
sadoad ieghlbodibemntpt imactedy daser Beeauss taheooptd ciaml the light

transm ssion layer 1505 with its vertical

aﬁé 1o§€QEFr8Pai5@§‘a&%§?§ Nohe ATLEL "H¥oRbtibh %§%osl%3 to

he opt cal 61 recordrng medrum of the secon

enbodl e focus effect i ncrease
g%mw?nﬁ ?‘if'wfsreo § 19t RS SE0 g%vefséé% in the

optical recording medium of the second embodiment is formed in a way
so that its vertical cross-sectional shape becomes a semicircular form
corresponding to the convex structures 1504, a portion of the laser
beam is further focused on the medium surface as shown in the figure.
The focused laser beam is absorbed in the light absorption layer 1503
and particularly the light absorption layer near the convex structures
1603 which is located in the center of the beam generates heat. The
optical properties such as refractive index and absorption coefﬁéient
are changed by heat generation. Meanwhile, No. 1602 indicates a
changed region of optical properties in the light absorption layer.
Because the optical transmission layer 1505 with its vertical

cross-sectional shape being semicircular is disposed on the optical
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with a cycle at or belowthe diffusion limt is
i ncreased by the super-resolution reproducing effect
caused by the changes in optical 5 constant in a
smal l er region than the beam di aneter which
corresponds to the convex structures 1504, as simlar
to the nmethod for reproducing the optical recording
nmedi.um of the seco enmbodi. ment
SRR SREREEnGh T RO O MfiPHEHe o 00 Hoct is
Third Enbodi nment> 10 The optical recordi ng medi um of
indreapeds eAndi theenignod iotensisy frénnr chee ndodiaretnucityrésol 504
t he purpose of increasing the recording density by
w'RJH td Ry U Befdwi itk 'dEfﬁEL%ﬁ' Bfit Oid Hﬁc%ﬂs@ﬂs?ﬁr the
of the” optical recordlng media of the first and th
second odlnent The |caI ng medi um of
SERE O SRoBT RGN oTHpet CBmseachy dbeorb aetats cRgical
convex structures are in approximte columar forns
carstadi anet er shallee ceguwex shanctthee belamgedameter which
according to recorded infornmation. In particular, the
ccﬁQBg dsgﬁd' Hed Ho £ 2L G uRERESS BROY, ;isnsﬂﬁ%f’ﬁé fBd Enethod for
ar form In order to inprove signal quality,
the end angl e of the canvex st.ruct bei ng.20 a
repgodues © boptial Tegst 1g Fag digLg (0 g&@%%fﬁ%@@ ke afrent
formis favorable. If the end angl e of the structure
<OptpabtRecortiieg ddidnant and tMechod dor Reprodueang Athereof of
t hereby degrading signal quality. 62 FIG 23 shows an

w of the optical recording nedium
t}g@éﬁpﬁglls(?%%&%ﬂ%rﬁe third embodinent. In FIG 23, 1701

The optical recording medium of the present invention of the
third embodiment is for the purpose of increasing the recording
density by multiple-value recording in addition to the purposes of the
optical recording media of the first and the second embodiments.

The optical recording medium of the third embodiment 1s
composed as such that the convex structures are in approximate
columnar forms and diameter of the convex structure changes
according to recorded information. In particular, the convex
structures .are preferably in approximate columnar form. In order to

improve signal quality, the end angle of the convex structure being

almost vertical, in other words, being close to cylindrical form is

favorable. If the end angle of the structure is gentle, the adjacent

structures are connected, thereby degrading signal gquality.
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indicates a |light absorption |ayer, 1702 indicates a
convex structure, 1703 indicates a cycle of the
convex structures in a track direction, 5 1704

i ndicates a recording track and 1705 indicates a

di aneter of the convex structure. The stacked
conposition and the material of each |ayer of the

optic ordln nmedi um of theth rd odi nent are ..
Che SBHG! 98°0Hme oBF Cxeilinm o oeworEiG OnlianL Bpordin
the first and the second 10 enbodlnents. The convex
merdiunt woaspdsitigni of tthe dpitd @mbedionentiy ImeBlUm23, 1701
the third enbodi ment are in approximate cylindrical

iddtftes ANecIY abBoRftidaFON VRN BIABCh LA (,Jom%x' Str¥cture,
track direction is constant. The dianeter of the

structures 1 changes accordin cqr .
1708 SEictER 2 BoTenof ABe riaHGS FETCPeR e fEhr dEiaction,
present invention of the third enbodi ment, the
1 %@4 iindicates ar xchcogdimeglixankodnd H&Y QBhirrdica ersbm dii aerete t of the
used, and a light is irradiated to the convex
co?ﬁ‘;é,kcéﬁ.lilggurel702 of which dianeters have been changed
according to recorded |nfornat|on and the changes in

refl ed |i amount .are detected 20 c
to tﬁﬁfl‘w&%‘%ﬁ cPRPOSHGR2Y Fhe i sTialkieh %%r he
of the nethod for reproducing the optical recordlng

optachlureafrdifie mediumd efrbbdithernd dmbedionent arélES. s2kh as
and 24B. FIG 24A shows a 63 top view of the optical

SR FELATARAYR R eus T ORRERAL oo
embodiments. The convex structures 1702 in the optical recording
medium of the third embodiment are in approximate cylindrical form.
The cycle of the convex structures 1702 in a track direction is constant.
The diameter of the convex structures 1705 changes according to
recorded information.

In the method for reproducing of the present invention of the
third embodiment, the optical recording medium of the third
embodiment is used, and a light is irradiated to the convex structures
1702 of which diameters have been chaﬁged according to recorded
information and the changes in reflected light amount are detected
corresponding to the cycle of the convex structures 1702, An example
of the method for reproducing the optical recording medium of the

third embodiment is shown in FIGS. 24A and 24B. FIG. 24A shows a
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i ndi cates a convex structure, 1703 indicates a cycle
of the convex structures and 1704 indicates a track.
In FIG 2413, 1811 indicates a 5 reproduction signa

| evel sanpled at a timng A and 1812 indicates a
reproduction signal level sanpled at a timng H 1In
the nmet hod f or reproducing the optical recording

odi nent r
TR PIESY node EFise] ep iy RE mhnien gl FE 24%%?% chapees
to the changes in dianeter of the convex 1-
istsignalidesel. Thin rlBiGefdéd 1L8Qht inglivades ahhﬂye'sbeam 1702
depending on the dianeter at a timng when the |aser

1rﬂﬁ@£ﬁ£éss al Hoﬁ% WRPaQure! 1708 GRANEYes S c?'ﬁIeuro?Stlﬂe?anvex

shown in |gures mui ti-val ue infor rel ating

he cha net er can er, S. si.gn
siragtiTesHan I AP B ER s Ao andt FAG) 2o L Chidicates a
level at a timng of the 15 cycle of the convex
reginodetctioassignioBleved sampkad 4t ai tipringehpand df812 indicates a
recordi ng density can be achi eved by nultipl e-val ue
réﬁah@tm sighPldvedlsaBanRadifg cigligim.and Method for
r od UC|ng Thereof of ~ the Fourth Enbodi nent> The
optl recor g
t he lf%ﬁ‘%et OgnfSS&eRﬁﬂ uelngifie pplc
i mproving the recording density by smaller track
thp tidhied embadinenon 4 acchedipigr pospsriofmielde byoptelaiihg the
recording nedia of the first and the second
_ i g [
TN, VAL in R aiViof Rl OF chARGLS AN AL Sonyex

structures_are in approxi mate
structures. The reﬂecte 1?ght amount changes depending on the

medi um, of, the pr ese%fﬂzl nv P%é ?r?e(ﬁfum of

diameter at a timing when the laser beam is in the center of the convex
structures 1702. As shown in figures, multi-value information
relating to the changes in diameter can be determined as signal level
changes by detecting (sampling) the signal level at a timing of the
cycle of the convex structures 1703. As a result, improvement of
recording density can be achieved by multiple-value recording.
<Optical Recording Medium and Method for Reproducing Thereof of
the Fourth Embodiment>

The optical recording medium of the present invention of the
fourth embodiment is for the purpose of improving the recording
density by smaller track pitches in addition to the purposes of the

optical recording media of the first and the second embodiments.
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columar form and the convex structures are in a

cl ose- packed arrangenent (arranged to trigona
symetry) on the nediumsurface 5 in addition to the
conposition of the optical recording nedia of the
first and the second enbodi nents. In particular, the
convex structures are preferably i n approxi mate

cylinggical | n,.order ve, Signal qualit

Che. efireanBreabteenBliBn sl  thecrBurRgmRpngeeht i
vertical, in other words, being close to cyllndrlca
composed a9 $uclortdisitethe fearnvexestirentylres oiret he approximate
structure is gentle, the adjacent structures are
cSHﬁﬂﬁﬁi efbrnf, h%&ﬂ%h@e gbAghL R gstsrhgﬂ%.lesq Yaki iy a Fbl@se Packed
shows an exenplary top view of the optlcal recordi ng
medlumcograosnlo of thef urth errb nt. Ip FIG
aFEngYREn’ MHHACRE t“atlilg@ﬂ? oY r‘?ni paediyay surface
i ndi cates a convex structure, 15 1903 indicates a

11¢ yegd dB timfn tmeheommpositiambﬁrths optieal reckding antidon of the
and 1904 indicates a virtual grid point of

fickPS8nRaGked RLLANISTIYdindHtsangaqd ﬁgutt%&ﬂgf’althe_ (ionvex
symetry). The st acked conp05|t| on a

of each |la tical reco o) |um
S?W’t‘ﬁeseﬁ’b% ﬁ?b r’é‘ NQ’%F“%% CY%@“’F Hb”geefd 01’ el' to
opti cal recordl ng nedia of the first and the second
imphbodée megiisl qihbtyotheegndt amgleuseshd 208vek dthaciapesdading
recording nediumof the fourth enbodi nent are in

%bbf@ér‘fﬁ% f of afd %\fasalﬁégggg@gg@% %&ﬁﬁ‘a‘rﬂal form is

reover e convex struct
Ios -packed arr ngemsnt (arranged to . trigopal
qy)I the jen angle of the structure is gentle, the adjacent

structures are connected, thereby degrading signal quality.

FIG. 25 shows an exemplary top view of the optical recording
medium composition of the fourth embodiment. In FIG. 25, 1901
indicates a light absorption layer, 1902 indicates a convex structure,
1903 indicates a cycle of the convex structures in a track direction and
1904 indicates a virtual grid point of close-packed arrangement
(arranged to trigonal symmetry).

The stacked composition and the material of each layer of the
optical recording medium of the fourth embodiment are similar to
those of the optical recording media of the first and the second
embodiments. The convex structures 1902 of the optical recording

medium of the fourth embodiment are in cylindrical form and have a
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conposed of grid points with or wi thout the convex
structures 1902 according to recorded information. 5

“In the nethod for reproduci ng of the present invention

of the fourth enbodi ment, the optical recording
medi um of the fourth enbodinent is used, and a |ight
is irradiated to the convex structures 1902 to

gL Eieer P BohOVES P R, oinbeBREe Y02 are in

corres&ondl ng to the c(ycl e of the 10 convex
close warckeds argoemens. (azeanged! t26Brighoal asymemetpyle oft is
the nethod for reproducing of the fourth enbodi ment.

cdthfosePDf %ﬁ’&@(ﬁﬂ%@ Rvitheyy Q\fﬂ:hbﬁ'@ tBBtdosex! SIFACRG 1902

medi um 26A, 1902 shows a convex sStructure,

190&,@“ g%ﬁl .e .of t e convex structure and 2001
) %e‘r"’af Znwhile, FIG 26A shows
convex structures of 3 tracks. In the nethod for

r epr oduthe gnethad forpremmuucing efttihenprdsentanfventiom of the
enbodi nent, the lines of the convex structures in

fonth Bhﬂ)ddiﬁfé'f& (e |(?1ﬂ§&a1t %C&f(ﬁﬁ;kgs WELITRA Ebf e fourth
reproduced sinultaneously. Si mil t aneous

cPPYERERL it ol 4RO & ﬁilﬁéaf’q(ﬁﬁﬁe% AAhGaRseE ALY guures

is preferable to reproduce three |ines of the convex
19302 tictrepesd b6 siwhiipglarteacks wimnlinreadishs addr et changss in
shown in FIG 26B. Reproduction signals are detected

rdfRATPA qg%h@tarﬁ(inﬂﬂqgsc‘ d%*te&edccogesﬁﬁﬁding to the cycle of the
convex structures 1902,

FIGS. 26A and 26B show an example of the method for
reproducing of the fourth embodiment. FIG. 26A shows a top view of
the optical recording medium. In FIG. 26A, 1902 shows a convex
structure, 1903 shows a cycle of the convex structure and 2001 shows a
laser beam. Meanwhile, FIG. 26A shows convex structures of 3
tracks.

In the method for reproducing of the present invention of the
fourth embodiment, the lines of the convex structures in multiple
tracks (at least two tracks or more) are reproduced simultaneously.
Simultanecus reproduction in here means a plural number of convex
structure lines are contained in a beam diameter.

It 1s preferable to reproduce three lines of the convex structures
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of the cycle of the convex structures 1903 in a track
direction. FIG 26B shows changes in reproduction
signal level. In FIG 5 26A, 2011 indicates a
reproduction signal |evel sanpled at a timng A and
2012 indicates a signal level sanpled at a timng D
The nunber of the structures contained in the |aser

beam di anef er. 2001 changes,. 7 at timn 6

SRR BUR ot ¢ Priffg e afir e UaR 11 SJORR AR JFIG. 26B.
result, reflected |ight amount is changed Wen a
Repyeductien sagmlecreodetected (sampled) athiamiyes 4, &, €D, etc.
convex structures 703, the beam becones overlapped in

oﬁtﬁé 8pMe HftPe! dovexdlt-86hirad 1DUB BPRVSXCIS UiMkiivne NDre
t han once. By detecting one convex structure nmor e than

once, d information corr ondi n

heladithy (Ehrt 3w r A SRR ot ST R A i )

can be determ ned by using partial is response maxi mum
26Ak @0iLh codicatePRVEe prodsictiescsignad lebaveambled at matigiing A

the convex structures on the nedium surface in

‘ aﬁh@ﬁﬁﬂoﬁfdﬁ&e@ra{ §Ig9fdﬁ8§el(ﬁ1{1ﬁﬁgﬁgt hq;lﬁﬁhgqmal The number

symetry) and reproduci ng plural nunbers

of b FLro Rt cpnkaRed 2L s eni tegpe9df changes

Recor di ng Medi um and Met hod for Reproducing of t he
agi7fathtinBmgodlj éretttimThe Byl at dimiver Orand @ aetimimgoD. t Hes a
present invention of the 67 fifth enbodiment is for

rddific PHIRASEQ Q§FH€Q Gl 1%%%9%&(9' He%cgsmgnal 1s sampled

si mfl t aneousl i'gh ee of accura

addi tion
at a timing o% the cycle of the convex structures 703, the beam becomes

overlapped in a track direction, detecting one convex structure more
than once. By detecting one convex structure more than once,
recorded information corresponding to the arrangement and presence
or absence of the structures can be defermined by using partial
response maximum likelihood or PRML. As described above, by

arranging the convex structures on the medium surface in

| close-packed arrangement (arranged to trigonal symmetry) and

reproducing plural numbers of structures simultaneously, higher
density due to smaller track pitches can be achieved.

<Optical Recording Medium and Method for Reproducing of the Fifth
Embodiment>

The optical recording medium of the present invention of the
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pur pose of producing smaller track pitches in the
optical recording nediumof the fourth enbodinent. 5
In addition to the optical recordi ng nedi um
conposition of the fourth enbodinent, the lines with
no convex structures are disposed every "n" |lines
(where "n" represents an integer of 2 or nore) in a

B SRS D B AP R BB s

the vertical cross- sectlonal face in a radius
siguHeneonskf witk aphiglaldegreorali agcwediyurmotdditaon i fa lfhe
enbodiment. In FIG 27, 2101 indicates a substrate,

papdsd Bl MENSF thANEDitchbdSih NMeCapBeaP rbtGiling

absorptlon Iayer 2104 I ndicates a convex structure,
05 in Lcal transm ssion |ayer and 15

B l&edc&r qq:l B MEREh. The convex structures

2104 on the surface of the optical recording medi um
of t hien Aidflithow b ddienepticadrecardangeddinm compespankefl the
arrangenent (arranged to trigonal symetry). And the

fddr%ﬁ%ﬁ%&ﬂ!ﬁﬂ&nf hg, £ PRUE X ith! Hsteah%;;?é@ﬁcﬁﬁ%s%éo&msed
every "n" lines 20 in a radlus dlrectlon of the
medi um The |ines t he

I gal .reco th
%%ﬁve& é’c%?cf‘ﬁ*‘%ge 2 BO A CRIBSGR ST %Pa’é}tﬁgﬁlf sogoééfﬁ E%%P%/ 13 a
lines. In tracks a, b, ¢, d and e as shown in FIG 27,
rddiascahivecti@8 sf r ubé uopsical Odecbardimg exéditunt n of r ahks fHth
and e. Therefore, the convex structures 2104 on the
enbohagenpf the optical recording nmedi um becone

FIG. 27 shows an example of the vertical cross-sectional face in
a radius direction of the optical recording medium of the fifth
embodiment. In FIG. 27, 2101 indicates a substrate, 2102 indicates a
buffer layer, 2103 indicates a light absorption layer, 2104 indicates a
convex structure, 2105 indicates an optical transmission layer and
2106 indicates a track pitch.

The convex structures 2104 on the surface of the optical
recording medium of the fifth embodiment are arranged in
close-packed arrangement (arranged to trigonal symmetry). And the
lines without the convex structures 2104 are disposed every “n” lines
in a radius direction of the optical recording medium. The lines
without the convex structures 2104 are preferably disposed every 4

lines. In tracks a, b, ¢, d and e as shown in FIG. 27, the convex
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unevenly dense. As a result, when the optica

transm ssion layer 2105 is fornmed, regions b, ¢ and d
whi ch are dense with the convex 5 structures are
covered with the filmand grooves are fornmed in the
regions a and e where the convex structures are
scarce. Wth the conposition as described above, it

[ S possi to formsteps for tracking t

sluhires i fieondt SxiriBrungkact 80 ing Thtudrradhe qypvex
with smaller track pitches by reproduci ng plura
stdberss 3104 ba tdenwefacd 0f she opticabse@rding medium become
simultaneously. In the nethod for reproducing of the

uRESERN deMuENt AN 20fedidiR, Whid t'tlﬁ‘?”’@?ﬁiicm?"ttrangsﬂﬁssio_n layer

optical recording nmediumof the fif enbodi nent is
d, and n-1 lines.are reproduyced sinultaneoysly and
2408 TscPrmath Fegighin b, (a8 S Y BEED pe denseapiits the GRrex
met hod for reproducing of the fifth enbodinent is

sthminrésn aFe @ve?8d varth A88.filkl @nd gRoowesaarefovined imfthe
the optical recording nediumand FIG 28B is a

LCAl 4 F 083 SECEHH ' i :
i e R

2104 j ndi cates convex structures, 2106, 20 indicates ._a
CQIRERILHIN 2R denaribeg phovg; Hoisdossihlada fop@astenp for fEacking

nmet hod for reproduci ng of the present invention of the
at i 4t preaidiocinieed , sjidts, cidireky stchieivingshitiidd densdly with
exist in tracks a 69 ande. A push-pull nethod or

S PR BRI PR BB 5ETKL
structures 2104 simultaneously.

In the method for reproducing of the present invention of the
fifth embodiment, the optical récording medium of the fifth
embodiment is used, and n-1 lines are reproduced simultaneously and
the reflected amount is detected.

An example of the method for reproducing of the fifth
embodiment is shown in FIGS. 28A and 28B. FIG. 28A is a top view
of the optical recording medium and FIG. 28B is a vertical
cross-sectional view of the optical recording medium in radius
direction. In FIG. 28A, 2104 indicates convex structures, 2106
indicates a track pitch and 2201 indicates a laser beam.

In the method for reproducing of the present invention of the

fifth embodiment, the convex structures 2104 do not exist in tracks a
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groove regions a and e is detected by photo di ode
which is divided in tw along the track direction to
produce push-pull signal. The 5 push-pull signal is
defined as an error signal of tracking servo. In the
met hod for reproducing of the fifth enbodi nent, a

| aser beanrcan be tracked relative to the convex

il A bRD ol ot atfr RGP PP R i 45 poed as

fronrconvex structure lines a and e to reproduce 3
al treekisgnuethodousd yiffraciyd degrioducraflpabedr highhufrbery ghe
of structures sinultaneously, higher density by

gPoBvd ?é,c%ﬁh@(‘é( aBldl £ 78 ct8EtelCh R PHoRY fHodd REhIFRL ﬁoéwfi@éd in

nanufa urrng th e opti cal recordrng nedrunrof

res vent| for exa | eas tarns
o RnATRS dh6 (Prach GroatiShathebtubtsy TUSPoP LG Sghal  The
substrate by at Ieast am nating a 1,5 |ight
pabkaryd istgnalagetefimed as moérmomisnghal of adkag kervd.i | m
material which forns convex structures, recording in

whi ch r
ol TR Che SRR e e, o Lo

convex tructur convex structure fo
¢an B tyasked r@etwee@ CHBEFF TG HENRREHE, © "t 88d dby
unrecorded regions, and 20 further contains other
psédpsngsp ndegsdbsignalhzoimathe aliffegeteddighthvexeflected light
structure formng can be perfornmed according to the

fx?v%[rt %8ﬂ§£¥ %tf@c?ﬂ?@ﬁ&#rs 1N teét{ngg r gdgzg g-lilﬂﬁ% %@gﬁ‘ﬁﬂahgously
By RIS rphglié’r““"nﬁm"r?ér@ogf iietared muNtandously, Bigher
density by smaller track pitches can be achieved.

The method for manufacturing the optical recording medium of
the present invention, for example, at least contains laminating in
which a stacked body is formed on a substrate by at least laminating a
light absorption layer in form of thin film and a thin film material
which forms convex structures, recording in which recording of
information is performed by irradiating a light to the stacked body
from the convex structure side, and convex structure forming in which
convex structures are formed by removing unrecorded regions, and

further contains other steps as necessary.

The laminating and convex structure forming can be performed

‘according to the method for manufacturing structure.
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pl asma CVD, optical CVD, ion plating and el ectron beam
evaporation. O these, sputtering excels in terns of
mass productivity and film 5 quality. By the nethod
for manufacturing the optical recording nmedium of the
present invention, it is possible to formm croscopic
convex structures in |arge area wthout mask. Exanple

10 Hegein bel o Lth .referri t a e the, .

" ventrer Gt o b (hibitet forntsiy Resckisd Big jnclude
Exanpl es shoul d not be construed as limting the
variope wfparhgeow iy emtihod. sydx asprasuiim Alepegitiomf sputtering,
form ng structure was produced as follow 15 The

pIRGh HTVD! oheicAl TVD! {F pliEndSushOMBtidh bb&R: edapradion.
was produced. The filmTorm ng nethod was sputtering.

OF e S R RS RSBk U i el g
shown in Table 1. 20 71 U~nLqC~
quality.

By the method for inanufacturing the optical recording medium
of the present invention, it is possible to form microscopic convex
structures in large area without mask.

Example

Herein below, with referring to Examples, the invention is
explained in detail and the following Examples should not be
construed as limiting the scope of this invention.

(Example 1)

A medium for forming structure was produced as follow.

The medium for forming structure as shown in FIGS. 1 to 3 was
produced. The film-forming method was sputtering. The material

and the thickness of each layer, and a principal film-forming condition

of sputtering are as shown in Table 1.
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(Example 2)

The medium for forming structure having a composition as
shown in FIG. 1 was used. The layer composition consists of glass
substrate, Ge and SiON. The film-forming condition of each layer
was as shown in Table 1. The structures were formed on the medium
for forming structure as follow.

The structures were formed by light irradiation (FIG. 4)
followed by etching (FIG. 5).

A laser beam irradiation apparatus as shown in FIG. 12 was

used in light irradiation. The laser beam irradiation apparatus 61

‘was equipped with a semiconductor laser. The laser wavelength was

405nm and NA of objective lens was 0.65. A laser beam was
irradiated to the medium for forming structure as shown in FIG. 1
from a substrate 103 side. The laser pulse was modﬁlated by a laser
modulation unit 62 as shown in FIG. 16. The power level P1 was
10mW and P2 was 3mW, the pulse width T was 24nsec, and the pulse
cycle S was 143nsec. The medium was rotated by a medium rotation
unit 64 at a rotating speed of 3.5m/sec. The cyclic changed regions
202 were formed on SiON as a thermal reaction layer by the above
procedures.

Etching was performed by RIE method at a pressure of ImTorr

and input power of 200W using an etching gas for oxides, C¥4. The
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" E-I-E-E-Il coo r-4 (Exanpl e 2) The nedi um
for formng structure having a conposition as shown
in FIG 1 was used. The |l ayer conposition consists of
glass substrate, Ge and SIiON. The filmformng
condition of each layer 5 was as shown in Table 1. The
structures were fornmed on the nedium for formng

+SHRHE" S PR R ol SHElotse B Bistal SRR R e
reslebved by RIE method to form structures 204.

The structures were formed by the above procedures. The
cross-sectional shape of the structures was as shown in FIG. 13. The
structures had a cycle of 500nm and a size (diameter) of 250ﬁm. The
changed regions remained without being etched to form convex
structures.

(Example 3)
The medium for forming structure having a composition as

shown in FIG. 2 was used. The layer composition consists of

-polycarbonate resin substrate, ZnS-Si10g, AgInSbTe and ZnS-Si10..
" The film-forming condition of each layer was as shown in Table 1.

The structures were formed on the medium. The Light absorption

rate of ZnS-Si0; at a laser wavelength of 405nm was 6 x 104,

The structures were formed by light irradiation (FIG. 9)
followed by etching (FIG. 10).

A laser beam irradiation apparatus as shown in FIG. 12 was
used in light irradiation. The laser beam irradiation apparatus 61
was equipped with a semiconductor laser. The laser wavelength was
405nm and NA of objective lens was 0.85. A laser beam was
irradiated to the surface of the medium for forming structure as shown

i FIG. 2 from an uppermost layer, ZnS-5102 side. The laser pulse
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A | aser beamirradi ati on apparatus as shown in FIG 12
was 10 used in light irradiation. The | aser beam
irradi ati on apparatus 61 was equi pped with a

sem conductor |aser. The | aser wavel ength was 405nm
and NA of objective |lens was 0.65. A | aser beam was
irradiated to the nmediumfor form ng structure as

i e dllated o a o R H B ik i et S 15 16

as shown in FIG 16. The power level Pl was | OnW and
The poweshavelthe was 4w Wiadtdh P2 wias 124Ws ¢be parlee thidth T was
pul se cycle S was 143nsec. The medi um was rotated by

lgnggé“ HR M LRk E’ﬁ:le ugi %a§41ﬂn§ecr of 2 | {1 RASE Alty (pulse

5m’sec. The cyclic changed regions 202 were forrre

mﬁ@@ﬁf@yc SHAg e PLFBERBULY SR ToRETh Y Amgdium

pressure of Infforr and input power of 200W using an
retadtivmguga$4f at aomitdéing Epded oie3. FR/s@yi dhlse eyhBe chiamged
t he changed regi ons by | aser irradiation were renoved

10%53,(5‘?%%@‘3 ﬁié%l” BhSZh iS5 %Oﬁxer}?&&l PAUTSHEFer by

re for e above procedures
naI sh pe of _the st res was as shown

SS- sec% Eg&t u
11i1'ﬁ pridng the lepger py %et?‘%ébBW@sHh gycl e of 500nm
and a size (diameter) of 250m. The changed regi ons

r emai Rechinigt cist pbefongeet byedret oetiching aastlexd. An etching
structures. (Exanple 3)
solution 402 was a hydrofluoric acid (HF) solution (HF:H20=1:2). The
medium was dipped in the HF solution for 10 seconds and structures
403 were formed by etching with HF solution.

The structures were formed by the above procedures. The
shape of the structures was an inverse tapered shape as shown in FIG.
14. The structures had a cycle of 400nm and a size (diameter) of
250nm. A SEM image of the formed structures is shown in FIG. 17.
The uniformly shaped structures are formed on an medium of large
area with a diameter of 12cm.

(Example 4)

The medium for forming structure having a composition as

shown in FIG. 2 was used. The layer composition consists of

polycarbonate resin substrate, ZnS-SiO:, AgInSbTe and ZnS-SiOs.

The material, thickness and film-forming condition of each layer are as
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The nmedium for formng structure having a conposition
as 10 shown in FIG 2 was used. The | ayer conposition
consi sts of polycarbonate resin substrate,

ZnS_Si 02, AgluSbTe and zZnS_Si 02. The filmform ng
condition of each |ayer was as shown in Table 1. The
structures were fornmed on the nmedium The |ight

bsor pt i rat e Z {02 _at a |l aser velengt h of
SBORR TMSbie 71 othe HahtrabeGmifin Fatl SISTaE g Poer
light irradiation (FIG 9) followed by etching (FIG
wh@plengthasfetOhemmvas 624il& 4. on appar atus as shown in
FIG 12 was wused in light irradiation. The | aser beam
irradi ati on apparatus 61 was equipped with a
sem conductor |aser. The | aser wavel ength was 20 405nm
and NA of objective lens was 0.85. A | aser beam was
irradiated to the surface of the nediumfor form ng
structure as shown in FIG 2 from an uppernost |ayer,
ZnS_Si 02 side. The laser pulse 74 was nodul ated by a
| aser nodul ation unit 62 as shown in FIG 16. The
power |evel Pl was 4nWand P2 was 1nW the pul se
width T was 19nsec, the pulse cycle S was l1ll4nsec ,
and the pulse duty (pulse wdth/pulse cycle) was 17%
The mediumwas rotated by a nmedium5 rotation unit 64
at a rotating speed of 3.5m sec. The cyclic changed
regi ons 302 were fornmed on .ZnS-Si 02 as a thernal
reaction layer by irradiating the |aser pulse as
shown in FIG 16. Etching was perfornmed by wet etching
nmet hod. An et chi ng
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solution 402 was a hydrofluoric: acid (HF ) solution
(HF: H20=1:2). The 10 nmediumwas dipped in the HP
solution for 10 seconds and structures 403 were
formed by etching with H P solution. The structures
were fornmed by the above procedures. The shape of the
structures was an inverse tapered shape as shown in
FIG 14. The structures had a cycle of 400nm and a
size (diameter) of 15 250nm A SEM i mage of the forned
structures is shown in FIG 17. The uniformy shaped
structures are fornmed on an nediumof large area wth
a dianeter of 12cm (Exanple 4) The nedium for formng
structure having a conposition as 20 shown in FIG 2
was used. The | ayer conposition consists of

pol ycarbonate resin substrate, ZnS-Si 02, AglnSbTe and
ZnS-Si 02. The material, thickness and filmform ng
condition of each layer are as 75 shown in Table 2.
The [ight absorption rate of ZnS-Si02 at a | aser

wavel engt h of 405nm was 6 x 10-4. 76 000 EEE
0 0 00

Power
1.5kW
0.3kW
1.5kW

Degree
ImTorr
1mTorr
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E- 00C E- OPI 0.0 o -00 The structures were
formed by light irradiation (FIG 9) followed by
etching (FIG 10). A laser beamirradi ati on apparat us
as shown in FIG 12 was wused in light irradiation.
The | aser beamirradi ati on apparatus 61 5 was

equi pped wth a sem conductor |aser. The | aser

I th 405 d. NA bj ' I .
e oy R TR s
an uppernost |layer, ZnS-Si 02 side. The |aser pulse

folkosv ed byl etcbithp {FEG] 88kr nodul ation unit 62 as shown
in FIG 16. The power |evel Pl was 5mNand P2 was

1. 4mM, 1582 YR rPUbS£1i % N app¥BStvkORS Show 80 PPIGE 12 was
cycle S was 58nsec, and the pulse duty (pul se

e e AN T TR

3.5nfsec, The changed regions 302 were formed on
warS@iippedswitht heemacondactordaset.ayEhe Bysér wadiebangtdy was
the laser pulse as shown in FIG 16. is Etching was

4%%&%@&' ED/A Vet BV 1BBENQSs ANgst PhAngase%a*zb%)ahpnwas

was a hydrofluoric acid (HF) solution (HF
L A RS AT D Pl s
with HF solution. The structures were forned by the

Tabdueeppabtdene modiikated by a laser modulation unit 62 as shown
in FIG. 16. The power level P1 was 5mW and P2 was 1.4mW, the
pulse width T was 10nsec, the pulse cycle S was 58nsec, and the pulse
duty (pulse width/pulse cycle) was 17%. The medium was rotated by
a medium rotation unit 64 at a rotating speed of 3.5m/sec. The
changed regions 302 were formed on ZnS-5102 as a thermal reaction
layer by irradiating the laser pulse as shown in FIG. 16.

Etching was performed by wet etching methoed. An etching
solution 402 was a hydrofluoric acid (HF) solution (HF:H:20). The
medium was dipped in the HF solution for 10 seconds and structures
403 were formed by etching with HF solution.

The structures were formed by the above procedures. The
cross-sectional shape of the structures was a vertical shape as shown

in FIG. 15. The structures had a cycle of 300nm, a height of 200nm

and a size (diameter) of 200nm. A SEM image of the formed
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20 cross-sectional shape of the structures was a
vertical shape as shown in FIG 15. The structures
had a cycle of 300nm a height of 200nm and a size
(dianeter) of 200nm A SEMinmage of the formed 78
structures is shown in FIG 18. The uniformy shaped
structures are formed on a nmedi um of Iarge area with

s S it A R I8 B iRy Kb RERi M are

produced. Pol ycarbonate was used as a material of a
foropst putaemegiiom phldngg arcahwiinesidanfeter 6fZe®nS- Si 02
was used as a material of a buffer |ayer 1302 having a
(It 16 F,gp@g; of 50nm The filmform ng was perfornmed by
sputtering 10 using a sputtering target havi ng a

corrp it f ZnS,;.80nol % d .Si 02 20nol %. bTe .
¥ oRBrieal reePaH PR BeR tu H YR e SOPBORtHOT Syown in

1303 havi ng a thi ckness of 20nm ZnS and Si 02 were

Ft@nil8iwas produtesd. convex structures 1304, and the

hei ght of the convex structures from 15 the upper

sur f apgvehrbditatel Qs ARBA B! 2 mlAYFH] VGS a5%ﬁ!§‘sﬁ%‘ie a1301
cycle in track direction 1305 was 200nm The neth

for man ctur| he above optical recording rredl um
hayng %éﬁ 6’333 %E’F‘Errl ng to FIGS. 9, 10 and 16.
First, each layer was formed in | am nation steps as
showZnf-Si02 was used as a material of a buffer layer 1302 having a

thickness of 50nm. The film forming was performed by sputtering
using a sputtering target having a composition of ZnS 80mol% and
5102 20mol%.

AgInSbTe was used as a material of a light absorption layer
1303 having a thickness of 20nm. ZnS and SiO2 were contained in the
convex structures 1304, and the height of the convex structures from
the upper surface of the light absorption layer was 50nm and a cycle in
track direction 1305 was 200nm.

The method for manufacturing the above optical recording
medium will be described referring to FIGS. 9, 10 and 16.

First, each layer was formed in lamination steps as shown in
top diagram of FIG. 9. A substrate 101 was made of polycarbonate
resin. ZnS-S102 was used for a buffer layer 101 having a thickness of

50nm. The film forming was performed by sputtering using a
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20 top diagramof FIG 9. A substrate 101 was nade of

pol ycar bonat e resin. ZnS-Si 02 was used for a buffer

| ayer 101 having a thickness of 50nm The film

form ng was performed by sputtering using a 79
sputtering target having a conposition of ZnS 80nvol %
and Si 02 20nol % A light absorption |ayer 103 was

nma InSpTe with a thickness pf n $hin
SPRIGERA CARRPE HEa e o SRS TCPh 85 Sualihn A HS10:
ZnS-Si2 with a thickness of 50nm The filmformng 5
20elfer fAlgd dysepataelayey 163 vgasnnspls pEAglgShilegwith a
having a conposition of ZnS 80nol % and Si 02 20nol %

tHi&nSRY U SF 0. QAP'EHh{ E‘ﬂﬂf' 107, SA%RN! RYEls tORYULRtFRITYes,
t enper at ure as a filmforning tenperature and ar gon

ST O R &éélva%oaf S PrhOpPRin of e Sfmoforming

whi ch forms convex structures, to perform recordi ng of
wiasf perfuroord iby sputéexndi ngisg ep ssuithowg itargetddaving a
diagramof FIG 9. The wavelength of the | aser beam

com gsft%n ﬁjS n Soﬂﬂﬁé O2RANS 9 ShRolRUTEAIHRAl ¢ Wé)uttermg

ap rture o Jectlve ns vvas . 85. Recordl ng
ormed_ by a |l aser, po nodul atlon as shown_ in
‘r@rr tiore ofrgach dager e s o BE R ade 55 P gorming
=5mW and P2=0. 7miN The pul se width T was set at

tehﬁpsm:turarahd avg&e atyelsphSravas 6 fimaformingectmddypdrere.
pul se duty (pulse width/pulse cycle) was 26% The

Si ngl KRGy Clielaéé]g VE% a%h Yo QU5 Gl A WelrBm " ERIHnd Ride,

t hese condi t

which forms convex structures, to perform recording of information in
a recording step as shown in middle diagram of FIG. 9. The
wavelength of the laser beam used for recording was 405nm and the
numerical aperture of objective lens was 0.85.

Recording was performed by a laser power modulation as
shown in FIG. 16. The power level was modulated at 2 levels,
P1=5mW and P2=0.7mW. The pulse width T was set at 15nsec. and
pulse cycle S was set a’é 57nsec. The pulse duty (pulse width/pulse
cycle) was 26%. The single-cycle signals of 200nm cycle were
recorded in these conditions.

FIG. 10 shows an etching step. After recording of information,
unrecorded regions of ZnS-5102 were removed to form convexity. No.

401 indicates recorded regions of ZnS-SiQg, 402 indicates an etching
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20 FIG 10 shows an etching step. After recording of -

i nformati on, wunrecorded regions O Z11S Si 02 were
renoved to formconvexity. No. 401 indicates recorded
regi ons of ZnS-Si 02, 402 indicates an etching 80 bath,
403 indicates an etching solution and 404 i.ndi cates
convex ZnS-Si02. A m xed sol ution of hydrofluoric

| F)._ .and water 120) s_use an etchin
o8 AP ind3ated SR obkiPpoatd: 204, iRl onvex
acid was used. The solutlon ratio, HF : H20 was 1:10.
78-S r oh anigiedgsoletipurmfkgairefimpett: acidt(FEsohd wader (Bz0)
10 seconds. It was then washed with water right after

wakchikpg 38da ﬂréﬁ,‘jni‘i’?t Boldfyon MA3.0980-50Phedflnté C@lutlon of
recordi ng mediumw th convex structures was produced

e above,procedures.,.The vex stru of th
bR ALSRE At P BE gitthg T RaRiPS e P BaERsy 10
a method as shown in FIGS. 20A and 20B using
Thbjrecordiag eresiwn Wwas dupped oathapehutior fof 1@ 8&comals. It
| aser beam of 405nm wavel ength and a reproduction
waevxﬁfenows}é%tﬂ ReaterCRighy d fPdr Ietmlhgcxlshedl(léa%%ﬁ dry
of the optical system was 238nm tical
recordin rredl um_havi ng. a conpositi.on as shown in FIG
nEOgeN g The QRERICEEORYInE MAHYY XEtR fORTeR PiENeiiresgKRas
and 20B. In other words, a light was irradiated from

pnniuaeﬂbythmhbbesmbdaiﬁms.det ect the change in
reflected light amount. As a result, a signal of

200””1‘11&36‘6 %exgﬁg@tdr(%gioﬂ’lfé %&%erc?p%%éit +¥oriiB m&dium

| ess,

were reproduced by a method as shown in FIGS. 20A and 20B using
objective lens with a numerical aperture of 0.85, a laser beam of
40bnm wavelength and a reproduction power of 1.5mW. The
resolution limit cycle (A/2NA) of the optical system was 238nm. The
optical recording medium having a composition as shown in FIG. 19
was reproduced by a method as shown in FIGS. 20A and 20B. In
other words, a light was irradiated from convex structures side to
detect the change in reflected light amount. As a result, a signal of
200nm cycle, which is a cycle of resolution limit or less, was detected.
(Example 6)

An optical recording medium having a composition as shown in
FIG. 21 was produced.

A polycarbonate resin was used as a material of a substrate
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20 An optical recording nmedi um having a conposition as
shown in FIG 21 was produced. A polycarbonate resin
was used as a material of a substrate 81 1501 having a
t hi ckness of 0.6mm 2ZnS-Si 02 was used as a materi al
of a buffer layer 1502 having a thickness of 50nm.
SbTe was used as a material of a |ight absorption

1l Havine s B =S ot U-BiiE 2 ST s 600 A8, Raferial

5 hei ght of the convex structures fromthe upper
oka budiee lefer ABORhpming abdicknesmof aem. waShToOwas waed 25 a

cycle in track direction 1506 was 200nm Si ON was

m38Pial DI WeheldiRbrpfioANa9Bl 1GR3 ha@dHEh IHiAthdAYSS 20
15053haV| ng%a th |crﬁelgs o? 150nm . The net ﬁod for -

nuf the bov i cal recordi 1
ARond Sllaetlre $RalrBbRIa Hos SRRRER QLt WrtRGS o Ue,and the
structures was the same as in Exanpl e 5. Si ON, which
heighthef the i malvext stamstiisesi fronh ayber uppes, sudaces hdibedlight
after preparing convex structures. The film form ng

aMEypRRH My&dws §0HN @dY: cyi1€ inf H4BK 81r8cEdn 1506 was
tenperature was set at a roomtenperature S was 15

. Q?ed as %ﬁéé ggé taf getﬁﬁ@lﬁZPféll q'&mlf gﬁggﬂasion layer

mtrogen. The convex structures of the above opti cal
1565 tuadhimg) antddckmessnef £50wqmr oduced by a net hod as shown
in FIG 22 using objective lens wth nunerical

aper tphe Qo tRod for? ol A3&facbEARO hE0RDN e VEMELAN L rding

medium was as follow. The method for manufacturing convex

structures was the same as in Example 5. SiON, which is the optical

- transmigsion layer 1505, was stacked after preparing convex

structures. The film forming was performed by sputtering. The
film-forming temperature was set at a room temperature. Si was
used as a spuftering target. The film-forming atmosphere was a
mixed atmosphere of oxygen and nitrogen.

The convex structures of the above optical recording medium
were reproduced by a method as shown in FIG. 22 using objective lens
with numerical aperture of 0.85, a laser beam of 405nm wavelength
and a reproduction power of 1.0mW. The resolution limit ecycle
(A/2NA) of the optical system was 238nm. The optical recording

medium having a composition as shown in FIG. 21 was reproduced by
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20 and a reproduction power of 1.0mN The resol ution
limt cycle (A/2NA) of the optical systemwas 238nm
The optical recording nediumhaving a conposition as
shown in FIG 21 was reproduced by 82 a nethod as
shown in FIG 22. In other words, a |Iight was

i rradi ated fromthe optical transm' ssion |ayer si de

he cha efI ct ed ght unt
ol R, s bP o BPC 88 mi B/ BRE Foaech HET WA eFadfited
resol utlon l[imt or |ess, vvas detected 5 (Exanple 7)
frome thenptiosd r tramsneission dgyendsideato f detechettee change in
arranged as shown in FIG 23 and the optical

réfﬁi!iﬁé&’ i{htesbuit hawsng r@suﬁgrmgﬁﬁmpgﬂbhﬁﬂ cﬁﬁ@e whHich is
of the same material as anpl e was produced.

rec in cle | track |re on 1703 was set
a byclpgitasotuside i o Tosty Feetatebtel "ot 3aomm and
di amet er of convex structures mas changed accordi ng
(ExampbofHed i nformation. A maxi num dianeter 1705 of
convex structures was set at 250nm and di aneter was

changegl Q¥nfegt GeR LAY ¥E 8IS cLRISr W (RrH0GARERY as

structures. 15 The convex structures of the above

tical cQ di um rer oduc a .neth
SR e ET0n 4 adt T ohead aisae g fyivipgng laver
wi th nurnerical aperture of 0.85, a |aser beam of 405n
compesitiog madel @wp rafptive ltme nmopderial ofs fobnilXkamphe 5 was
resolution imt «cycle (X 2NA) of the optical system
pmcgagnm . FIG 24A shows mark

A recording cycle in track direction 1703 was set at 250nm, a

track pitch 1706 was set at 320nm and diameter of convex structures

was changed according to recorded information. A maximum
diameter 1705 of convex structures was set at 250nm and diameter
was changed by 8 stages including the case with no convex structures.

The convex structures of the above optical recording medium
were reproduced by a method as shown in FIGS. 24A and 24B using
t)bjective lens with numerical aperture of 0.85, a laser beam of 405nm
wavelength and a reproduction power of 1.5mW. The resolution limit
cycle (A/2NA) of the optical system was 238nm. FIG. 24A shows mark
alignments. No. 1702 indicates a convex structure, 1703 indicates a
recording cycle and 1704 indicates a beam traveling direction. FIG.

24B shows changes in reproduction signal level. No. 1811 indicates a
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20 alignnments. No. 1702 indicates a convex structure,
1703 indicates a recording cycle and 1704 indicates a
beamtraveling direction. FIG 24B shows changes in
reproduction signal level. No. 1811 indicates a 83
signal level sanpled at a timng Ain FIG 24A and
1812 indicates a signal level sanpled at a timng H

ol PeR g B 5 B L ISR g A s

according to dianmeters by sanpling sigggls at a timng
ng‘natlﬂeveﬁsamrded&tcanugnnst Huen Jlé% 2%483. IMwas ploesible to
val ue information of 8 val ue-level was reproduced by

dehtGRPREGHEIIOR ABHal8f Vﬁgbﬁdsi%ﬁél 1QRISHHGINRE BB stages

above optical recording nedia. (Exanple 8) The convex

structures..in | indrical,formwere arranged 10
aGHBAMS 10 iemelirs Ry SATEPUBE TERals ebrdh g iRt G cvele of
having a | ayer conposition nmade up of the sane
comney satucagrénd 7TB8RamMeltépleasalyer ppfarechtion of & sailwe-level
track direction 1903 was set at 137nm, a track pitch

whiGRpredussd bgtthtl, 188 Bofidnandt B hRSthel HPPFXoducing the
structures 1905 was 15 set constant at 60nm~ FIG

EGA shaws. the rel ati on between alignment of convex
akeyg eptieak renpydrng, @tion signal level. FIG 27

shows a cross-sectional shape of the nedium FIGS. 26A
(BxampbB8are top views of the medi um show ng the
rel ation between convex structure lines and |aser
beam A}, a"&hffex structures in cylindrical form were arranged as
shown in FIG. 25 and the optical recording medium having a layer
coﬁiposition made up of the same material as for Example 6 was
prepared.
A cycle 1n track direction 1903 was set at 137nm, a track pitch
1906 was set at 119nm and a diameter of convex structures 1905 was
set constant at 60nm. FIG. 26A shows the relation between
alignment of convex structures and reproduction signal level. FIG. 27
shows a cross-sectional shape of the medium. FIGS. 26A and 26B are
top views of the medium showing the relation between convex
structure lines and laser beam diameter.
The tracks (a, e) without convex structures were disposed every

4 tracks as shown in a cross-sectional diagram of the medium in FIG.

27. An optical transmission layer 1205 was stacked to form steps at
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20

20 The tracks (a, e) wthout convex structures were
di sposed every 4 tracks as shown in a cross-sectiona
di agram of the mediumin FIG 27. An optica

transm ssion | ayer 1205 was stacked to form steps at
84 every 3 tracks. 3 tracks of b, ¢ and d were
reproduced sinultaneously as shown in FIG 23. As

sho in.Fl G, 26A, signal s re sanpled at . a timn
IV R o1 ESRbeR R Apd L B SRR Tt At BrBEbusty
signal |evels changed dependi ng on the nunbers of
agshown 51 Fl6t 2%es Avnbaivmeih FhGa 26 sagmalisaneresamadad at
FI G 26B shows changes in signal |level. A signal

a&ﬁiﬂ?ﬂl%a@ alycRdbL@ifexsteuthiale 19032 BatWlse@ sat signfl Mvels
A of FIG 26A A signal level 2012 indicates a signa

| evel ampled at timn of ,.FI G 26A. There are. .
hnerd RERBN T O thE s he s e e et e s Rt Rined in a
convex structures are contained in the beam di aneter
beama diDmetedi200dn Wldi.e268 showexchangest inesigmal slevel. A
(not shown). As a result, reproduction signals of

siphiag e vé10901 1 LR RhEe & aagigﬁabxedél SiAPRY Weltming A of FIG.
etected. As described above, by arranging the convex

ructures.qn .t dium surface jn close-packed,. .
28hr o St 0uet AR ATRAIdates b shenal Tall SRR d S Himing D
reproduci ng plural nunbers of structures 15

o5 IFH(K. t 268 oudlhere hirgheondidnmist yndudity fSom hecondidnin A in
pitches can be achieved. Industrial Applicability The

whidn/ et %ﬁ?e%@%&%&% efeb¥ort tiEn SR iR, d Yeam diameter to a

nanufacturlng structure of the present Invention are

appljcable for wide variety of .
corﬁﬁtzon where no convex struct%{res exist (not shown). As a result,

reproduction signals of which signal levels change by 14 stages were
detected. As described above, by arranging the convex structures on
the medium surface in close-packed arrangement (arranged to trigonal
symmetry) and reproducing plural numbers of structures
simultaneously, higher density due to smaller track pitches can be
achieved.
Industrial Applicability

The structures manufactured by the method for manufacturing
structure of the present invention are applicable for wide variety of
fields including biochips, photonic crystals and element separation
material of various electric devices as well as the optical recording

medium because microscopic structures having a high aspect ratio
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20 fields including biochips , photonic crystals and
el ement separation nmaterial of various electric
devices as well as the optical recording nedium
because m croscopi c structures having a hi gh aspect
rati o 85 (height of structure/size of structure) are
uniformy fornmed on a nediumof |large area. 5 86

i NG, Structuge GOnpri si RY;

%ﬂﬁ?ﬂgs of SEBHIEPIA et iR Mk, el Rippied%on o
(ﬁg wherein the |ight absorption |layer and the

meadinmpf fazgetarea. | ayer make up a stacked conposition,
and the light absorption |ayer conprises a |ight
absorption material and the thermal reaction |ayer
conprises a thermal reaction material. 2. The nedi um
for formng structure according to claiml1, wherein
the thermal reaction layer is disposed as an upper nost
| ayer of the stacked conposition, and conprises a
material having a transparency in wavel ength of
irradiated light. 3. The nmediumfor form ng structure
according to any one of clains 1 and 2, wherein the
thermal reaction |ayer conprises a
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m xture of material A and material B, the material A
is asilicon conpound material and the material Bis
at |l east one selected from sulfide material, selenide
material and fluorine conpound material. 87 4. A

met hod for manufacturing structure conprising: 1|ight
irradiation to a nmediumfor formng structure
conprising a stacked copo 'M’Son containing a |light
absorption |ayer which rises a |ight absorption
material, and a thermal  reaction |ayer which
conprlsed mediepnfir foamimgostrmgture gbmpansingtchi ng t he
medi um for formng structure which is irradiated with
|i ghta 1fshtTaesomtiadldwsr; sgauf act uring structure
according to claim4, wherein the thermal reaction

| ayer i}s1 di sgosed as an _upper nost | ayer of the

st ackbd 85]??'51 5??%13,“ gﬁﬁr’corrpri ses a material having
a transparency in wavelength of irradiated light. 6.
The rehhoeinf the highdfatsorpting kyarcand ¢haddert algraastion

any one of clains 4 and 5, wherein the thernal

lz{y%écﬁn!a‘kl@ lgaﬁﬁ]tackemdﬁfésg@idﬂ,aﬁue of material A and

materia e materia is a silicon conpound

mat erj,al ;and the materigl B is at least qn sel ect ed
from & ARt AlRaPPOn davehi GeORESA @ it FboRPRDD
conmpound material. 7. The method for manufacturing
msitevigil uaadacber thegmad reaction layer comprises a thermal

reaction material.

2. The medium for forming structure according to claim 1,
wherein the thermal reaction layer is disposed as an uppermost
layer of the stacked composition, and comprises a material having

a transparency in wavelength of irradiated light.

3. The medium for forming structure according to any one
of claims 1 and 2, wherein the thermal reaction layer comprises a
mixture of material A and material B, the material A is a silicon
compound material and the material Bl 1s at least one selected from
sulfide material, selenide material and fluorine compound

material.
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any one of clains 4 to 6, wherein the light is
irradiated fromthe 88 uppernost |ayer, the thernal
reaction |ayer side in the light irradiation. 8. The
met hod for manufacturing structure according to any
one of clains 4 to 7, wherein the light irradiated in
the light irradiationis a |laser beam 9. The nethod

for nuf,act yg i structure according to claim38,.
wner o & Bt PoB%eF pHEWESAPTEE RIS ol BERIRE or
| aser. 10. The_nethod for manufacturing structure

" accordiehy deradipgion oto waerwiediam afer fwamng structure
irradi ati on apparatus, equipped wth a sen conductor

coMPRisinean biddBicoaipotitionC @BhtAiHiAd hOlight' AP Rich
laser beamto the mediumfor formng structure, a
| aser ., .beam nodul ation,ynit and.a nedj umdriving, unit,
1 ECIiES SRR g ik SR i ARttt A X ehEthal
structure according to any one of clains 8 to 10,
revicdien hay ée whidhumonmprises at geemwhehreactios enatreaal,iand
irradiated to the nediumfor formng structure. 12.

The nedch@Asl GhemeMdRaRYT R0 FEFHEAYH! &1ACGAE] NFhih 895
claim1l, wherein a | aser beamirradiati on apparat us,

. equi W th | aser beamirradiation unit
lregﬁfg%g’?‘é@m&ﬁr adiate a laser beamto the nedium
for form ng structure, a |laser beam
5. The method for manufacturing structure according to
claim 4, wherein the thermal reaction layer is disposed as an

uppermost layer of the stacked composition, and comprises a

material having a transparency in wavelength of irradiated light.

6. The method for manufacturing structure according to
any one of claims 4 and 5, wherein the thermal reaction layer
comprises a mixture of material A and material B, the material A is
a silicon compound material and the material B is at least one
selected from sulfide material, selenide material and fluorine

compound material.

7. The method for manufacturing structure according to

any one of claims 4 to 6, wherein the light is irradiated from the
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nodul ation unit, a mediumrotation unit and a signa
detecting wunit, is enployed. 13. The nethod for
manuf acturing structure according to any one of
clainms 4 to 12, wherein the etching is perforned by a
wet etching nethod. 14. A structure obtainable by the
nmet hod f or nanufacturing structure according to any
one_ of |ns 4.t0 The str cture.accordj.ng to
uBPErRosh, (At e dnesabd ERGHENOS Yok fids. Sholiaright
the structure is any one of approximte vertica
irghdpetiand/ or approxi mate i nverse tapered shape. 16.
The structure according to any one of clainms 14 and
15, wherein the structure is a convex structure
formed on the surface of an optical recording medi um

i cal e ordin um conprisin
substha  dhe;mat aﬁ%wgaftwam Sugaeiile agrding to
structure, mhereln the light absorption |ayer and the
anproeex of tclajmnsu Meto &, evhesgpastte dightherradimstedatre theHeght
I i ght absorption |ayer generates heat by |ight

: j t onvex structure is in contact
g e

bsorption layer and conprises a
different material than that of the |ight

9. The method for manufacturing structure according to
claim 8, wherein a source of the laser beam 1s a semiconductor

laser.

10. The method for manufacturing structure according to
claim 9, wherein a laser beam irradiation apparatus, equipped
with a semiconductor laser beam irradiation unit configured to
irradiate a laser beam to the medium for forming structure, a laser

beam modulation unit and a medium driving unit, is employed.

11. The method for manufacturing structure according to
any one of claims 8 to 10, wherein the medium is rotated when a
laser beam is irradiated to the medium for forming structure.

12. The method for manufacturing structure according to
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absorption | ayer, and the convex structure is forned

by the nethod for manufacturing structure according

to any one of clainms 4 to 13. 18. An optical recording
medi um conprising: a substrate; a |ight absorption

| ayer; a convex structure; and an optica

transm ssion |ayer, wherein the |ight absorption |ayer
Eﬁq tﬁﬁ convex st uctube ar.e qéggosed on the . d
CAlBS trat B2CTHE 14 E;“l’ﬁera SEPpT o P8 PPt Es ofdapPe
by light absorption, the convex structure is in
wibimtaadasaeri bhamherdadgatioabsoipronfiguagérto mrddeatepniloassr
a different material than that of the |ight absorption

b@anl AYET theNdnbdRuAP e lfol @RS Mt Fh N UedY ) Jaker beam
I sposed on the convex structure and conprises an

d

opji.cal transparency to light, the optjcal. .
i iaRost vBHEF &) Eredtui o Bigno i aiid, or signa depepsing
convex structures and forned in approxi mte
ulnetyiispheplayddorm and the convex structure is forned

by the nethod for manufacturing structure according

to any one of clainms 4 to 13. 19. The opti cal
recordi ng medi um according to any one of clains 17

and 1 rein th onvex structure is in approxijmate
col unﬁ%‘r %{net oﬁ tcor manufacturing structure pa%cor {rrlag to
any one of claims 4 to 12, wherein the etching is performed by a wet

etching method.

14. A structure obtainable by the method for

manufacturing structure according to any one of claims 4 to 13.

15. The structure according to claim 14, wherein an edge
shape of a cross-section of the structure is any one of approximate

vertical shape and/or approximate 1nverse tapered shape.

16. The structure according to any one of claims 14 and 15,
wherein the structure is a convex structure formed on the surface
of an optical recording medium.

17. An optical recording medium comprising:
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20. The optical recording nmedi um according to any one
of clains 17 to 19, wherein the convex structure is
in approximate cylindrical formand a dianeter of the
convex structure changes according to recorded
information. 21. The optical recording nmedi um
according to any one of <clains 17 to 20, wherein the
convex §¥ ﬁ ctucre is in approximate cylindrical form
and i% d to trigonal symmetry on the surface
of the optical recording nmedium 22. The optica

r ecordilightnaksanptior baximand any one of 92 clains 17
to 21, wherein a track line wi thout the convex

strucd gbfivek stehsSRAsed every "n" track lines where "n"
represents an |nteger of 2 or nore in a radius

di rect on of ti,cal reco m 23. The
Ot kheredl i T rr ke Ly oty Lheostia s thcture
cl ai ns 17 to 22, wherein the |ight absorption |ayer

an&)dpspmslmthb%dxstm@,type of el ement sel-ected from
Sb, Te and In. 24. The optical recordi ng nmedi um

accorgidmgahe a%%rﬁﬁ@anayeﬂg@h@faﬂez‘s EQatzl?y 1 §b£b fon

convex st ruct ure conpri ses m xture r| al
d.material B, the materlal Ails a.si ound,
ﬁﬁt@ﬁ SPOYRY SWECHEESLS AR pontact: WIIQ%\A‘ rpion

fromsulfide material, selenide materi al and fI uorine
lagyerpanddcompeisesl a ANfeddret apateaah]l thaar dhay ofedhentight
according to claim 24, wherein the convex structure

ab Wi e tafeliaddr e of ZnS and Si02.

the convex structure 1s formed by the method for

- manufacturing structure according to any one of claims 4 to 13.

18. An optical recording medium comprising:

a substrafe;

a light absorption layer;

a convex structure; and

an optical transmission layer,

wherein the light absorption layer and the convex structure
are disposed on the substrate,

the light absorption layer generates heat by light absorption,
the convex structure is in contact with the light absorption layer

and comprises a different material than that of the light absorption
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26. The optical recording medi umaccording to any one
of clains 17 to 25, wherein a buffer layer is

di sposed between the substrate and the |ight
absorption |ayer. 27. A nmethod for reproducing optica
recordi ng nmedi um 93 conprising: detecting a reflected
i ght anbunt by irradiating a reproducing light to a

b b PEE B BB O S ABSA ] gBves
side, wherein the optical recording nedi um conprises

stivetirg kndapempyisesnah spdicadigdankpaceonsie ko stghtct ur e
di sposed on the substrate, and the |ight absorption

| ayert1geRptRlag Stra®diniR¥i AP IV Ot 1O hRilied OB OHEIGhAgace of
l'ight and the convex structure is i'n contact with the

i ght absorption |a and.conprises a,different .
th oy 8F SRS AT foriee £ Gl B LBRGE M I peric fgm
A net hod for reproducing optical recording nmedium
apdnpthsi rgnvdst estrugtuee r ¢ | dorecd | yt Bmoumhetlyod for
irradiating a reproducing light to a stacked

PR LYY SQRELSE BYcdrding o aRPRUPH ARIMAY 2o 3.
convex structure and an optical transm ssion |ayer of

an optical recording nedium wherein the optical
recordi ng nmedi um conprises the |ight

19. The optical recording medium according to any one of
claims 17 and 18, wherein the convex structure is in approximate

columnar form.

20. The optical recording medium according to any one of
claims 17 to 19, wherein the convex sftructure is in approximate
cylindrical form and a diameter of the convex structure changes

according to recorded information.

21. The optical recording medium according to any one of
claims 17 to 20, wherein the convex structure is in approximate
cylindrical form and is arranged to trigonal symmetry on the

surface of the optical recording medium.
22. 'The optical recording medium according to any one of
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absorption | ayer, the convex structure disposed on a
substrate and the optical transm ssion |ayer disposed
on the convex structure, the |ight absorption |ayer
generates heat by absorption of 94 reproducing |ight,
t he convex structure is in contact wwth the |ight
absorption | ayer and conprises a different materi al

i L7 £ wrhors At R IPAC Wi Ro U tBR oVes, P ugure

of the convex structure and formed in approxinate
ishdispophdravery opm traghdivenphieses rdrreppesenats an integer of
transparency to reproducing light. 29. The nethod for

2 b2 N 084 ¢h NOr AP LAl rek BIGR 6 £tk Bﬁﬁlﬂcﬁmre@&ﬁﬁh%' e di@many
one of clains 27 and 28, wherein the convex structure

is in approximte columar form 30. The nethod for
reproduci ng optical recording medium according to any
one of clainms 27 to 29, wherein the convex structure

i s i R&pplbeioptticak yécarding ahefionm acovddangitansnye ronsf of
the convex structure changes according to recorded

claih@r Wtﬂoonz Hherdi S NAshif AbsbHRIOHUG Ty'ég &ﬁhb?ﬂ;'es at

recordi ng medium according to any one of clains 27
30, wherein gﬁ conyex ctur rOX|nate
least ong ives Oé %HS?‘SQC%H dg symetry
on the surface of the opt|cal recordlng nedlun1 32.
The net hod for reproducing optical recordi ng nmedi um 95
24. The optical recording medium according to any one of
claims 17 to 22, wherein the convex structure comprises a mixture
of material A and material B, the material A is a silicon compound

material and the material B is at least one selected from sulfide

material, selenide material and fluorine compound material.

25. The optical recording medium according to claim 24,

wherein the convex structure comprises a mixture of ZnS and SiOs.

26. The optical recording medium according to any one of
claims 17 to 25, wherein a buffer layer is disposed between the
substrate and the light absorption layer.

27. A method for reproducing optical recording medium
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according to any one of clains 27 to 31, wherein
multiple track |lines are reproduced sinultaneously by
irradi ati on of reproducing Ilight to the convex
structure and reflected |light anmount is detected
according to the convex structure cycle. 33. The
nmet hod for reproducing optical recordi ng nmedi um
C.QF di to any one of clainms 27 to 32, wherein a

¢ &%@%ﬂ %%e wi t hout the convex structure is disposed
every "n" track lines where "n" represents_an integer
of 2 ¢deteebing i B arqflerited diightt jagnownt thye opridaating a
recordi ng medium 34. The nethod for reproducing

réPEdatinE Qe 1t 8 108K AP303REH Vavdk 4RdH bR e3Bstructure
7 erein n-1 track lines are reproduced sinultaneously
of' 291 orpecfi(l:aelclt'eec%r!ﬁ]ggh tmeaciri%%]tfrtl)gl eé ggrtn?gf: sglﬁucture side,
wherein the opfical recording medium comprises the light
absorption layer and the convex structure disposed on the
substrate, and
the light absorption layer generates heat by absorption of
reproducing light and the convex structure is in contact with the

light absorption layer and comprises a different material than that

of the light absorption layer.

28. A method for reproducing optical recording medium
comprising:

detecting a reflected light amount by irradiating a
reproducing light to a stacked compoéition comprising a light
absorption layer, a convex structure and an optical transmission
layer of an optical recording medium,

wherein the optical recording medium comprises the light
absbrption layer, the convex structure disposed on a substrate and
the optical transmission layer disposed on the convex structure,

the light absorption layer generates heat by absorption of
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reproducing light, the convex structure is in contact with the light
absorption layer and comprises a different material than that of
the light absorption layer, and

the optical transmission layer is applied on the surface of
the convex structure and formed in approximate hemispheric form,

and comprises an optical transparency to reproducing light.

29. The method for reproducing optical recording medium
according to any one of claims 27 and 28, wherein the convex

structure is in approximate columnar form.

30. The method for reproducing optical recording medium
according to any one of claims 27 to 29, wherein the convex
structure 1s in approximate cylindrical form, and a diameter of the

convex structure changes according to recorded information.

31. The method for reproducing optical recording medium
according to any one of claims 27 to 30, wherein the convex
structure is in approximate cylindrical form and is arranged to

trigonal symmetry on the surface of the optical recording medium.

32. The method for reproducing optical recording medium
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according to any one of claims 27 to 31, wherein multiple track
lines are reproduced simultaneously by irradiation of reproducing
light to the convex structure and reflected light amount is detected

according to the convex structure cycle.

33. The method for reproducing optical recording medium
according to any one of claims 27 to 32, wherein a track line
without the convex structure is disposed every “n” track lines

where “n” represents an integer of 2 or more in a radius direction of

the optical recording medium.

34. The method for reproducing optical recording medium

according to claim 33, wherein n-1 track lines are reproduced

simultaneously and reflected light amount is detected.
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