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DESCRI PTI ON  STRUCTURE AND METHOD FOR MANUFACTURI NG

THERECF, MEDI UM FOR FORM NG STRUCTURE, AND OPTI CAL
RECORDI NG MEDI UM AND METHOD FOR REPRODUCI NG s THEREOF
Technical Field The present invention relates to a

nmet hod for manufacturing structure, a mediumfor
formng structure used for the nethod for 10

manuf acturing structure, structures obtained by the
met hod for manufacturing structure, and an optica

recordi ng medi um whi chpmgerkeprgopgcor di ng and
reproduci ng by the structures (concavity and

c j trern f ducing the
oAU U AR EBOR, 185 BT G RN sizror,
years, reproduction- only optical recording nedia

(her eMEBI UM FORyFORMENE SERTWETASRERAWDI QP TICAL
conposed of mcroscopic structures are wi dely spread
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is being rushed. The ROM disc is for recorded
information by relief pde@@ﬂECHf concavity and
convexity and generally manufactured through a 1
conplicated process including master preparation,
st anper
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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preparation-and replication steps. A master 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 master
preparation step. A stanper is prepared by the
procedures of (1) nickel (Ni) plating on the naster
and (2) N separation in the stanper preparation
cohpPicaldd A preaker @hﬂ%@iﬁgnc;ﬁﬁs&PUVﬁeﬁﬂét@&ﬂ | Stamper
transferred to a resin material using the stanper as
nold in the ,repkication step. Further, a test
pF%%%f%aFgLﬁa%(g’rciaﬁ@“ F€PSerformed for the purpose of
confirm ng and adjusting recording condition,
conprésuyiagter eifsf iprepacyd dd thediprgeedtaes ioff (1) photoresist
manuf acturing process of ROMdisc. 15 There is a
i f1 t &g% [ [ e .
e#r%ﬁﬁ‘%c?g?g Ef hl%%adgﬁ%ar%l st eplg %ef%%’e@r?aﬁg %3? u??rrlllémg by
rrocess of ROM disc, for authoring in terns of cost. i
repﬂa%fr P¥elepmentand Z?%@u{%ﬁfdﬁawtwgn@magr%é@mt #g mask in
| ayer which contains phase-change materials or
tloy geviter gyeparatiolsedes a medi um for test recording
(herein after, nmay 20 be referred to as "nmedi um for
aut hogi ng ). i.n-or eqsi f I M. aut-hani n .
ot Anfulptt 8 Fpd8a°BE e GABELATH LU0 B, (i
Patent Literatures 1 a)nd'2, for exanple. 2 Meanwhile,
plaging pnithglmagkesrand 2)nNE separdtéon pethe skamper preparation

step.

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 dyers 1s used as a medium for test récording (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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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
printing of high density is proposed in Patent
Literatures 3 and 4. However, resist sensitivity
relative to the electron beamis wunsatisfactory in
the elMehrehiRearmhR i s§tida anckost hiedif wRidFePerform
in vaccum degradation of throughput is i1nevitable:

Furthernore,.an 1o el.ectron:beam.printing apparatus. is
RSPy IG g ChFETAIOS LG5 IIRE AHOT AEStRRE cpacavity ‘and
needed. Moreover, throughput is degraded because of
coinVek Wl hgve m mrioblenaof diffitdilbpria minmsegpoosdncavity and
conpared to the |aser-beam exposure. Therefore, a

BLORLRLP iﬁ'ﬁh%ﬁﬁ'}:ﬂ%% Qi @ﬁgﬁg&e deRERERSS FiPSLttld ﬁ?épr%l%lgm, a

sharply because increase Itn 1nitral 1nvestnen

15 rupning cost, etc. As a neasure to settle the o
BRSNS ofechpaangy by Rlesrogokeany PRntingr ohihighi density is
met hod for form ng m croscopi ¢ concave- convex

prapbsediin Batkasditdarmrdas hakn. devel oped, for
exanple. This is a nethod to form patterns by

di Spogi Nde &4 IRl LY,k t?@%{’%&gﬁl‘f Iﬁéy‘ﬁ{?},\ﬁ%é)%go%e}é%m is

transformng’a tegi on i'sTsmal’l er
di aneter, and renpving untransforned region by
wsghlshgctorynneiimplactren heano drinfinggrmd sgnce it is a process
concave-convex patterns 3 (structures) by
i%rmt:ahi,l dd i@ dativhaserichang®dt isnnsvetabds. CPRRih&lifere, an
y

electron-beam printing apparatus is very expensive and a huge initial
mvestment is needed. Moreover, throughput is degraded because of
difficulty in maintenance and more running cost compared to 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 the beam diameter, and
removing untransformed region by etching.

For example, a method for forming concave-convex patterns

P X R e R SO AR D TN T S L P
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by etching is proposed in Patent Literature 5-

Moreover, a method in which a thin auxiliary filmis
formed first and a groove is fornmed on the filmonce

by 5 etching and then a phase-change fil mforned
afterward i s processed by etching again is disclosed.
Furthernore, a nethod for form ng concave-convex
patterns (structures) by crystallizing chal cogen
(steopoung) dycdryasalliobhd eSphhye chaake FHasuthad @bBaANete. by
and renovi ng anorphous region by etching is discl osed

' ent. Literature 6. 10 However.  Jin order tp for .
Lafr Be R o B T e ey BE R rmh oy wretens B it B is
of large area such as optical discs, it is required
proposagein Fageneldtiragurabe dlofenvence metloid ngwhich a thin
selectivity) between regions form ng structures and

a@kf1@4ry AUMGRFor R di HEstGARE aProoPD3S frdhD 98 (HRt ﬁ’fﬂé ‘;i:)grce by

etching selectivity between crystalline state 15

ncryst state (amorphous. state) js, small. And al so,
efctiaEnnd g‘e%‘l &&%%%ﬁ%@f&?qd aftesvard igpgocessed by
anor phous state nay be forned. Therefore, it is

etlilfihgc nigkin oisunlitclosky. f oF mrthexmeszophc methodc tfur efordfing
a nediumof |arge area by the nethods disclosed in

' a , oyer, -
R iR TR PEoHTT oV eRiring sclploosen
twi ce as disclggeg in Patent Literature .5 has a

syth agfaphb

CRRIRRH TeSp iy e pam irsadiatipn pae, regnoving
met hod for formng structures by formng a reaction 4

anegipboutregin by dteblmpidatelns damh Bhtat Ditekdure 6.
metallic materials)

However, 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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t hr ough i nteerdiffusion bf'tmolﬁétalIicfnafériafs'by'“wwwﬁhLWW#$h

irradiating a |laser beamto a thernosensitive
mat eri al which is conposed of stacked two netallic
mat eri al s such as Al/Cu and by renovi ng unreacted
region by 5 etching is disclosed in Patent
Literatures 7 and 8. Modrreover, a nethod for form ng
structures by formng a reaction region through
interdiffusion of two naterials by irradiating a
Feii6h (8aMibA R ibAKRDETRRS alllo§Nof R hidtadié WRaterials)
inorganic materials such as Au/ Sn and renovi ng
nreacted regi.on by_.etching {,s 10 di sclosed i n Patent
{pERE B SRR eI wilaltly piatetials b hRfGHiRg 2 laser
formmcroscopic structures on a nediumof |arge area
namiHese thermodenpisvausetehiad krleieh isdistpodad bbetatked two
interdiffusing two materials directly becones a
i o i i [ f [ ' :

R G 2 i BY AR OB heacted region by
copposition is different. Further, a nmethod in which a
qtaame ppdiRclesed i lrtgnigliteraturesst pad &onposi tion of
a light absorption, heat transfer |ayer such as
GeShTeMomtaverardl methed misenfirinivg |séyesturesebypfe¥ming a
chemcally- anplified resist used for photolithography

: . [ T I and, . ..
ERcHERCRGTEE i GuE B IRENTL b (g BUFRLAN by igragiating
structures is proposed in Patent Literature 10. )

gBrbegmt o) al Slacked rgmMIRsitipRycontaining Pee elnorganic
Literature 5 10 are |light absorption materials and

thheeriglshogch Bs\WuiSh hhd dein@b¥ing unreacted region by etching is
disclosed in Patent 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
Fomposition 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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absorption material is used-as a structure-formng U

material is not suitable for formng structures of
hi gh aspect ratio (height of pattern/size of
structure). In other words, in the case of formng s
structures of high aspect ratio, a |layer form ng
structures is needed to be thick, however, thick

| ayer prevent m cronization because heat is spread
through the layer. Therefore, a nmethod for

10viee Aghtrdbigrptivucinateriais ehd eRe thethodris WEidPkEe light
structures inexpensively by a sinple process w thout

h t.hogr aph ical reco
bSO B dC SHELRS, a2 EnRPuPRieiBing RESTRE s not
of large area have not been provided and their pronpt
spiteblsi b ifermengr stiruatuces r@EthIgihd&l?epémﬁ- rpPat diweight of
Literature 11 Japanese Patent Application Laid-Open

patRrNsidP. of13t3R8RS. 194 %@B@f‘twéfdserﬁi lth@ & se) Bt hing
P 001- 126255 [Patent Literature 3] j

001-344833. .[ Pate lterature, 4
é RS 1gl{ ‘“e‘i?traLLfH’& Ssrefos 1§5 S/Rrﬂﬁt“@sﬂm@ed to
[Patent Literature 61 JP-A No.10-97738 20 [ Patent
beitheclat howevdr, Jthisk Naye? Gatv2h0 dikrohPattéort bechasatheag is
81 JP-A No. 2001-250280 [Patent Literature 9] JP-A

2A03Js 1 [Patent Literature 101 JP-A No.
Sos Hatyptteiiaren

Therefore, a method for 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 rbeen
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 41 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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Discl osure of Invention The purpose of the present

invention is to provide a nmethod for formng
structures, which can form m croscopic structures 5
i nexpensively by a sinple process wthout using

phot ol i t hography by having a nediumfor formng
structure which contains a stacked conposition of a
i ght absorption |layer and a thernmal reaction |ayer,
and by separating the |ight absorption |ayer which

gener dPasehebitdrytutd Yol JRbAN ML 2G0R-38E80Be t her mal
reaction layer formng structures by 10 thernal

]?ﬁs%fgglﬁg,ofgrﬁfq,egtﬁdi um for form ng structure used for
e tho

ne or manufacturing structure and structures
obtai ned by the nethod for manufacturing structure in
or der Khe parpose ekihe prepandsiwentimmdist @ proviidela teshod for
demand. Al so provided by the present invention is a

forghngdensidutt@Rdd, CalvhidR 8601 didieh ”Eglii%s\@%ﬁh G lctures

performrecording of information with concave-convex
.patterns (structure of high.density, forped w.thout
BE5PERFRGIY Y ctohps atacrss i ying alotl hagaphm by
for authoring. The purpose of the present invention

hdvdogi acinedésma for oforsiiog s2fiatfira whidiodtotains a stacked
reproduci ng informati on using the optical recording

TG I BEThoUEINGE o8 £ 853 Bl yer

y the present I'AVeNnt ors

sejftl e above isiyef, it was found that it is possible
¥ripparating the light absorption layer which generates heat by

light absorption and the thermal reaction layer forming structures by
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-d_ensity 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

‘5‘::,:{«,_._5\_.‘_“,_..“._‘h.,‘,‘ S I I R J . A e e d e T e e e T L L A e e e T e T L e a T i i N AR e e
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m croscopi ¢ structures inexpens

process w thout wusing photolithography, and in
particular, it is possible to form mcroscopic
structures uniformy on a nediumof |arge area by
having 5 a nmedium for formng structure which contains
a stacked conposition of a |ight absorption |ayer and
a thermal reaction layer, and by separating the |ight
absorption | ayer which generates heat by |ight

irleartops ko Bettlel abbee tibaramlit weaclouwd trameit ik Po’sMe to form
structures by thermal reaction. 10 Moreover, it was

e: S yovention. ef er abl .
B DB b RSN 0 BOL B QB without
irradiating a |ight wthout substrates, (2) form
using dthitelitbegranfty, asgedr partioularei yhtis opossible to form
structure/size of structure) as well as to form

mitEIRE FRPSF ust i Gl WAFSr MY b dnYe dfind oﬂgf%@"af’éa b9Mfing
area by using a 15 specified material for the thefnal

reaction | ayer 3) foarmmcroscopic struciures by an
a e dot B ing brogthns (t Hish: Gt e i b, SomPostion
wi th high throughput by neans of wet etching, (4) form
ofviac digddopibsorstion clayeas apd antheempénsiactiopr dages and by
apparatus by using a |laser beamas a light and a

st YRE q&gh@%@sof’ﬁti@n' Bk WA %epg%lte(éhee?[p b{f [iPht

m croscopi ¢ structures on a nmedi um o rge area a

hi gh speeds rotating the. nmedj um when a | aser beam
ali"%oqripﬂoé’diaéf%oﬁ{eo £ emquﬁ?aqtb?nf B nfprapg tshractuges by
The present invention is based on the know edge of the

theresdnteaction.

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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i'nventors and the means to settle above issues are as - .. .

follows. <1> A nediumfor form ng structure containing
a light absorption |ayer; anda thernal reaction

| ayer, wherein the Iight 5 absorption |ayer and the
thermal reaction | ayer make up a stacked conposition,
and the |light absorption |ayer contains a |light
absorption material and the thermal reaction |ayer
contains a thermal reaction material. <2> The nmedi um

for forke pgesdntUiatvdngiodsisShaeon Rhakaufviedge ofife present
wherein the thermal reaction |ayer is disposed as an

. st er of the acked conposition, and
PRRALOR A T e dhs 1P RS 255TP drular g Hollows.

wavel ength of irradiated |ight. <3> The nedi um for

f or m rig>st Auaeediainas for afogthing atyudneeofconahbmiag<t> light
and <2>, wherein the thermal reaction |ayer contains a

absohithH18yef; AR 8" itﬁlerlﬁa?ngeaf@cﬁrﬁ{i giye% Whe riat eLrH§a! light
A is a silicon conpound material and“the materi al I'S
from_ sulfide material, selenide

t |l epst one sel ected
THCEPFRR BT 100 THee BBl AERSReRRKPT Mokpsup a stacked
possible to formm croscopic structures unifornly on
colmgposyadinyenfldhef bght ahseiptiod lierasomhpied light fBsorption
above <1> to <3>, by 20 having a stacked conposition

1 ' | _reactiqgn .
wasial g0, GRS PhoLAr cLa¥ion 1A0eR BRI, o (FRERA reaction
whi ch . generates heat by |ight absorption and the
ATRAY reaction layer 9 formng structures by
t hermal reaction.

<2> The medium for forming structure as stated in above <1>,

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
abqve <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 1s 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 layer and by separating the light absorption layer which

generates heat by light absorption and the thermal reaction layer

A A L e L T R A T L L ST i o e L i e D T ey e e T 0 1 S s i By
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<4> A nethod for manufacturing structure containing
light irradiation to a nediumfor form ng structure
contai ning a stacked conposition containing a |ight
absorption | ayer which contains a light 5 absorption
material, and a thermal reaction |ayer which contains
a thermal reaction material, and etching the nedi um
for formng structure which is irradiated with |ight.
By the nethod for manufacturing structure of the

fRmeERNEtruch ey bPRhetinal SeR@E6hDI € to form m croscopic
structures inexpensively 10 by a sinple process

wi t ho ugin hetol it hogr by i irradjation

and oL Ro M ROR B, b BBNeiRY cyoBRhurelCRBlatpigy lieht
m croscopi c structures uniformy because a |layer which
irrpdattien Hsan medduge fer doowing attruciireecarttianned andtacked
the thin layer can suppress heat diffusion by having

g;b@ﬁh‘@ﬂi csam&%g Iz0NgRE a%sbhgﬁbnelgfré’f REHiOR c%itémgeé light

a thermal reactlon | ayer "and by~ separating t

ht abso er_whic enerat s hea

Eﬁ@r&rm gty i EPRERA] stachon ?na?lm tns a
structures by thernal reacti on. <5> The nethod for
themudboteaction shatetial e aad stehidy i the ahedmum4for forming
wherein the thermal reaction |ayer is disposed as an
st cHRREWTRSH ib 28! 1% od BELIS IS 'Eed conposi tion, and
contains a naterla aving a ransparency in

mavelgngth of irradjated Ilgllc In the nmethod for

manuf BEt the ngethed clogr mapuiachuring siuyéuse <> the heresent

10 thermal reaction |ayer is placed as an upper nost
ihaytgiomfitt ikepsddbleeto form microscopic structures inexpensively

by a simple process without using 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 stacl_ced 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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conposition and formed of a material which transnits .

light and at the sanme tine, a light is irradiated
fromthe uppernost |ayer, the thermal reaction |ayer
side in light irradiation. By using the materia

having 5 high transparency for the thermal reaction

| ayer, suppressing light absorption in the thernal
reaction |ayer is possible, and the structures can be
m croni zed because the structures are formed by heat

deneidted ction dayerom glaeed iaghin aiRrRid@Nay8Y OF the stacked
Moreover, mcronization of the structures is also

i hl-e_be e f obj,ectiive |l ens can .be,.1
BRIl FER 15 nR o Bl Bl B BEPEY Hghs andyn the
W thout substrates as a surface injection. <6> The
e dbmeon lighiuisderadiatgd Sromcthe wppermopst bayamthayhermal
one of above <4> and <5>, wherein the thermal reaction

re@¥GondaRbRiside 1@ HBht! ftidfRt eBlalsi il i
T e 1 B e P e R Bl Phaving
an ]Ehe rrateriaIfBis | east one se]ected from . - .
ghs rpsparepsy for ddee fhegmahrerrtpnatayer| syppressing light
conmpound material. By the nethod for manufacturing
adtspuptiondndhestherethlaeactiosthayer tis psssibds sidd ehé sthitires
m croscopi ¢ structures uniformy on a nmediumof |arge

AnSk REEAHESA b%@?ﬁ.isé LRd 5 c%ﬁ%(?gl abS fd15esh E)gzrihseteallegenerated

thermal reaction [ayer, enabling to 1ncr

etchin el ectivity between light-irradiated region

0&'&8 Tﬁ%‘%- TS‘?‘? il&thét ahporggiognlayes, ¢ Mereovgs Brieranigationgif the
hi gh aspect ratio (height of structure/size of

sstuctaires e)s cdso bpofdibhedbdizaausNAhef dHjedBtver icds C@h be
be easily thickened.

increased to focus a laser beam by irradiating a light without
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
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<7> The method for manufacturing structure as stated - .

in any one of above <4> to <6>, wherein the light is
irradiated fromthe wuppernost |ayer, the thernal
reaction |layer side in the light 5 irradiation. <8>
The nethod for manufacturing structure as stated in
any one of above <4> to <7>, wherein the |ight
irradiated in the light irradiation is a |aser beam
<9> The nethod for manufacturing structure as stated

nmateahdv@in B eadily tMickkéidi.a source of the | aser beam
is a sem conductor |aser. <10> The net hod for

manuf i ng_struct.ure as stated i apove <9>, .
oy C2ie aThd SaStotl Ft R B PR g R a8 Sk sk ip any
wth a sem conductor |aser beamirradiation unit

onendf ghove 6> itor séPatwhareinasbe bghinisoirradiatedi fimm the
for formng structure, a |l aser beam 15 nodul ati on

upBeim@Rf fayBdi PR dEhyiAg! UBkdctid BIRIOYGHe BY fatgg light

nmet hod for "manufacturing structure as stated in

.one.of. above <9> and <10>, it is possible to form
lng%tée’épi c structures by inexpensive process and

equi pnment by using a sem conductor |laser as a |aser

sour ce8>ZChe hiethbhleforemandifhoturinguftaattiriengs stateck i @ny
as stated in any one of above <8> to <10>, wherein

ORI 181 253 HERR i Sl T IS T

.method for manufacturing structure as stated in
irradiation 1s a laser beam.

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

12




above <11>, wherein a laser beamirradi ation
apparatus, equipped wth a |aser beamirradiation
unit configured to irradiate a | aser beam to the
medium for form ng structure, a |aser beam nodul ati on
unit, a 5 nediumrotation unit and a signal detecting
unit, is enployed. By the nethod for manufacturing
structure as stated in one of above <11> and <12>, it
IS possible to formm croscopic structures on a

medi ur1Gh- O AHRA Fbr haR uERaSHSnE ost&sg%{?% tﬁgestated in

process cost by rotating the nedium for

aﬁ%)ruc%iig V\/n}ee;n i.rradiating a |l aser. 10 beamto the .

geurmttar WRFIEA R JPaE (ifaan wradiafien ARnA@tRer equipped
manuf acturing structures as stated in any one of
valsbveelastr heanx 1Pradintiencimittdoafehobing irtadaté arkedr bgam
a wet etching method. By the nmethod for manufacturing
t?tﬁ%%gﬁﬁlﬁsfor%§ﬁﬁﬂg' sﬁ:rﬁmﬁ%, ﬁlgfser 'btealnl? IR:?&&]!atﬂoen 11:191]:13 a

orm m croscopi ¢ strdctures by 15 an 1 nexpensive ’

process W thout using vacuum apparatuses_and wth

5 g Dﬁﬁp%@ﬂﬁu’cnlwnﬁlg@ gk e testioig waltnis poxploxad> A
structure obtainable by the nmethod for manufacturing

st r ucByr thamethaidefdrimaanyaceind selRtarc4s $tat6d 38 -one of
<15> The structure as stated in above <14>, wherein an

R f.a. srsecti.on of.the structure is

R s FBE RS BT RSB e b Rk S PE i rd S om o

approxi mate i nverse tapered shape. <16> The structure
wmtefglangeanyeamd bfghspeeds to>redure the qifmeess cost by

wherein the structure is a convex structure forned on
rbbeting the medium for forming structure when irradiating a laser

10  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

15 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
20 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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surface of an optical recording nedium <17> An - -
optical recording nmediumcontaining a substrate; a

| i ght absorption |ayer; and a convex structure,
wherein the light 5 absorption |ayer and the convex
structure are disposed on the substrate, the |ight
absorption | ayer generates heat by |light absorption
and the convex structure is in contact with the |ight
absorption | ayer and contains a different materia

<tbap whateiof thbestriucgliite dbsar pdn vk |sty@éturanthdhéd on the
convex structure is forned by the 10 nethod for

t .yl ructure as stated in any one of above
Sglzal@%t%g aﬁéﬁac%f%cofgbnag FTO" e optical recording
medi um as stated in above <17>, it is possible to
provi 9&7a Angepldenk resordpng caledhemo e fgnimedi swbwebiath; a
can performrecording of information with

ESRE aesorpeeX PP e5 A8 4 SeduiidxlUseslet@le Nivaile 1 2SR SR 1

mﬁich IS ?orned 15 wi t hout degraginézth?bughput anéyﬂgﬁm
vor abl used as dium for authoring. <18> g

ed, on the

!
BRITRLOT JaSPE| ﬂad?ré P URORYST TtREAEPIS AFBsdisRes

l'ight absorption layer; a convex structure; and an
gphdtrate,t thes tiglst oabsdrpyem ldyereigerdratés ghéat by light
absorption |layer and the convex structure are 20

j t [ i t] I :
St St DRGSO Ll 101, IAGRL A

tructure is in contact wth the |ight absorption
ﬁﬁaﬁﬂép%?dl@% andscoptaing & differpntematprigh dhamshappf the

the 14 |ight absorption |layer, and the opti cal
lightsibisesptionl Byer, ixmdlithpos@tvex structure is formed by the

method 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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on the convex structure and contains an opti cal S

transparency to light, the optical transm ssion |ayer
is applied on the surface of the convex structures
and formed in approxi mate hem spheric formand the 5
convex structure is forned by the nethod for

manuf acturing structure as stated in any one of above
<4> to <13>. Wth regard to the optical recording
medi um as stated in above <18>, it is possible to

RERY iaB8oAptibh ARy SENSh 4 g;fh@ n&;st;f@ah fﬁ%‘%hﬁ'sgﬂ)ﬁlng%‘elfn}s}ﬂﬁiys%%sed

can perform recording I'nformation wt ncav

and, convexity of high density formed to w thout )
%SP%&PH&G{‘ #B‘rﬁ%‘ﬁﬁta goniarhg it aptigal benspargngs dp Jight,
for authoring. <19> The optical recordi ng nmedi um as
theaopdcalntmmsmissicf lapdoieapplied andtikd Sarfadees£ile thBvex
convex structure is in approximte columar form 15

[ c ' [ d ip_any one

Tftengias ABY thmea a Uik AEAYY, A3LENEAC Rl p8d  he
is in approximate cylindrical formand a di ameter of

qom eE iRt Wreris dprmeddiva hlee sne thodofodi mgnnéactarngl etructure
i nformati on. <21> The optical recording nedi um as

o statdd iin @y one@fefbovadaboy &18%7> Wtk rd LR Bptical
the convex structure is in approximte cylindrical

R e B M AT RER e in b PR i Bl prapide o
optical recording nmediumas stated in any one of
high-density optical recording medium which can perform recording of
information with concavity and convexity of high 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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‘above <17> to <21>, wherein atrack line without the

convex structure is disposed every "n" track |ines
where "n" represents an integer of 2 or nore in a
radius direction of the optical recording nediumb5

<23> The optical recording nediumas stated in any one

of above <17> to <22>, wherein the |ight absorption

| ayer contains at |east one type of el enent selected
from Sb, Te and In. <24> The optical recordi ng nedi um

as st&abd Theaopytiome reforddhgvmediudm g s23ed hemsi Bne of
the convex structure contains a mxture 10 of

. [ cQ
aBBLECst & 20 IRAEELR pRealPTERAOIAL A Buflel e
,sg!ecte& fronhsyll%gf, material, selenide material and
1§ fROsAR e¥8RHobndrafk Bpps wherpsn  mepregantsAn eegedofig or
nmedi um as stated in above <24>, wherein the convex

nsdreluel alr8d DeNdBiensioa ol tHeloetiedl Xtoraitth SldBumlS <26>
The optical recording nmediumas stated 1n any one of

above >ni 0 <25>.. wherein a buytfer |ayer is. disposed
bet mé%%%hrle‘he ¢ ztéﬁla{%cogﬁlang h'gelﬂ?lé‘ﬂt aﬁb%té'ﬂ:f)‘l{li]@na yape of
<27> A nethod for reproducing optical recording nedi um
abeye af vi>ndo deidet wiprain dheehgbtl dhisghptianolayterbgontains at
irradiating a 20 reproducing light to a light

1628 Q! iy Y8 BlthleSRAVEY S BHUTL WY fh. an opti cal
recordi ng nmedium fromthe convex Structure side,

et LBy OB e SRR e PSRN b e o
di sposed on the substrate, and the |ight
above <17> to <23>, wherein the convex structure 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.
<25> The optical recording medium as stated in above <24>,
wherein the convex structure contains a mixture of ZnS and SiOs.
<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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absorption | ayer generates heat by absorption of .
reproducing |ight and the convex structure is in

contact with the light absorption |ayer and contains

a different material than that of the |ight absorption

| ayer. 5 <28> A nethod for reproducing optica

recordi ng nedium containing detecting a reflected

light anount by irradiating a reproducing light to a
stacked conposition containing a light absorption

tiay eEonviaC OftY Q¥ el UBkPbSe dNEn ARhEP b3t rd1b aNSHYN S $heN light
| ayer of an optical recording nedi um ﬁ%ereln the

| di di t t ai t l'i ght :
WechBBiort FSPnsitriies BEh, Bx eetebonoliespodudngight and

substrate and the optical transm ssion |ayer disposed
idre tomveorimictuse isich woatathwith ght lagisoapsdpridia¥&¥er and
generates heat by absorption of reproducing |ight,

d {.5 0 ,C i 1. he | i ght
SRRAFATMRIRECHE DBl A BRLAGE ol ik} Whaplitilp laver
than that of the 15 |ight absorption |ayer, and the
opt i czﬁzaﬁ? afts Retdiodn fpnyraprodugps i eptieal nenerdingf asedium
of the convex structure and formed i n approxi mate
dvarthpingr i detboting andrefsdtailndight Gphbaak bYANSPALIGRME a
to reproducing light. <29> The nethod for reproducing

: ' . | di 20 d i . f..
ARe0ABLFE RERL 2l TR RS KR B0n o RlNiiER (. tiebe

i.n approxi mate columar form <30> The nethod for
ghsorpHgE; lagespt cenvex sturatung amsbanmpdical tFassmtisdonrayer
any one of above <27> to <29>, wherein the convex
cftani6ptiesl recording medium, wherein the optical recording medium
contains the light absorption 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
reproducing light, the convex structure is 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

is in approximate columnar form.

<30> The method for reproducing optical recording medium as

17
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IS in approximte cylindrical forn1 and a dlaneter of
the convex structure changes according to recorded

i nformati on. <31> The nethod for reproducing optica
recording nediumas 5 stated in any one of above <27>
to <30>, wherein the convex structure is in

approximate cylindrical formand is arranged to

trigonal symetry on the surface of the optica
recordi ng medium <32> The nethod for reproducing
sopiteidcad ang@areds fhabovedkAiiras <Z3atwHetrginathe anevex structure
above <27> to <31>, wherein multiple track lines

-ars I?Ego

lgé%#o gﬁggﬁ |ghtYIi]HJ e g%%%egﬁl rugﬁé?%kgpdggthe convex
reflecteg i ght anount is detected according to the
stRssuxe shapges pecesfing toavgsrdetbinformedionr

reproduci ng optical recording nmediumas stated in any

one o0k3abOlke Wdthddofordebprodieft Bpfichl 26¢ordiR® medium as
mnthout 15 the convex structure is disposed every "n"

I hes mh r.es S an integer of or
TR H ol A PR S Pt PEB ST B e st firgoture
medi um <34> The net hod for reproducing optica
1§ eldor apprpxeditamezlindgical eforion  abdvds<a3rangérkr &) ntmgdnal
track lines are reproduced 20 sinultaneously and

sy firh 86456h the BhrﬁiE%LHFtHeSoﬁﬁ&ﬂCEe%Grdl%'g fledPRRLT I Pti ON

of Drawings 18 FIG 1 shows an exenplary medium for
f orm ng.st,ruct ur the present invention which
a st acgaa %[0 rd?epgogﬂﬁg*g( g{:gca{;recordmg me 1um as

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 radfus 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

18

B



10

15

20

[i ght- -absorption | ayer‘ -é-n-d--é't-he'r mal reaction | aye'r' i n

this order. FIG 2 shows an exenpl ary nedi um for

form ng structure of the 5 present invention which
has a stacked conposition of a substrate, a thernmal
reaction |layer, a light absorption |ayer and a thernal
reaction layer in this order. FIG 3 shows an

exenpl ary nmedium for formng structure of the present
i nvention which has a stacked conposition of a

subst rEI@®. 18ho¥® dihexemlplaBaaiddetm Atdor@iflgatti@iire of the
absorption layer in this order. FIG 4 is a process

t . showi light, icrradiation.,in the. nethpd fo
GRRCRs REERRSm, bR 6" Br e dubsiei Al opibataate, a
each chart fromthe top shows (1) mediumfor formng
Lghtiebeoxptige)ayer aohdi theomalurdavgidn biyeriinrtids atrden
and (3) a condition after light 15 irradiation. FIG
S 1s 6FIG.°E§E§W§%‘Iéxéﬁﬁﬁ%@ﬁ?ﬂﬁ%r'f@rﬁﬁﬁ%mMQIé BF the

manuf acturing structure of "the present 1nvention and
each chart {.rom thlcle top shovxg él) a medi um condi tion
EFGRE WBYERPRE, WEsh hasopditerbad @mpertience Agsuhrirate, a
(3) a condition after etching. 20 FIG 6 is a process
theamtalsteaniion lagat, 4 Light mbsbrptiohlayertidc thé¥mal reaction
manuf acturing structure of the present invention and

18960 i5 1§k _mthe top shows (1) a condition before
hggt 1treagt ?rlé%ro (2) a 19 condition during heat

treat% an}cli (3) a condjtion after_ heat treatnent.
. 3 shows 'an exemplary medium for forming structure of the

present invention which has a stacked composition of a substrate, a
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.

FIG. 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 is 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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FIG 7-s a process chart showi ng second etching in

the method for manufacturing structure of the present

i nvention and each chart 5 fromthe top shows (1) a

condition before etching, (2) a condition during

etching and (3) a condition after etching. FIG 8 is a

process chart showi ng transferring in the nethod for

manuf acturing structure of the present invention and

each chart from the top shows (1) a condition before
conditidrer durighg (IHata teeathéhdnaddr (309 ol Ocdiditioherdfté heat

and (3) a nediumw th concavity and convexity
1}ééﬂﬁgﬁgred. FIG 9 is an explanatory di agram show ng

an exenplary light irradiation in the nethod for

manuf acturing structure of the present invention and

each EHowd is1 progasdiahart shofdngisegond eichingsin {129 method

15 condition during light irradiation and (3) a : %
feronflitufat@ing! stru@tire bf kREI PleisOAt ifVEntid8 45d ¥Ach chart
expl anat ory di agram showi ng an exenplary etching in

t he t hod f.or facturi strycture of the.present. .
oy e G AP TEACH s HoREPELFOR BAIBTEACCBHE ¢ oA aRghtion
etching, (2) a 20 condition during etching and (3) a
duoind ¢lichangfamst (Bt homditid &fterletchimn expl anat ory

di agram showi ng an exenplary |laser beamirradiation

appar pt@sg4s 8 idde s 6h AR Sty Iy tl‘%ﬁ%ﬁ%iﬁ ?ge é:ﬁgthod for

structure of the present Invention.
mea)ﬁftlfggt?&rc{g)é s‘%irlallgtruarrg osfh t%vg Slges%g%tigsgnfi)é%naprlu? re>allch chart from
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 (8) a condition after light
irradiation.

FIG. 10 1s 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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laser beamirradiation apparatus used in the method

for manufacturing structure of the present invention.
5 FIG 13 is a diagram show ng an exenpl ary

cross-sectional shape of the structures. FIG 14 is a
di agram showi ng an exenpl ary cross-sectional shape of
the structures of the present invention. FIG 15 is a
di agram showi ng an exenpl ary cross-sectional 10 shape
of the structures of the present invention. FIG 16 is

strdcagrfeasl hopti@ndine¥aiBhary | aser beam nodul ation
method. FIG 17 is a SEMi mage (perspective view) of

th t t 4 € f anple 3. 15 FI 18 is a, SEM
oo Wik KT8 R et BRpot diawriar sliorie oo appdary
4. FIG 19 is an explanatory di agram show ng an

lagenplkeam obradbitioncamiamgtuedi usedf inhetlr espathod  for
invention. FIG 20A is an explanatory di agram show ng

AR TR RLE0R stRRtREL W SHe 60N NEhidige) i On of a laser

beam and cross-sectional Shape of an nediumin an
exerrp:-hall(rg/ thod f.or repraqducjng optical _ recording

medi urh of tHeSPeSMRATaH RV HIE 2 egpmplagy Grosgsectional
expl anat ory di agram showi ng the relation between
dherpeer of thteestiucudisst ri buti on of injected | aser beam
and

FIG. 14 is a diagram showing an exemplary 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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tenperature distribution on the surface of an optical
recording nediumin an exenplary nethod for
reproduci ng optical recording 5 nmedium of the present
invention. FIG 21 is an explanatory di agram show ng

anot her exenplary optical recording nmedi umof the
present invention. FIG 22 is an explanatory diagram
showi ng an exenplary nmethod for reproduci ng optical
recordi ng medi um of the present 10 invention. FIG 23

i s anFé&pl 208t or yaudi exgrlamastoni diggeamesdoptliagy the relation
optical recording nediumof the present invention.

44, | n ¥y di agr (t [ show ng
bEbFert (dch AL I BE 0B, Tler TR and
for reproducing 15 optical recording nmediumof the
teyppeEptuten diptnibRtiop) @n 2w jsuirfacexqf @mtewtjcali ageerding
showi ng changes in reproduction signal level in an

o R dhyafetied plHFy rﬁ@fﬂﬂﬂffbf‘&eg@@&h@iﬂg bptiehHir@dording
medi um of the present invention. FIG 25 is an
expl anakory _di agr.am showi ng an exenplary 20 optical
mr‘*@‘@‘é%“d?%ﬁ*‘%@&% to]fuvteﬁlgmﬁ}'esent invention. FIG 26A is
an eﬁEI anatory diagram (top view) showi ng arrangenent
of t hBlGt Blgsareexplanatoex dipgram shwvniog dmether exemplary
reproduci ng 22 optical recordi ng nedi um of the

opfiesERdcor BUEN bl cllunf bBth@ Bebsnidthwritignat ory di agram
showi ng changes in

FIG. 22 is an explanatory diagram showing 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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reproduction signal level in an exenplary nmethod for .

reproduci ng optical recordi ng nedium of the present
invention. s FIG 27 is an explanatory di agram show ng
an exenplary optical recording nediumof the present
invention. FIG 28A is an explanatory diagram (top
view) showi ng arrangenent of the structures in an
exenpl ary nethod for reproducing optical recording
medi um of the present invention. 10 FIG 28B is a

LA IR0 FARES R PO he/ b EVEHt invEnPRY Cal

recording nmediumin radius direction in an exenplary

nmet ho r _ reproduci ng optical recording nmedi um of .
t he p?%@ntzq%v@nt%rﬁxniﬁeatw idlagragy shasvinghohanges in

an exanple of existing structures. 15 FIG 30 is a

teproduetion hsignal Rvelminahy ekeufildiesmethbdeforPt&s®Rucing
i nvention. Best Mdde for Carrying Qut the Invention

hode f Manufact uring Th f, d
QR et P ORSIRYRERY, (g St ucture

of the present invention includes Iight irradiation
and etld§-ng7amtl Furexdarnphetudbisgrarheshostisgs aas exemplary
necessary. 23 The nmediumfor formng structure of the

aptese recoriiagtmedidm ofUusRdp font HavEREBAd for
manuf acturing structure of the present 1nvention, and

at | e%ﬁb.c%tAal 135 s Sé:?pcliéggtglpynp&sdgtrh%n tr:)pavlitlav%1 t showing

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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absorption layer and-a thermal reaction layer and . - .

further contains 5 other |ayers as necessary. The
structures of the present invention are manufactured
by the nmethod for manufacturing structure of the
present invention. Herein below, details of the
medi um for form ng structure of the present invention,
and the structures of the present invention will 10
be di scl osed through the explanation of the nethod for

manuf el ddduns f61 €5 ih h L5t eubs @FMe prYRRMt Rventitfh is
medi um for form ng structure at | east contains a

stacked .,conposi tj of a Iight .absorption |ayer and a
I%Sﬁgrﬁ%ﬁ tlhgag?@}pq gﬁl’ér manﬁf@%F‘i‘rdﬁtg & B¢ o?ryl'%&‘ﬁerpresent
‘has a function to generate heat by absorbing 15

myertdpat ethd iafhleastndontrinshar stdckesh coiposidyar ofias light
function to thermally react by the heat generated

: Li.ght j I - LR Lght i Qn:
WHSOALR by Ghinf SARELGRI Elon, e LA, ARGE R
diumfor formng structure and induces thernal
Oﬁ%fﬁ%ﬁ{s@ﬁ REfESSeRer mal reaction layer. The |ight
absorption layer and the thernmal 20 reaction |ayer
may t Taenstringtumsacof thgaireeenbinbvegtioni srah aihfittuté® by
enbodi nents of thermal reaction include changes in

tRB LS iR) ﬁ%%hhﬁfact&&%ﬁﬁg{eﬂrdcgﬁrébﬁttﬁe P%g%%tg%ﬁ%e% ;@nd

surface roughness.
changgé may occur t hermal reaction. For exanple,
&

i ncr eblegeith belawer fig{aﬂﬁaﬁ@ ithe medivmdeedormingiséruetiure of
conposi tion may
the present invention, and the structures of the present invention will
be disclosed through 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 absorpt;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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fake pfébe éinulténeously by- thermal reaction. The J

| ayer conposition of the nmediumfor formng structure
is 5 not particularly limted as long as a stacked
conposition of light absorption |ayer and thernma
reaction |ayer is contained, and may be selected
accordingly and exanples include the follow ng | ayer
conposition of the nmediumfor formng structure. A
medi um for form ng structure having a s_tackedb _

nlel f dy a p
i s gﬁ%gﬁgr%i%ﬁﬂ-. n%t%%gé*a"tﬁpla
order as showmn.in FIG 1 y, be included as a medium
HUFEBSs 1h shaterial densibnang cChangasip matesiad cempasitignanay
stacked conposition of a substrate 103, a thernal

tedacplaoe diapdtad@dusig By tidroabbesqutian is |ayer 102
and a thermal reaction layer 101 in this order as

shown . [ d s_a nedium .
con‘posrlt‘jt'gfl3 &E&% ci%fﬁ?nnf%ﬂl%%o??ﬁ(ﬁan%tf ﬂg?{fpén%gﬁlﬁ‘&uﬁe 18
st acked conposition of a substrate 103, a thernal )
e dargisulaglyy lipgted nas dongghs absteckeilopompagistorof light
in this order as shown in FIG 3 nmay be included as a

ZsorptionnGeFPosd thefmal regbﬁbffﬁllargﬁ 36 cbAtaiRC anfay be
material of the thermal reaction [ayer 101 is not 25

G b ShfSesBMBR, He L S Thver
| ayer 102, and may be sel ected
composition of the medium for forming structure.

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 a;
medium composition 1.

A medium for forming structure having a stacked composition
of a substrate 103, a thermal reaction layer 101, a light abso?ption
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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accordingly. A material which has |ow density or is in
anor phous phase after formation is preferable and
exanpl es include silicon 5 conpound material, sulfide
material, selenide material and fluorine conpound.
Exanpl es of the silicon conpound material include

Si2, SION and Si3N4. The material density of these
mat eri al s changes by the generated heat fromthe

i ght absorption layer with [ight irradiation, 10 and
plairtilenla vy dékindterlda s dgh@msbitciere snalirsd. whicletchhngds HyhBeat
etching rate of light-irradiated region is |owered

' ngl ficali f terial afesult,
P PR Bk ol S g PLA 20855 s B2 e secten
Exanpl es of the sulfide material include ZnS, CaS and
apedingle Whtmateniabensichy hgs lome sensitye or dlssin angeshous
by heat generated 15 fromthe |ight absorption |ayer

plakd hfight forohadbal i9NpraaprhbledRind M Ae8din@dd8N silicon
becones dense. And the sulfur is dissociated and the

material conpositi i s changed i.n the ; .
compgund, pzteRtaly il matPHaLy sHPRie matasizhang fappine
of laser-irradiated region is lowered with
colmpouiidcat i on of the material and changes in the

materi al conposition. 20 As a result,

e . 3 . N _ _
ig Ekahﬁﬂbéto@(%hbeaheanf&%&h@%ﬁég&% e tde SiQy, SION

Exanpl es of sel enide mater I nc _ e a
ARgoSi0lnor B R IGHL BRPT: Mo e g AsS B dlmEaR by the

with light irradiation, and |ight-irradiated
generated heat from the light absorption layer with light irradiation,
and hight-irradiated region becomes dense. In etching, the etching
rate of light-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 becomes dense. And the seleniumis dissociated .

and the material conposition is changed in the
light-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
region remains as structures, Exanples of the fluorine
conmpound material include CaF2 and BaF2. The materi al

{ rd . Dy:- he L :
e e o e i MR Yo nd :ﬁm #£8iated
i rradiation, and 10 |ight-irradjated region becones
FREIGR, DRI ATIShor | ABD $he; Selschinmods drdopided and the
material conposition is changed in the
iniagéntial recanpediemnr égi dmngddh iat ¢hé Ngght-heradiglidnGeRhE In
of light-irradiated region is Iomerﬁd with

L [ rhal. an nges in the .
ér’r@gtﬁgéé’a R%:oe%'g%g% itr%ﬁ? n(ﬁtAg ggl%rlglge}fﬁfl ?e(?i GRECT 1P athred with

egi.on remai hs as structures. 15 The thernal.reaction_

ieay% cappAfiheamaiarial angf changas W the matériadtcomiposition.
B, and the material Ais a silicon conpound naterial,

A9d reshit, ThilerirghdBted Retderaaindhs @38ttu88.
selected fromsulfide material, selenide material and

fluori ou erial. Exanples of the sjljcan
conpo l}%ga ﬁﬁgi%r ?Paﬁm%gllt%én%?%%ndzma%ngﬁ &Pﬁld’éiesf%&‘,z and
Si ON and Si 3N4. Exanples of the sulfide material of
#E2.mafldre aha@niak | dedsiin9f tlga® andtBasls 2haBgaspbesheat
of the selenide nmaterial include ZnSe and BaSe.

generated from the light absorption layer with light irradiation, and

light-irradiated region becomes dense. And the fluorine is dissociated
and the material compoéition 1s 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.
Asa resul_t, 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 is 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 SiQg, SiON and SizNa.

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

CaS and BaS.
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‘Exanpl es of the fluorine conpound naterial include - .

CaF2 and BaF2. A single material or multiple
materials may be used for these 5 nmaterials A and B.
As for the mxing ratio of the material A and the
material B, preferable range is 10nmol %to 30nol % f or
the material A and 90nmol % to 70nmol % for the materi al
B. In the stage of filmformng, it is preferable that
there is no 1o chem cal binding between the nmaterials

A andERanapildsedcheesdlstigle nadepahdesitudy. ZhBe tahel Bakkod
for manufacturing structure of the present invention,

t hi ck f ot t | r ' I .COL T asponds .t 0

the  Beromriosioliint BhPRnel FAEbb R BYK AP I ERARERR: Sna

thi ckness of the thermal 15 reaction layer is set at
-hei ght of form ng structures. The nethod for

formng the thermal reaction |layer is not

par ti aWiakle mhat¥ri AR uliBlcDBateiard ath 2 Heoisid WY these
and it is preferably sputtering. O the sputtering,

RE s litteri is particularly preferable because a
n}ﬁ‘ﬁeﬁfﬁgﬁgfl at roomtenperatures. 20 The sputtering
target used for the sputtering is preferably a target
pr epafedopythei mismggatiet slothe Immatertandi andrthef material B,
sputtering target, it is preferable that there is no

PEbagE AR ORI Aot
to 70mol% for the material B.

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
reactién 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 éthfering‘éé descr}bed'éboVé; it.rs'poésible 0

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 |arge area
uniformy. Wth a m xed nmaterial of the materials A
and B, with the material A being the silicon conmpound

ARit6Fiadd A AndOB Ak EXists ihibpecadhA§. fB&"ﬁﬁnﬁgl% films

light-irradi ated regi on becones dense due to~10 t

enerat ed heat, fram the |ight. absorption, | ayer hy . ]
G g Ra desrDe Ay Heisrpsthie todorAlons densis thin
density difference between |Ilight-irradiated region
fahds norther stagieatfefilmefproringet dhaviggselleetdeondiyy tham flen, it
i ncreased in etching. Mreover, constituent el enment of

. . . . . . _irradiat ed
fodBassiBtl Qo lor Pyt HRRRSIAE HrkDeddEDEIPL s PA At
sul.fide material, The seleniumis dissociated in the

reglen gndsponiirradiatadregion and ferm@trwetures on a substrate of

di ssoci ated in the case of fluorine conpound material .

Talrge acoanosdifdrimoly. of the material B changes by the
di ssoci ation of elenents. The etching selectivity may

be in d_by tih esein the 20. gateri al !
conposi §| o%. n%é(eg ‘rﬁle%&?p‘g é]tc éﬁ‘?nﬁl"‘s‘*sr Pi4i $99cHn Bih the
i ncreased by both of material densification and
matenahlA bsypg dibei silicosh apmeounide reiberiads i e -density thin
m croscopi c structures on a nmediumof large 29 area

filmh feamby - foliehh 806 ht-idraldsa RS HbE BoPédNddnklidle to

filmwth

the generated heat from the light absorption layer by light irradiation.
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 selenide 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 selectivity 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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1 ow resi dual stress, because lowdensity thin filmcan '”f

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
material which forns structures. -Light Absorption
Layer The material of the |ight absorption [ayer 102

is not particularly limted as long as it is a

ared emifdroilgyi Mumhémmore Oft isOpogshkr & forheal tiek! fihtwith
absorption, and nay be sel ected accordingly 10

[ d ndu t or suc Si
G BRI RF BB PO GBS o PLSL B B g o 1S
lowneltin p0|nt nmetal s such as BI, Ga, In and Sn;
stagecpf Ailm gu Sbhe Bérugiures ofihigh @asict 1@dRy (height of

I nSb, InTe and SnSn carbide material such as C and

sietufysoe oﬂ%ﬁ:ﬁﬁét@ﬂreﬁl&%& de Mehdd PetBse '\@3@4 oss1ble to
Fe2@3, Co3™4 and CuQ nltrlde 15 materi al such g

OB R A R 3 aet o e tetiahvauclblen é‘sstrﬁ%}fﬁss

Bi SbTe and GaSbTe; and quaternary phase- change
- Inigihé rAledorp tioh Iasyenﬂ\gl nSbTe. O these, a materi al
containing at |east one el enent selected 20 from Sb,

Te aminhbn il ol ad yyhghef &hab pﬁtmﬁhqflg&cmﬁs not

the 11 ght asorptlon er °1's not
limted. a be sel ect ed accordlngly and it is
PaFtaewlazly 3@}?9 has lapgamik in@ mmperlshamnamefungtion to
thickness is less than 2nm it is
generate heat by light absorption, and may be selected accordingly.

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,
InSh, InTe and SnSn; carbide material such as C and SiC; oxide
material such as V205, Cre03, Mn304, FesO3, Co304 and CuO; nitride
material such as AIN and GaN; binary phase-change material such as
SbTe; ternary phase-change material such as GeSbTe, InSbTe, BiSbTe
and GaSbTe; and quaternary phase-change material such .as
AgInSbTe.

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 light

absorption rate nmay be lowered. Wien it is nore than
50nm heat diffusion in the light 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

sem conduct or production such as Si and SO (silicon
on insulator); substrates for HDD (hard disc) such as

PAE Ml fo B0EnPPaWURDBE StESEIREdR € less than 2nm, it is
pol ycarbonate resin, 1o acrylic resin, polyolefin

in,, eppxy resin, vinyl ester sin, .. polyet hyl ene
SEPiaih hforfn 1t B oftirip Juim, snghhs Bebt WBserpyn Tate may
ultraviolet curable resin may be used. The nethod for
adovaredir | Wehegt ntcs mere thdnddrimgheat idiffadiad innthenlight
which a light is irradiated to the nediumfor formng

{ n c um i:
A L SRSl o healBeiRBe R Reidng, may, be
%z be processed with heat. Moreover, the nedi um may
(gglﬂ’rﬁ‘( her processed with etching by using the forned
structures as mask. Further, concavity and convexity

may bdGlassansd gusets tmobbaisedefbriarsubytratt 3. heMoreover,
fornmed structures as nold. 20 FIGS. 4 to 8 show an

ry - . ' structure usin
FEAPRES nTRd b B RE HoBi, REHT B e so1
FIG 4 shows i hlé_irradi ation, FIG 5 (c,hovvs et chi ng,
(giligors amoirsulatonsasubstaatatenior FIRD 7(htrdwsliscbontth as

etching and FIG 8 shows
aluminum (AD and opaque glass substrate; polycarbonate resin,

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

i ndi cates a substrate. The m ddle diagramof FIG 4
shows a condition during light irradiation and 201
indicates the direction of light irradiation. The
hepghtreagmemtadFHied? fshows heeconlds teteliimgl @hdsi BlG. Fhashows
bottom diagramof FIG 4 shows a condition after

1444 G0HALLORnAYh82eAi 6] EALES e Ard BGOogNanged wi th

aser ir |at|on ange gionis ormsd |n

t he tPeii:%1 ) %&/tlpn | ayers 101 which are arraz}g

aboveln sightgeraliatinn of §He. dpthe por diagrape of {Ifr. 4 shows a
the light irradiation, a light is irradiated to a

mpdided dorifeMingl deacturel hadmegi Umdiaites Of ThBBmal reaction
structure in order to formstructures. 15 The |ight

r be .moved he be no
I O TR R Ry R Lighs = B TS R 280 tibanips
medi um may be noved during the step For the Iight
subsirate. Frheamaddlsf dizgmamxifhBi6L ¢ $6Fwm avaeeldétighhduring
ArF | aser of approxinmately 193nm wavel ength and KrF

lighs SrradiadRR axidTBb elind248R WY ghRshh FRY: g?ﬁ #Aladiation.
used. The light irradiation may be pertorne ﬁ

TReaRERL i apr i appres thiosubiirade 1h Hn r&d%q‘irﬁq'%?pm

a hernetically-seal ed contai ner and 32 i nt roduci ng
dipgram ofi FhGad slidwogeonpdbiyyerftervat2diatanoand S0Pom deskes

a region changed with laser irradiation. The changed region is
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, Fz laser of
approximately 157nm wavelength, ArF laser of approximately 193nm
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 370nmto 780nm and nore preferably 390nmto
410nm I n particular, GaN sem conductor |ayer is used.
It is possible to obtain inexpensive | aser beam

ﬂﬂti‘@ﬂh(ﬁhgoé‘a@?ao ghéeh qfs BYtrodehNGxyBenS %‘Ht%? r%bﬁrbtéov rgon and

aser resultlng in OMEY process cost .

eed ul at i of | aser beam l evel is._, .
Fl Lhete & ]E‘berGXt g? }réééiatm%hé? efhsy anedium in

structures can be formed at high speed on a nedi um of
vangen dryesetting the maliem in ruvfchdsetontapedis can be
formed by using the |aser of short wavel ength to form

m crogeqp ﬁg?éfa%‘ié Wb Sfse. dotn V@%&&%&‘{ 1&33%%303%% et §¥&lce in

IS increa at a position ructures
t&)@ ﬁng}ed during.laser beamirradiation to the medl um f or
beage dpradiafigngt nEhe wypuelengthepf fbaepemispaiductor

i's m)dul ated between high level and | ow | evel

lasepridip@féblie3 Tyeine t@f780itm £hd Usbé q&efé’ra'bﬁfI ®Im to
the tine the |aser power is naintained at hi gh 20

b Rl Gl SeRlSh ARG, B RS 15 ey s

set _at 10%to 30% When the pulse duty is less than
PResblehed eh@aior inerpendivetlases hppas irapithtion dpparatus by
because 33 the |light absorption | ayer does not

W0eALT ahe RkealicshdhitereMhdor, YBANting in lower process cost.
Moreover, high-speed modulation of laser 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. If is because
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the pulse duty s more than 30% contiguous structures 7

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 beammay be irradiated to the
medi um while rotating the nmediumfor form ng

structure and activating focus servo. Al so, a |aser

thedighmybberptisn dgyet ddes totheeHBradite oMt hiefficed@y.NIWhen
the mediumfor formng 10 structure and activating the

c ser and trackj,ng sgry0. Faor the laser source
hE PRES UV IS PRty *T0%n ol B SRRy be
of approximtely 193nm wavel ength and KrF | aser of
cappeobadndpegch 2agdmn waltelisnhetawsey dfe theediffiigions of heat
preferable to use sem conductor |aser as a | aser

gBfbrsRd 0% wﬁy@i&mﬁﬁbo@gtmela%rsem conductor |aser
is preferably 370nmto 730nm and nore preferably

390nmt o 410n particu] ar, GaN sem canductoy | aser
is ursrl‘ij.lsl\/ﬂflrﬁ%éwe j to i@%%{f’ssﬁh& NPT Yr LT REC Qﬁeésgeam
on a nediumof |arge area at high speed by

1nadagiiiani togtlze masdiuh damfohinieg rarating. t He las@dbeamamay
hi gh speed. 20 An exenpl ary conposition of the |aser

PTG o] UIE mpRa e foRIRID 1D B o orming
sem conductor | aser 511 and an objective |ens 512. 34
SHRICIHES 1M AR IR elosusi 89V ct B0 a8 ehassy 1bgam3 pgrsmbe
to 780nm

irradiated to the medium while rotating the medium for forming

structure and activating the focus servo and tracking servo. For the
laser source, F2 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
1s used. Moreover, it is possible to form gtructures on a medium of
large area at high speed by irradiating a laser beam while rotating the
médium at j:ligh 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 pr'éi"é'r‘a'bl.é; vavel ength i's 390nmto 410nm For

exanpl e, 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
driving circuit 522 and standard signal generating
circuit 523. The pul se generating circuit 521

DROSHA 808 th ANt ki FIELIOFOHLLRS AN 5G0Rm %547800m.
Mor eover, a nodul atlon tlmng si gnal
Ci rCU|t 10 522 generates

d. . Th 8
BRP Brene Waveiain 550 BuBy torit Ommnmdimacremple, GaN

signal 524 fromt he pul se generating circuit. The
saivdaddctigbaser dgeneseat i Mhhei nottidriGd3agerairat @9AR of the
standard signal 56 to nove a nedium dr| ving unit

e d 0 gn

Fggvggﬁé?a? ?%gfgc?%%:u&twﬁo%g 3d)l n hca ggfeggﬁged nWerlcal
for formng 15 structure and 54 indicates the nedi um
PYLTIERY 1% Hgﬁ to PrdS-nedilaser beant srod wgtiony usitup2 is@gugpped
set at the top of the nediumdriving unit 54. By

withna phlsehgehaeindedrodit i, ad 1982 RRAFidLUSIresit 522 and
descrl bed above, the nediumfor forn ng structure is

TR sind), G TR in AR I PulESEonBFacing circuit

redeterm ned spot of the medium FIG 12 shows a
f&ﬂn‘é@éﬁ?ﬁ&t@ﬁ adnsanpemer lesebmadedationrsighal 584. Moreover, a

apparatus. The apparatus consists of a |aser beam

thbf aHitdéd STk kigd $d6 18 g\eﬁ%%tekae anrER LA AR N circuit
62, a nmedium rotat| on unit 64 and
522 generates a laser driving signal 55 based on the modulation signal
524 from the pulse generating circuit. The standard signal
generating circuit 523 generates a standard signal 56 to -move 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 deseribed
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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| éfgnal detectlng uni t 65 hb 63 |nd|cates a nedlum

for formng structure and 66 indicates a | aser beam
The | 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 |laser source, F2 |aser of
approxi mately 157nm wavel ength, ArF | aser of

approxi mately 193nm wavel ength and KrF | aser of

6apprlaxernbtahy mbiidativaveh2ng hn resdiben rosason hinit $4 and a
al so possible to use the sem conductor laser. It is 1o

oefie s e m gondugt or | aser
signal EQPAF%‘}EO vlgléé%gt ;\?Of 69t ?ﬁe@oﬁdﬂ%:‘%‘%}m% 5, lroing
greferably 370nmto 780nm and nore preferably 390nm

chaphand| 66 padichted adasa@aheameni conduct or | aser is
used. The nunerical aperture of objective lens is set

at 0. ’ﬁhbQa§e10bezirrheir?é&'fa%{(ﬁphﬁwwmbh&%ks @Pﬁ'lﬁHéleséﬁrce an
0.8 to 0.95 15 The | aser bean1nodu ation unit

u d with. ul se e circuit 621, a
ofibeiiRgeol which BsdEn 18 Sodhaater. of gehnateihialh fgves
circuit 623. The pul se generating circuit 621

thedesert deazmn | iasadiapinmerudieyeForothd dasen seuges| F6ser of
and a nodul at i on timng signal 625. 20 The | aser

ag@fa&lﬁgat%w (1‘5*7 ‘gfzaﬁgﬁ{ egrR 15@@? bt %%%ﬁllgﬂgieggaigsnm

based "on t on ‘signa I'se
ng he standard si gnal generatlng
w&&ubﬁéﬁéw%wgwﬁ%mmw Rgth epsy be
based on the nodul ation timng signal 625 fromthe
uped.se It is also possible to use the semiconductor laser. It is

preferable 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.

15

20

The laser beam modulation unit 62 is equipped with a pulse
generating circuit 621, a laser driving circuit 622 and a standard
sigl;al 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 mediumrotation 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 pulse standard signal 626 and
a rotation standard signal 643 are frequency | ocked
to rotate the spin stand. The |aser beam detecting
diBhhl 826CKAN \ haBtioHetifG b V4
a%d a servo éils ?%ut;hte %gg&%ﬁgﬁﬁlgﬁl%%g Ielg:l? i6(r%§ %g\s/:ll ?E& pulse
651 receives..a signal 68 fromthe medi um and
SFREAROESCEC e us and track error signal 653. The
servo circuit 652 generates a driving signal for the
| aser Tleamddinadrattatoon wait 689s kasdpped wibk sespiorstand 641
signal. By nmeans of the |aser beamirradiation
: i.b St r .are.. .

PERSLANLR B9 HERAIR g o SARRKR sl ShHER B Rirouic 642
i;Ot atin tHe medi um and controlling the focus and )
hes cRiadios s signple EemeRatioge sk o4 gengmatessa rekation
top diagramof FIG 5 shows a nedi um shape before
sthnfh pd sénta 12623 bade ¢ ancthasighat Feskn T1RIEEIM Yadd.| 2% Yulse
irradiation. The m ddl e diagramof FIG shows a 20

L1k ri tchi nd 203, ndicate et chin
SARG ] Bt kB0 SRR PO AR Rt el S R o5 etdency
condjtion after etching and 204 indicates a
lggkqd toratatstherspinstang, a part of the nediumis
renoved to forma structure.

The laser beam detecting unit 65 consists of a light detecting
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 653. 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'déébribed ébove{'the Changéd réé{bﬁ“

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

region remains as a structure after etching. At |east
the thermal reaction layer 101 is processed with
etching in etching step, however, both of the therma

r eact Imetdhaygy a Patt afidhé heediughis absokplite ToldYLEtriReure.
may be processed wth etching. Mireover, other

t V. b I ssed W 10.etching. A
5" QALY BUROER RN B0z OCSEI Y erma
Exanpl es of dry etching include RIE (Reactive lon
regctifimdye te dphtirradietions| yI'ige dpffer rRicdonstchong sate berurs
etching. The mediumis set in a vacuum apparatus and

bétRfden RBALheRHCEL JiON @n&iﬂﬁéhé}?éé(PQe?{oﬂ WRatiSe the bfbhing
an etching gas atnosphere to formstructures. A wet

t chi be, enpl oyed for etching. EIG 10 is an .
el a1tk Shyne G AR S ek e ki eed ramerg Fempins
top diagramof FIG 10 shows a nedi um shape before
agcHirngtunedaiton eitchlingat eAt deddtethrmathereasal reactiay éayer 101
102 indicates a 20 |light absorption |ayer and 103

SRR B, M £ 3By ARt
rqg:qgog;lgéég ol%% and %ﬂg il%gih%nalgs%rrip ?fcc]melta%rlgr ri%zagl%y41962p rocessed
with etching. Moreover, other stacked layers may be processed with
etching.

A dry etching may be employed as an etching 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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7 IS 'én' et crhi' ng apparrraqt”u's ('et chlngvessel )  an'd' 403

i ndi cates an etching solution. The bottom di agram of
FIG 10 shows a condition after etching and 404

i ndicates a structure. A nethod in which the mediumis
di pped in acid solution, 5 alkaline solution and
organi ¢ sol vent nay be used as a wet etching nethod.
By di pping the nediumin the etching solution 403 in a
given period of tine, the region other than the

ehangRthd egpaitabhd HetdHAGT vhRAD bhd2d08 ilichfs an etching
di ssolved to formstructures. By this nethod,

shruct ur can . be fqrned by jJhexpensi ve et had .
RS T ekt SR e FIb T8 hae msonutips after
manufacturing structures, a mxture of material A and
gtghorg andptOdindicates amterdtaire A being a silicon

conmpound nmaterial, is used for the thermal reaction

| ayer . in€ ' [ ry; tion .- .

cont aiAni-Eﬂgt}IYﬁ% rlgf F‘ﬁiglr:? gﬂgbzllgg(ll%ﬂgg{esg dlléﬁéig fé} C clu}]gs_olutmn,

aﬁ e..etching. solution as indicated by 403 of FIG 10 is.
SHiGecsOIShiOn A3 BEFAIP OOy aRaY (soPPed 5 @, Whkeetching

wat er solution containing hydrofluoric acid

methent.i VB ydglipdagl ttes medivmanic abpoetthingoédluititn 403 in a

the non-irradi ated region, the silicon conpound

ri.ak : erl j 1SS0 d, . Iln the . .
AIPLR hFiog BT ifie, THCidelhn e HHE Uharhd Gfegign with
material B.,is |lifted off as the material Ais
lapars drapan. imadiident ife disspiverce | frnof strvetwesser i Bys this
A and B, and the change in the material B conposition

mekhddh kdthgetpirag &anbe fBrmed by an inexpensive method without
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 hydrofluoric 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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39'chahged'regfon 401lby’|ightrirradiét{on;IE£éHihém”mMMMMwmwwwmmmm@

resistance relative to the water solution containing
hydrofluoric acid is increased. Therefore, the

changed region by light irradiation remains to form
structures. Mreover, the |light absorption |ayer 102

has a very high 5 etching resistance relative to the

wat er solution containing hydrofluoric acid, thereby
functioning as an etching stopping layer in etching.
cBynped irogidr dOdtighiiadt Stapdiianipd, astehing késictami®@Srélabive to
be fornmed uniformy even on a nediumof |arge area. A

f CO | val l.abl e 50% Dby

ol ater d S llulont PR g Y HRLIRGHE, SR Y i reased.
t he hydrofluaoric acid solution. A m Xxi ng ratlo
Tipaeloreushe cchanged Jegian b light: waadiation nemedigrsabd orm
in the range of 1:4 to 1:50. If the density of the

st efddiorMerésidt, ithe 168 8hsd Ao 14yert 162 SHHJ ﬁ%ry high

roughness of the flght absorption |ayer or

ermal_re ctlonl I f the Slt of .
ofalinE5 siraRcRor TOhBey T BE WakRh SAUGR 5ontAining
etching tine is a lengthened and the process cost is
hy drofbaend acid, therehyafunctatingris shegiching stowping Klyer in
6, formed structures are heated in a gas atnosphere

etchihg ”D\I%Ltﬂhﬁnﬁ%f k¢ Sethid estogbiﬁ’é:t Fﬁr@? ey dtlifes £ be

medi Um rther, an inter Fon” of “constituent
el enepnt s, t akes Iace bet ween each stacked | ayer and
f%ﬁﬁf‘ﬁl‘f%m By el’i‘aﬂ’/‘?ﬁgm@ U@lelodEf fAr§fon, adhesi on
bet ween structures and ot her
A mixed liquid of commercially available 50% by mass dilute

solution and water is preferably used as the hydrofluoric acid solution.
A mixing ratio, hydrofluoric acid (60% 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
hydrofluoric acid is less dense 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 is increased. The top diagram of FIG. 6 shows a medium
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| Iayérs is increased. The top diagram of FIG 6 shows a 7%

medi um 40 condition before heat treatnent and 204
indicates a structure. The mddle diagramof FIG 6
shows a condition during heat treatnent and 205
indicates a heat treatnent device. The bottom di agram
of FIG 6 shows a condition after heat treatnent and
206 indicates a condition 5 in which the structure is
changed by heating. The heat treatnent nmay be

penditidre beforet hea Bt rmERAESHE aniD2O2ViAHicdtB8 D@Btucture. The
treatnment nay be perforned in an atnosphere gas, by

h ng- .t nedi i-n.a_hernetj.cally- .seal e
RS i B T i Bt Bt R depatment and
oxygen, water vapor, argon and hydrogen. Further, the
Re\étmdmatte@atlmaﬁ tneaymisat pleviice.nefhe hoitomudmgyam of FIG. 6
setting the nmediumin a vacuum container. The heat

EheRE R BdndRYorP @ ffRe! h & B¢ altdh dHtHnd ff{ﬁﬂﬁﬁgﬁﬁtes a condition
i nduction heating and nmay al so be perforne y a | anp

heatj n si ng hal ogen |a of . xepon lanp . as a light
Spovhich e sheachrrdoensiysed BoRRarwer @ he hagtetreatment
mediumis further 15 processed with etching using

ke perfarmed és the atmaskherthe Mopeowiragharh®ft fre@tment
7 shows a nedi um condition before etching and 204

1 B sL S SonTA B SO P Lo i

shows a Ition durirng etc

tchin pparatus.  The bottom diagramof FIG_ 7 shows
e%ﬁﬁgﬁﬁﬁiﬁeéi%‘gﬁo’éﬁ}ﬂﬁﬁ Grghintroducng gaskcanels ag nitrogen,

structure. A dry etching nmay be enpl oyed as an etching
oetdead. water vapor, argon and hydrogen. Further, the heat

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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Examples of dry stching include RIE (Reactive ton

Etching), I1CP 41 (Inductively Coupled Plasm) or

sputter etching. The nediumis set in a vacuum
apparatus and | eft unattended for a given period of

time in an etching gas atnosphere to form structures.
Only a layer 102 directly below the structure 204 may
be etched, or a substrate 103 nmay 5 also be etched. A
wet etching as descri bed above may al so be used as an
(tdahiting 1yreC tnople d| Blasrams be spubigrastchimgn  TheRhedi®m is set
concavity and convexity are transferred to other

- med] sj - .

DR AR e AT S LM U AR AR T B 110G p ol U time

.Structures used as nold. The m ddl e diagram of FILG 8

in s tehiagngns iadmasphieng to form sérnstngeandOxdy a layer 102
i ndicates a mediumto which concavity and convexity

difectlyebelbiutidis BSictiife 208542 beedehdd o2 ubB@itadiiB may
of FIG 8 shows a condition after transferring. The

i 15 nol ding, injection nolding and 2P
as(r%g%rzésfggcr%re%g (optical curing and heat curing) may be

used as a transferring nmethod. Exanples of the nedium
mat erAawett @tqmnghas:a?mittefl abeveomesxialyo die used as an
structures are transferred, include resin materials

etdlGRgasefid/carbonate resin, acrylic resin,
pol yol efin resin, epoxy resin, vinyl ester resin and

20 O B U EhE S I BSOS SSPTHATEL e
transferred to other mediums using formed structures as mold. The
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

42




10

15

20

according to the. conposi-.tions and frat efi él s of f.he T

medium for formng 42 structure as shown in FIGS. 1

to 3. For exanple, structures can be forned by the

foll ow ng process conbinati ons. Form ng Method 1:

light irradiation -* etching Form ng Method 2: [ight

irradiation -> etching -> heat 5 treatnent Form ng

Met hod 3: light irradiation --> etching -> heat

treatment -> second etching Formi ng Method 4: 1ight

stiriaghat he F(USH at Folel ; €1ﬁﬁ%

etching ~ ??§ﬁ2$g§p€ﬂgsl%afg§niEggﬁggﬁggn%fﬁfﬁg t Qcanfbe

Lrradjation -* etching -> trapsferring Form ng Method
ried By the QP RATEPIOce S IR RPAtORRa (1 eat ment - >

transferring Formng Method 7: light irradiation ->

et chi Mformingshuihdd Btlighihgradiatiomnsfetehingg 15 The

nmet hod for form ng structures of the present invention
prefer : digymyfer f. 100 Sstructure.jn

mhicrlggﬂ %ﬁgﬁiwb%ngcF?gﬁ' gyé?ﬁﬂgggggif?bﬁ%ﬁgﬁ%gaﬁ+ heat
upper nost | ayer of the stacked conposition, and

Teat®eRE a material having an optical transparency in

wavel ength of irradiated |ight. Mreover, a |aser beam

I s 20 Fomeidigat Biétho@m3t héighpperrmiihtioayel, dtbRidderiheat
reaction layer side in |ight irradiation.

treatment — second etching

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 is
irradiated from the uppermost layer, the thermal reaction layer side in

light irradiation.
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43 i': FIG 9 shows an exanple of the method for

manuf acturing structure. The top diagramof FIG 9
shows a nediumfor formng structure and 101

indicates a thermal reaction |ayer, 102 indicates a

i ght absorption |ayer and 103 indicates a substrate.
The thermal 5 reaction |ayer is positioned as an

upper nost |ayer of the stacked conposition. The

thermal reaction |ayer may al so be di sposed as ot her

| ayer FIGTH® shoddd erdieaginapicobf fhe. nfktdhbaWora neomalisick@fing
during light irradiation and 301 indicates a

swt{c‘f 199 on'gﬁ% l;ag?L%éﬂ’arr&ddfaij 9 sﬁg%s %%%ﬁ%ufrﬁafor forming

|rra I at e uppernDs “lrayer,
reaction 10 |ayer side. In other words, it is
Stmcaer%uﬂ@dl M)lﬁadlcatﬁé asthermal geagtionlgyer, atQd indicates a
"surface injection” in the follow ng description. By

lighe| Sydorptiow 18F8 LAdeTDBOThdiBARAUS! él%‘st‘iﬁt@bel‘h@tt!k@imal
by the substrate can be prevented. Furthernore, NA o

t I d tof th ht
AT B TPb PG b ech a8 FERCM OS2 15h B b Stacked
formed in nore mcroscopic region of the therma

compotitom.| afde. thiemmabatenotiodi kgreamnody 1S 18 slispssedl as
condition after irradiation and 302 indicates the

r§ €0TeR Widdel (ﬁ%%‘i'agféfrF'IGI gdé@vbé’ﬁ co-ﬂ'ﬂ‘ftlon during

changed region 302 1s formed in the thermal reaction
ligBY rER TN T BH 102 TOMAcA Hi b B Cthasy g Dah ighndiation.

transparency in the wavel ength of irradiated light is
Thedightors irradidted nfizbnr Hae ipporbageiayidd] thé thermal reaction
layer side. In other words, it is irradiated without the substrate. It
is stated 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
;‘.ormed 1n 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 x
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particular, a material having a |ight absorptivity in

the range of 1 X 44 10-3 to 1 x 10-5 in the

wavel ength of irradiated light is used. By using the
material having a high |light transparency, |ight
absorption in the thermal reaction |ayer can be
prevent ed. Because the changed region 302 can be
formed by the heat generated fromthe |ight absorption
5 layer al one, the changed region form ng structures

ten thel RO ZRE wdvelERELH HE li 5 | AYBL e
silicon conpound r?vatveeri als suklﬁgggi%idéggﬁglﬁcﬁlg%%‘d Ey using
i 3N4. . sul,f.ide materials such as ZnS, CaS and BaS,
g BH'GE Rl EYinE & high fight BrospaenEadishinabsompsiamen the
conpound materials such as CaF2 and BaF2 having a

thgmalatesetipn hyerabe bapréeli@dr aieatise thbQhhdgad region
1x10-5 may be used. In the nethod for manufacturing,

L R R E L e —

Ther eflor e, .the thickness of the thermal reaction
Ilaé(%ra pre.ddhe ghangpd Fegigntfosmingstectvirag casthantioraszed.
15 The above nmaterial and steps may be used for the

mat er ilkdr ohe thid@hal a¥aetioanthyde $liePs EhpbRhd Bhiterials
structures. (Structure) The structures of the present

RNR S0, S T e et AletRle Riivk e 2ns. GoS and
FI GS. 29 and 30 shows top views of the structure
Bapwalenide materials such as ZnSe and BaSe and fluorine compound
materials such as CaFz and BaF2 having a light absorption rate in the
range of 1X103 to 1x105 may be used. In the method for
manufacturing, the 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 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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'FIG 29 i an example of formng structures by using

phase-change material by a nethod disclosed in JP-A

No. 9-115190 45 and No. 10-97738. The conposition of
the mediumfor formng structure is a 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
andnNex10dY#A38Et chi ng was perfornmed by using KOH, an

al kal ine solution. The etching tinme was for 30

m nut i n i-ndi e T e -
phase?gﬁaﬁg%lp%rgr%t}%frli%flt% gtger%i\}g%‘ ?fg%mfoﬁ %% % Blf‘tﬁé}uge 18 a
structure. No. 2402 indicates _1o a traveling )
stacked: omppontioneof Geeb Tpewhick 193 nharecehangantatental, on a
end of the structure and 2404 indi cates a back end of

pbhyeasbonigtdlr @sih Nstibgtragase Thet herdbrses Cchange formed by
material, etching rate difference occurs because of

. -di.fference. i,n _bet n cyystall,i.ne phase state and
ARl hch RSP el  MERRG A, R, P oy mBaSpjfhance
etching. 15 Generally, a region remaining as the

myrteoed unecom®x formn Htohjitpees peafoemethbyotsiag KOH, an
regi on 2405 (the region other than 2401 with hatching

aldhlfdGsoRMon.S THe @r¥Bi) Linle wifo?- 30T BfinkiRek end

region 2404 is crystallized in the process where the

gy | BAOL THbr ElGr 29 CiieleRiage GAoiafe, ke sphaeeihense

becomes a falcate formwhere the back end 2404 | ooks
material in convex form which forms a structure. No. 2402 indicates
a traveling direction of the laser beam, 2403 indicates a front end 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 is 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
1s 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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i ke béfhg'squeézéd-ésmshomn'by”é401 inFlG 29 In _ TTH

the nmethod for manufacturing structures using the
phase-change naterial, the shape 46 takes the sane
formeven if the material conposition is changed.
Because of its conplicated form an applicable range
is limted. Further, when it is applied for the
optical recording nediumwhich will be described

| ater, interference between codes (nutual interference

balvdd |’ﬁh§| Sivdks fdrm@e-Rd] € ahe ﬁ?&[ﬂéﬂalb@&ﬁgﬁimon is changed
conplicated, requiring a conpl i cated and expensive

nal cessin ech ue FI G 30 shows a shape of
Boffifte. oS T rotteliGried dminean waphbiaablss range G5 Hmited
manuf act uri ng structure of the present invention. The
Fonflusi, wilem ri:flstam)lrmijfarmhfeocrptﬁmlmengrﬁhrgtmbdhﬁnl Wwhech will
stacked 10 corrp03|t| on of AglnSbTe as a Ilght

ﬁ@StRJsEHb%H k ﬂ‘gﬂfg&%{c@' Détise oii'ih Lr.ﬂgﬁalntergerence

 ayer on a p yca nate resin supstrate:
st ruct ur re formed by |rrad|at|ng a | aser beam
Fih Stnls,ram Adircent; Barkshbzaemes o mplicaipdexehvirng a
The etching was performed by using a m xed sol ution

afmplidaiafd mdue&pansﬁbm@nwwbcem%memn @meacid 15
solution- The etching tinme was for 20 seconds a No.

2501 d |
ohion T 8o SRollaC 8hEBe AF Shad urfls “RAEAL DY by the

travellng direction of the |aser beam and 2503
mrthedder mpaufegivsingdionciurenot thacerasest amyention. s The
a Agl nSbTe surface, which is the Iight absorption

doaygssitibie of the medium for forming structure is a stacked
composition of AgInSbTe as a light absorption layer and ZnS-8i0; as a
thermal reaction layer on a polycarbonate resin substrate. The
structures were formed by irradiating a laser beam followed by etching .
to form ZnS-SiO:z 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-SiO; in 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
1s 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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20 structures in approximate cirecular formare forned

by the nethod of the present invention. Since they

are in sinple circular form the structures have a

wi de applicable range. 47 Furthernore, when they are
applied for the optical recording nediumwhich wll

be described later, interference between codes

(mutual interference with signals from adjacent marks)
is sinplified and conplicated signal processing

t echnForderaicre)ovhepated. afe Mpptedefor thepdical desdrding
appllcable for multiple-val ue recordlng by changi ng

ufifus RIS ;116@%6@%%3@@1;@8&000 fefrnic BERRLSS Codes
Cross- sectlonal ggéans of the structures. FIG 13
(mnbwal intgefeneace owudssigaeds drein adiasendfmahlkes) tsosimplified
structures and FIGS. 14 and 15 show structure shapes

afll tBepli@sent sibAYENprodLssike %élﬁﬁ' 2Re! ieal nShangeded.
of the structures as shomn in FIG § is a

0ss-segtional s ape he stru :
MiRiTo 42 Y AlSonaPRUGEPIE At CHOPPI el it seprdian by
material is changed by heat such 15 as the ones
chingings dhei rdiametekosf 2HO1sR502ubes 200brdtfP860 recorded
2003- 145941 and 2002-365806. No. 701 in FIG 13
ilfofhGeos a structure. The material is a cyanine dye,
which is a recording material of rewitable optica

di sc 02 |nd cates a |light absorption_|ayer and
t he n&@g 18 togl Q;@ ques&lematlc Cross- secteonal dlagyrams of the

structures. FIG. 13 shows a general cross-sectional shape of the

structures and IFIGS. 14 and 15 show structure shapes of the present
ivention.

The cross-sectional shape of the structures as shown in FIG. 13
is 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
cyani_ne 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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20 a phase-change mat erial. Meanwhi I'e,- only structures

and |ight absorption |ayer are shown in FIG 13,
however, thermal reaction |ayers or substrates that

are not formng structures nay al so be 48 disposed.

The wavel ength of the | aser beamused for formng
disperedur eShes wabelengthl bhetloy ahisee Byemahs@d ok B¥ming
in this wavel ength. Wien the thermal reaction

[ [ r ru res apsorbs | hght, .the .
Sgﬂncgg?géecitgiqonarﬁghgglg f%lﬁd%&?lg?%% Bpi ?ig%\osrb%S Ughfwdn; fihis
FIG 13. FIGS, 14 and 15 are the shapes of the

wavelenghes oWheme theedhermalnweaciion whateridle whipds foims

cross-section of the structures are approxinmate

svaidtueed abbaul REhARMe®TOBR R LiBKA] SRapaREASS 165 3BREpid as
FIG 14 shows an edge of approxi mate inverse tapereé)

e, 801 indicates a structure nmade of
Sgﬁ%rbg‘?c}l\ég 802 indicates a |light absorption |ayer
made of (GeSbTe, a phase-change material. No. 803 in
FI G FiGSndidcandd Saare the shagpes of théstormasesef thopredent
the structure. The wavel ength of the | aser beam used

ihedntioh Mwien ItheSiddsekUbe Sc%ﬁ-s‘b@t@iﬁ?ﬂ Ypd ¢l Sét?u%%tlﬂjeose Sare

not absorb light inthis wavel eng Acr oss -sectional

shape can beco approxi mate i nverse ,tapered shape as
ABREGHRHICEVErIGS! SRARE] A SPRRGNSMIAP WHHEsRe dowe TR, shape.

absorb light for the thermal reaction |ayer which
Fi6: et showst am eslgeanfiappyotineateaidversbaagiergd tdheipe.  No.
thermal reaction |ayer by heat generated
801 indicates a structure made of ZnS-SiOQs. No. 802
indicates a light absorption layer made of GeSbTe, a phase-change
material.

No. 803 in FIG. 14 indicates a tilt angle of the cross-section of
the structure. The wavelength of the laser beam used for forming
structures was 405nm and ZnS-SiO2 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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light fromthe thermal reaction |ayer side. FIG 15
shows an edge of approximate vertical shape. No. 901
indicates a structure and 902 indicates a |ight
absorption layer. The 49 F-- ue, materials of
structures and light absorption |ayer are the sane as
in FIG 14. No. 903 in FIG 15 indicates a tilt angle
of the cross-section. The structures having edges of
napprods ndt gruetdresadnd higda absvripéiobldymrmeek be same as in
adj usting etching condition. Meanwhile, only

E'ﬁ_f}rGéiglt ures and |ight absorption layer are shown in

'GS.""14 and 15, however, thermal reaction |layers or

substrates that_are_not formng structures may al so be

di spoled 903ym Flthelardadisaise ditilt ranglerefcthe sxosspeetion.
approxi mate vertical or 10 approximte inverse tapered
Thleaptrucittirés HaasaE bededO of Vo kol MRE "Be1@ical CORAEE LR be
bet ween adj acent structures when the structures are

mor e, 1closely. arranged. The.structures manufactured by
fqrr%e%)yh%%%érngn%ﬁgl?%%Fﬁ?{iﬁbon'st ructure of the present
invention can be applied for various fields 15 such

as t hMegmwhide, oadyr stinugtwesdi amdiHight wilisorption layer are

expl ained later, and biochips, photonic crystals and
sBbREEHL FeOH alyORnARL el i Rbwller, thermal reaction layers or

sﬁbstrates that are not forming structures may also be disposed.
With the end shape of the structures being approximate vertical or
approximate inverse tapered shape, it is possible to aveid 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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various electric devices. (Optical Recording Medi um

and Met hod for Reproducing Optical Recording Medium
20 In the first enbodi ment, the optical recording
medi um of the present invention contains a substrate,
and a |ight absorption [ayer which absorbs
reproducing light to generate heat and convex 50
structures, which are in contact with the |ight
absorption layer and contain a different materi al

dthabtdreal vwhichhgrd 1AordieP WAth Ofhd ﬁ%ﬁrt’al%br{)ﬁitggx %aoyrer and

substrate. In the first enbodi nent of the me

reproducing of the 5 esent |nyention, an optjca
oottt A Ph ke, HE Ahab oh the Jiht ahSorDEIR kaver, on
1ight absorption |ayer which absorbs reproducing

theghtbdtoatgener at e heat and convex structures, which
are in contact with the |light absorption |ayer and

cont ai [ r ' | .ght
absor p:)[% g}}l‘g I%I%greﬁﬂg% t ‘gﬁts ggst?l?gl?‘g%g?é fﬁ% erg,&)gg(ri]‘dmglg of the
light is lo jrradiated to the |jight absorption |ayer
RISdeBb e nétany c pBr eBticabmecReding mpedivyn  wlich ecatigéns a
and the changes in reflected light amount is

sigiserdted. and 4 HeglseabrdretibadldyRit wHibR aP$dibal reproducing
recordi ng nedium of the present invention contains a

I B Rers B bR oSO R RS ¥ ek e td ot with
structures, which are in contact wwth the Iight

thedaglpt abspupsicey lasies and contain a different material than that of
the light absorption layer, on the substrate are used, and a light is
irradiated 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 absorﬁtion layer
which absorbs rep_roducing 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
t;'ansparency 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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contain a different-material than that of the Iight
absorption |layer, on the substrate and an optica
transm ssion | ayer having an optical transparency
relative to the reproducing Iight on the convex
structures, 20 wherein the optical transm ssion |ayer

is applied on the surface of convex structures and is
formed in approxi nate hem spheric form In the second
enbodi nent of the nethod for reproducing of the 51 --
present-inventionp heseiticdlnmeeotdieiy madiept éddtaihBaoh Hubdtrate,
medi um contai ning a substrate, and a |ight absorption

| ayer ;Mhi.C bsarbs yeproduci pg bight to nerat g.
A’ 1AeC ARBOEOR R cIRGRY bl | RorfibELtE ign to
the 1ight absorption |ayer and contain a different
gemeraiteaheathand: eenvext sthetsres, givhiclbsoeptn enntagtewitlorthe
the substrate and an optical transm ssion |ayer

1iBRY hBYoAR SR 14 Fe ahdl *OBBAEA ML AL iniRetidl th&n that of the
reproducing light on the convex structures, wherein

.t tical transm ssjon | ayer is pplied on the _ |

tighf dBarifion9er uirit arBLtatn and Bt pBticR) transmission
approxi mat e hem spheric formis used. Alight is

layerddivanecan opsickl tramskad noydelatave rig thieerdprgduzcing light
absorption | ayer, convex structures and the optical

ranRs Pl SSd r [ . 1.§Sd I .
of AR TREO e Qi Bhod  WRLOR, Mk, Spdl ERRRANEE, BYEE is
detected. The op%icaua;ecording medi um of the present
appliedt PBn the surfaseorofi f9DNEEI G MHUERS paptorifs formed in
recordi ng and reproducing of 15 information by |ight,

apphxiihene RemisSplesdiodiorantis used.heAopizghtals irradiated to a
stacked body having the light absorption layer, convex structures and
the optical transmission layer from the optical 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 embodiment to the 5th
embodiment and the method for reproducing of the first embodiment to
the bth embodiment will be explained sequentially below.
<The Optical Recording Medium and Method for Reproducing Thereof

of the First Embodiment >
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recordi ng medium of the present invention which will

be descri bed below, and 5 nethods for reproducing
according to each enbodi ment. The optical recording
medi um of the first enbodinent to the 5th enbodi nent

and the nethod for reproducing of the first enbodi nent

to 20 the 5th enbodinent will be expl ai ned

sequentially below. <The Optical Recording Medi um and

Met hod for Reproducing Thereof of the First
EnbodiTgnbptica? rae@rdqag 5211680 6F ThODAREL ThOlnliBf of the

present |nvent|on of first e ment

achi evi.n i gher recording density with a__
fgm‘i m‘i‘é’ﬁbﬁﬂs .f%%rt uBirBese Pleadlpevirg gasr drengrding

nedlun1conta|ns a substrate, and a light 5 absorption

. demysety wiitd arsupefr-itelsbhutioh reprédedti@bsor bs reproduci ng

light and generates heat, and convex structures,

whi ch 18 ol fic ORI Ak %L{Lhdlhﬂlecé) Blhs FRAHPE A 2 S light

on the su trate an er CcOnTarne
cessary. FIG 19 shows an exenplary conposition of

atrﬁﬁ;erbiwpclaver 1p fprmopiotiig 11t wrhieh attserbs reproducing light

enbodi ment. In the optical recording nmedium a buffer

araly gendids iHeafto aidodortveixNstiriulc P vdy, GVhi2hO4 RC1S cBﬁﬁact with
substrate is formed on the substrate 1301, and a |1 ght

t 1303 formof thin fil,mand conve
BTRAR A BO PR 1akcin iPe PRt eie a8 Sariip o hrgh ptber
absor ption Iayer, are formed on the buffer |ayer 15
lagers aEpepessomyex structure 1304 is separated on the
surface of the

FIG. 19 shows an exemplary composition of the optical

recording medium of the first embodiment. 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 is 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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mr.redi um -és Ashovvnwi'”h' "FI G'-”.19. Thé 'rrateri a -of'th'e

flpokrie cgeyh eABS pssin,arsl Wiretdiadeesdsin.,  ©F thede) pécarbonate
\ na- . | o .
S8, PO 5 BB A BEELSIAT p

propfrkiasend cpglser beans on the surface of the

t ticularly Limt d, $ | ect ed
138 3 5y e ytndh F B BRb Sl Gonm  The 10
Sﬁtggéﬁgsz'lggl’_ gﬁbggialqumgzd&qg{g?ﬂd. If it is nore than

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

problems such as warped medium. i

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 quaternary material such as AgInSbTe are
used. Further, semiconductor materials such as Si and Ge may be

used.

1303 generate heat by laser beam irradiation, and optical properties

substrate 1301 is not particularly limted and may be
sel ected accordingly. For exanple, glass, ceram cs and
resins are used and a resin-nmade substrate is
preferable in ternms of 20 formability and cost. i
Exanpl es of resins include pol ycarbonate resin, 1
acrylic resin, epoxy resin, polystyrene resin,
acrylonitrile-styrene copolyner, polyethylene resin,

resin, ABS resin and urethane resin. O these,

is al so possible to di spose pregrooves and prepits for

substrate 1301. It is preferable to use a m xture of

CONMPOgdslSy Ebsé‘ﬁﬂ@it@is;ﬂfse PeQRodh Zﬁaprzlai%s for 3Pdcking
Al2Q2 and AIN. The thickness of the buffer layer is

buffer layer is formed for preventing heat diffusion
f r om kthe piedéxablaisorget & anidtayeroftconpmusdbstchtas. Si0z, or
the thickness is |l ess than 20nm a thermal diffusion

nm residual stréss’in the filmis increased and
ma se, .probl e sych,as, war ped medi um L
y c’ﬁﬁe %hmﬁ;ness orfsthe Li)lpffer layer%s not particularly limited and

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 ‘

The light absorption layer 1303 is preferably containing at

These materials that are making up the light absorption layer
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15 The |ight absorption [ayer 1303 is preferably
containing at |east one type of elenent selected from
Sb, Te and In. In particular, binary nmaterial such as
SbTe and InTe, ternary material such as GeSbTe and
InSbTe and quaternary material such as AglnSbTe are
used. Further, sem conductor materials such as Si and
Ge may be 20 used. These materials that are nmaking up
the |ight absorption |ayer 1303 generate heat by

$REE R sDRFM itivadhabk Othd aBdoARGb S Hoe PEARAE 1 .Schz'i-‘rf'%ed. By

such as refractive i ndex and "absorption coefficien

re. change By lamnating these materials with )
%dﬂ\f@&lggr g@?ﬁ‘f? egl,at?ﬁ’@?% pF"lquél COBY@heFtiucdures. r dgeorpptical
corresponding to the convex structures can be changed

boreaties heazegionsachratspondmgVbs ebieetonsddeeridiares can be
materials are in anorphous or in nmulticrystalline

(f}%g\'l}vié‘ed Wgaéé}?béflﬁii‘i{g@iaﬂdﬁss inthe thin filmis

producti on of ects 'such as cracks can be
i nhi bited even though_ precipitous tenperature change
t akes PPERWern sWeendthifodmpderiad@naracinr jamorHeous or in
opti cal recording nmedium of the present invention, 10

mhlGbrydthlliie seeiss radie ehé aesidudlearuse iRfthe S nefifB Gl low,
m croscopi ¢ convex structures can be fornmed in the

r e I hickness of the |ight.abso i on
fIERECRE At SRS Phrk] G iy oItk vBe: Bhough
accordingly. It is preferably 2nmto 50nm 51 for
REegHteus rerturg chaege itekieesplatmnienthe | mdthod for
difficult to
manufacturing the optical recording medium of the present invention,
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
limited 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.
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1édf6fhifh'f6fﬁi6fmfhrh-fifh{and-Iight‘absorption féféwwwwuwmmmww%mmf

may be lowered. When it is nore than 50nm heat
diffusion in the |light absorption |ayer occurs, and
changing the optical properties in mnute regions of

the |ight absorption [ayer may be difficult. The

convex structure 1304 contains a m xture of material A
and 20 material B, and the material Ais a silicon
conpound material, and the material B is preferably

at | eBshngrles sl dod eilidoro sosiplofuindle niveteeizl adf, the eh£tvrtke A
materi al and fluorine conpound material. 55 Exanpl es

. -5 | i@ u material of the material A
1’?%‘8?%?@& 839%?%%‘%‘&% 3N4. Exanpl es of the sul fide

material of the material B include ZnS, CaS and BaS.
5 Exakppawles of hhe sullide aeateaial ohihe matevieal Biswclude ZnS,

BaSe. Exanples of the fluorine conmpound nateri al
CaScindBHF2 and BaF2. A single material or multiple
rraterials may be used for these rraterials A and B. 10

[ ' fer o a - S Q2
m xt [ﬁ 6\%? se erFQ f Hflg éqi‘?%
ZnS, ZnO S| 3N4 A1202 and ALN may be used singly.
The hEKgmpleeﬁ of fibeluomna reesnpeuipd ehateaidlyinidunde taF» and
100nm  When the height is | ess than 10nm signal
Bamtensity may be | owered.

A single material or multiple materials may be used for these
materials A and B.

Of these materials, it is preferable to use a ZnS-Si02 mixture.
Moreover, insulator materials such as Si0Ogz, ZnS, Zn0O, SizNy AlxO
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 SizN4, Si02 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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.15'Chftﬁé ofhéf hand,“the sighal‘fhtéhéity i ncreases.

as the structures becone hi gher; however, when it is
hi gher than 100nm tracking stability may be
degraded. Meanwhile, a protective |ayer nmay be

di sposed on the convex structures 1304. The silicon
conpounds such as Si3N4, Si02 and SiC 20 or resins
havi ng perneability nay be used as the protective

| ayer. In the nethod for reproducing of the present

ERBRAEMARtofs thed, fAdddta el'i‘ERtj'ﬁeﬁtran%zi‘l%ldo%i Q%tackeg body

recordi ng msdlumof the first ment i s used,
and.a.lig iated to a stacked dy .
%%}%FEPE e llﬁgtla} fPHRROAYEr q3a§ﬁértg23f98mi af thin film,
f orm of thin film and the convex structures 1304
andrbbehoexvebrusturest 1304 fi@04ls denvanditituedangog s1de
in reflected Iight amount is detected. An exanpl e of

t r A a
gtﬂFnéT]t%%gegfIPr%?Tegg &% %mﬁpﬁpm det % %\r_n example of
reproducm a |laser_ beamijs |rrad|atedfromthe
dshmsthed, fpeiippaeduging &5 ghowa yhdWF S .n20A@ndGAB. No the
1401 in FIG 20A indicates an injection direction of

fitet easterdibeam of Tile l]ﬂdaﬂﬁiiecfoi' roﬂﬁ@fﬁg SaaRaRrbgdam is
in the |light absorption | ayer 10 causing the

tjhon | ayer to ener nce th
R BRI oS e e ﬁ%ﬁ%@% 4 FhEP rBGF 1. 204,
consi st of different naterlal heat val ues change
Npr 401 yn FRIGoR0Aindisatesas iniectionedirectibe ofphedaser beam.
properties of the |ight absorption | ayer changes at a

Théniffpcted 14w s aPeorbE A iR ThW Iigh{ ABs AL 14 For 1303
heat val ue. No.
causing the light absorption layer to generate heat. Since the light
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. A 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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15 indicates a-strucfuré Ibbated in the ééntéflbf thé'*”wmwwwmmmm

| aser beam and 1402 indicates the regi on where
optical properties of the light absorption [|ayer are
changed. The reproduction signal changes at a timng
of the convex structures corresponding to the change
in optical properties. FIG 20B shows a | aser
intensity distribution 1404 of the 20 injected |aser
beam and a tenperature distribution 1405 of the
1402 fiacFIGof20Behopts aathamgat degpnrefliopticalonboavt in the
FIG 20B, the laser beamintensity distribution 1404
Hgﬁt%b 5ﬁqagé§tribution. No. 57 1402 in FIG 20B
ows a ‘changed region of optical constant in the
l'i ght_absorption layer. If the convex structures 1403

are difspee ctproex R uataresn 1403 faree disnesedeapethe unedium

di stribution corresponds to the convex 5 structures

suddde, ahe tthenperaparat @istrRaiond henseByEXdSt {dCHHE @®nvex
1403, which are | ocated near the center of the beam

becones icul arl high, As a rgsult, optica
S@RGHT: PR L PR YomPsirowie ndat B¢ ety ityPlbumerios,
whi ch are | ocated near the center of the beam are
whathlsirg lohatasedeaBddwusentereobphe dmiant,ohetames iparticularly
small er region to than the beam di aneter which

hig." eOndsrdsult NS peRAY el roldMfdi Esectld OFelo ,
%ﬁg reproduction ngnaI gﬂ?%ges at a?%%ﬁin% Efq?ﬁiconvex

convex structures, 1403, even with a cycle at or bel ow
stEfigtiRen 1405 BHCh ane; localed mear pie FBLGH Of thk beam, are

reproducti on as descri bed above, higher density can
ndtebdy hilaregbd. Vedewshidee thélap tickl6comdnaties aasmaller region

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 Wﬂ:h a cycle at or below the diffraction
limit. 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.
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'15‘ t-H_r'-e‘s"hdInd- vélmu-é-r-of' Vtrhé“téhber-at u'r'e; 'at whi ch t he

optical properties of the light absorption |ayer
changes. <QOti cal Recording Medi um and Met hod foL

Repr oguci n reo f the Second_ Enbodi nent> The _
opltoi cgﬁ!‘ éﬂ)& @lngeruding grediNg pphsdift saspBdt icambediment
the 20 second enbodinent is for the purpose of

cantri@wi agsshyieate,r esdl aitlight abeprpidostlagerantlidi Geelerates
recording density with a focus effect of the |aser

i_m of
h@%@'ﬂggcond(}% ﬂgqjgp%déﬁng HPEh‘&aéoﬂv%%oét‘}'hn&r%%d v}}hr?cﬁ are

ment TR SUbStTars,
ght absorptiaon |ayer which generates heat b
I%bg‘b‘mﬁcﬁgwrlglbr Brruchialat | akgorphion danoexard g@mﬁmgs different
which are in contact with the |ight absorption Iayer

néa@ rizdnglimthia f bLtlee licht @b ilont Agart m&h@fsﬂﬁﬁrate and
| i ght absorption |ayer, on the substrate, and

nsm_ssion | ayer .havin
PO a8l LSRR By YRRy ?aﬁimﬁ%anﬁpamn%r@ﬁ@ve
convex structures, wherein the optical transm ssion
to éb@rrepgo‘iﬂé@lﬂlgehgbh ophdeseamivoesiafuct weesg ovivenein the optical
structures and is forned in approxi mate hem spheric

tfddhishtoit 14y eris appYRdash TheRlFhe 68 TRE Sk J%El %ruk?tﬁres

optl caI recordi ng nmedi um of the second enbo
i.n filmfor 2{?81‘ ?ﬁ{a substrate forned

agﬁl@ 8“?& St ARRroFmate e@' OThsor ption | ayer

1503 in formof thin film convex structures 1504

whi chFhee Rh sbowsctami éxempéaty gtimpbsioion i afh thay esptical

and an opti cal
recording medium of the second embodiment. 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 1501 is formed similarly to the substrate 1301 in

the optical recording medium of the first embodiment. The buffer
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1-5‘ t ransm esi”on 'I'ay-er 1505- are stackedont he buff er

| ayer 1502, wherein the optical transm ssion |ayer
1505 is applied on the surface of the convex
structures 1504 and its vertical cross-sectional shape
IS in approximate semcircular form Each of the
convex structures 1504 is separated on the nmedi um
surface as shown in the figure. 20 The substrate 1501

1a3re3' i%ﬂﬂ i%HH bBth ¥9nd i?{o?ﬁ?é& sfnflarPP 1ol J,Be hier r11aye1'

tical recording mediumo e first enborrrent
ffer 59 |ayer 15Q2 in faogrmof thip fil or med
1355&%% 9ptleat FReos TS e of thefirst rEE @weaﬂnd the
recordi ng nmedi um of the first enbodi nent and the
lighit gilisoapsionpliaiyen 15082in I668 ofntHiar filrafistformeld $imilarly to
formed simlarly to the light absorpti on |l ayer 1303

th heiRb bRl 180" HHBAL WA WBBordin i Bling.of the

t1 cal NSt ssron
oxi des, nitrides and fluorine conmpounds havrng hi gh
first amhedimemte relative to the reproducing |ight may
be used. Exanples of oxides include SiQ2, Al12Q3,

Bi Al EBr tBieCeflichhZtnsaivkidaAGer 60| @6des, Rifridseand
10 include SIi3N4, AIN and Si ()\I Exan'pl es of fluorine

ounds n CaF2 .a
3R B BUR PGP R T PEal Kk GAFSEIET A e lptives dp the
according to the height of the structures and it is
repetduging claight anapr be abends t Bxamaplght oHoxides include SiOs,
structures. If it is less than the height of the 15

AlsOS, UHinIes, Bfeect@esr,att@g,fgﬁm LR 405 e M ARBIAR’ o OhfBrides
cor'r espondi ng to

include SizNy4, AIN and SiON. Examples of fluorine compounds

include CaFz and BaFs.

Meanwhile, the thickness of the optical transmission layer is
set according to the height of the structures and it is set at least at or
above the height of the structures. If it is 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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structures- If it is too thick, |onger manufacturing - :

time is needed, leading to cost increase. In the

nmet hod for reproduci ng of the present invention of the
second enbodi nent, the optical recordi ng nedi um of the
second 20 enbodinent is used, and a light is _
irradiated to a stacked body of the |ight absorption

| ayer 1503 in formof thin film the convex structures
1504 and the optical transm ssion |layer 1505 fromthe

ophisadikssih layen IB054id8 drdl e dRPReS! ﬁ?ré’ﬂ‘sgctEHQi%:ht amount
changes in reflected Iight anobunt "is detected. Fl

; a agpl ¢ of the nmet hod r reprodycing of .
BRLalL A ERE AR Beb's 10 SRERG ofodier BeCha dotaep g ucing
of the second enbodinent, a |aser beamis injected

ofr the t9pgondnemboslinrendct UneshéSovethodefoas repwmducing of the
FIG 22. Meanwhile, No. 1601 in FIG 22 shows an

deebAgt icdhsineaid 09 qasépebéﬁerisbqﬁ@cté@ ﬂl)ﬁ%gﬁhgo%onvex

for reproducing of the present invention o ) bed
econd e | mept, injected er, beamis absorbed in

TRESTgR [5G St peohraperm 185 2y cMrgoeriale] Bt 1601 in
absorption | ayer 1503 to 10 generate heat. Because the

Bl 28 khowarsmigjectionl diyectidb@f the Iaber bepi. cal _
recordi ng nedi um of the second enbodinent is forned in

02 8 BTSN BENEL i8R Bon of e
SFEORr PREPO BERLodDIFLbholired bansuris cxbserbednonnthar light
the figure 15 The focused | aser beamis absorbed in
dhserpiight lahsonpoBoralisitey the03ight absorption layer 1503 to
generate heat. Because the optical transmission layer 1505 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 coefficient
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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rand particularly'thé'light ébsdfbffbn fayer‘hééf”fhérmJ"mwwwM

convex structures 1603 which is located in the center
of the beam generates heat. The optical properties
such as refractive index and absorption coefficient
are changed by heat generation. Meanwhile, No. 1602
i ndi cates a 20 changed regi on of optical properties in
the |light absorption |ayer. Because the optica
transm ssion |ayer 1505 with its vertica
revoeding aakedomal ofhape &wiond senbedintentar the fhicaposfdet is
on the optical 61 recording nedium of the second
. | fren the . ect i i nacreased. And.the
irETBREILT il TS, A, IBR b oem P EREFE o064 M8G5 04
a_cycle at or belowthe diffusion |imt is increased
wWiih tehecychuprlr oredelaw i bire rdiffusdomi hapisf fedncrearedd byy the
the changes in optical 5 constant in a smaller region
sdﬁanréda@uﬁsaniecﬁ&a%?ﬂf \é@fe@h_ca%@aeﬁﬁ%escﬁ@n%égﬁ in optical

convex structures 150 as simlar to the net or

reproduci ng the optical.recordi ng, medi um of,_t he second
RS i CEaTCRIT T B 1R8] (R HARIRSET  Sriich

Reproduci ng Thereof of the Third Enbodi nent> 10 The
carpéespaids ecthacomvarestiruet wiest W) fraassimilanve thée anetbiod for
the third enbodinent is for the purpose of increasing

reg;gﬁdﬁﬁﬁf?gf %@egtiésmé&dm%@%@% %f‘éﬁle‘él%céﬁ&‘% bBnkdht.

ditiom to the purposes optical ‘recording-
<QpticahNocorging NodBun.anaereod HoF dtrmoamon  hareo of
15 conposed as such that the convex structures are in
thepPhied Bailodiment>

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 is
composed as such that the convex sftructures 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 quality.
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col utmar forns and -di anet er- of the convex structure .. .. .

changes according to recorded information. In
particul ar, the convex structures are preferably in
approxi mate columar form In order to inprove signa
quality, the end angle of the convex structure being
20 al nost vertical, in other words, being close to
cylindrical formis favorable. If the end angle of
the structure is gentle, the adjacent structures are

connecirRy, 28 ok adegkadpgySt@D %{iehtg Ut iey op Bi2af h-g%ording

23 shows an exenplary top vi éw of e optica
regordin nedi.um ¢ ositian of the third_enpodi nent.
FRAPE BmbiGdn Shdheabhirda crbdiiglor pbit oRFavs, 1701

1702 i ndicates a convex structure, 1703 indicates a

 adatatesfa dightcabsoeptionr lgtarr 9 02nimditsfska dioneeki eiftuchure,

1704 indicates a recording track and 1705 indicates a

P e eh&icals bh gy(t;l% 08y £&e %.Bh%%;'Ht‘fucﬁni%ssltna%kflgatcf]{edirection,

conmposition an e material of eac ayer o
fﬁfé cal. recordi ng medi um of the third enbodi nent are

atgs appgerapegrackmnd d0paadienteg ardinmebsr of the
the first and the second 1o enbodi nents. The convex

whnvestsirestukd02 in the optical recording nedi um of
the third enbodi nent are in approxi mate cylindri cal

form ml lie . cony structures 1702 in a
track o é: g%atcﬁ&%rq cl:ogl Bé%g%ogln?pﬁmeem&%gﬁ{fﬁ&tl%%ci Laeyer of the
convex structures 1705 changes according to recorded
apiss recppdin gl ;e diumm of nigren dhindo prybsii orbndi are dhet swme as
present invention of the

that of the optical recording media of the first and the second
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 changed 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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third enbodi nent, the optical recording nmedi umof the
third enbodinent is used, and a light is irradi ated

to the convex structures 1702 of which dianeters have
been changed according to recorded information and
the changes in reflected |ight anmount are detected 20
corresponding to the cycle of the convex structures
1702. An exanple of the nmethod for reproducing the
optical recording nediumof the third enbodinent is

tahoisw ofi thé GBticad AcandlindBrefiim AHAFIGOVISIBAshéwstch@anges
view of the optical recording nediumand FIG 24B

PR 100867 o0 481, CELS, o8 B, 1702

_Structure, 1703 indicates a cycle of the convex
inghiegleasu resomyRK StoUcturdi clafQsk indiadex 2 laych @f thB convex
1811 indicates a 5 reproduction signal |evel sanpled

stFucfudsnand 1/7041Hi8d 4 Rehdat €k FIQ. SABAETT Mlicates a
signal level sanpled at a timng H In the nethod for

duci th t,i cal di .red| food hird
RO Ho el AEU e <€ B BFHEE dyapel it dietes o
mul tiple-value information to the changes in dianeter

regirotinetioorsignal lev®l sampledrasa titheng #.1 ected | i ght
anount changes depending on the dianeter at a timng

when fthend a58hoBeRP dedrbfubitg ARNbEFics r Jbﬁ'dﬁ??éygéﬂiium of

structures 1702. As shown i1 n figures, multi-va

i nfor.mati o relating to the changes,in di aneter can !
t tﬁ%@ﬁﬁﬁﬂ?f@éﬂ&&ﬂ& @naqeq)@@lag 1§h8ﬁ§f€§m&% 3@&@@%@@% the

(sampling) the signal level at a timng of the 15 ;
meN tpte-ohlud énfoonvetios ttouthicichangZ®3n daindeteesell the convex [

I mprovenent of
structures. The reflected light amount changes depending on the
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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recording density can be achieved by multiple-value .

recordi ng. <Optical Recording Medium and Met hod for
Repr oduci ng Thereof of the Fourth Enmbodi nent> The
opti cal recordi ng nmedium of the present invention of
the 20 fourth enbodinment is for the purpose of

i nproving the recording density by smaller track
pitches in addition to the purposes of the optica
recording nmedia of the first and the second

enbodi THB §ptif4l Tedb1iAR! bfliube G thd Foleth WhBhdiNEnt is
fourth enbodi nent is conposed as such that the convex
structures are.in,apppoximate columar form and the
SumpaRed | fo iR dbal cthe, RONFSs ELTREERERP AlPr HhERRRRKImate
(arranged to trigonal symetry) on the nedium surface
eolumnaidi foron wadt libe ccoposi tstoncifresharepin cal close-packed
recording nmedia of the first and the second

8 ' 4 ti Culk t ruct e I
SRR (arRnl ot Sinal NP poe oA, flfface
to jnprove sjgnal quality, the end angle of the _
Hbﬁ\&‘é;:ag%lr%{da? Compesiongphbhe apsicalcrgeorflingmmedia of the
words, being close to cylindrical formis 10

fiastoraad e thé f stéen@ndmbadigedltst heIst paGtieu®ad S the convex
gentl e, the adjacent structures are connected,

r.adi ' bity., H.G, 25.shows an
ekt B AR MR AR T s
conpositjon of the fourth enbodinent. In FIG 25, 1901
FmprQve signgl| qumityaber end engleyadrthel goavéndtontoses being
convex structure,
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 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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15 1903 i 'ri'd'i caf es- a' cyc'l e of the con'v'e-x- s-t ruct ur es in

a track direction and 1904 indicates a virtual grid

poi nt of close-packed arrangenent (arranged to

trigonal symretry). The stacked conposition and the
.material of each layer of the optical recording

medi um of the fourth enbodinent are simlar to 20

those of the optical recording nedia of the first and

t he second enbodi nents. The convex structures 1902 of
cdrtstanpt dahe texc or Miorgovere dthem @hvielke stuotuleentBOR nert in
are in cylindrical formand have a 65 constant

tr, LeS.19 [ .
S g S S
symretry is conposed of grid points with or
cqmﬁ%ﬁﬁ Oif rgél@ aeks Jrithcen mashanhthe gansied sructures 1902
recorded information. 5 In the nethod for reproducing

a®ortihes oy esertednvnésimatioaf the fourth enmbodi nent,
t he opti cal recording nmediumof the fourth enbodi nent

IS usg and i s iyradiat to the, conve
str uctnuFlées m %(5’21 ?Oor repe é{}{?&%g rﬂfet(jﬂ pP‘éeSteP&cll?ge Btion of the
si nul taneously and the changes in reflected |ight

fozmbly nembo difaead: ethec oyptaesdonrdiconding whediayu| of othe hfourth
10 convex structures 1902. FIGS. 26A and 26B show an

erBkadihEnPis LBEd"BhACALLDE is iERIAdHS B9 tRE Jo'ﬂ%e;{%fﬁ&ures
enbodi nent. FI G 26A shows a top view of the optlca

rdin di um FIG 26A, 1902 shows onv
194 o rep fodiegom tyagks pungfeansotelnsod the ceapees in
and 2001 shovvs a
reflected light amount is detected corresponding 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.
Simultaneous reproduction in here means a plural number of convex
structure lines are contained in a beam diameter.

It is preferable to reproduce three lines of the convex structures
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1s Iaéér béah1 Nbanwhiié' FIG. 26A shoms convex"'” T

structures of 3 tracks. In the nethod for reproducing
of the present invention of the fourth enbodi nent,
the lines of the convex structures in nmultiple tracks
(at least two tracks or nore) are reproduced

si mul taneously. 20 Sinul taneous reproduction in here
nmeans a plural nunber of convex structure lines are

sEAN IRkt ’f‘nb%a”i'éihﬁg'atcﬁ{'ectﬁn' $sPToR R0 £ tng} 26B.

reproduce three |ines of the convex structures
i nul,t aneous n a radi us, direc n as shown in FIG
pRbLt BHGR aet ot fgfeatet Liumple Bty dimiBanmh. df Cab, ete.
timngs AL B, C, D etc, of the cycle of the convex
of theicycleasf 10D riveostruabkredi 1903 imn. trEtEdi 2aBiGhows
changes in reproduction signal level. In FIG 5 26A,

200! FIg 9B Sndyh SRS thaR LAtk e PRTRY 1 EFIG.

a timng I cates a signa

| g D. The nunper of_ the structures contai ned
2B, g0 11ine

patgsamrepraficsiorp senal Havgesampded ajta timing A
timng A 6 at timing B, 5at timng Cand 4 at timng

aRd sl Zindiestdd a sigfdldevelsdnghéd amuammg Bhamadnumber
When a signal is sanpled 10 at a timng of the cycle

OBl RECABAYEE ASHTAY 57 1BR ek BFEM RRGRIE o, pees

structure nore than once. By detectlng one convex
agflrafctigriagndr € atHamingds,5 at stoiue € anddr awtinomg D. As a
corresponding to the arrangenent and presence or

r%d;iriltelngefi‘lélfteﬂ heglst hutduiites Gpndal.dewaidt Redghy] ¥$isBthpled
at a timing of 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 determined 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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15 response maxi nun |
above, by arranging the convex structures on the
medi um surface in cl ose-packed arrangenent (arranged

to trigonal symmetry) and reproducing plural nunbers

of structures sinultaneously, higher density due to
smal l er track pitches can be achieved. 20 <Optica
Recor di ng Medi um and Met hod for Reproducing of the

Fifth Enbodi nent> The optical recordi ng nmedi um of the
fifthe perbiodimaartt idoofthehpurpdsd iof thepeotadinge multipleotracks
t he purpose of reproducing nultiple tracks

S| i hi cura -J-
siglyta hBOEONS WL & hBl g EE e BBty Byt o the
pitches in the optical recordin medi um of the fourth
PerRAsEi Abmrodycing smplien rack mhgchﬁst i diher epeal mgeording
medi um conposition of the fourth enbodi nent, the
medies of tHe frusheBodinisies.ures are di sposed every

"n" lines (where "n" represents an integer of 2 or

nore)r i n.a.,.radi di rectiion of. the optical recgrdin
o 1 B8t 8 g Oreh Rferdine § odR Sombfshion AF the
exanpl e of the vertical cross-sectional face in a
fonzth @l digeentorthef linhe withi salconvesradirngturediama disposed
the fifth enbodinent. In FIG 27, 2101 indicates a
ev_ﬁalf?_s‘tﬂ”ali%eszav@ﬁefendhz%ﬁ%e@ent@uéﬁq{nth?ﬁrﬁ 2 ¥3more) in a

indicates a |light absorption |ayer, 2104 indicates a

.St t , ..2105 j.ndj t tical
raﬁ?ﬁ%iﬁi‘lé%qrtg}% |ur3 e‘:h%napilzlgai C?ec%srd%]gogné&%m of the fifth

embodiment.

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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15 2106 indicates a track pi tch. Thé-cthék“sfrUCturéé'MUMMMM“$$MMHh;

2104 on the surface of the optical recording nedium
of the fifth enbodi nent are arranged in cl ose-packed
arrangenent (arranged to trigonal symmetry). And the
lines without the convex structures 2104 are di sposed

every "n" lines 20 in a radius direction of the
optical recording nedium The lines wthout the
convex structures 2104 are preferably disposed every 4

dtriBfures 2 10ALAK A edist fn tf’a(fi&dad Qrfe SNPNA b E! Ghe %énvex

the convex 68 structures 2104 do not exist 1nh trac

and e. erefore, the conyex structures 2104 on the
SeRPGuEs I S0 OhE ok iee e anelcheat GReamedivm become
unevenly dense. As a result, when the optica
tneerty sdewse.| ajera 2505t whiear bkel, optégilotmtsmbsaiidl ldyer
whi ch are dense with the convex 5 structures are

3 i - f r re forped . he
POFIELothLd, s I b0 A0 8 HEPEE Sl ¥ conves
scarce. Wth the _conposition as described above, it
StEupfaaes e eveednatle shef Bimt andkgrogveatare formed in the
predet erm ned spots, thereby achieving higher density

roigidhs amahbes whaek thet €diBse 0¥t RRLPEH GirBOsdirde 8l With the
nunbers of the convex 10 structures 2104

. Qusky. bn met.hod_for.. repr pduci of the ..
s RORAAAR sl Y i 25 PRORI R i stiithor (racking
optical recording nmediumof the fifth enbodinent is
ats &d pradeterminednepots, e therehyd uchde wingu lhigheo udd nsityndwith
the reflected anpbunt is detected.
smaller track pitches by reproducing plural numbers of the convex
structures 2104 simultaneously.

In the method for reproducing of the present invention of the
fifth embodiment, the optical recording 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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fifth enbodinent is shown in FIGS. 28A and 28B. FIG
28A is a top view of the optical recordi ng nedi um and
FIG 28Bis a vertical cross-sectional view of the
optical recording mediumin radius direction. In FIG
28A, 2104 indicates convex structures, 2106 20
indicates a track pitch and 2201 indicates a | aser
beam In the nethod for reproducing of the present

ahdwent A pusbfpulianetiidd br ditfosintedl puslirp DAt Kod is used as
structures 2104 do not exist in tracks a 69 and e. A

p I d kfferential. push-pull thod.is
sBURIGHE ' wISbEAC, O SRRl gl BYSRRHaCREAE bR une
reflected light fromthe groove regions a and e is
gHavecregiony pavdoe ds @@éem%cw iphodp\digde whicht isodwiided in
the track direction to produce push-pull signal. The

two PRI WHe $k802! dirscHBhi 86 dpAsiiid %fdﬁ-pﬁilg'%?éneﬂf The
tracking servo. In the nmethod for reproducing of the

fifth.enbodi,nenf,. a | aser beam.can, be tracked
plih ] BAL R AL 55 Sl oD ER A BE R RN E AT Y- by
produci ng push-pull signal fromthe diffracted Iight

or r el ébe egefliaghfor fappoduonvexf she difihreembodiesent, anthser
e to reproduce 3 lines sinultaneously. 10 By

b&SR! QALES R A Alla PEReS hCortex UG UERSre Tines b, cand d by

si mul t aneously, hi gher ensity by smaller tra
Ijches can be_achi eyed. 1{£%ne hod for. janufacturing,
p q#él%agirb%ff%'iﬁayo?@r\% tramm @#%fr@%dp]ﬂéhﬁﬁf reflected light
invention, for exanple, at |east contains |anm nating
from cofiveshstriztaskHaebadynd & thatepedd ate 3 1sndiséin@iiBal¥ously.
at least lam nating a
By reproducing plural numbers of structures simultaneously, higher
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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15 rI.i ght -. ébsor ptlonlayer ‘i 'n f-or mof thin fil fn.an.d a

thin filmmterial which forns convex structures,
recording in which recording of information is
performed by irradiating a light to the stacked body
fromthe convex structure side, and convex structure
formng in which convex structures are forned by
renmovi ng unrecorded regions, and 20 further contains
ot her steps as necessary. The |am nati ng and convex

St UCtTHE n HHIANG rIBPmRE g RBIA %lﬁﬁgfox?%iigﬁgic%dtﬁ’odi¢gnrclude

nmet hod for manufacturing structure. e netho

formng thin fil f he stacked body. i ncl ude .
VAP BT & 25 g Bumis tHeR 1o T L 253 Ph demRs Haposs R RATine,
sputtering, plasma CVD, optical CVD, ion plating and
wheuta 6V BeaptieabfdThtionnplatig tihdseectiput b&imyaporation.
excels in ternms of mass productivity and film 5

Apahily.- t ?q£$ LR PR geturing the optical
recor d%[’nagﬁrre%?ﬁn 0 8g‘ihfclaﬂptreesent‘ﬁiEr‘llvgﬁt oorﬁi,hcltp%% and film
({Joslsi ble to form m croscopic convex structures in

“aﬁfbté’ area w thout mask. Exanple 10 Herein bel ow,

with referring to Exanples, the invention is

expl aiByethé meatbiodi for ansn th:theld L 8p B¥ATR @3 dstP W ¢lium

not be construed as limting the scope of this
dfnﬁfé‘ﬁigggené %@@%H%Péa\i}%sn%ghs%ﬁé P E‘(g)rrl{ln Irt]quI'SotsE:g];():llcu Egnvex

was p uced ‘as
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 modulated 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 1mTorr

and input power of 200W using an etching gas for oxides, CFs. The
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2) The nmedium for formng structure having a
conposition as shown in FIG 1 was used. The |ayer
conposition consists of glass substrate, Ge and Si O\
The filmformng condition of each |layer 5 was as

shown in Table 1. The structures were forned on the
medium for formng structure as follow. The

structures were forned by light irradiation (FIG 4)
rdgbhevetthery thao hthrg (HalngedS regidbrisadbgr 1eamitradidiiahi @rere
apparatus as shown in FIG 12 was 10 used in |ight

rdihib 1 B 1000 TN JPREE BEAERI,A0L Bhigon apparat us 61

was equt pped wth a sem conductor laser. The | aser
waveIangth was 405nm and NA of objective | ens was

0. 65.The |siguetweanmras farmadiibat dhet abevr progedurésr The
form ng structure as shown in FIG 1 froma substrate

crb@8-sectional BRapa S thRWtsGcia® s PaY hatddwaY iR HIse13.15The
nodul ation unit 62 as shown in FIG 16. The power

R A B e LB AP e
mediumwas rotated by a nediumrotation wunit 64 at a
changad mggipeedrashanahy withouthdetyg | etchedarigedormgiconsex
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-Si02, AgInSbTe and ZnS-SiO..
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-5i0;z 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 béam 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

in FIG. 2 from an uppermost layer, ZnS-S10; side. The laser pulse
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the above 20 procedures. Etching was perforned by R E
nmet hod at a pressure of InmlTorr and input power of
200W usi ng an etching gas for oxides, CF4- The 73
regi ons other than the changed regions by | aser
irradiation were renoved by RIE nethod to form
structures 204. The structures were fornmed by the
above procedures. The cross-sectional shape of the

%%Uﬁbﬁ'iﬁ‘éte‘fpﬁyaac' 18800 A 1Bk Bn 21%11: B%®as A1 rJ;Ct uﬁ‘?é 16.

had a cycle of " 500nm and a si ze arrgter) 250

e changed ions repmi ned w thout being etched to
%EP:HOEW e g’qméﬁlﬁnég‘/ apehddemas By Whehapulsenwideh T was
form ng structure having a conposition as 10 shown in

FiBec? thas puded.cythe S ayes 100108, bind theNSuEeS dofty g)ulse
pol ycarbonate resin substrat e ZnS- Si 02, Agl nSbTe an

AN o) VB! ™, SROGLE s o bR Empiion

on the medium The |ight absorptl on rate of ZnS-Si Q2
ratagiongynit Gh\adl 2 rgtating suesdneind@Sne/sec10The dficlikhehanged
structures were forned by light irradiation (FIG 9)

fe@liboV3A2Dy e €4 Ehined (dd BnSt810, Al ﬁ%ﬁ%rﬁleﬁr?eactmn lciayer by

|rrad|at|on apparatus as shown in FIG use

1&*1‘%@ Iagir{é ts!.ecl)-npul-gg %sl Hown 1na£ﬁ]d 16 dl at I on

Etching was performed by wet etching method. An etching
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-SiOs, AgInSbTe and ZnS-SiOs.

The material, thickness and film-forming condition of each layer are as
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was equi pped with a sem conductor | aser. -The | aser
wavel engt h was 20 405nm and NA of objective | ens was
0.85. A laser beamwas irradiated to the surface of
the mediumfor formng structure as shown in FIG 2
froman uppernost |ayer, ZnS-Si 02 side. The |aser
pul se 74 was nodul ated by a | aser nodul ation unit 62
as shown in FIG 16. The power |evel P1 was 4nW and
P2 was 1m/N the pulse wdth T was 19nsec, the pul se

skeywheirSTadde P141ERe lighyd abberpids aadetof LaSHSIO; at a laser
wi dt h/ pul se cycle) was 17% The nedi um was rotated by

' ion it, 64 at a rotating speed of
wgygﬁggégh%¥ﬁg%%%€?ﬁﬁ%g% ﬁﬁéd regi ons 30% mgre f or med

on ZnS-Si 2 as a thermal reaction | ayer by
irradiating the | aser pulse as shown in FIG 16.
Et chi ng was perforned by wet etching nethod. An
etching solution 402 was a hydrofluoric acid (HF) :
solution (HF: H2O=1:2). The 10 nedium was di pped in _ :
the HF solution for 10 seconds and structures 403
were fornmed by etching with HF solution. The
structures were forned by the above procedures. The e
shape of the structures was an inverse tapered shape 3
as shown in FIG 14. The structures had a cycl e of 2
400nm and a size (dianmeter) of 15 250nm A SEM i nage f
of the fornmed structures is shown in FIG 17. The
uni formy shaped structures are forned on an nedi um of P
large area with a dianeter of 12cm (Exanple 4)
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The structures were forned by light irradiation (FIG
9) followed by etching (FIG 10). A |laser beam
irradi ati on apparatus as shown in FIG 12 was wused in
light irradiation. The | aser beamirradiation
apparatus 61

0 a

On.0a O0qgO wP6 N Fp€F 000 G/Fww
adi
r

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 from an uppermost layer, ZnS-SiO: side.
The laser pulse was modulated 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-Si02 as a thermal reaction
layer by irradiating the laser pulse as shown in FIG. 16.

Etching was performed by wet etching method. An etching
solution 402 was a hydrofluoric acid (HF) solution (HF:H20). 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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5 was equi pped with a sem conductor |aser. The |aser .
wavel engt h was 405nm and NA of objective | ens was
0.85. A laser beamwas j'. irradiated to the surface
froman uppernost |ayer, ZnS-Si Q2 side. The | aser

pul se was nodul ated by a | aser nodul ation unit 62 as
shown in FIG 16. The power |evel P1 was 5nWand P2
was 1.4mW the 10 pulse width T was | Onsec, the pul se
cycle S was 58nsec, and the pul se duty (pul se

e-dEh{Relis 8 Ho%Al §a PP 1% TEQ%Mﬂwg@p%%cggg#ﬂupgs are

a mediumrotation unit 64 at a rotati

f3' 5m sec. Thg. ch ed regi ons, 302 were forned on
oRaed o aguediymoilaree @aea vith 3 diamebsy ok i2emat i ng
the | aser pulse as shown in FIG 16. 15 Etching was
(Hxmfopees) by wet etching method. An etching solution
402 was a hydrofluoric acid (HF) solution (HF: H20).

e o B8 b e85 A 1AL RRO Blorl R shoven in
wth HF solutjon. The structures were fornmed by the

vE? prasceepsiuced. The 20 cross-sectional shape of the
structures was a vertical shape as shown in FIG 15.

The sBolgédrtRnatadwasciséd £f S3GRAMErial M ahtuRiira®Onmo1
and a size (dianmeter) of 200nm A SEM i mage of the

R Rt Ui o oo are formed on a medi um of
| arge area with a dianeter of 12cm (Exanple 5)

ZnS-5i102 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 SiOz 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-Si0z 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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An optical recording nmedi um having a-conposition-as

shown in 5 FIG 19 was produced. Polycarbonate was
used as a material of a substrate 1301 having a

t hi ckness of 0.6mm ZnS-Si 02 was used as a material of
a buffer layer 1302 having a thickness of 50nm The
filmformng was perforned by sputtering 10 using a
sputtering target having a conposition of ZnS 80nol %
and Si02 20nol % AglnSbTe was used as a material of a

spaghrimbaarpéi dnviageh céaipbpdvhnef AP SbRRIR @hd SiO,
20nm ZnS and Si 02 were cont ained in the convex

tur 0 an of the,co :
Qoo R Dishicihsbtion TonS 205 e b0 BRATngHTe with 2
absorptl on Iayer was 50nm and a cycle in track
thickoess off 20308. wds tRO0Mm 104, mehicbdiofrors nemudxasturdtnges,
t he above optical recording mediumw || be described

whsf Bhldensf ¥ FES, vwith 10 (Adnkfs & 58hm. ea@iie' %ﬁrfo‘fﬁﬁng

formed in | am nation steps as shown in Iagram
of FI substrate 101 was nmde of oI ycar bo ate
wagspprio ZPP§5§ by, spadterdng usng %Lﬁméttet%ggertatmt iRg 2

a thickness of 50nm The filmform ng was perforned
cdmpegptiidrerefh@nfSi 80wl %7 Sasdpubi@s | 2@mbiteget Thavispaitéering
conposition of ZnS 80nol % and Si2 20nol % A |ight

R O chL Sy Pt R ABURRTE 443 s
teslrfqr)gfattlljlrrg S:’;111d argon atmosphere as a film-forming atmosphere.

Next, a laser beam 301 was irradiated from a thin film side,
which forms convex structures, to perform recording of information in
a recording step as shown in middle diagram of FIG. 9. The
wavelength df 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=0.7TmW. The pulse width T was set at 15nsec. and
pulse cycle S was set at 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-Si0s were removed to form convexity. No.

401 indicates recorded regions of ZnS-SiO2, 402 indicates an etching
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filmformng 5 was perfornmed by sputtering using a
sputtering target having a conposition of ZnS 80nol %
and Si Q2 20mol % The sputtering conditions of each

| ayer include roomtenperature as a filmformng
tenperature and argon atnosphere as a filmform ng

at nrosphere. Next, a |l aser beam 301 was irradi ated from
athin filmside, 10 which fornms convex structures,

BhDeah T NdieL@sdh AT o i hilnBf Qﬁﬂﬁti(in? nﬁ% 4G4 rfpﬁg&ﬂe%g convex

step as shown in mddle diragram o

el.ength of. the |aser am used for recordi ng was
%ﬁﬁand paxe lﬁPrJé’rti“?:%PP gﬁg]F?ﬂP%rléfa%@)J‘fgﬁ)i&%P wager (H20)
was 0.85. Recording was perfornmed by a | aser power

wasluksdd s @ ¢tbhatpvsolutiohl G0316. ATHOYW Alikitd @v®htion of
was nodul ated at 2 levels, Pl=5nWand P2=0. 7n\W The

i : at n - an ul.ge. e S ..
ISR Aol 485 W5ha " TROSET Bar B i g 1:20.
ycle) was 26% . The single-cycle signals of 200nm
@%P‘%C%émg medigyaoyas miglpn@@ encféxedsttghMm fanl@iseconds. It
shows an etching step. After recording of information,

vy ehendedshediwith whtdn Si R roe! SrcheAPVAH WeidPWikh dry
convexity. No. 401 indicates recorded regions of

- S 02,402 (.ndicat es;.an etghing .80 bath, 403
wfifiSiesny o 0 CRbER! KB GRRR BRAMNE Wik praT SheluicdRo was
ZnS-Si 02. A m xed solution of hydrofluoric acid (HF)
rapduoed by theiPw)ve proreduds.as an etching sol ution 403.
A 50%dilute solution of

The convex structures of the above optical recording medium
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
405nm wavelength and a reproduction power of 1.5mW. The
resolution limit cycle (A/2NA) of the optical éystem 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 resoclution 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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hydrof l uoric acid was used. The solution ratio, HF
H20O was 1:10. 5 The recordi ng nedi um was di pped in the
solution for 10 seconds. It was then washed with
water right after etching and dried with dry

ni trogen. The optical recording nmediumw th convex
structures was produced by the above procedures. The
convex structures of the above optical recording

medi um 10 were reproduced by a nmethod as shown in

150 Ghav2AA satllicRBBss if 16 mabj e@niS/BiDeRasWaddll as a material
nurmer i caI aperture of 0.85, a |laser beam of 405nm

| 0 of 1. The
of BEEHERILD-F 802 GRS 4 GliLRARO PR Opt%“?évweﬁs‘fs&a
was 238nn1 The _optical recordi ng nmedi um havi ng
magexias iof iaoHehs aénﬁ@mtlpn lpyer 159315awas aé:,hndctms@doﬂogmam
nmet hod as shown in FIGS. 20A and 20B. In other words,

ZaS! 4 e Simawére ack i REd finOMR & QBM P&x %Hﬁk&h%@sliﬁud d® the
detect the change |n reflected Iight anmount.

heiHEIOR B e GruplUe™ HEA gBie.EPner 4%@%%‘?@%@) ight

20 An opti cal recordlng medi um havi ng a conposition as
alsgegptionnlayEirGvaz17Gas poddacextle Anptiackadbectibe 1866 nwas
was used as a material of a substrate 81 1501 having

20041 CIeRs wis Qs AZR31ek32 oY ; %%ﬁ:‘f&ﬁ:}ag %Eﬁ()hqayer

of a buffer |ayer 1502 having a ness o
1585 Bavits Hackais ok T Gkmess of 2onm O

The method for manufacturing the above optical recording
medium was as follow. The method for manufacturing convex
structures was the same as in Example 5. SiON, which is the optical
transmission 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 sputtering 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 cycle
(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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ZnS and Si 2 were contained in the convex structures .

1504, and the 5 height of the convex structures from

t he upper surface of the light absorption |ayer was
70nm and a cycle in track direction 1506 was 200nm

Si ON was used as a material of an optical transm ssion
| ayer 1505 having a thickness of 150nm The nethod
for manufacturing the above optical recording 10
medi um was as follow. The nmethod for manufacturing

£ BBV & SNGVHIASFI@s28 heTg %Iﬁe?%vdﬁsﬁé%@hew%s ivkdd¥ated
1505, was

which is the optical transm ssion |ayer

tacked afi.er. prepari.ng convex structures. The film
é%’?:m'k”ﬁﬁ fB C?J]ertFaFlﬁ’é’dS nsE%-Y?"erSll §. torifieteet |ther shangg in
tenperature was set at a roomtenperature. Si was 15
refledtablight putoent.ngAt ar getult Thsignaef 200migeycle, which is
at nosphere was a n xed at nosphere of oxygen and

;{1&5}(!19 ?Qes&i‘ﬁﬁi&?ﬁ}ﬁﬁ% oﬁ“tlEHé:td&gg%iegE%tteﬁ? above opti cal

recordi ng nmedi um were reproduce y a nethod as shown

('gn FIRCI19 %2 usi ng objective lens wth nunerical
FRife/of 0.85, a | aser beam of 405nm wavel ength 20
and a reproduction power of 1.0nmN The resol ution
| i mi t Thec kenvéxX/stNigtuabst it colinidiadal ke VYRS 2338APd as
The optical recording nedium having a conposition as

] 2 r duced by 82 a.nethod.as
BRRAL ik ity 2 8nt Eh BRURANSBFartineg gL BRWIAE a layer
irradiated fromthe optical transm ssion |ayer side
comnpsiider migdecmangé the spufd avatarial gist famdimamphs 5a was
result, a signal of 200nm cycle, which is

produced.

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
objective 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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a cycle of resolution limt or less, was detected. 5

(Exanple 7) The convex structures in cylindrical form
were arranged as shown in FIG 23 and the optical
recordi ng nmedi um having a | ayer conposition made up

of the same material as for Exanple 5 was produced.

10 A recording cycle in track direction 1703 was set

at 250nm a track pitch 1706 was set at 320nm and

di ameter of convex structures was changed according
signal devedsamipdé drates itomind Aari FiGh 2didaamfel8 17 0hdibites a
convex structures was set at 250nm and di aneter was

s 'qugep¥a§1f§&¢%§§ai fediNg A9 Iﬁ@?aﬁ&%w' p Vg%% &g@gﬁﬁe to

ructures. convex -structures  of "the
optical recording nmedium were reproduced_ by a nethod
dgtecs HeRFoF Retrpsignals ahwlial sisnahlevtl cbieinge bedsstages
wi th nunerical aperture of 0.85, a |aser beam of 405nm

av@nrdiengs Rliandiard BpradhplihgnsipAwhy abfh dinbm of T cycle of
resolution imt «cycle (a/2NA) of the optical system

2 | A ;. 20. aj | ts. No. 1702
A SR8 MR SoiTon B o1 4 ardd fever

recording cycle and 1704 indicates a beamtraveling
wais reproduce db st he zampasitien civahtles mathodfoodeproduring the
signal level. No. 1811 indicates a 83 signal |evel

abavdb c@lr@()&-a{ﬁ%lgleﬂign FIG 24A and 1812 indicates a
signal level sanpled at a timng Hin FIG 24A It was

ossible,to detect reproduction signals of which
(Ig’fagq}ﬁfe E)evel s change by 8 stages

The convex structures in cylindrical form were arranged as
shown in FIG. 25 and the optical recording medium having a layer
coiﬁposition made up of the same material as for Example 6 was
prepared.

A cycle in 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 reprdduction 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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“according to diameters by sanpling signals at a timng

of the cycle of 5 convex structures 1703. Miultiple
val ue information of 8 val ue-level was reproduced by
the conposition and the nethod for reproducing the
above optical recording nedia. (Exanple 8) The convex
structures in cylindrical formwere arranged as 10
shown in FIG 25 and the optical recording nedi um
having a | ayer conposition nmade up of the sane

SRS 3 AkadSs. T OF tRERRRIF hﬁ% Y&h&al
trz;?L di%ecti on 190%@/\2@’%%@%‘9%%# émt%regcﬁ%lng'}lk%%eouﬁy
190 of convex

was. S at. _119nm and a dj ter
) Pﬁe‘m ’é’sﬁigoé?’wa s showpinEid: 364, siewuTers smpdad at
shows the relation between alignnment of convex
atmonigiofs cank sfapnvdnctirecturedisl3. | dvethisfhGe, dgnal levels
shows a cross-sectional shape of the nmedium FIGS. 26A

: ' e ium show ng the. . i
rel a%?g%@%%%gﬁo% gﬁ%@)‘? %gé%u%f{%’gg ¢ isﬁélslg%élﬁg s|cq0fgined in a
beam gj aneter. 20 The tracks (a, e) wthout convex

haam digmaetare 2804 sgdGed26Beshowa changes ws siboah levelh A
cross-sectional diagramof the mediumin FIG 27. An

giphil dvdlr20mITsdicated axseﬁndﬁibﬁzél@%n&ﬁmkﬁﬂ tiRidABS FIG.
steps at 84 every 3 tracks. 3 tracks of b, ¢ and d

00, AT EAHRY PSR i ERAT bt B e
timng of a cycle of convex structure 1903. In this
o G- ibdhal Ti;@x,emage conditions including from a condition A in
which 7 convex structures are contained in the beam diameter to a
condition where no convex structures 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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‘changed dependi ng on the nunbers -of- convex structures
contained in a s beam di aneter 2001. FIG 26B shows
changes in signal level. A signal |evel 2011
indicates a signal level sanpled at timng A of FIG
26A. A signal level 2012 indicates a signal |evel
sanpled at timng D of FIG 26A. There are conditions
including froma condition Ain which 7 convex
structures are contained in the beamdi aneter to a 10

(loeigiit t oD Bivhenaenize ool etradtine) WS aXfGimliNnTbrmed on a
shown). As a result, reproduction signals of which

.(ﬁﬂﬁl %Frggarcelgiange by 14 stages were detected. As
cscri Bed by arrangi ng the convex structures on
t he medi um surface in close-packed arrangenent
(arranged to trigonal symetry) and reproducing

pl ural nunbers of structures 15 simultaneously, higher :
density due to smaller track pitches can be achieved. i
Industrial Applicability The structures manufactured i
by the nethod for manufacturing structure of the
present invention are applicable for wide variety of
20 fields including biochips, photonic crystals and
el enent separation material of various electric
devices as well as the optical recording nedium
because m croscopi ¢ structures having a high aspect :
ratio 85 (height of structure/size of structure) are i
uniformy formed on a nediumof large area. s
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86 |- CLAIM5S 1. A nediumfor formng structure
conprising: a light absorption |ayer; and a thernal
reaction | ayer, wherein the |ight absorption |ayer and
the thermal reaction |ayer nake up a stacked
conposition, and the |ight absorption |ayer conprises
a light absorption material and the thermal reaction
| ayer conprises a thernmal reaction material; wherein

CLAEJnget hermal reaction | ayer conprises a m xture of
rial A and material B, the material Ais a silicon

conpound nmaterial and the material B is at |east one
selected fromsulfide material, selenide material and

fI1uor|A1m@@ﬂ@ﬁum@lrrfamhlxﬁg st?-ucIﬁ@ef@ﬁh ifRgf orm ng
structure according to claim1, vvhereln t he t(i{hermall

reactl on | ayer is dlsposed as an_ uppernost |ayer of
t Relghic RbgoxphbRRilaiyeT; amd conprises a materi al
havi ng a transparency in wavel ength of irradi ated

|90 erfia llﬁ?ch]@ ggg for manufacturing structure

conprising ration to a nediumfor form ng
structure
wherein the light absorption layer and the thermal reaction

layer make up a stacked composition, and

the light absorption layer comprises a light absorption
material and the thermal reaction layer comprises a thermal
reaction material;

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.

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.
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conprising a stacked conposition containing a |ight
absorption |ayer which conprises a |light absorption
material, and a thernmal reaction |ayer which
conprises a thermal reaction material, and etching
the mediumfor formng structure which is irradi ated
with [ight; wherein the thermal reaction |ayer

apnpr '&%ﬁe%ﬁ&%k‘rxﬁaﬁﬁfufa%ﬁ?ﬁié%tﬁx&ﬁﬁé@éﬁ?rﬁéir&r the
material Ais a silicon conmpound material and the
material B is at |east one selected fromsulfide
faghti airraskiaghode tat e i anesdiam| ufot ndorompEindstructure
material. 4. The nmethod for manufacturing structure

compf{S018, £ %5t Sels€d g QP RS P iR e A hEHle wi¥brption

st acked conposition, and conprises a material having

iayexawtlﬁ@m]spahegfsﬁiysdgla\/\h\geitea@tsbrgfclcbﬁrm@t@tr@ﬁl | hgldt a Bhermal

The nethod for manufacturing structure accor di ng to

any one of clains 3 ta 4, vvherelnthellg S
reachlianabma%cwha@h wmessgslmp@?%@tam%c omhangkerial, and
reaction |ayer side in the light irradiation. 6. The

: far f u . c
ctchif W B T VRSB0 UMD RO IO 16 7 acoc

the light irradiation is a |aser beam 7. The net hod
with floghtsnuf act uri ng structure according to

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.

4. The method for manufacturing structure according to
claim 3, 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.

5. The method for manufacturing structure according to

any one of claims 3 to 4, wherein the light is irradiated from the
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claim6, wherein a source of the Iaser bean1|s a. o

sem conductor laser. 8. The nethod for manufacturing

structure according to claim7, wherein a | aser beam

irradi ati on apparatus, equipped wth a sem conductor

| aser beamirradiation unit configured to irradiate a

| aser beamto the nediun1for formng structure, a

a égg{ LY it

upppBaTlet, BEER oM TEhAERN 'ndiBn AT, Big¥ 2, dRsl dieht
) ccarding to any one of clalns 6 to 8, mhereln t he
IrragdfigRi s rotated when a |aser beamis irradiated to

the nmediumfor formng structure. 10. The nethod for

manuf acturing structure according to 89 claim?9,

wherein a | aser beamirradi ati on apparatus, equi pped

0 2R S SR b e B SR gording 1

structure, a | aser beam nodul ation unit, a nmedium
any oteoforlaims Satd 5, sienéimdheclight inradiates! in the light
enpl oyed. 11. The nethod for manufacturing structure

irradf£Qbdi R0atidsedWeRRe Of clains 3 to 10, wherein the
etching is performed by a wet etching nmethod. 12. A

structure obtainable by the nmethod for rmanufacturing
structure according to any one of clains 3 to 11. 13.
The structure according to claim 12, wherein an edge
7. The method for manufacturing structure according to

claim 6, wherein a source of the laser beam is a semiconductor

laser.

8. The method for manufacturing structure according to
claim 7, 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.
9. The method for manufacturing structure according to
any one of claims 6 to 8, wherein the medium is rotated when a

laser beam is irradiated to the medium for forming structure.

10. The method for manufacturing structure according to
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“'shape of ‘a cross- sectlon of the structure is any one

of approximate vertical shape and/ or approxi mate

i nverse tapered shape. 14. The structure according to
any one of clainms 12 and 13, wherein the structure is
a convex structure fornmed on the surface of an
optical recording nmedium 15. An optical recording

claini®dl] UheeBPhi &1 Dser We AnBURTHHAIHBi0R éb?'&tra%h%()r@&h‘i’ﬁped
Iayer and a convex structure, wherein [

orpti | ayer and, the canvex truc .are
with 3 J8sBaoBaAnT HErafpation sitheo nfighrah et bridHiatey e laser
generates heat by |ight absorption and the convex
beamst tactthe isedmimcodoactfomming hestrughtirabser plaser beam
| ayer and conprises a different material than that of

modlﬂlé% o gﬂglkalﬁs%gﬂﬁﬁﬁg %rtloﬁmgn%l HAM%E%i h&TC&EE&tmg

orrre he et AUt act uri ng s ruct
accordl ng t.o any one of cI aims 3 to 11. 16. An optlcal
unit, 1g-¢mRAlageedi um conprising: a substrate; a |ight
absorption |layer; a convex structure; and an opti cal
transm ssion | ayer,

11. The method for manufacturing structure according to
any one of claims 3 to 10, wherein the etching is performed by a

wet etching method.

12. A  structure obtainable by the method  for

manufacturing structure according to any one of claims 3 to 11.

13. The structure according to claim 12, wherein an edge
shape of a cross-section of the structure is any one of approximate
vertical shape and/or approximate inverse tapered shape.

14. The structure according to any one of claims 12 and 13,
wherein the structure is a convex structure formed on the surface

of an optical recording medium.

15. An optical recording medium comprising:
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wherein-the 1|i ght absor pt ion | ayer | and the COnveX T

structure are disposed on the substrate, the |ight
absorption | ayer generates heat by |ight absorption,
the convex structure is in contact with the |ight
absorption layer and conprises a different nmateri al
than that of the |ight absorption. 91 layer, and the
opYy isedstiha@sm ssion layer is disposed on the convex
structure and conprises an optical transparency to
l'ight, the optical transm ssion |layer is applied on
tf?gqﬁhtf éogpthlhéaﬁéﬁi/é%ldstructur es and formed in
approxi mat e hem spheric form and the convex structure

i ;. tonwes dyridiereet hod for manufacturing structure
according to any one of clains 3 to 11. 17. The

crehEeus R 1gfe R ASRoIERA0 afd e e staucture

approximate columar form 18. The optical recording
are gispesedosothe raphstratg, one of claims 15 to 17,
wherein the convex structure is in approximte

Cythien g 1o kh biseh-Br AN 13y3 t - -
e DR 13y RepEEaPls I LW Fkht absorption
19. The optical recording nmediumaccording to any one
and otl‘%"e GO TR 1HTUStEge WhaleicontRet cwiitRx ther lightr ahsorption
in approximate cylindrical formand is arranged to
layetr agdnaomsprisy ya odifféeensunfaaeeiof thin OfRAE3f the light
recordi ng medi um
absorption layer, and
the convex structure is formed by the method for

manufacturing structure according to any one of claims 3 to 11.

16. An optical recording medium comprising:

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 comprises a different material than that of the light absorption.
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20. The opti cal recordi ngrredlum ac‘cor'di'n'g“twd -a'n'y one - - -

of 92 clainms 15 to 19, wherein a track [ine wthout
the convex structure is disposed every "n" track

i nes where "n" represents an integer of 2 or nore in
a radius direction of the optical recording nedi um

21. The optical recordi ng nedium according to any one

layer9fané! HdoptPcd L t2AnsiRVsebA TRy iél'&hs?@‘é@ﬂpéh%e convex
Iayer conpri ses at Ieast one type of ement sel ected

Sb, Te and In tical recordi di um
structhdf aRe i Phise D ast B tieHL PN S8 T45aE O ABRE 1 1 e
convex structure conprises a mxture of material A
die mpitecadl tiBnsmessbirerisgterAissappdidd con thapsunfhce of
material and the naterial Bis at |east one sel ected

the cBhWé’fdtfd&%re'?%ﬁﬂ' gél’l{l%ﬂl aclgpxlrﬁifrﬁﬁé% }?é}ﬂne%ﬂgﬂdqform

compound nateri a he opti ecor di ng
according to claim22, wherejn t convex structure
and ¢ hﬁr. §RBVEXni ptLRetRFe Znks arfarmi bys. thpe smthad for
recordi ng nmedi um according to any one of clains 15 to

manwBctuirengi stradtufirbesicddyEing so dirspesedobelahas 3he 11.
substrate and the Iight absorption |ayer. 93
17. The optical recording medium according to any one of
claims 15 and 16, wherein the convex structure is in approximate

columnar form.

18. The optical recording medium according to any one of
claims 15 to 17, wherein the convex structure is in approximate
cylindrical form and a diameter of the convex structure changes

according to recorded information.

19. The optical recording medium according to any one of
claims 15 to 18, wherein the convex structure is in approximate
cylindrical form and is arranged to trigonal symmetry on the

surface of the optical recording medium.

20. The optical recording medium according to any one of
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claims 15 to 19, 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.

21. The optical recording medium according to any one of
claims 15 to 20, wherein the light absorption layer comprises at

least one type of element selected from Sb, Te and In.

22. The optical recording medium according to any one of
claims 15 to 20, 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.

23. The optical recording medium according to claim 22,

wherein the convex structure comprises a mixture of ZnS and SiO;.
24. The optical recording medium according to any one of

claims 15 to 23, wherein a buffer layer is disposed between the

substrate and the light absorption layer.
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