| MPRI NTI NG MOLD AND METHOD OF MANUFACTURI NG THE SAME Technical Field [0001]
The present invention relates to an inprinting nold and a nethod of

manuf acturing the sane, and nore particularly to the inprinting nold and

t he met hod of manufacturing the sane, capable of formng a fine pattern on
a nold surface. Description of Related Art [0002] Conventional ly, in
a field of nechanical nmachining and an electronic circuit, machining of

m cron-order is carried out, and during control, etc., of the machining, it
i s conveniNBRANTV NfenBO&AID tANDISEER VI i GF eMRANGHACHOREWET , THH Sd¢tE a
visible light, thereis alimt that only the mcron-order control can be
carried out. [0003] Meanwhi |l e, in an apparatus called a stepper,
machi ni ng of mcron-order to nano-order of several tens nmis achi eved by
using |idghtcbnielaectfbalbeam having a shorter wavel ength than the

wavel ength of the visible light fromultraviolet |aser or an extrene

ul traviol[etodijght source. [0004]

The present invention relates to an imprinting mold
and a method of manufacturing the same, and more
particularly to the imprinting mold and the method of
manufacturing the same, capable of forming a fine pattern

on a mold surface.

Description of Related Art
[0002]

Conventionally, in a field of mechanical machining
and an electronic circuit, machining of micron-order is
carried out, and during control, etc., of the machining,
it is conventionally general to use a visible light.
However, in such a visible light, there is a limit that
only the micron-order control can be carried out.
[0003]

Meanwhile, in an apparatus called a stepper,
machining of micron-order to nano-order of several tens
nm is achieved by using light or electron beam having
a shorter wavelength than the wavelength of the visible
light from ultraviolet laser or an extreme ultraviolet

light source.

[0004]



Meanwhi | e, considerable tine is required for formng a pattern even in a
case of the machining of the mcron-order. Therefore, the required tine is
further increased in a fine machining of the nano-order. In addition, when
the ultraviolet |aser or the extrenme ultraviolet |laser is used, a
| ar ge- scal e apparatus is required, thus increasing a cost. Further, the
fine machining carried out by el ectron-beam exposure and devel opnent is a
sequential machining, involving a problemthat work efficiency is
deteriorated. [0005nwhile, Meamshideraad ca teéckni que oégtiiarst erflimg a
mask pattern fornmed on a glass plate by exposure using ordinary |ight,
nanmel y phot ohithhogr aphyt €an decqgi venaasaacecorfventd erathieche gife tofe
ordinary fine pattern transfer. However, even when the photolithography is
used, thentechniqueldepentdseare foresolita are@iikieght,intduiss i hivokwieng a
problemthat there is alimt informng a fine pattern of nano-order.
[ 0006] increbmeat dén to £ope wddhihisigprobl éme i nanecentdyears,Im
nano-i nprint techni que has been focused, which is the technique of
transferrasdgitherf, nehpattehe onlarewtieriat tladert manstier edxtirkeea st anp,
using a nold having the fine pattern fornmed therein. OMng to such a
nano- i npruht reedhniguel aaefd nies stsect,ure birgeveral ltenpprantukeve can be
fabricated in large quantities at a | ow cost with good reproducibility.
[ 0007] required, thus increasing a cost. Further, the fine
machining carried out by electron-beam exposure and
development is a sequential machining, involving a

problem that work efficiency 1s deteriorated.
[0005]

Meanwhile, as a technique of transferring a mask
pattern formed on a glass plate by exposure using
ordinary light, namely photolithography can be given as
a conventional technique of ordinary fine pattern
transfer. However, even when the photolithography is
used, the technique depends on a resolution of light,
thus involving a problem that there is a limit in forming
a fine pattern of nano-order.

[0006]

In order to cope with this problem, in recent years,
a nano-imprint technique has been focused, which is the
technigue of transferring the fine pattern on a material
to be transferred like a stamp, using a mold having the
fine pattern formed therein. Owing to such a

nano-imprint technique, a fine structure of several tens
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Note that an inprint technique is largely classified into two kinds, such
as thermal and optical inprinting. The thermal inprinting is a nmethod of
pressing the nold having the fine pattern forned therein, against a
thernoplastic resin being a material to be nolded while heating this

t hermopl astic resin, and thereafter cooling and separating the nold from
the resin., to thereby transfer the fine pattern. Meanwhile, the optical
inprinting is a nethod of pressing the nold having the fine pattern forned
therein agai nstea kiaghtbocWdmwgitasidu biei ngathe Fatkerd ot ite be solded and
irradiating it with ultraviolet light, and separating the material to be

mol ded t hes eaf tareh t @otheneyrbaansfier1 tbe . fine pattern. [0008] I n
usi ng each inprint nmethod, finer pattern needs to be transferred on a

| arger mgtoeydel to be nolded. This requires a systemsuch as a batch
transfer systemin which the nold and the material to be nol ded are pressed
at once, a stepcké&epeatasystam iimphiehk t heekbhpriiie netlkod 1isrgepsat edly
carried out using a flat plate nold to thereby finally transfer the fine
pattern anl assulFsta@tenbavin® &lm@dge anead =8N e robkllera sy séeon char

exanple 3 see patent docunents 1 and 2). Prior art docunments Patent
docunent si 9009} iPed ent Tosurmend riba 1Japapese tPabgnti daiad pem Rubldifcat i on
No. 2005- 5284 Pat ent docunent 2: Japanese Patent Laid Open Publication
No. 2008- 13882sing the mold having the fine pattern formed therein,
against a thermoplastic resin being a material to be
molded while heating this thermoplastic resin, and
thereafter cooling and separating themold from the resin,
to thereby transfer the fine pattern. Meanwhile, the
optical imprinting is a method of pressing the mold
having the fine pattern formed therein against a light
curing resin being the material to be molded and
irradiating it with ultraviolet light, and separating
the material to bemolded thereafter, to thereby transfer
the fine pattern.
[0008]

In using each imprint method, finer pattern needs
to be transferred on a larger material to bemolded. This
requires a system such as a batch transfer system in which
the mold and the material to be molded are pressed at
once, a step & repeat system in which the imprint method
is repeatedly carried out using a flat plate mold to

thereby finally transfer the fine pattern on a substrate

having a large area, and a roller system (for example



Sunmmary of the Invention Problemto be solved by the Invention [0010]

In order to realize a fine pattern, a fine pattern needs to be provided on
an inprint nold being a master nold. In order to formthe fine pattern,
means such as direct drawing on a fine pattern formng | ayer by blue | aser
or electron beam (EB), etc., and etching treatnent applied to the fine
pattern formng | ayer after draw ng/devel oping the fine pattern on a
resist, are used. [0011] When such a drawing of the fine pattern is
carried oake psuanly dasemdmtradilatinah 25.perfornmed after focusing on a
surface of a substrate. However, when there is a scratch on the surface of
t he substkater manelyocnmzrcase of a | ow flatness of the surface of the
substrate, 4 focusing is adjusted to the substrate surface which is not
flat. In RBRhtsntasmciuheneési s a possibility that shape reproducibility of
the fine pattern is reduced when the drawng of the fine pattern is carried
out [0014]0009]

Patent document 1:

Japanese Patent Laid Open Publication No.2005-5284

Patent document 2:

Japanese Patent Laid Open Publication No.2008-73902

Summary of the Invention
Problem to be solved by the Invention
[0010]

In order to realize a fine pattern, a fine pattern
needs to be provided on an imprint mold being a master
mold. In order to form the fine pattern, means such as
direct drawing on a fine pattern forming layer by blue
laser or electron beam (EB), etc., and etching treatment
applied to the fine pattern forming layer after
drawing/developing the fine pattern on a resist, are
used.

[0011]

When such a drawing of the fine pattern is carried
out, usually laser irradiation is performed after
focusing on a surface of a substrate. However, when
there is a scratch on the surface of the substrate, namely

in acase of a low flatness of the surface of the substrate,



It is true that drawi ng equi pnment is usually equi pped with an autof ocus
function, thus hardly allowing a focus error to occur if the scratch is a
nano-order |evel. However, in a case of a scratch of mcron-order, there is
a possibility that the focus error is generated even if the autofocus
function is used. The focus error is responsible for a failure in
reproducing the fine pattern stored in the drawi ng equi pnent, on an
imprinting nold with good precision. [0013] An obj ect of the present
i nvent i onf o sukd ey Qvé ded an sitigalt 1 | tige melud s it dit eeduceth sairface hr adughness
of a substrate and as a result having a fine pattern with high pattern
preci si omoand at et bhadt of smaastact heiregi & he poarei b Meany tak tseheiprg t he
probl em [ 0014] According to a first aspect of the present invention,
there i s pspvbded dni i tmri pti g el ich € gt £ sirmg 1 sa riddal ¢ edi g ehayére

provi ded on a substrate, having a layer made of a flattening agent; and
a |layer hawawgng fd hetpat tferme opathe fd at seniang-1 ageput .

[0012]

It is true that drawing equipment is wusually
equipped with an autofocus function, thus hardly
allowing a focus error to occur 1if the scratch is a
nano-order level. However, 1in a case of a scratch of
micron-order, there is a possibility that the focus error
is generated even 1f the autofocus function is used. The
focus error is responsible for a failure in reproducing
the fine pattern stored in the drawing equipment, on an
imprinting mold with good precision.

[0013]

An object of the present invention is to provide
an imprinting mold with reduced surface roughness of a
substrate and as a result having a fine pattern with high
pattern precision, and a method of manufacturing the

same.

Means for solving the problem

[0014]

According toa first aspect of the present invention,
there is provided an imprinting mold comprising:

a flattening layer provided on a substrate, having
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According to a second aspect of the present invention, in the invention of
the first aspect, the substrate is a cylindrical substrate nade of
stainless steel, and the flattening agent is polysilazane. Accordi ng
to a third aspect of the present invention, in the invention of the first
or second aspect, the layer having the fine pattern is a fine pattern
formng |ayer, the fine pattern formng | ayer including a chrom um oxi de

| ayer wherein thickness of the chrom um oxide |ayer is |arger than 100nm
and t hi cknessyefr anavdiol e thadyf D ttle fnpeapattter do0dm ng | ayer is |arger
than 100nm and |iamor | ess. According to a fourth aspect of the
present inventiaonlayrert teavihugnta ohiofk tdeetferst cor seeordd aspectindg he

| ayer having the fine pattern is a fine pattern formng |layer, the fine
pattern floxpeng | ayer including a chromumnitride | ayer, wherein thickness
of the chromumnitride layer is 20nmor nore and thickness of a whol e body
of the fine patterarfionm ngd ayer siesc@0am @sprorte anfd Hilme orptessnt
According to a fifth aspect of the present invention, in the invention of
the firstimvesédaond aspedthe t hevieayerohawitngt h e ffiinret pastoerait | staef i ne
pattern formng |layer, the fine pattern formng |ayer including a chrom um
oxi de | aymrbandad echirom uny hiihdirdiec 4 Ayenp swhertee¢ nmaHieckrdesst of nt ke schr om um
nitride layer is 20nmor nore and thickness of a whole body of the fine
pattern foredhg laykerths Z0rem oenfoge ageint msorpdegsilazanehccording to a
si xth aspect of the present invention, in the invention of the first or
second aspect Acdwerdayert havichg nde sfiaet pat téenpirs st nevypatt éen,f or m ng
| ayer, the fine pattern form ng |layer including an anorphous carbon | ayer,
wher ei n tihi ¢ckressiwognt henandr pheuSicartbowr bBayemd ssdraeger thanls@rm and

t hi ckness of the fine pattern formng layer is larger than 50nmand 1 m or
| ess. haviggordengine aasevent hi aspectnofra heepreseomnimyehtvom, there
is provided a nethod of manufacturing an inprinting nold, conprising
flatteni ndia fsurd ped tof ra Substnat éaye woatdIngli he sulisteat emwwkhdge
flatteni ng agent. According to an eighth aspect of the present

i nvent i od,ayertkbeirmienttlohcéhease stvehehcaspeet unt heisithstagees is a
cylindrical substrate made of stainless steel, and the flattening agent is
pol ysi | aZzaeger than 100nm and thickness of a whole body of the

fine patter forming layer is larger than 100nm and lum
or less.

According to a fourth aspect of the present
invention, in the invention of the first or second aspect,
the layer having the fine pattern is a fine pattern
forming layer, the fine pattern forming layer including
a chromium nitride layer, wherein thickness of the
chromium nitride layer is 20nm or more and thickness of
a whole body of the fine pattern forming layer is 20nm
or more and lum or less.

According toa fifth aspect of the present invention,
in the invention of the first or second aspect, the layer

having the fine pattern is a fine pattern forming layer,
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According to a ninth aspect of the present invention, in the invention of
the seventh or eighth aspect, there is provided the nethod conpri sing:
providing a layer having a fine pattern formng |layer on a flattening |ayer
having a | ayer nade of a flattening agent after flattening the surface of
the substrate, and further providing a resist |ayer thereon for formng a
fine pattern; drawi ng and devel oping the fine pattern on the resist

| ayer; and etching the fine pattern form ng |layer and form ng the
fine pattteha fafterpatawirmgf orming Aegordiimgs tod angeatdh aspéctm ofk itdwe
present invention, in the invention of the ninth aspect, the fine pattern
form ng |byeeri meldidescarchriom umioxiide: | Ayger ,t hiltkness dfhibenelsrsom um
oxi de layer is larger than 100nm and t hi ckness of a whol e body of the fine
pattern fof muige | ayeromsuar gert rtilbe 160w ands | 2Ammor dressiore  and
According to an el eventh aspect of the present invention, in the invention
of the nimthcaspecst ,ofhe fwiliel pabbeiyn dorbhag fliayerp &necleudest armhmgm um
nitride layer, and thickness of the chromumnitride |ayer is 20nm or nore,
and t hi cknegsrofi sa 2¥Woehe chodyo pé¢ thel fipe pattlessnisform ng | ayer is 20nm or
nore and 1 mor |ess. According to a twelfth aspect of the present

i nvention, inAdweordventtors offl 2the amigs dt aspedte prrke o he rpag b eiwof,or m ng

| ayer includes a chrom um oxide |layer and a chromumnitride |ayer, and

t hi cknessiwft tde rche ohilem nift Eheef fanyger oirs s2@mmdraswe el ,ahdet hagleness of a

whol e body of the fine pattern formng layer is 20nmor nore and 1m or
| ess. having the fine pattern is a fine pattern forming layer,

the fine pattern forming layer including an amorphous
carbon layer, wherein thickness of the amorphous carbon
layer is larger than 50nm and thickness of the fine
pattern forming layer is larger than 50nm and 1lpm or less.

According to a seventh aspect of the present
invention, there is provided a method of manufacturing
an imprinting mold, comprising

flattening a surface of a substrate by coating the
substrate with a flattening agent.

According to an eighth aspect of the present
invention, in the invention of the seventh aspect, the
substrate is a cylindrical substrate made of stainless
steel, and the flattening agent 1is polysilazane.

According to aninth aspect of the present invention,
in the invention of the seventh or eighth aspect, there
is provided the method comprising:

providing a layer having a fine pattern forming

layer on a flattening layer having a layer made of a



According to a thirteenth aspect of the present invention, in the invention
of the ninth aspect, the fine pattern formng |ayer includes an anorphous
carbon | ayer, and thickness of the anorphous carbon layer is larger than
50nm and t hickness of the fine pattern formng layer is larger than 50nm
and 1m or |ess. According to a fourteenth aspect of the present
invention, in the invention of the ninth aspect, blue |laser drawing is
carried out in the drawi ng process. Advantage of the Invention [0015]

Accor di ngft etthke ipr@senterinventican, £ sactace. noughressuof aaesub§t tate i s
reduced, and as a result, an inprinting nold having a fine pattern with

hi gh pat teuhspredis) amdahdraheet pod wof d imgubacterdistg ltdwee sankecamrbe

provi ded. Brief description of the draw ngs [0016] Fig. 1is a view
schemati cabky fshomimg a rfanud agktrtienth process of an inprinting nold
according to this enbodi nent. Fig. 2 is a schematic view of the

inprinting nol dodwihigs antiodiament ppwher ethe(a)ins @ Pperspectowve thieew, (b)
is afront view, and (c) is a cross-sectional view
resist layer; and

etching the fine pattern forming layer and forming
the fine pattern after drawing.

According to a tenth aspect of the present invention,
in the invention of the ninth aspect, the fine pattern
forming layer includes a chromium oxide layer, thickness
of the chromium oxide layer 1is larger than 100nm and
thickness of a whole body of the fine pattern forming
layer is larger than 100nm and lum or less.

According to an eleventh aspect of the present
invention, in the invention of the ninth aspect, the fine
pattern forming layer includes a chromium nitride lavyer,
and thickness of the chromium nitride layer is 20nm or
more, and thickness of a whole body of the fine pattern
forming layer is 20nm or more and lum or less.

According to a twelfth aspect of the present
invention, in the invention of the ninth aspect, the fine
pattern forming layer includes a chromium oxide layer
and a chromium nitride layer, and thickness of the
chromium nitride layer is 20nm or more, and thickness

of a whole body of the fine pattern forming layer is 20nm

or more and lum or less.



of (b) taken along the line A-A". Fig. 3 is an outline view
explaining for focusing at the tine of drawing a fine pattern, wherein (a)
shows an exanpl eofthe present invention, and (b) is an outline view of a
conventi onal exanple. Fig. 4 is a photograph view show ng a
precision of the fine pattern in this exanple. Fig. 5is a
phot ograph vi ew showi ng the precision of the fine pattern in this exanple.
Fig. 6 is a photograph view showi ng the precision of the fine pattern in
this exanple. AccordEing toi s alphotegnaph aspwcshowt nghtehep peeeinsi on of
the fine pattern in this exanple. Fig. 8 is a photograph view
show ng thevpnedicsi o rot htehe nfvdaret pahtef tha tinshexsppke., the finkg. 9 is
a phot ograph view showi ng the precision of the fine pattern in this
exanpl e. et aclredfdescir ptliaope ofitdeubrvenn anor@ldildls carbon layer,

and thickness of the amorphous carbon layer 1is larger

than 50nm and thickness of the fine pattern forming layer

is larger than 50nm and lum or less.

According to a fourteenth aspect of the present
invention, in the invention of the ninth aspect, blue

laser drawing 1is carried out in the drawing process.

Advantage of the Invention

[0015]

According to the present invention, surface
roughness of a substrate is reduced, and as a result,
an imprinting mold having a fine pattern with high
pattern precision, and a method of manufacturing the same

can be provided.

Brief description of the drawings

[0016]

Fig. 1 is a view schematiéally showing a
manufacturing process of an imprinting mold according
to this embodiment.

Fig. 2 is a schematic view of the imprinting mold
of this embodiment, wherein (a) is a perspective view,

(b) is a front view, and (c) is a cross-sectional view



As descri bed above, when inprint is carried out, it is inportant whether or
not a fine pattern provided on a naster nold or a sub-naster nold, being an
original nold, has a high pattern precision. Then, it is highly probable
that such a high pattern precision is attributable to surface roughness of
a substrate, nanely 10 flatness of the substrate. [0018] Under such
a circunstance, it is found by the inventors of the present invention, that
the substrate being a basic portion of an inprinting nold is coated with a
fl atteni ngf agent tandetihareafd etha fliine: patrer.n formng layer is provided
thereon. Thus, it is also found that a flattened surface nade of the
flatteni ng agemtigan3besf aaused latn & hei tivire xef 1 df anwnkg fidre fooespatd er n.
Further, it is found that the fine pattern form ng | ayer having the fine
pattern ont titee stit hacerhavird g gh ffilred nesst ean ,behfeorared, (andshswa resul t,
the fine pattern can be formed with high precision. [0019] In
addi ti on,an texdamb danslf yh ¢ e d swenton seaf itdre, presdant) isventownl ihkat a
nore opaque |layer than a flattening layer is further provided on the
flatteni ngidayerr havioagvarntayeraimexz0iptibe fl attening agent, as at |east a
part of a fine pattern formng layer 8. Thus, as shown in Fig. 3(a), it is
found that thersiwrfacel ©fa tgtec opaque i ayeswcanobe rsurelprdocased atf t he
time of drawing the fine pattern. Specifically, it is found that a
situationtlas shown gat Eegn 3i(ib) thas kecgpnevented. Nanely, it is found that
the follow ng focus error can be prevented: a rough surface of the
substrate acrogssid hesflatdephngdayephi gikocudedyatgt hé et ipree of sdoanm ng
the fine pattern.

of the fine pattern in this example.

Fig. 6 is a photograph view showing the precision
of the fine pattern in this example.

Fig. 7 is a photograph view showing the precision
of the fine pattern in this example.

Fig. 8 is a photograph view showing the precision
of the fine pattern in this example.

Fig. 9 is a photograph view showing the precision

of the fine pattern in this example.

Detailed description of the Invention
[0017]

As described above, when imprint is carried out,
it is important whether or not a fine pattern provided
on a master mold or a sub-master mold, being an original
mold, has a high pattern precision. Then, it is highly
probable that such a high pattern precision 1is

attributable to surface roughness of a substrate, namely
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Enbodi nents for inplenmenting the present invention will be described based
on Fig. 1. [0020] Note that according to this enbodi nent,
"flatness (roundness or planarization)" is an index showi ng the surface
roughness of a nold substrate, and showing a size of deviation froma
geonetric plane on the surface which is supposed to have no scratch, etc.,
and which is the index defined by JIS B 0182. [0021] <Enbodi nent 1>

Fig. 1 is a view schematically showi ng a manufacturing process of an

i mprintinglavhesk acfotdieng ulosthias eenbodi nent (also sinply called a nold 1
hereafter) . Fig. 1 (a) shows a nold substrate 2, and Fig. 1 (b) shows a
state thgooLd)] attening |l ayer 6 nade of a flattening agent is formed on the
nol d substrate 2. Further, Fig. 1 (c) shows a state that an adhesion | ayer
7, a fine pattaermdéor munghl ayeci&cuangt ancesi si tl ayer >waré lkam nated on
the flattening layer 6 in this order, and Fig. 1 (d) shows a state that the
fi ne pattiertnens odraavef delvel pped econt theveesiisin] ayest9chleurdes t reitge 1 (e)
shows a state that etching is applied to the fine pattern form ng | ayer 8,
and Fig. Hde{fiy shdwss acspatre itdat o€l eaningp k $ npenformed dafitercettkicng, to

- thereby conplete the nold 1. As shown in Fig. 1 (f) , the inprinting nold
can be obtaihned, filmwheéeshnicheadéatt emichgchayer B ais ar dvingedo @ntelrer nol d
substrate 2, and the adhesion layer 7 and the fine pattern formng | ayer 8
havi ng a fiereipat tlexpetrorinedpotherieon] aherpravi defihors t hetf liat t ehisg | ayer
6. [0022] Fig. 2 is an overview diagram of the conpleted inprinting
nmol d t hatf dfrlasdundergonef $ach enpidocess.a A soadei gpf 2ths dilaouténnegvi ew of
the inmprinting nold according to this enbodi nment, wherein (a) is a

per spect iagevtewan ei o dsodt aw ewWheand n(e) oifs dr aw b8g- vt i bnale vi ew of
(b) taken along the line A-A'. The inprinting nold and the nethod of

manuf act wrd ngethe sdiwerabeordihg te thésndnbdd: rentien f iLnbe westeirbed in
detail hereafter based on Fig. 1 and Fig. 2. [0023] (Preparation of the
substrat gorming layer having the fine pattern on the surface

having high flatness can be formed, and as a result, the
fine pattern can be formed with high precision.
[0019]

In addition, it is found by the inventors of the
present invention, that a more opaque layer than a
flattening layer is further provided on the flattening
layer having a layer made of the flattening agent, as
at least a part of a fine pattern forming layer 8. Thus,
as shown in Fig. 3(a), 1t is found that the surface of
the opaque layer can be surely focused at the time of
drawing the fine pattern. Specifically, it is found that
a situation as shown in Fig. 3(b) can be prevented.
Namely, it is found that the following focus error can
be prevented: a rough surface of the substrate across

the flattening layer is focused at the time of drawing
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First, as shown in Fig. 1(a), the nold substrate 2 for the inprinting nold
1 is prepared. The nol d substrate 2 has any kind of conposition,
provided that it can be used as the inprinting nold 1. An alloy substrate
such as netal or stainless steel can be given as the nold substrate 2, in
consideration of industrial durability. Further, glass such as quartz, SiC,
silicon wafer, and further a material with Si O | ayer provided on the
silicon wafer, and carbon-based materials such as graphite, classy carbon,
and carbonhe fiiber wetnkanced plastics (CFRP), can be given in addition to
the alloy substrate. [0024] Further, the shape of the nold substrate
is not |imtedEnpsouidecthdator tinganebentused; &b beasgnt ntd ngnoloch  For
exanpl e, a disc-shaped substrate and a cylindrical substrate can be given
as the shapelobet hie sokdbsubsbtaate 2n Vihep.t e nol d substrate 2 has a

di sc-shape, a disc nold substrate 2 can be uniformy coated with the
flatteni q@oagent, etc., while being rotated, at the tine of coating it with
the flattening agent. Further, when the nold substrate 2 has a cylindrical
shape, inprint byotee rolderacsystremr e tenall ied erdnadd i hemef oref Tdendissc shape
is suitable for mass production. [0025] Note that the nold substrate
2 may haver aushapss ot her ptllkara t headiisor )shape, aandi méy xalssevhave ahe
rectangul ar shape, a pol ygonal shape, and a seni-circul ar shape. Further,

t he pol ygonafaskapeusuote ais @f cohemt salkisti angke poleshnd imsquareepol e can
be given as the shape of the nold substrate 2, wherein the colum or the
cylindri caf ddmapetiismibrenpreercabt er ibepdase he thiene ypata eenvbarghbe
continuously and uniformy transferred to the material to be transferred.
Not e t hatisactepdisgd o ¢ hi:gvenbodisvens t chhe atot d, sabslt watiecl2 usedhas a base
of 14

index defined by JIS B 0182.
[0021] <Embodiment 1>

Fig. 1 is a view schematically showing a
manufacturing process of an imprinting mold 1 according
to this embodiment (also simply called a mold 1
hereafter). Fig. 1(a) shows amold substrate 2, and Fig.
1(b) shows a state that a flattening layer 6 made of a
flattening agent is formed on the mold substrate 2.
Further, Fig. 1(c) shows a state that an adhesion layer
7, a fine pattern forming layer 8, and a resist layer
9 are laminated on the flattening layer 6 in this order,
and Fig. 1(d) shows a state that the fine pattern is
drawn/developed on the resist layer 9. Further, Fig.
1(e) shows a state that etching is applied to the fine
pattern forming layer 8, and Fig. 1(f) shows a state that
cleaning is performed after etching, to thereby complete

the mold 1. As shown in Fig. 1(f), the imprinting mold
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manuf acturing the inprinting nold is called a "substrate”, irrespective of
its shape. [0026] In this enbodinent, the nold substrate 2 nade of
stainl ess steel having the cylindrical shape with its center forned as a
hol | ow portion, is used for explanation hereafter. As shown in Fig. 2, the
nol d substrate 2 has right and left both sides nold end faces; a nold outer
peri pheral surface 20; and a rotary shaft 3 which is not fornmed materially.
[ 0027] (Coating of the flattening agent) As descri bed above, the
substrat ecased d ovbthe riagpy i ntd nghiolhd dhbast laa pteblieny t hatyaheocscdrat ch of
m cron order has a great influence on the reproducibility of the fine
pattern. providekhereftdre md ndthilssembad ®gnend héd aydre havnngatykee fi ne
pattern is not directly forned on the surface of the nold substrate 2 as
convent i ohabhndandth¢ hé inayepatade rof fohaifdatt epkeng ageatr ioki ak néd ney
flatening a substrate surface by the flattening agent (also called a
flatteni ngatagem & denedf ter)rdsn f oaredpan tidedobd shbkstirlatet2niluch a
flattening process applied to the substrate surface will be descri bed
hereafterlapedettai | . [0028] First, the flattening agent is selected. A
conventionally used filmflattening agent can be given 15

[0022]

Fig. 2 is an overview diagram of the completed
imprinting mold that has undergone such a process. Also,
Fig. 2 is anoutline view of the imprinting mold according

- to this embodiment, wherein (a) is a perspective view,
(b) is a front view, and (c) is a cross-sectional view
of (b) taken along the line A-A’. The imprinting mold
and the method of manufacturing the same according to
this embodiment will be described in detail hereafter
based on Fig. 1 and Fig. 2.

[0023] (Preparation of the substrate)

First, as shown in Fig. 1l(a), the mold substrate
2 for the imprinting mold 1 is prepared.

The mold substrate 2 has any kind of composition,
provided that it can be used as the imprinting mold 1.
An alloy substrate such as metal or stainless steel can
be given as the mold substrate 2, in consideration of
industrial durability. Further, glass such as guartz,
SiC, silicon wafer, and further a material with S10 layer
provided on the silicon wafer, and carbon-based

materials such as graphite, classy carbon, and carbon
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as the flattening agent, and specifically polysilazane, nethylsiloxane, and
net al al koxi de, etc., can be given. Further, the aforenentioned substances
al one may be used, or a mixture of the aforenentioned substances nay al so
be used as the substances constituting the flattening |ayer 6, provided
that satisfactory flatness can be naintai ned. [0029] Next, the nold
substrate 2 is held in a state that the rotary shaft 3 is set in a

hori zontal state, and a flattening agent containing vessel is prepared in a
| ower parfibért heedwlftb subdt rates2iclher@afkRBy, thennobd sghsterater? is

| ownered, so that a part of an outer peripheral surface of the nold

substrat ediis ilbrought thet a cboyactubmthatke fl atteni ng agent. Then, apart
of the nold substrate 2 is dipped into the flattening agent. [0030]

Here, prdfoeraably the nold substrate 2 is brought into contact with the
flattening agent in parallel to a direction of the rotary shaft. Onng to
such a parall elFwonhact,, Wé¢f ehenmce oA ¢hat imgldegrdest bettweenst hetri ght
and left both sides nold end faces, can be prevented fromgenerating in a
di p portiloimbfetthe proidi dabsthatte iX. fsn ¢ essbtl, asnéwennegsr ohttineg coati ng
of the flattening agent is not allowed to occur. [0031] Thus, the
nol d substehtie 2 EFomroeateetd by, a pl ibsctyphefpedl |erlsst@?taM tmd he
flattening agent and the nold substrate 2 set in a contact state in

paral | el ¢plthdrdigzttsohsofrate cahaby shafen &6 ther elharoat ft héenol d
outer peripheral surface 20 with the flattening agent (Fig. 1(b)). Note
that as stolw isulFsgrazeEa)?.a pohehontfier motat isngotheams d2subssrate 2 by
the rollers 107 may al so be separately provided on the nold substrate 2.

A rotati iy speedagred naners of mpdtdat$ ons tata ttdhi 8 ciare laee wetf somtllyat t he
nol d substrate 2 can be sufficiently coated with the flatteni ng agent.
[0032] (Forameflonwofht Hendi e ggdteeinyy agent, etc., while being

rotated, at the time of coating it with the flattening
agent. Further, when the mold substrate 2 has a
cylindrical shape, imprint by a roller system is enabled,
and therefore the disc shape 1is suitable for mass
production.

[0025]

Note that the mold substrate 2 may have a shape other
than the disc-shape, and may alsc have a rectangular
shape, a polygonal shape, and a semi-circular shape.
Further, the polygonal shape such as a column, a triangle
pole and a square pole can be given as the shape of the
mold substrate 2, wherein the column or the cylindrical
shape is more preferable, because the fine pattern can
be continuously and uniformly transferred to the
material to be transferred. Note that according to this

embodiment, the mold substrate 2 used as a base of
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According to this enbodi nent, the adhesion layer 7, the fine pattern
formng layer 8, and the resist layer 9 are lamnated in this order, on the
flattening layer 6 nade of the flattening agent coated as descri bed above
(Fig. 1(c)). Thereafter, electron beam exposure is performed to the resist
| ayer 9, thus applying etching treatnment thereto (Fig. 1(d), (e)). Thus,
the fine pattern is forned on the fine pattern formng |layer 8 on the nold
substrate 2 (Fig. 1(f)). [0033] First, the adhesion layer 7 is
provi ded roantfie ftdwat t egi ngchayerimp rfart ibondi mg tde fiisne patltlexrah f @r mi ng

| ayer 8, the flattening |ayer 6, and consequently the nold substrate 2. Any
ki nd of subsbance tcah, bé rusetbast itvkke @tlhésisomHayer 7. However, an

anor phous silicon layer is preferably used. Note that the adhesion |ayer 7
may not Heowayvi ded, provided that the fine pattern formng | ayer 8 can be
satisfactorily bonded to the flattening |ayer 6, when formng the fine
pattern form ngi ayei s8eco ddremEhat,t eieaignbayers Bostnatthd 2 enddddi went
explanation is given for a case that the adhesion layer 7 is provided on
the fl attem hyllesyers6eecl0034jing the Reghtdidmg ddhe $haeepatiennifter m ng

| ayer 8 provided on the adhesion layer 7, in this enbodinent, at |east a
part of tdenteme gatnreza feem mg lhaykto8 i $oart opague ilsayerse&ur fher
transmttance at a wavel ength of 405nmtransmtted through the whol e body
of the fiawp pahberirord ohrirrg flager 8 Aravshgwhhel mpadue | ayerthea smpref er abl y
set in a proper range. As shown in Fig. 3(a), when the nold substrate 2
havi ng t a1l $ heapat Lenasf oighnigahayée & batmatiete $ ey EArendst & ceadi at ed
with the | aser beam 109 from above, focus of the | aser beam 109 can be
surely adjustkd ¢totehe surfabersfl ther dpague J ayenddar ired gpay t €ha fdr aw ng.
More specifically, a circunstance as shown in Fig. 3(b) can be suppressed.
Nanel y, & tWough tike motdfsubstdanetzrisailatt ened by the flattening | ayer
6, the focus of the |aser beam 109 during drawing the fine pattern, can be
prevent ed0bomh deicwt adpustfedthe & lpdrtéovnnof saysctatch 108 on the rough

surface of the
As described above, the substrate used for the

imprinting mold 1 has a problem that the scratch of micron
order has a great influence on the reproducibility of
the fine pattern.

Therefore, in this embodiment, the layer having the
fine pattern is not directly formed on the surface of
the mold substrate 2 as conventional, and the layer made
of the flattening agent obtained by flatening a substrate
surface by the flattening agent (alsocalleda flattening
layer 6 hereafter) is formed on the mold substrate 2.
Such a flattening process applied to the substrate
surface will be described hereafter in detail.

[0028]
First, the flattening agent 1is selected. A

conventionally used film flattening agent can be given
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substrate, across the flattening |layer 6. Note that the inventors of the
present invention studies on a proper range of the transmttance. [0035]
Not e that the "opaque layer” in this enbodi nrent nmeans a | ayer which is
opaque enough to carry out focusing on this opaque |ayer, when focusing of
the pattern drawing is carried out fromthe substrate on which the fine
pattern formng layer 8 is | am nated. Wien the opaque layer is formed on a
part of the fine pattern formng |ayer 8, the focusing is carried out on
thi s opaque tlayefla¥Themefroy e genef eaabl ypehe paglé vyl ppéry disl arprarged on a
mai n surface side of the fine pattern formng layer 8 (on a | aser
i rradi at iroat Bivdes ialnclxahea pord m@&t £1 asEkoka diehe atesi stchayee §) ve[n0036]
A chrom um oxide layer (CrOx), a chromumnitride |ayer (CrNx), and an
anor phoustcathermn ,| ayer a fetreenenan cbee dpeci §t eakley gilvere as it be opaglue
| ayer. These |ayers may be used as the fine pattern form ng |layer 8 itself.
[ 0037] or a Hkeéerkeunhent tthieef bie rat ¢ et h olherdn sigb kaypercBs imegludésd he
chrom um oxi de | ayer, the thickness of the chrom um oxide |ayer is nore
pr ef er abllye setetdo dargee thadrs 1OOnmsand it sieithitcknesshef filhet wholiedody of
the fine pattern formng layer 8 is nore preferably set to |arger than
100nm andLdyaxoré | eps.cSufdedi enttat ocusti ngfear digy carlitede sat omt e
chrom um oxi de layer, if the thickness is 100nm or nore. The thickness of 1
m or | essnasnsafimiadent to be put to practical use of the pattern transfer.
[ 0038]

[0029]

Next, the mold substrate 2 is held in a state that
the rotary shaft 3 is set in a horizontal state, and a
flattening agent containing vessel is prepared in a lower
part of the mold substrate 2. Thereafter, the mold
substrate 2 1s lowered, so that a part of an outer
peripheral surface of the mold substrate 2 is brought
into contact with the flattening agent. Then, a part of
the mold substrate 2 is dipped into the flattening agent.
[0030]

Here, preferably the mold substrate 2 is brought
into contact with the flattening agent in parallel to
adirection of the rotary shaft. Owing to such a parallel
contact, difference in coating degrees between the right
and left both sides mold end faces, can be prevented from
generating in a dip portion of the mold substrate 2. As
a result, unevenness of the coating of the flattening

agent is not allowed to occur.
[0031]
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Further, when the fine pattern formng layer 8 includes the chrom um
nitride |layer, the thickness of the chromumnitride |ayer is preferably
set to 20nm or nore, and the thickness of the whole body of the fine
pattern formng layer 8 is preferably set to 20nmor nore and 1 mor |ess.
Note that the thickness of the chromumnitride layer is preferably set to
30nm or nore. [0039] Further, when the fine pattern formng | ayer 8
is formed of the chrom um oxi de |layer and the chromumnitride |ayer, the

t hi ckness of thehehyomhamaeol trddeskaypeare 2sipredenakldybyes gou2Bamtor nore,
and the thickness of the whole body of the fine pattern formng layer 8 is
preferablyfsebltie20nh) 0 Aore atte 1f huar drelssg &pethhi sarc@seh et he 1ehr om um
nitride layer is nore opaque than the chrom um oxide | ayer, and therefore

t he chromsuhsnirtat «le2 | ager imai &l yohurcit onsaas tihe ppaque 4 ayeo. the
Accordingly, the chromumnitride layer is preferably forned on the

chrom umakirdetliayero f ntlae ooder yfsHafht pat bonhetrerny ddetf obasmofl d he

| aser beam 109 can be surely adjusted to the chromumnitride |layer of an
upper | ayeutetrhpse makhagaill possabke 2Mm W otm & nul etpatiierg byeappl yi ng
etching to the chrom um oxide | ayer thereafter. Nanely, a relatively opaque
| ayer is fpreferalkby )arr ahged ohathesuppewr dyerriaf. ttheaf i ne patterom f or m ng
| ayer 8. [0040] Not e that the anorphous carbon | ayer may al so be
used, in additoonttiong herehrahid wmbxitde Hayeb and ¢ he Theow Uh7nimani de

| ayer. The anorphous carbon | ayer does not have a high transparency |ike
the chrom usvokiedesd@ayentednd phervefdmae docuiengnohdt keilnot dasgbstrate 2
can be prevented during drawing the fine pattern. It is preferable to use

t he anor phous cartbonaktayer ,speé¢t kgl trhickness fsSetotetliangerathahis0nm and
t he thickness of the whole body of the fine pattern formng | ayer 8 set to
| arger tham&0mrantsdtmor |tEsst [0Ddl]jmold sWhemrthest M ckressbef t he

| ayer forned of the aforenentioned each substance, is set in the

af or enentdwhedcriamgel vt he aftaolisw 0t ht hénd aSér theam 109 agamtbe surely
adjusted to the fine pattern formng |layer 8 which is fornmed on the surface
of the fl[avteni ng'dayer ieGn Ruft hak, fwhea phe ttdueckness of the whol e body of
the fine pattern formng layer 8 is set in the aforenentioned range, the
focus can be séetyraddpgstted tloi shemfogwiment, the adhesion layer

7, the fine pattern forming layer 8, and the resist layer
9 are laminated in this order, on the flattening layer
6 made of the flattening agent coated as described above
(Fig. 1(c)). Thereafter, electron beam exposure 1is
performed to the resist layer 9, thus applying etching
treatment thereto (Fig. 1(d), (e}). Thus, the fine
pattern is formed on the fine pattern forming layer 38
on the mold substrate 2 (Fig. 1(f)).
[0033]

First, the adhesion layer 7 is provided on the
flattening layer 6, for bonding the fine pattern forming
layer 8, the flattening layer 6, and consequently the

mold substrate 2. Any kind of substance can be used as
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pattern formng |layer 8, and also the fine pattern having a proper aspect
rati o can be fornmed. [0042] Thereafter, as shown in Fig. 1 (c) , the
resist layer 9 for blue |aser drawing is forned on the fine pattern form ng
| ayer 8. A heat-sensitive material which changes in state by thermnal
change, and which is suitable for the etching thereafter, may be used as
the resist layer 9 for blue | aser drawi ng. Further, a sensitive materi al
may al so be used. At this tinme, an inorganic resist |ayer nmade of tungsten
oxi de ( Wxe) chive afjogr dich gat canposotkeoerr | sahurdrher ppoefserabl e cfarom a
poi nt that resolution can be inproved. [0043] Thereafter, by
devel opi npavhe hel ¢ raufistanl @ 2shkavi ngi@ncat heady hdr awh ¢ esbat 1bgyper 9, as
shown in Fig. 1(d), the resist layer 9 having a desired fine pattern
(nanely a7 padtemot nver ped widddy eppecti dodt héaftd neh patttieren phitckrirs f or med
in a finally obtained product), can be obtained. [0044] As descri bed
above, affernfiorgn hgythe i marmpabterar onstthe resi sty llayeded, ®©b chihrg
treatnment is applied to the fine pattern formng layer 8, wth the resist
| ayer 9 aSlantetcihiang awesk.6,Thiren ttherniime tpad tfeime foartnt agnl Ayemi& davi ng
the fine pattern fornmed thereon can be forned on the nold substrate 2 nade
of stainlkesgest 8ebn thet Hd sstichnhgd rleaterent, alcohhkent ieorkaddimehni,que may
be used. Dry etching by chlorine gas and oxygen gas can be given for
exanpl e. explanaByl ¢hi s dyyvetcliiong,a tdees et ldasubber atdh <& wwhhlegsirst | ayer
9 having a desired fine pattern, can be obtained as shown in Fig. 1(e).

7 i1s provided on the flattening layer 6.

[0034]

Regarding the fine pattern forming layer 8 provided
on the adhesion layer 7, in this embodiment, at least
a part of the fine pattern forming layer 8 is an opaque
layer. Further, transmittance at a wavelength of 405nm
transmitted through the whole body of the fine pattern
forming layer 8 having the opaque layer, 1is preferably
set in a proper range. As shown in Fig. 3(a), when the
mold substrate 2 having the fine pattern forming layer
8 laminated thereon, 1s irradiated with the laser beam
109 from above, focus of the laser beam 109 can be surely
adjusted to the surface of the opaque layer during
pattern drawing. More specifically, a circumstance as
shown in Fig. 3(b) can be suppressed. Namely, although
the mold substrate 2 is flattened by the flattening layer
6, the focus of the laser beam 109 during drawing the
fine pattern, can be prevented from being adjusted to

a portion of a scratch 108 on the rough surface of the
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[ 0045] Al kal i cl eaning and steam seasoni ng by i sopropanol are
performed to the nold substrate 2 with resist |layer 9, to thereby renove
the resist layer 9. Thus, as shown in Fig. |(f), the nold 1 with a desired
fine pattern transferred to the outer peripheral surface 20 of the nold,
can be fabricated. [0046] Note that the fine pattern at this tine
may be the pattern of nano-order to mcro-order, and a periodical structure
of nano-order of several nmto several hundred nmis further preferable.
Speci fi cathpstadtiee sando spackepal bertenang ba femec pr olpus ohast tiet ur e
formed of a plurality of m nute unevenness, can be given as an exanple. As
a sectionahvshape 4 hef eohe pricanghe, i hvepeziodsd, sand ireectangd epreber; can be
given in a case of a one-dinensional periodic structure. In a case of a

t wo- di nensaopal ofertlodi ¢ rstriruct ttenawt only an exact cone shape,
(generating line is a straight line) and an 23 exact pyram d shape (ridge
line is gosxygj ght [ine), but also a curved surface may al so be used in

whi ch the generating line and the ridge line are formed as curved |ines and
a side face isNwotl ehadutwaed," qrayuded dyhat ”t her filmésprotradinernitas a
tapered shape in consideration of extraction after inprint. For exanple, a
hangi ng betdnsas diayat arh cohe, s @A qealaro tgbncatedr cpney t andecaséalgum,
etc., can be given specifically. A period of the periodic structure is

call ed a qut ¢chhiher egfdere tlhereby shosnngt acdestance fbetmeerpptotrusi on
vert exes. Further, a tip end portion may be flattened or rounded, in
consi deratiamniob ol dabrtity and breakagéer esilstane&e lom addi thohhe
continuous fine protrusions in one direction nay be fabricated as the fine
protrusi dnsne[ @@4ern formsndederydedSabiove]l atthend pdi. nt iWige mokde
according to this enbodinent is fornmed. According to this enbodi nent, the
foll owi npredifieet lcare beiexhibined. on a part of the fine pattern

forming layer 8, the focusing is carried out on this
opaque layer. Therefore, preferably the opaque layer is
arranged on a main surface side of the fine pattern
forming layer 8 (on a laser irradiation side and at a
portion closer to the resist layer 9).

[0036]

A chromium oxide layer (CrOx), a chromium nitride
layer (CrNx), and an amorphous carbon layer, etc., can
be specifically given as the opaque layer. These layers
may be used as the fine pattern forming layer 8 itself.
[0037]

Here, when the fine pattern forming layer 8 includes
the chromium oxide layer, the thickness of the chromium
oxide layer is more preferably set to larger than 100nm
and the thickness of the whole body of the fine pattern

forming layer 8 is more preferably set to larger than
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Nanely, the surface of the substrate being a base portion of the inprint
nold, is coated with the flattening agent so that the flattening |ayer is
formed, and by form ng thereon the fine pattern formng |ayer, the fine
pattern can be forned on a flat surface. As a result, the focus can
be adjusted to a flat surface nade of the flattening agent, during draw ng
the fine pattern. Further, the fine pattern formng |ayer 8 having the
fine pattern formed on the surface having high flatness can be fornmed. As a
resul t, theohineapattiim can be For meduwd £ hchiegh precis Oflg can bdn
addition, by formng the opaque fine pattern form ng |layer on the
flatteni ngakayerd bndl udi hget dierblaturepizngl @deny e ri hef flacais lcankhe ssur el y
adjusted to the surface of the opaque |ayer during drawing the fine
pattern. Namalggnmt drs pessi.bl eThe ptRYemnas si ot ipn that tdwesfacus is
adjusted to the rough surface of the substrate across the flattening | ayer
duri ng drawt Agctikempatberry prregpecpruetdfcd heuksleatds £nichg ofathersubstrat e
by the flattening layer. As a result, the fine pattern form ng | ayer can be
formed wthaharfeher hi gh precision. [0048] <Enbodi nent 2> Accor di ng
to enbodi nent 1, the substance having high transparency was used as the
flatteni @ cagEnt. However, according to this enbodi nent, the substance
havi ng opaqueness is used as the flattening agent. Thus, the focus during
pattern draw nguwstipeevenikednf rom béiimge agptisteadn t d drhei ngudhe weirf &ce of
the substrate, even if the opaque layer is not used on the fine pattern
formi ng liayet u8e sNaned y¢hgionciear heiftlrdtdenl ageagenthét selifckise ppagife, t he
focus can be surely adjusted to the surface of the flattened | ayer 6 during
pattern driaav oigr oMhenefrorter i the lpasisti 4 gyee f9rkddingehet i ABnpattrern can
al so be directly formed on the flattening | ayer 6. Note that when the
surface ofothe poldd SubsthatakiPe hasod ddre avhodegrieed pf offl dthres§ihicke t he
silicon wafer, the inprinting nold can be forned by form ng the resist
| ayer 9 eV hgrtthéofimienpdtaee n Hiireptlef @nabhe tE4at tenk Agm ayenoe
The flattening agent added with pignent additive can be given for exanple
as the flaatd énimmg agerts hawi ogeopagtuenksst hEarkinees s e erh aMrane dthéusubst ance
havi ng tranparency is used for the flattening agent, the flattening | ayer 6
may be forinedi{n ductea fanmere fdatbd wheohi Gm I2mn pPs intee posed bet ween
two | ayers made of polysilazane. [0049]

[0039]

Further, when the fine pattern forming layer 8 is
formed of the chromium oxide layer and the chromium
nitride layer, the thickness of the chromium nitride
layer is preferably set to 20nm or more, and the thickness
of the whole body of the fine pattern forming layer 8
is preferably set to 20nm or more and lum or less. 1In
this case, the chromium nitride layer is more opaque than
the chromium oxide layer, and therefore the chromium
nitride layer mainly functions as the opaque layer.
Accordingly, the chromium nitride layer 1s preferably
formed on the chromium oxide layer in an order of

lamination. Then, the focus of the laser beam 109 can
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As described above, the enbodi nents of the present invention are given.
However, the aforenentioned disclosure content shows exenplary enbodi nents,
and therefore the scope of the present invention is not limted to the

af orenenti oned exenpl ary enbodi ments. The enbodi ments of the present
invention can be variously nodified based on the disclosure content of this
specification by a skilled person, irrespective of whether or not being
clearly described or suggested in this specification. Exanples [0050]
<Exanpl e de surelyThed present tinvent i ohrwiiumen hbre dspdai ¥ ¢ cablfy adescri bed
next, by show ng exanpl es. A stainless cylindrical hollow nold
substrat exRp¢rSUSY @r 4 [ hivavimmgk dhgnetterp of s100rem t mafelyn Favinhguaer adi us
of 50mm out of which dianeter of a hollow portion:84mm and di stance

bet ween mpidtemd baceyBO0MY ebashprepdaredh¢ 0OBIpnium ox Negt laviee
flatteni ng agent was prepared. Sol ution obtained by dissolving 20% of

pol ysi | azarerentic «li but yNasteher, was uskdtayetlhe fdradeni njaagent 1sA vessel
of the flattening agent having the polysilazane ether therein, was disposed
in a lowrrpaeradflyt hermsmosdbstin attén . up@esR] layer ofhetéaft éinet he nol d
substrate 2 is brought into contact with the polysilazane solution. At this
time, a patteftnt Heowuiey perypheBal surface 20 of the nold is dipped into
the flattening agent in a depth of 0.3mmor less froma liquid face of the
flatteni 1§ Odddnt . [ 0053] In this state, the nold is rotated at a
rotation speed of 32 rotations/mnute by the separately provided rotary
shaft 3, thus &cHte nghatwidie suptade wd thsbout eka peri piaer et 1 sar bgce 20 of
the mold with the polysilazane solution. At this tinme, the surface of the
cyl i ndri ¢cetedol dns skt ¥ bt €12 beast Roatcdd et hnt ke ipbt ysplvgFammend the

chromium nitride layer. The amorphous carbon layer does
not have a high transparency like the chromium oxide
layer, and therefore focusing on the mold substrate 2
can be prevented during drawing the fine pattern. It is
preferable to use the amorphous carbon layer, with its
thickness set to larger than 50nm and the thickness of
the whole body of the fine pattern forming layer 8 set
to larger than 50nm and lum or less.

[0041]

When the thickness of the layer formed of the
aforementioned each substance, is set in the
aforementioned range, the focus of the laser beam 109
can be surely adjusted to the fine pattern forming layer
8 which is formed on the surface of the flattening layer
6. Further, when the thickness of the whole body of the
fine pattern forming layer 8 is set in the aforementioned

range, the focus can be surely adjusted to the fine
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solution so that the flattening |ayer 6 had a thickness of 1.5 m
Thereafter, the cylindrical nold substrate 2 and the flattening agent were
separated from each other, and the nold substrate 2 was dried while being
rotated. [0054] Next, the adhesion layer 7, the fine pattern form ng
| ayer 8 which was opaque by itself, and the inorganic resist layer 9 were

| am nated on the coated flattening layer 6 in this order. The anorphous
silicon layer was forned as the adhesion layer 7, with a thickness of 30nm
The anor phousccar honrmliayerl avasrf®y nedd asl 4 he ¢ rfel ipatderneformapg nlcayer 8,
with a thickness of 200nm The tungsten oxide (Wx) |ayer was fornmed as the
i nor gani cal ayep<x byspputtt erangjo watrh lae t ibckreess of 20nm Note that a
conpositional variation of the inorganic resist layer 9in a depth direction
was the droadiEgnt conposition expressed by hollow nold substrate side x =
0.95, and resist outernost surface side x = 1.60. In order to formthe

i norgani c resi sthdaygert®r add ewawat iion @fi Ar 1 (OR, wase cons L atiouslyy rvari ed
usi ng an ion beam sputtering nethod, to have a gradi ent of an oxygen
concentrat i bori hltke liawe gadirawiesy st sl &pemedd dur ther f it gahpesit i on of
the inorganic resist |ayer 9 was anal yzed using Rutherford Back Scattering
Spect r oscopym RBS) 1 a[y3055]8 . A HhetfHsmnpatteren fertediefl | wvhe cdnd
space, was drawn on the inorganic resist layer 9, using a blue |aser

drawi ng delvacge(waves eagehbef t 465mm)L. cAfdreye drawdlng) i ehchs rut tedtlent and
cl eaning treatnent were applied thereto, to thereby fabricate the nold 1.

[ 0056] <Bxanmptes 2toh9rg therebhtexanpheg Ret mmPsdassshdwn rastaltl e 1,
the nold 1 was fabricated simlarly to exanple 1, excluding a point that
the ki nd lofyéhe Oni@r subster at@®s2r anthw hegki nduvaridhe he ehisckness 1ofe t he
fine pattern formng |ayer 8, were changed respectively.

material may also be used. At this time, an inorganic
resist layer made of tungsten oxide (WOx) having gradient
composition, is further preferable from a point that
resolution can be improved.

[0043]

Thereafter, by developing the mold substrate 2
having an already drawn resist layer 9, as shown in Fig.
1(d), the resist layer 9 having a desired fine pattern
(namely a pattern inverted with respect to the fine
pattern which is formed in a finally obtained product),
can be obtained.

[0044]

As described above, after forming the fine pattern
on the resist layer 9, etching treatment is applied to
the fine pattern forming layer 8, with the resist layer
9 as an etching mask. Thus, the fine pattern forming

layer 8 having the fine pattern formed thereon can be
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Note that in exanple 3, the fine pattern formng | ayer 8 was not provided,
and a conpleted nold was obtained by drawi ng and devel oping the fine
pattern on the inorganic resist layer 9. Further, in exanple 6, the fine
pattern not formed of |ine and space, but fornmed of dots, was drawn.

In fabricating the fine pattern formng layer 8, the flowrate was set to
Ar : 02 =80 : 20 for formng the chrom um oxide |ayer, and the flow rate
was set to Ar : N2=30 : 70 for further form ng the chromumnitride |ayer
t hereon. fJabke T tHoousldnpubkgrdt® made of stainless steel.

In the etching treatment, a conventional technique may
be used. Dry etching by chlorine gas and oxygen gas can
be given for example.

By this dry etching, the mold substrate 2 with
resist layer 9 having a desired fine pattern, can be
obtained as shown in Fig. 1(e).

[0045]

Alkali cleaning and steam seasoning by isopropanol
are performed to the mold substrate 2 with resist layer
9, to thereby remove the resist layer 9. Thus, as shown
in Fig. 1(f), the mold 1 with a desired fine pattern
transferred to the outer peripheral surface 20 of the
mold, can be fabricated.

[0046]

Note that the fine pattern at this time may be the
pattern of nano-order to micro-order, and a periodical
structure of nano-order of several nm to several hundred
nmis further preferable. Specifically, a line and space
pattern, and a fine protrusion structure formed of a
plurality of minute unevenness, c¢an be given as an
example. As a sectional shape thereof, triangle,
trapezoid, and rectangle, etc., can be given in a case
of a one-dimensional periodic structure. 1In a case of
a two-dimensional periodic structure, not only an exact

cone shape, (generating line is a straight line) and an
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Ixo lo lao | X0O Fine pattern formng |ayer and thickness Anorphous carbon
200nm Anor phous carbon 200nm 1 Chr om um oxi de 200nm

exact pyramid shape (ridge line is a straight line), but
also a curved surface may also be used in which the
generating line and the ridge line are formed as curved
lines and a side face is swollen outward, provided that
the fine protrusion has a tapered shape in consideration
of extractionafter imprint. For example, a hangingbell,
a circular cone, a circular truncated cone, and a column,
etc., can be given specifically. A period of the
periodic structure is called a pitch hereafter, thereby
showing a distance between protrusion vertexes.

Further, a tip end portion may be flattened or
rounded, in consideration of moldability and breakage
resistance. In addition, continuous fine protrusions
in one direction may be fabricated as +the fine
protrusions.

[0047]

As described above, the imprinting mold according
to this embodiment is formed. According to this
embodiment, the following effect can be exhibited.

Namely, the surface of the substrate being a base
portion of the dimprint mold, 1is coated with the
flattening agent so that the flattening layer is formed,
and by forming thereon the fine pattern forming layer,
the fine pattern can be formed on a flat surface.

As a result, the focus can be adjusted to a flat

surface made of the flattening agent, during drawing the
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Chromumnitride 30nm Chronm um oxide 150nm/ Chromumnitride 30nm
Chrom um oxi de 30nm/ Chromumnitride 30nm Chromumnitride 100 rim
Chromiumnitride 20nm Thi ckness of flattening | ayer Polysilazane 1.5nm

fine pattern. Further, the fine pattern forming layer
8 having the fine pattern formed on the surface having
high flatness can be formed. As a result, the fine
pattern can be formed with high precision.

In addition, by forming the opaque fine pattern
forming layer on the flattening layer including the
flattening agent, the focus can be surely adjusted to
the surface of the opague layer during drawing the fine
pattern. Namely, it is possible to prevent a situation
that the focus 1s adjusted to the rough surface of the
substrate across the flattening layer during drawing the
pattern, irrespective of the flattening of the substrate
by the flattening layer. As a result, the fine pattern
forming layer can be formed with further high precision.
[0048] <Embodiment 2>

According to embodiment 1, the substance having
high transparency was used as the flattening agent.
However, according to this embodiment, the substance
having opaqueness is used as the flattening agent. Thus,
the focus during pattern drawing is prevented from being
adjusted to the rough surface of the substrate, even if
the opague layer is not used on the fine pattern forming
layer 8. Namely, since the flattening agent itself is
opaque, the focus can be surely adjusted to the surface
of the flattened layer 6 during pattern drawing.

Therefore, the resist layer 9 having the fine pattern
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| Polysilazane 1.5nm Pol ysilazane 1.5nm Pol ysil azane 1.5nm etrezvl TsATod
Pol ysi | azane 1.5nm Pol ysi | azane 1.5nm Pol ysil azane 1.5nm Pol ysl | azane 1.5nm
Ki nd of substrate SUS BA finish

can also be directly formed on the flattening layer 6.
Note that when the surface of the mold substrate 2 has
a certain degree of flatness like the silicon wafer, the
imprinting mold can be formed by forming the resist layer
9 having the fine pattern directly on the flattening
layer 6.

The flattening agent added with pigment additive
can be given for example as the flattening agent having
opaqueness. Further, even when the substance having
tranparency 1s used for the flattening agent, the
flattening layer 6 may be formed in such a manner that
a chromium layer is interposed between two layers made
of polysilazane.

[0049]

As described above, the embodiments of the present
invention are given. However, the aforementioned
disclosure content shows exemplary embodiments, and
therefore the scope of the present invention is not
limited to the aforementioned exemplary embodiments.
The embodiments of the present invention can be variously
modified based on the disclosure content of this
specification by a skilled person, irrespective of
whether or not being clearly described or suggested in

this specification.

Examples
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[0050] <Example 1>

The present invention will be more specifically
described next, by showing examples.

A stainless cylindrical hollow mold substrate 2
(SUS304, having diameter of 100nm, namely having a radius
of 50mm, out of which diameter of a hollow portion:84mmn,
and distance between mold end faces:300mm) was prepared.
[0051]

Next, the flattening agent was prepared. Solution
obtained by dissolving 20% of polysilazane into dibutyl
ether, was used as the flattening agent. A vessel cf the
flattening agent having the polysilazane ether therein,
was disposed in a lower part of the mold substrate 2.
[0052]

Thereafter, the mold substrate 2 is brought into
contact with the polysilazane solution. At this time,
a part of the outer peripheral surface 20 of the mold
is dipped into the flattening agent in a depth of 0.3mm
or less from a ligquid face of the flattening agent.
[0053]

In this state, the mold is rotated at a rotation
speed of 32 rotations/minute by the separately provided
rotary shaft 3, thus coating a whole surface of the outer
peripheral surface 20 of the mold with the polysilazane
solution. At this time, the surface of the cylindrical

mold substrate 2 was coated with the polysilazane
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Exanple 11 Exanple 2 E DIChrETH P 5 Exanple 6 Exanple 7 Exanple 8 Exanple
9

solution so that the flattening layer 6 had a thickness
of 1.5um.

Thereafter, the cylindrical mold substrate 2 and
the flattening agent were separated from each other, and
the mold substrate 2 was dried while being rotated.
[0054]

Next, the adhesion layer 7, the fine pattern forming
layer 8 which was opaque by itself, and the inorganic
resist layer 9 were laminated on the coated flattening
layer 6 in this order. The amorphous silicon layer was
formed as the adhesion layer 7, with a thickness of 30nm.

The amorphous carbon layer was formed as the fine
pattern forming layer 8, with a thickness of 200nm. The
tungsten oxide (WOx) layer was formed as the inorganic
layer 9 by sputtering, with a thickness of 20nm. Note
that a compositional variation of the inorganic resist
layer 9 in a depth direction was the gradient composition
expressed by hollow mold substrate side x = 0.95, and
resist outermost surface side x=1.60. In order to form
the inorganic resist layer 9, a flow ratio of Ar : 0O, was
continuously varied using an ion beam sputtering method,
to have a gradient of an oxygen concentration in the
inorganic resist layer 9. Further, the composition of
the 1inorganic resist layer 9 was analyzed wusing

Rutherford Back Scattering Spectroscopy (RBS).
[0055]
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[ 0057] <Result> Cbservation by a scanning el ectron m croscope was
performed to the nold manufactured in this exanple. Presence/absence of
focusi ng abnormality was exam ned based on an observation result. [0058]
As a result, as shown in table 1, the focusing abnormality was not
generated in exanples 1 to 9. Fig. 4 shows a photograph showi ng a state of
observi ng these exanpl es, and shows the photograph of the nold of exanple 3
by the scanning el ectron m croscope. Further, Fig. 5 shows the nold of
exanpl e 4, Fig.Tbeshoms gaetrahdfofrmexhnm 2ibhe Bhgl. sPastegws atshe rapld of
exanple 7, Fig. 8 shows the nold of exanple 8, and Fig. 9 shows the nold of
exanpl e 9%onAshes thamdartcf o tbts lphpt ogregphustiney nol @ 1havi hg stdhe fi ne
pattern fornmed therein with high precision can be obtained. Description of
si gns anddnamemad sd¢005e] Ofapeilrtigigh nolfd 42Nbid) substtatre drawing,
etching treatment and cleaning treatment were applied
thereto, to thereby fabricate the mold 1.
[0056] <Examples 2 to 9>

In examples 2 to 9, as shown in table 1, the mold
1 was fabricated similarly to example 1, excluding a
point that the kind of the mold substrate 2, and the kind
and the thickness of the fine pattern forming layer 8,
were changed respectively.

Note that in example 3, the fine pattern forming
layer 8 was not provided, and a completed mold was
obtained by drawing and developing the fine pattern on
the inorganic resist layer 9. Further, in example 6, the
fine pattern not formed of line and space, but formed
of dots, was drawn.

In fabricating the fine pattern forming layer 8,
the flow rate was set to Ar : 0Oy = 80 : 20 for forming
the chromium oxide layer, and the flow rate was set to

Ar : N, = 30 : 70 for further forming the chromium nitride

layer thereon.

[Table 1]
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[0057] <Result>



CLAI M5 1. An inprinting nold conprising: a flattening | ayer
provi ded on a substrate, having a | ayer nade of a flattening agent; and

a layer having a fine pattern on the flattening |ayer. 2. The
inmprinting nold according to claim1, wherein the substrate is a
cylindrical substrate nmade of stainlesssteel, andthefl atteningagentis

pol ysi | azane. 3. The inprinting nold according to claim1 or 2,
wherein the layer having the fine pattern is a fine pattern formng | ayer,
the fine pattermdOr Bong: hayelfo 1 dchidinga atehvea um axh de layerpwaer ei n

t hi ckness of the chrom um oxide |ayer is larger than 100nm and thi ckness of

a whol e bodyseh ddhen b saacratderrbenming | ayeb rins 1 &f getatsharnk dQ0Rmcand 1 m
or |ess. 4. The inprinting nold according to claim1 or 2, wherein

the | ayermmhavbngd henfbBepatdeipnl Sexsdine pattern formng |ayer, the fine
pattern formng |layer including a chromumnitride | ayer, wherein thickness
of the chpeyg¢ymnitride layer is 20nmor nore and thickness of a whol e body
of the fine pattern form ng
As a result, as shown in table 1, the focusing
abnormality was not generated in examples 1 to 9. Fig.
4 shows a photograph showing a state of observing these
examples, and shows the photograph of the mold of example
3 by the scanning electron microscope. Further, Fig. 5
shows the mold of example 4, Fig. 6 shows the mold of
example 5, Fig. 7 shows the mold of example 7, Fig. 8
shows the mold of example 8, and Fig. 9 shows the mold
of example 9. As is clarified from this photograph, the

mold having the fine pattern formed therein with high

precision can be obtained.

Description of signs and numerals

[0059]

1 Imprinting mold

2 Mold substrate

20 Mold outer peripheral surface
3 Rotary shaft

6 Flattening layer

7 Adhesion layer

8 Fine pattern forming layer
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| ayer is 20nmor nore and I mor |ess. 5. The inprinting nold
according to claim1l or 2, wherein the layer having the fine pattern is a
fine pattern formng layer, the fine pattern form ng layer including a
chrom um oxi de | ayer and a chromumnitride |ayer, wherein thickness of the
chromumnitride layer is 20nmor nore and thickness of a whole body of the
fine pattern formng layer is 20nmor nore and 1 mor |ess. 6. The
inmprinting nold according to claim1l or 2, wherein the |ayer having the
fine pattern i Raésfkneipaidern formng layer, the fine pattern formng

| ayer including an anor phous carbon | ayer, wherein thickness of the

anor phous; gar banny1 ayer is larger than 50nm and thickness of the fine
pattern formng |layer is larger than 50nmand 1 mor |ess. 7. A

met hod of1 gmnufact s ERg an i nprinting nold, conprising flattening a
surface of a substrate by coating the substrate with a flattening agent.

8. The netdhod afs @pubactyring the inprinting nold according to claim?7,
wherein the substrate is a cylindrical substrate nmade of polysilazane.

9. The nethod according to claim7 or 8, conprising:
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providing a | ayer having a fine pattern formng |layer on a flattening | ayer
having a | ayer nade of a flattening agent after flattening the surface of
the substrate, and further providing a resist |layer thereon for formng a

fine pattern; drawi ng and devel oping the fine pattern on the resi st
| ayer; and etching the fine pattern formng |layer and form ng the
fine pattern after draw ng. 10. The nmethod according to claim?9,

wherein the fine pattern formng | ayer includes a chrom um oxide | ayer

t hi ckness of the chrom um oxi de | ayerLAirstd arger than 100nm and t hi ckness of

a whol e body of the fine pattern formng |layer is larger than 100nmand 1 m

or | ess. 1 11anThenpneet hod nac cos did ng otv e @i g9, wherein the fine

pattern formng | ayer includes a chromumnitride |layer, and thickness of

the chrom um nid rfildet t ayemdg 3 20mmuoronbred andat hhbknesst of aawhole body

of the fine pattern formng layer is 20nmor nore and 1 mor |ess.

12. The net hegeacoordeng ft a cf aemt@n Wwher ebrerithe dnde pattern form ng | ayer

i ncl udes a chrom um oxide | ayer and a chromiumnitride |ayer, and thickness

of the chrom um nléyede Hayeng s 20hneop amwt ey nandc t hhekfesst bénad nwhol e

body of the fine pattern formng layer is 20nmor nore and 1 mor |ess.

13. The nkethed.according to claim9, wherein the fine pattern form ng |ayer

i ncl udes an anor phous carbon | ayer, and thickness of the anorphous carbon

| ayer is larger than 50nm and thi ckness of the fine pattern form ng | ayer

is larger than 50nmand 1 mor |ess. 14. The nmethod according to

claim9, wherein Bheelihasem di agimgyl dsacarridech @i ¢hatilvel driawe ng ipr ocess.
the substrate is a c¢ylindrical substrate made of
stainless steel, and the flattening agent is

polysilazane.

3. The imprinting mold according to claim 1 or 2,
wherein the layer having the fine pattern is a fine
pattern forming layer, the fine pattern forming layer
including a chromium oxide layer wherein thickness of
the chromium oxide layer 1s larger than 100nm and
thickness of a whole body of the fine patter forming layer

is larger than 100nm and lum or less.

4. The imprinting mold according to claim 1 or 2,
wherein the layer having the fine pattern is a fine
pattern forming layer, the fine pattern forming layer
including a chromium nitride layer, wherein thickness
of the chromium nitride layer 1is 20nm or more and

thickness of a whole body of the fine pattern forming
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layer is 20nm or more and lum or less.

5. The imprinting mold according to claim 1 or 2,
wherein the layer having the fine pattern 1is a fine
pattern forming layer, the fine pattern forming layer
including a chromium oxide layer and a chromium nitride
layer, wherein thickness of the chromium nitride layer
is 20nm or more and thickness of a whole body of the fine

pattern forming layer is 20nm or more and lum or less.

6. The imprinting mold according to claim 1 or 2,
wherein the layer having the fine pattern 1is a fine
pattern forming layer, the fine pattern forming layer
including an amorphous carbon layer, wherein thickness
of the amorphous carbon layer 1is larger than 50nm and

thickness of the fine pattern forming layer is larger

than 50nm and lum or less.

7. A method of manufacturing an imprinting mold,
comprising
flattening a surface of a substrate by coating the

substrate with a flattening agent.

8. The method of manufacturing the imprinting mold
according to claim 7, wherein

the substrate is a cylindrical substrate made of
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stainless steel, and the flattening agent is

polysilazane.

9. The method according to claim 7 or 8, comprising:

providing a layer having a fine pattern forming
layer on a flattening layer having a layer made of a
flattening agent after flattening the surface of the
substrate, and further providing a resist layer thereon
for forming a fine pattern;

drawing and developing the fine pattern on the
resist layer; and

etching the fine pattern forming layer and forming

the fine pattern after drawing.

10. The method according to claim 9, wherein the
fine pattern forming layer includes a chromium oxide
layer, thickness of the chromium oxide layer is larger
than 100nm and thickness of a whole body of the fine
pattern forming layer 1s larger than 100nm and lum or

less.

11. The method according to claim 9, wherein the
fine pattern forming layer includes a chromium nitride
layer, and thickness of the chromium nitride layer is
20nm or more, and thickness of a whole body of the fine

pattern forming layer is 20nm or more and lum or less.
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12. The method according to claim 9, wherein the
fine pattern forming layer includes a chromium oxide
layer and a chromium nitride layer, and thickness of the
chromium nitride layer is 20nm or more, and thickness

of a whole body of the fine pattern forming layer is 20nm

or more and lum or less.

13. The method according to claim 9, wherein the
fine pattern forming layer includes an amorphous carbon
layer, and thickness of the amorphous carbon layer is
larger than 50nm and thickness of the fine pattern

forming layer 1s larger than 50nm and lum or less.

14. The method according to claim 9, wherein blue

laser drawing is carried out in the drawing process.
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