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I MPRI NTI NG DEVI CE AND | MPRI NTI NG METHOD

TECHNI CAL FI ELD

[0001] The present disclosure relates to an inprinting

devi ce and an inprinting nethod.

BACKGROUND ART

[0002] Conventionally, in the field of a Mcro Electro
Mechani cal Systens (MEMS), in order to enhance a function
or an additional value, a high-integration or a conposite
integration that integrates, on a substrate, mcro-
conmponents whi ch have the sanme or different kinds of
function is adopted.

[0003] Although there are various schenes to carry out
such a high-integration, for exanple, there is a schene
of transferring a m cro-conmponent using a stanp which is
formed of an elastic material and which has a plurality
of protrusions (see, for exanple, Patent Docunent 1). In
this case, adhesion with the m cro-conponent can be
controlled by the pressure between the protrusions of the
stanp and the m cro-conponent and a speed at the tine of
pi cking up the m cro-conponent.

[0004] Conversely, formation of such a stanp by
inprinting is being examned. The inprinting is to

depresses a nold that has a mcropattern against an
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obj ect subjected to pattern fornmation |ike a resin, and
to transfer the pattern to the object subjected to
pattern formation by utilizing |ight or heat (see, for

exanpl e, Patent Docunent 2).

Cl TATI ON LI ST

PATENT LI TERATURES

[ 0005] Patent Docunent 1: WOR2008/ 088068A

Pat ent Docunent 2: WX004/ 062886A

SUMVARY OF | NVENTI ON

TECHNI CAL PROBLEM

[ 0006] According to conventional inprinting, however,
when the nold is depressed, as illustrated in FIG 8,
there is a technical problemsuch that the center portion
of the nold is warped. 1In this case, the respective
positions of the tips of the protrusions of the forned
stanp becone different. This causes uneven pressure

bet ween the protrusions of the stanp and the mcro-
conponent at the tinme of picking up the m cro-conponent,
and thus there is a technical problemsuch that it is
difficult to control adhesion with the m cro-conponent.
[0007] Hence, an objective of the present disclosure is
to provide an inprinting device and an inprinting nethod

whi ch can reduce the distortion of a transferred nol di ng
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SOLUTI ON TO PROBLEM

[ 0008] In order to acconplish the above objective, an
i mprinting device according to a first aspect of the
present disclosure pressurizes an object subjected to
pattern formation by a nold and by a substrate to
transfer a nolding pattern of the nold to the object
subjected to pattern formation, and incl udes:

a stage on which either one of the nold or the
substrate is nounted;

pl aci ng means for placing either one of the nold
or the substrate not nounted on the stage at a position
where the nold and the substrate hold therebetween the
obj ect subjected to pattern formation, and al so the
position at which the nold and the substrate are freely
novable in a direction becom ng close to each other;

a pressure adjusting unit that includes a
pressure adjusting chanber in which the nold and the
substrate are placed gas-tightly;

depressuri zi ng means for depressurizing an
interior of the pressure adjusting chanber;

pressuri zing nmeans for pressurizing the interior

of the pressure adjusting chanber within a range that the
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nold and the substrate are freely novable in the
di recti on becom ng close to each other; and

fixing nmeans for fixing the object subjected to
pattern formation to the nol ding pattern.
[0009] In this case, it is preferable to further
i nclude slide preventing neans for preventing slide
novenent of the nold and of the substrate. Mreover, the
pl aci ng means may be utilized as the slide preventing
nmeans. In this case, the placing nmeans is forned so as
to be novable to a position at which slide novenent of
the nold and of the substrate is prevented.
[0010] The placing nmeans may include position detecting
means for detecting a relative position of the nold to
t he substrate.
[0011] The above inprinting device nmay further include
control nmeans for controlling at |east either one of the
pl aci ng means or the pressure adjusting neans based on
detection information fromthe position detecting neans.
[0012] It is preferable that the placing neans should
pl ace the nold and the substrate so as to be in paralle
wi th each other.
[0013] It is preferable that the nold should include a
wal | portion that surrounds a circunference of the
nol ding pattern. In this case, it is preferable that a

hei ght of the wall portion relative to a surface where
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hi gher than 1 uym Mreover, it is preferable that a
di fference between a maxi num val ue of the height of the
wal | portion relative to a surface where the nol ding
pattern is formed and a m ni num val ue thereof shoul d be
equal to or smaller than 1 um
[0014] The fixing nmeans nay be light emtting neans for
emtting light to the object subjected to pattern
formation for curing, or be tenperature adjusting neans
for adjusting a tenperature of the object subjected to
pattern fornmation.
[ 0015] Mor eover, an inprinting nethod according to a
second aspect of the present disclosure is of pressuring
an obj ect subjected to pattern formation by a nold and by
a substrate to transfer a nolding pattern of the nold to
the object subjected to pattern formation, and incl udes:
a depressurizing process of elimnating a gas
bet ween the nold and the object subjected to pattern
formati on;
a placing process of placing, in the
depressuri zation, the nold and the substrate at, with the
obj ect subjected to pattern fornmation being held

t her ebet ween, a position at which the nold and the
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substrate are freely novable in a direction becom ng
cl ose to each ot her

a pressurizing process of pressurizing the nold
and the object subjected to pattern formation by gas
within a range that the nold and the substrate are freely
novable in the direction becom ng close to each other;
and

a fixing process of fixing the object subjected
to pattern formation to the nol ding pattern.
[0016] It is preferable that the pressurizing process
shoul d be executed while slide novenent of the nold and
of the substrate is prevented.
[ 0017] It is preferable that the placing process should
pl ace the nold and the substrate so as to be in paralle
w th each other.
[0018] The fixing process nay be a light emtting
process of emtting light to the object subjected to
pattern formation for curing, thereby fixing the nolding
pattern to the object subjected to pattern fornmation, or
be a tenperature adjusting process of adjusting a
tenperature of the object subjected to pattern fornation
for curing, thereby fixing the nolding pattern to the
obj ect subjected to pattern fornation.
[ 0019] In this case, it is preferable that the nold

should include a wall portion that surrounds a



10

15

20

circunference of the nolding pattern. It is preferable
that a height of the wall portion relative to a surface
where the nolding pattern is formed is equal to or higher
than 1 um Moreover, it is preferable that a difference

bet ween a maxi mum val ue of the height of the wall portion
relative to a surface where the nolding pattern is forned

and a m ni mum val ue t hereof should be equal to or snaller

than 1 pm

ADVANTACGEQUS EFFECTS OF | NVENTI ON

[0020] The inprinting device and the inprinting nethod
according to the present disclosure can transfer a
nol di ng pattern without a distortion to an object
subjected to pattern formation by uniformy pressurizing

a nol d.

BRI EF DESCRI PTI ON OF DRAW NGS

[0021] FIG 1 is a cross-sectional viewillustrating an
I nprinting device according to the present disclosure at
the tinme of a depressurizing process;

FIG 2 is a cross-sectional view illustrating
the inprinting device according to the present disclosure

at the tinme of a placing process;
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FIG 3 is a cross-sectional view illustrating
the inmprinting device according to the present disclosure
at the tinme of another placing process;

FIG 4 is a cross-sectional view illustrating
the inprinting device at the tinme of a pressurizing
process;

FIG 5 is a cross-sectional viewillustrating
anot her inprinting device according to the present
di scl osure at the time of the pressurizing process;

FIG 6 is a cross-sectional view illustrating
the inprinting device according to the present disclosure
at the time of a fixing process;

FIG 7 is a cross-sectional viewillustrating an
obj ect subjected to pattern formation according to the
present disclosure after the pattern formation; and

FIG 8 is a cross-sectional viewillustrating a

conventional nol di ng schene.

DESCRI PTI ON CF EMBODI MENTS

[0022] An inprinting device according to the present

di scl osure will be described with reference to FIGS. 1 to
7. As illustrated in FIG 1, the inprinting device
according to the present disclosure is to pressurize an
object 3 subjected to pattern formation with a nold 1 and

a substrate 2 so as to transfer the nolding pattern of
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the nold 1 to the object 3 subjected to pattern
formation, and mainly includes a stage 4, placing neans
5, a pressure adjusting unit 6, depressurizing neans 71,
pressurizing neans 72, and fixing neans 8.

[0023] Moreover, it is preferable that the nold 1
applied for the inprinting device and for an inprinting
met hod according to the present disclosure should be
formed of a rigid body so as to prevent the nol ding
pattern from being distorted. For exanple, a resin, such
as PET or COP, and an inorganic material |ike glass nay
be applied. In an optical inprinting process, when a

| ight source is arranged at the nold-1 side, a
transparent material is selected. Furthernore, when it
Is applied for thermal inprinting, a material that has a
heat resistance relative to an applied tenperature is

sel ect ed.

[ 0024] The nol di ng pattern includes, not only a
geonetric shape forned by concavities and convexities,
but al so, for exanple, a shape for transferring a
predeterm ned surface condition like a transfer of a
mrror-surface condition that has a predeterm ned surface
roughness. Moreover, regarding the nolding pattern, the
m ni mrum di mensi ons of the width of a convexity and of the

wi dth of a concavity are designed in various di nensions,

such as equal to or smaller than 100 um equal to or
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smaller than 10 um equal to or smaller than 2 um equa

to or smaller than 1 um equal to or smaller than 100 nm
and equal to or smaller than 10 nm Moreover, the

di mension in the depthw se direction is al so desi gned*-

i n various dinensions, such as equal to or greater than
10 nm equal to or greater than 100 nm equal to or

greater than 200 nm equal to or greater than 500 nm
equal to or greater than 1 um equal to or greater than

10 um and equal to or greater than 100 pm

[0025] Mbreover, when a nolding pattern with a high
aspect is to be transferred, or when a base that supports
the nolding pattern is thick, there is a technica
probl em such that the object 3 subjected to pattern
formation | eaks out in the side-face direction of the
nold 1, and the nolding pressure for filling the object 3
subjected to pattern formation in the nolding pattern
becones insufficient. Hence, the nold 1 may include a
wal | portion 11 that surrounds the circunference of the
nol di ng pattern. This suppresses the | eakage of the

obj ect 3 subjected to pattern formation in the side-face
direction of the nold 1 when the object 3 subjected to
pattern formation is depressed by the nold 1, and the
nol di ng pattern can be sufficiently filled with the

object 3 subjected to pattern formation. It is
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appropriate that the height of the wall portion 11
relative to the surface where the nolding pattern is
formed should be, for exanple, equal to or higher than 1
um Moreover, when the height of the wall portion is
nonuni form since the fluidity of the object subjected to
pattern formation near the wall portion becones different
in a pressurizing process of the inprinting nethod to be
descri bed later, the parallelismbetween the nold and the
substrate i s unbal anced by pressurization. Hence, it is
preferable that the nonuniformty of the height of the
wal | portion should be little. For exanple, it is
preferable that the difference between the maxi num val ue
of the height of the wall portion relative to the surface
where the nolding pattern is forned and the m ni num val ue
t hereof should be equal to or smaller than 1 pum

[0026] The substrate 2 is not Ilimted to any particul ar
one as far as it can support the object 3 subjected to
pattern formation, and for exanple, a resin, an inorganic
conmpound, or a metal can be applied.

[0027] The object 3 subjected to pattern formation is
an object to which the nolding pattern of the nold 1 is
to be transferred, and nay be held by at |east either one
of the nold 1 or the substrate 2. An exanple resin

appl i ed as the object 3 subjected to pattern formation is
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a photo-curable resin, a thernposetting resin, or a

t her nopl astic resin.

[0028] The photo-curable resin applied as the object 3
subjected to pattern formation is a resin with a fluidity
which is cured by light with a certain wavel ength, and
any photo-curable resin is applicable as far as it is
applicable for an optical inprinting technol ogy. For
exanpl e, silicon rubber Iike polydi nethyl sil oxane (PDVS),
epoxi de contai ni ng conpounds, and unsat ur at ed

hydr ocar bon- group contai ni ng conpounds |ike vinyl group
and allyl group, such as (netha)acrylic ester conpound,
vi nyl ether conmpounds, and bis-allyl-nadiimde, are
applicable. In this case, a material to which an
initiator wth optical reactivity is added and which
progresses a polynerization reaction by emtted |ight so
as to formthe nolding pattern nay be applied. An
exanpl e appropriate radical initiator with optica
reactivity applicable is acetophenone derivative,
benzophenone derivative, benzoin ether derivative, or
xant hone derivative. Moreover, a reactive nononer nay be
applied without a solvent, or may be dissolved in a

sol vent, and may be desol vated after being appli ed.
[0029] The thernosetting resin applied as the object 3
subjected to pattern formation is a resin with a fluidity

whi ch is cured when heated, and any thernosetting resin
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is applicable as far as it is applicable for a thernal

i mprinting technol ogy. For exanple, silicon rubber Iike
pol ydi net hyl si | oxane (PDVMS), epoxi de contai ni ng
conmpounds, and unsaturated hydrocarbon-group contai ni ng
conmpounds |i ke vinyl group and allyl group, such as
(nmetha)acrylic ester conpounds, vinyl ether conpounds,
and bis-allyl nadiimde conmpounds are applicable. In
this case, for the purpose of thermal polynerization,

pol ynmeri zati on-reacti on-group contai ning compounds may be
solely applied, and in order to inprove the thernosetting
characteristic, an initiator with a thermal reactivity
may be added. An exanple appropriate radical initiator
with a thernmal reactivity applicable is organic peroxide
and azo conpound, and an exanple radial initiator with an
optical reactivity is acetophenone derivati ve,
benzophenone derivative, benzoin ether derivative, or
xant hone derivative. Moreover, the reactive nononer nay
be applied w thout a solvent, or nay be dissolved in a
sol vent, and may be desol vated after being appli ed.

[0030] Furthernore, the thernoplastic resin applied as
the object 3 subjected to pattern formation is a resin
which has a fluidity when a tenperature reaches the

gl ass-transition tenperature or the nelting point, and
whi ch is cured when being cool ed, and any thernopl astic

resin is applicable as far as it is applicable for a
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thermal inprinting technol ogy. For exanple, cyclic

ol efi n-based resin, such as cyclic olefin ring-open

pol ynmer/ hydrogenated nmaterial (COP) or cyclic olefin
copol ynmer (COC), acrylic resin, polycarbonate, vinyl
ether resin, fluorine resin, such as perfluoroal koxy

al kane (PFA) or pol ytetrafl uoroethyl ene (PTFE)

pol ystyrene, polyim de-based resin, and pol yester-based
resin are applicable.

[0031] As illustrated in FIG 2 r FIG 3, the stage 4
Is to mount either one of the nold 1 or the substrate 2.
It is appropriate if the nold 1 and the substrate 2 are
nounted so as to be in parallel with each other, and it
is preferable that the surface of the nold 1 on which the
nol ding pattern is fornmed and the opposing surface of the
substrate 2 should be nounted so as to be horizontal to
each other. The material of the stage 4 is not limted
to any particular material as far as it can match the

nmol ding conditions, and for exanple, it is preferable to
apply a material that has a pressure resistance, a heat
resi stance, etc., with respect to the nolding conditions,
and netal |ike stainless steel is applicable. Moreover,
in an optical inprinting process, when a |light source is
pl aced at the stage-4 side, it is appropriate if a

transparent material |ike glass is applied.



10

15

20

25

15

[0032] The placing neans 5 is to place either one of
the nold 1 or the substrate 2 that is not placed on the
sage 4 at a position where the nold 1 and the substrate 2
hol d t herebet ween the object 3 subjected to pattern
formati on and al so the position at which the nold 1 and
the substrate 2 are freely novable in the direction
becom ng close to each other. Note that, in this
specification, the description that "the nold 1 and the
substrate 2 hold therebetween the object 3 subjected to
pattern formation" means a condition in which the object
3 subjected to pattern formation is in contact with both
the mold 1 and the substrate 2. Mreover, in this
specification, the description that " the nold 1 and the
substrate 2 are freely novable in the direction becom ng
cl ose to each other"” neans a condition in which the nold
1 or the substrate 2 is placed on the object 3 subjected
to pattern formation with a fluidity so as to be
substantially floating, and the entire nold 1 or
substrate 2 can receive uniformpressure. Mre
specifically, as illustrated in FIG 2, when the
substrate 2 is nounted on the stage 4, the nold 1 is

pl aced at a position at which the nold 1 and the
substrate 2 are freely novable in the direction becom ng
close to each other. That is, a state is achieved in

which the nold 1 is placed on the object 3 subjected to
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pattern formation on the substrate 2 so as to be
substantially floating. Mreover, as illustrated in FIG
3, when the nold 1 is nounted on the stage 4, the
substrate 2 is placed at a position at which the nold 1
and the substrate 2 are freely novable in the direction
becom ng close to each other. That is, a state is
achieved in which the substrate 2 is placed on the object
3 subjected to pattern formation on the nold 1 so as to
be substantially floating.

[ 0033] Furthernore, it is preferable that the placing
nmeans 5 should be able to place the nold 1 and the
substrate 2 in parallel with each other. The placing
means 5 is not Iimted to any particular one as far as it
is |ocated at a position where the nold 1 and the
substrate 2 hold therebetween the object 3 subjected to
pattern formation, and it can place either one of the
nmold 1 or the substrate 2 at a position at which the nold
1 and the substrate 2 are freely novable in the direction
becom ng close to each other, and for exanple, it may

i nclude a holding unit that holds the nold 1 or the
substrate 2 horizontal ly, noving up-and-down neans for
novi ng up and down the holding unit, and separating means
for separating the holding unit fromthe nold 1 in the
hori zontal direction. For exanple, protrusions 15 that

protrude horizontally may be formed at respective side
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surfaces of the nold 1, and the holding unit nay be
formed in such a way that such protrusions 15 can be
mounted. Although it is not illustrated in the figures,
regardi ng the novenent of the holding unit by the noving
up- and- down neans and by the separating neans,
conventional technol ogies can be applied such that it is
noved by hydraulic or pneumatic cylinder, and noved by an
electric notor and a ball screw, etc.

[0034] Mboreover, the placing neans 5 nmay i ncl ude
position detecting neans to detect the relative position
between the nold 1 and the substrate 2. Hence, the
position where the nold 1 and the object 3 subjected to
pattern formation or the substrate 2 and the object 3
subjected to pattern formation are in contact with each
ot her, and also the position at which the nold 1 and the
substrate 2 are freely novable in the directi on becom ng
cl ose to each other can be grasped. Furthernore, at the
time of pressurizing, the nold 1 and the substrate 2 can
be pressurized within a range that the nold 1 and the
substrate 2 are freely novable in the direction becom ng
cl ose to each other. Conventionally known technol ogi es
can be applied as the position detecting neans, and for
exanpl e, the position of the nold 1 may be neasured using
a laser length nmeasuring machi ne provided at the stage 4.

Mor eover, when an electric notor is applied for the
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pl aci ng means 5, using an encoder provided in the

el ectric notor, the position of the nold 1 may be
measured by a cal cul ation of the displacenent anount.
[0035] The pressure adjusting unit 6 forns a pressure
adj usting chanber 61 in which the nold 1 and the
substrate 2 can be placed gas-tightly. Hence, by
adjusting the pressure in the pressure adjusting chanber
61, a gas remaining in the nolding pattern of the nold 1
can be suppressed, and it can pressurize the object 3
subjected to pattern formation by the nold 1 and the
substrate 2. The pressure adjusting chanber 61 can have
any size and any shape as far as it can place therein the
nmold 1 and the substrate 2 gas-tightly, and can be
designed with the pressure in the pressure adjusting
chanber 61 and the pressure adjusting tine, etc., being
taken into consideration. For exanple, as illustrated in
FIG 4, a cylindrical casing 62 wwth a bottom and form ng
the pressure adjusting chanber 61 together with the stage
4 can be applied. In this case, in order to carry the
nold 1 and the substrate 2 in the pressure adjusting
chanmber 61, novi ng up-and-down neans for noving the
casing 62 up and down relative to the stage 4 may be
provided so as to forma space between the casing 62 and
the stage 4, or an opening and closing portion to carry

the nold 1 and the substrate 2 in the pressure adjusting
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chanber 61 may be provided at the casing 62.

Furthernore, the pressure adjusting unit 6 may be forned
so as to have the pressure adjusting chanber 61 in which
the stage 4 can be al so placed gas-tightly.

[0036] The depressurizing neans 71 is to elimnate a
gas present between the nold 1 and the object 3 subjected
to pattern formation, and to depressurize the interior of
the pressure adjusting chanber 61 up to a pressure that
does not cause a problemfor pattern formation. The
pressure which does not cause a problemfor pattern
formati on nmeans a pressure that can prevent a gas from
remai ning in the nolding pattern as gas bubbl es, and

whi ch can suppress the occurrence of a transfer failure.
For exanple, such a pressure is equal to or snaller than
1000 Pa, and preferably, is equal to or smaller than 100
Pa. As for the depressurizing neans 71, for exanple, a
conventionally known depressurizing punp which is in
communi cation with the interior of the pressure adjusting
chanber 61, and which can elimnate the gas within the
pressure adjusting chanber 61 may be appli ed.

[ 0037] Mor eover, the pressurizing neans 72 is to
pressurize the interior of the pressure adjusting chanber
61 in order to fill the object 3 subjected to pattern
formation in the nolding pattern of the nold 1. The

pressure which can fill the object 3 subjected to pattern
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formation in the nolding pattern of the nold 1 is set in
accordance with the viscosity, etc., of the object 3
subjected to pattern formati on as appropriate. Moreover,
the pressurizing neans 72 pressurizes the interior of the
pressure adjusting chanber 61 within a range that the
nold 1 and the substrate 2 are freely novable in the

di rection becom ng close to each other. Accordingly,
since uni formpressure can be applied to the nold 1, the
substrate 2, and the object 3 subjected to pattern
formati on, and thus an occurrence of a distortion on the
object 3 subjected to pattern formati on can be prevented.
As for the pressurizing neans 72, for exanple, a tank or
a pressurizing punp which is in communication with the
interior of the pressure adjusting chanber 61, and which
suppl i es a gaseous body, such as air and inert gas that
can pressurize the interior of the pressure adjusting
chanber 61 may be applied. Mreover, when atnospheric
pressure is sufficient as the pressurizing pressure, as
illustrated in FIG 4, a relief valve that connects the
interior of the pressure adjusting chanber 61 and the
exterior of the pressure adjusting chanber 61 nay be
appl i ed.

[0038] Furthernore, control neans that controls the

pl acing nmeans 5 and the pressure adjusting neans 7 based

on the detection information by the position detecting
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means may be provided. Accordingly, the placing neans 5
is enabled to place the nold 1 or the substrate 2 at the
position where the nold 1 and the substrate 2 hold

t her ebet ween the object 3 subjected to pattern fornation,
and al so the position at which the nold 1 and the
substrate 2 are freely novable in the direction becom ng
cl ose to each other, and the pressurizing neans 72 is
enabl ed to pressurize the nold 1 and the object 3
subjected to pattern formation within the range that the
nold 1 and the substrate 2 are freely novable in the

di recti on becom ng close to each other. The contro
nmeans is not limted to any particular one as far as it
can control the placing neans 5 and the pressure
adjusting nethod 7, and for exanple, a conventionally
known conputer may be appli ed.

[0039] The fixing neans 8 is to fix the object 3
subjected to pattern formation to the nolding pattern.
As for the fixing neans 8, in the case of optica
inmprinting, light emtting neans 81 may be appli ed.
Moreover, in the case of thermal inprinting, tenperature
adj usti ng neans nay be appli ed.

[0040] The light emitting neans 81 is to emt light to
the object 3 subjected to pattern formation which is
formed of a photo-curable resin, and to cure it. The

light emtting means 81 is not |limted to any particul ar
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one as far as it can emt electromagnetic waves with a
predet erm ned wavel ength to the object 3 subjected to
pattern formation for curing, and for exanple, an
ultraviolet emtting device that emts ultraviolet to the
obj ect 3 subjected to pattern formati on nay be appli ed.
In this case, as far as it can emt light to the object 3
subjected to pattern formati on, the nunber of the |ight
emtting neans 8 may be a single nunber or a nmultiple
nunber. Wen placing the nultiple nunber of such neans,
it is preferable to place those in such a way that the
lighting intensity distribution can be as uniform as
possi bl e across the object 3 subjected to pattern
formati on.

[0041] The tenperature adjusting neans is to adjust the
tenperature of the object 3 subjected to pattern
formation which is fornmed of a thernosetting resin or a
thernopl astic resin to allow the object 3 subjected to
pattern formation to have a fluidity, or to cure. As for
the tenperature adjusting neans, heating neans that
directly or indirectly heats the object 3 subjected to
pattern formati on nay be applied. Moreover, cooling
nmeans that directly or indirectly cools the object 3
subjected to pattern formation may be al so appli ed.
[0042] As far as it can heat either one of or both of

the nold 1 and the object 3 subjected to pattern
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formation to a predeterm ned tenperature, such as equa
to or higher than the glass transition tenperature or the
melting point of the thernoplastic resin that forns the
object 3 subjected to pattern formation, or equal to or

hi gher than the curing tenperature of the thernopsetting
resin, the heating neans is not limted to any particul ar
one. Moreover, it may heat the object 3 subjected to
pattern formation fromthe stage-4 side or may heat from
the nold-1 side. For exanple, a heater may be provided
in the stage 4, and the nold 1 and the object 3 subjected
to pattern formati on may be heated. Moreover, heating
may be perforned using the heated liquid or gas.

[0043] As far as it can cool either one of or both of
the nold 1 and the object 3 subjected to pattern
formation to a predeterm ned tenperature, such as | ower
than the glass transition tenperature or the nelting
poi nt of the thernoplastic resin that forns the object 3
subjected to pattern formation, or |ower than the curing
tenperature of the thernosetting resin, the cooling neans
is not limted to any particular one. Moreover, it may
cool the object 3 subjected to pattern formation fromthe
stage-4 side or may cool fromthe nold-1 side. For
exanple, a cooling fan, or a cooling fluid passage which

is formed in the stage 4 and through which a fluid is
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caused to flow so as to cool the nold 1 and the object 3
subjected to pattern formati on may be appli ed.

[ 0044] Mor eover, the tenperature adjusting neans nay

I ncl ude tenperature detecting neans that detects the
tenperatures of the nold 1, the substrate 2, the object 3
subjected to pattern formation, and the stage 4, etc.,
and nmay adjust the tenperature of the object 3 subjected
to pattern formati on based on detected tenperature

i nf ormati on.

[0045] Furthernore, according to the inprinting device
of the present disclosure, since either one of the nold 1
or the substrate 2 is in a state floating on the object 3
subjected to pattern formation at the position at which
the nold 1 and the substrate 2 are freely novable in the
di rection beconmi ng close to each other, when the nold 1
and the substrate 2 are pressurized, the nold 1 and the
substrate 2 are likely to nake slide novenent. Hence,
slide preventing neans 9 that prevents the nold 1 and the
substrate 2 from maki ng sliding novenent may be provided.
As far as it can prevent the sliding novenent in the
direction orthogonal to the becom ng-close direction

wi t hout disrupting the novenent of the nold 1 or the
substate 2 floating on the object 3 subjected to pattern
formation in such a becom ng-close direction, the slide

preventing neans 9 is not Iimted to any particul ar one.
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For exanple, as illustrated in FIG 4, the slide
preventing neans 9 like a guide placed with a
predeterm ned cl earance fromthe respective side faces of
the nold 1 floating on the object 3 subjected to pattern
formati on may be provided. Moreover, when the conponent
floating on the object 3 subjected to pattern formation
Is the substrate 2, although it is not illustrated in the
figure, the slide preventing neans |i ke a guide placed
with a predeterm ned clearance fromthe respective side
faces of the substrate 2 may be provided. Furthernore,

as illustrated in FIG 5, the placing neans 5 nay be
utilized as the slide preventing neans. 1In this case,
the placing nmeans 5 may be forned so as to be novabl e at
a position that prevents the sliding novenent of the nold
1 and of the substrate 2 when the nold 1 and the object 3
subjected to pattern formation are pressurized. Note
that the di nmension of the clearance between the slide
preventing neans 9 and the side surface of the nold 1 or
the substrate 2 is not limted to any particul ar

di mension as far as it can permt the sliding novenent of
the nold 1 and of the substrate 2, but for exanple, may
be smaller than 0.5 mMm

[0046] Next, an inprinting nmethod according to the
present disclosure wll be described. The inprinting

nmet hod according to the present disclosure pressurizes



10

15

20

25

26

the object 3 subjected to pattern formation by the nold 1
and by the substrate 2 so as to transfer the nol ding
pattern of the nold 1 to the object 3 subjected to
pattern formation, and mainly includes a depressuri zing
process, a placing process, a pressurizing process, and a
fixing process.

[0047] The depressurizing process is to elimnate a gas
bet ween the nold and the object subjected to pattern
formation. As illustrated in FIG 1, a clearance may be
formed between the nold 1 and the object 3 subjected to
pattern formation, and the interior of the pressure

adj usting chanber 61 may be depressurized so as to
elimnate the gas in the pressure adjusting chanber 61.
This prevents the gas fromrenmaining in the nolding
pattern as gas bubbl es, thereby suppressing an occurrence
of a transfer failure. The pressure at the
depressurizing process is not limted to any particul ar
pressure as far as the interior of the pressure adjusting
chanber 61 can be depressurized to the pressure that does
not cause a problemfor pattern formation, but for
exanpl e, may be equal to or |ower than 1000 Pa,
preferably, equal to or |ower than 100 Pa.

[0048] As illustrated in FIG 2 or FIG 3, the placing
process is to place, in depressurization, the nold 1 and

the substrate 2 at a position at which the nold 1 and the
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substrate 2 are freely novable in the direction becom ng
close to each other with the object 3 subjected to
pattern formation being held therebetween. Mre
specifically, as illustrated in FIG 2, when the
substrate 2 is nmounted on the stage 4, the nold 1 is

pl aced at the position at which the nold 1 and the
substrate 2 are freely novable in the direction becom ng
close to each other. That is, a state is achieved in
which the nold 1 is placed on the object 3 subjected to
pattern formation on the substrate 2 so as to be
substantially floating. Moreover, as illustrated in FIG
3, when the nold 1 is nounted on the stage 4, the
substrate 2 is placed at the position at which the nold 1
and the substrate 2 are freely novable in the direction
becom ng close to each other. That is, a state is
achieved in which the substrate 2 is placed on the object
3 subjected to pattern formation on the nold 1 so as to
be substantially floating. Note that in the placing
process, it is preferable that the nold 1 and the
substrate 2 should be placed in parallel with each other.
[0049] As illustrated in FIG 4, the pressurizing
process is to pressurize the nold 1 and the object 3
subjected to pattern formation by gas within a range that
the nold 1 and the substrate 2 are freely novable in the

di recti on becom ng close to each other. Accordingly,
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since uni formpressure can be applied to the nold 1, the
substrate 2, and the object 3 subjected to pattern
formation, a distortion of the object 3 subjected to
pattern formati on can be suppressed.

[0050] Note that as descri bed above, in the
pressurizing process, since either one of the nold 1 or
the substrate 2 is in a state floating on the object 3
subjected to pattern formation at the position at which
the nold 1 and the substrate 2 are freely novable in the
di recti on becom ng close to each other, the nold 1 and
the substrate 2 are likely to make slide novenent when
the nold 1 and the substrate 2 are pressurized.
Therefore, it is preferable that the pressurizing process
shoul d be carried out while the sliding novenent of the
nold 1 and of the substrate 2 is prevented (see FIG 4 or
FIG 5).

[0051] The fixing process is to fix the object 3
subjected to pattern formation to the nolding pattern.
Regardi ng the fixing process, in the case of optica
inmprinting, as illustrated in FIG 6, |light nay be
emtted to the object 3 subjected to pattern formation
that is fornmed of a photo-curable resin for curing, and
the nolding pattern may be fixed to the object 3
subjected to pattern formation. The light to be emtted

is not limted to any particular light as far as it can
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cure the photo-curable resin applied as the object 3
subjected to pattern formation, and for exanple,
ultraviolet can be applied. Mreover, in the case of
thermal inprinting, the tenperature of the object 3
subjected to pattern formati on may be adjusted for
curing, and the nolding pattern may be fixed to the
object 3 subjected to pattern formation. Wen, for
exanpl e, the object 3 subjected to pattern formation is
formed of a thernosetting resin, the object 3 subjected
to pattern formati on may be heated for curing beyond a
tenperature at which such a resin cures. Moreover, when
the object 3 subjected to pattern formation is forned of
a thernoplastic resin, the object 3 subjected to pattern
formation may be cooled for curing at a tenperature | ower
than the glass transition tenperature or the nelting
poi nt of such a resin.

[0052] Note that in the case of the thermal inprinting,
a tenperature adjusting process to adjust the tenperature
in such a way that the object 3 subjected to pattern
formation has a flowability nay be necessary prior to the
pressurizing process. Wen, for exanple, the object 3
subjected to pattern formation is fornmed of a

t hernopl astic resin, the object 3 subjected to pattern
formation is heated beyond the glass transition

tenperature or the nelting point of such a resin.
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Mor eover, when the object 3 subjected to pattern
formation is formed of a thernosetting resin, the
tenperature of the object 3 subjected to pattern
formation is maintained at a tenperature equal to or

| ower than a tenperature at which such a resin does not
cure. Note that the tenperature adjusting process nay be
carried out before or after the depressurizing process.
[0053] Eventually, as illustrated in FIG 7, when the
nold 1 is denolded fromthe object 3 subjected to pattern
formation, the object 3 subjected to pattern formation to
whi ch the nolding pattern of the nold 1 is transferred

wi thout a distortion can be forned.
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CLAI M5

1. An inprinting device that pressurizes an object
subjected to pattern formation by a nold and by a
substrate to transfer a nolding pattern of the nold to
the object subjected to pattern fornmation conpri sing:

a stage on which either one of the nold or the
substrate is nounted;

pl aci ng nmeans for placing either one of the nold or
the substrate not nounted on the stage at a position
where the nold and the substrate hold therebetween the
obj ect subjected to pattern formation, and al so the
position at which the nold and the substrate are freely
novable in a direction becom ng close to each other;

a pressure adjusting unit that conprises a pressure
adj usting chanmber in which the nold and the substrate are
pl aced gas-tightly;

depressuri zing nmeans for depressurizing an interior
of the pressure adjusting chanber;

pressuri zing means for pressurizing the interior of
the pressure adjusting chanber within a range that the
nold and the substrate are freely novable in the
di recti on becom ng close to each other; and

fixing means for fixing the object subjected to

pattern formation to the nol ding pattern.
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2. The inprinting device according to claim1,
further conprising slide preventing nmeans for preventing

sl ide novenent of the nold and of the substrate.

3. The inprinting device according to claiml1,
wherein the placing neans is novable to a position at
whi ch slide novenment of the nold and of the substrate is

prevent ed.

4. The inprinting device according to any one of
claims 1 to 3, wherein the placing nmeans conprises
position detecting neans for detecting a relative

position of the nold to the substrate.

5. The inprinting device according to claim4,
further conprising control neans for controlling at |east
ei ther one of the placing nmeans or the pressure adjusting
nmeans based on detection information fromthe position

det ecti ng neans.

6. The inprinting device according to any one of
claims 1 to 5 wherein the placing nmeans places the nold
and the substrate so as to be in parallel with each

ot her .
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7. The inprinting device according to any one of
claims 1 to 6, wherein the nold conprises a wall portion

that surrounds a circunference of the nolding pattern.

8. The inprinting device according to any one of
claims 1 to 7, wherein a height of the wall portion

relative to a surface where the nolding pattern is forned

I's equal to or higher than 1 um

9. The inprinting device according to claim?7 or 8,
wherein a difference between a maxi mum val ue of the
hei ght of the wall portion relative to a surface where

the nolding pattern is forned and a m ni mum val ue t her eof

Is equal to or smaller than 1 pum

10. The inprinting device according to any one of
claims 1 to 9, wherein the fixing neans is light emtting
means for emtting light to the object subjected to
pattern formation for curing, or is tenperature adjusting
nmeans for adjusting a tenperature of the object subjected

to pattern fornmation.
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11. An inprinting method of pressuring an object
subjected to pattern formation by a nold and by a
substrate to transfer a nolding pattern of the nold to
t he object subjected to pattern fornmation conpri sing:

a depressurizing process of elimnating a gas
bet ween the nold and the object subjected to pattern
formati on;

a placing process of placing, in the
depressuri zation, the nold and the substrate at, with the
obj ect subjected to pattern fornation being held
t her ebet ween, a position at which the nold and the
substrate are freely novable in a direction becom ng
cl ose to each ot her

a pressurizing process of pressurizing the nold and
t he object subjected to pattern formation by gas within a
range that the nold and the substrate are freely novable
in the direction becomng close to each other; and

a fixing process of fixing the object subjected to

pattern formation to the nol ding pattern.

12. The inprinting nethod according to claim 11,
wherein the pressurizing process is executed while slide

novenent of the nold and of the substrate is prevented.
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13. The inprinting nethod according to claim 11l or
12, wherein the placing process places the nold and the

substrate so as to be in parallel with each other

14. The inprinting nethod according to any one of
claims 11 to 13, wherein the fixing process is a |ight
emtting process of emtting light to the object
subjected to pattern formation for curing, thereby fixing
the nolding pattern to the object subjected to pattern
formation, or is a tenperature adjusting process of
adjusting a tenperature of the object subjected to
pattern formation for curing, thereby fixing the nolding

pattern to the object subjected to pattern formation.

15. The inprinting nethod according to any one of
claims 11 to 14, wherein the nold conprises a wal
portion that surrounds a circunference of the nolding

pattern.

16. The inprinting nethod according to claiml1l5,
wherein a height of the wall portion relative to a

surface where the nolding pattern is formed is equal to

or higher than 1 um
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17. The inprinting nethod according to claim15 or
16, wherein a difference between a nmaxi nrum val ue of the
hei ght of the wall portion relative to a surface where

the nolding pattern is fornmed and a m ni nrum val ue t her eof

Is equal to or smaller than 1 pum



