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Description

RESIN MOLD, PRODUCTION METHOD THEREOF, AND USE THEREOF

TECHNICAL FIELD
[00017]

The present invention relates to a resin mold. More
specifically, the present invention relates to a resinmold having

superioxr releasability from a resin to be imprinted.

BACKGROUND ART
100023

Imprinting technology is a technology in which a meld for
molding a depressions and protrusions pattern is pressed into a
liguid resin or the like upon a substrate, and transfers the
pattern of the mold to the resin. Depressions and protrusions
patterns exist at sizes ranging from nano-scale (10 nm level) to
about 100 um, and these patterns are used in various types of £ields
such as semiconductor materials, optical materials, recording

media, micro machines, biotechnology, environment, or the like.

[0003]

Types of imprinting are exemplified by thermal imprinting,
photo imprinting, or the like. Thermal imprinting presses a mold
having a certain pattern formed in the surface thereof against

a thermoplastic resinmelted at a temperature greater than or equal
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to the glass transition temperature, thermally imprints the
surface patternof themold into the thermoplastic resin, and peels
off the imprinted thermoplastic resin fromthe mold after cooling.
Photo imprinting presses the same type of mold against a
photo-curable resin, causes curing of the photo-curable resin by
ultraviclet radiation, and then peals the cured photo-curable
resin from the mold.

[0004]

In order to prevent attachment of the resin to the mold
during imprinting, a release layer is arranged on the depressions
and protrusions surface of the mold so as to impart releasability
from the resin to the depressions and protrusions surface.
However, there has been a problem in that, when the release layer
adheres poorly to the mold, the release layer is shed due to
imprinting. Therefore in order to solve the aforeméntioned
problem, a method is known that treats the surface of the mold
by plasma treatment or a silane coupling agent treatment so as
to cause an improvement of adhesion of the mold release agent to
the mold (e.g. see Patent Document 1). Moreover, amethod is known
that uses as the mold release agent a perfluoropolyether having
functional groups that are chemically reactive with the material
of the mold (e.g. see Patent Documents 2 and 3). These methods
all relate to release treatment for molds of hard substances such

as metal, silicon, glass, or the like.
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[0005]

Resin molds are being used in recent years due to general
versatility and cost. Mold release agents are being used even
for resin molds. However, since the resin mold and the resin
to be imprinted are both resins, adhesion of the mold release agent
is of a similar extent toboth resins, and this results in a problem
in that the release layer is transferred to the resin to be
imprinted. Technology is desired for improving adhesion of the
release layer to the resin mold.

[00Qe]

In order to solve the aforementioned problems, for example,
an oxide layer composed of an inorganic oxide is formed on the
surface of a replica mold, and shedding of the release layer from
the surface of the replica mold is prevented. Although it is
possible to prevent shedding of tﬁe release layer from the oxide
layer by formation of a release layer with this oxide layer
interposed between the release layer and the mold, adhesion of
this oxide film to the resin film is not necessarily good.
[0007]

Therefore, there is a problem in that, even when the release
layer and the oxide film are integrated, there still may be
transfer of the integrated release layer and oxide film to the

surface of the imprinted resin film.
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SUMMARY
Problem to be Solved
[0009]

An object of the embodiments disgclosed herein is to provide
a resin mold for imprinting without transfer defects, that has
excellent releasability from the regin to be imprinted, and that
is free of shedding of the mold release agent when imprinting.
Moreover, another object of the embodiments disclosed herein is
to provide a resin mold that is capable of inexpensive mass
production. Yet another object of the embodiments disclosed
herein is to provide a resin mold that has flexibility and can

be used by fixing to a roller or the like.

Solution to Problem
f0010]

[1] A resin mold comprising:
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a substrate,

a resin layer formed upon the substrate and having a
depressions and protrusions pattern formed on the surface of the
resin layer,

and a release layer containing amold release agent and being
formed with uniform thickness on at least the surface of the
depressions and protrusions pattern of said resin layer;

wherein said resin layer comprises a solvent soluble resin
and an additive; the additive contains a substituent group capable
of coupling with said mold release agent and a substituent group
having compatibility with said solvent soluble resin and has
bleeding ability with respect to the solvent soluble resin;

sald additive is localized in the vicinity of said resin
layer surface and the substituent group capable of coupling with
the mold release agent contained in the additive bonds chemically
with said mold release agent to couple together said resin lavyer

and release layer.

[2] The resin moid according to [1]; where the pure water
contact angle of the aforementioned release layer surface is
greater than or egual to 100 degrees.

{3] The resin mold according to [1l] or [2]:; where the
aforementioned additive is a compound, or hydrolysate thereof,

indicated by the below listed General Formula (1):
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[0011]

’.....\

Y3.n (CH3) pSiX (1)

In General Formula (1), Y is a methoxy or ethoxy group; X
is an organic group including one type selected from the group
consisting of an epoxy group, glycidoxy group, and optionally
substituted phenyl group and amino group; and n is 0 or 1.

[4] The resin mold according to any one of [1] to [3]; where
the content of the aforementioned additive within the
aforementioned resin layer is from 1 to 13 percent by weight.

[5] The resin mold according to [3] or [4]; where the
aforementioned solvent soluble resinhas a constituent unit having
a substituent group of the same type as X in the aforementioned
General Formula (1).

[6] The resin mold according to [5]; where, in the
aforementioned solvent soluble resin, the content of the
constituent unit having the substituent group of the same type
as X in the aforementioned General Formula (1) is from 1 to 15
percent by weight.

[7] The resin mold according to any one of [3] to [6]; where
the aforementioned substituent group of the aforementioned
additive having compatibility with the aforementioned solvent
resin is the substituent group X in the aforementioned General
Formula (1).

[8] The resin mold according to any one of [3] to [7]; where
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the aforementioned substituent group of the aforementioned
additive capable of coupling with the aforementioned mold release
agent 1s the substituent group Y in the aforementioned General
Formula (1) or a hydrolysate of such substituent group Y.

[9] The resin mold according to any one of [1] to [8]; where
the aforementionedmold release agent is at least one type selected
from the group consisting of fluorine-based silane coupling agents,
mono-terminal aminated perfluoroc (perfluoroether) compounds, and
mono—terminal carboxylated perfluorc (perfluoroether)
compounds.

[10] The resinmold according to any one of [1] to [9]; where
the aforementioned substrate is a resin substrate, glass substrate,
silicon substrate, sapphire substrate, carbon substrate, or GaN
substrate.

[11] The resin mold according to [10]; where the
aforementioned resin substrate is one type of resin selected from
the group consisting of : polyethylene terephthalates,
polycarbonates, polymethylmethacrylates; polyimides,
polysulfones, polyether sulfones, cyclic polyolefins, and
polyethylene naphthalates.

[12] The resin mold according to any one of [1] to [11]:
where period of the depressions and protrusions pattern of the
surface is from 10 nm to 50 um.

[13] The resin mold according to any one of [1] to {[12];
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where shape of the depressions and protrusions pattern of the
surface 1s linear shaped, columnar shaped, moth-eye-pattern
shaped, or lens shaped.

[14] Amethod of production of a resin mold comprising steps

(I) applying to a substrate a solution dissolving a solvent
soluble resin and an additive in a solvent, and forming a resin
solution layer on the substrate;

(II) removing the solvent from the aforementioned resin
solution layver and forming a resin layer upon the substrate;

(ITI) contacting a mold against the aforementiocned resin
layer, and transferring a depressions and protrusions pattern
formed in the surface of the aforementioned mold to the surface
of the aforementioned resin layer; and

(IV) coating a mold release agent on the surface of at least
the depressions and protrusions pattern of the aforementioned
resin layer, and forming a release layer of uniform thickness.

[15] A method of use cf a resin mold comprising steps of:
contacting the resin surface against the resin mold according to
any one of 1] to [13]; and pealing the aforementioned resin mold
from the aforementioned resin.

[16] The method of use of a resin mold according to [153];
where the aforementioned resin is a photo-curable resin.

[17] The resin mold according to any one of [1] to [13];
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where the resin mold is fixed to a roller.
[0011a]

Ina first aspect, there is provided a resinmold comprising:

a substrate,

a resin layer formed upon the substrate and having a
depressions and protrusions pattern formed on the surface of the
resin layer,

and a release layer containing a mold release agent and being
formed with uniform thickness on at least the surface of the
depressions and protrusions pattern of said resin layer;

wherein said resin layer comprises a solvent soluble resin
and an additive; said additive is a compound, or hydrolysate
thereof, of General Formula (1):
¥3.5 (CH3) nS1iX (1)

wherein Y is a methoxy or ethoxy group; X is an organic group
including one type selected from the group consisting of an epoxy
group, glycidoxy group, and optionally substituted phenyl group
or amino group; and n is 0 or 1;
the solvent soluble resin has a constituent unit having a
substituent group of the same type as X in said General Formula

(1) ; and
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said additive is localized in the vicinity of said resin
layer surface, the substituent group Y in said General Formula
(1) of the additive, or a hydrolysate of such substituent group
Y, bonding chemically with said mold release agent to couple
together said resin layer and release lavyer.

[0011Db]

In a second aspect, there is provided a method of production
of a resin mold comprising steps of:

(I) applying to a substrate a solution dissolving a solvent
soluble resin and an additive in a solvent, and forming a resin
gsolution layer on the substrate;

(II) removing the sclvent from said resin solutioﬁ layer
and forming a resin layer upon the substrate;

(ITI) contacting a mold against said regin layer, and
transferring a depressions and protrusions pattern formed in the
surface of said mold to the surface of said resin layer; and

(IV) coating a mold release agent on the surface of at least
the depressions and protrusions pattern of gaid resin layer, and
forming a release layer of uniform thickness;
wherein the additive is a compound, or hydrolysate thereof, of
General Formula (1):

Y3-n (CH3) nS1iX (1)
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wherein Y is a methoxy or ethoxy group; X is an organic group
including one type selected from the group
consisting of an epoxy group, glycidoxy group, and optionally
substituted phenyl group or amino group; and n
is 0 or 1,
and the solvent soluble regin has a constituent unit having a
substituent group of the same type as X in said
General Formula (1).
[0011c]

In a third aspect, there is provided a method of use of a
resin mold comprising steps of:

contacting the resin surface against the resin mold as
defined above;

and peeling said resin mold from said resin.

ADVANTAGEOUS EFFECTS
[0012]

The resin mold of the present disclosure has excellent
releasability from the resin to be imprinted, and there is no
shedding of mold release agent due to imprinting. Moreover, the

imprinted resin has no transfer defects.
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[0013]
The resin mold of the present disclosure is mainly composed
of resin, and thus inexpensive mass production is possible, and

the resin mold is flexible.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 shows a resin mold of the present invention that has
a gquasi-4 layer structure.

FIG. 2 shows the method of production of the resin mold of
the present invention that has a quasi-4 layer structure.

FIG. 3 shows the method of use of the reginmold of the present
invention.

FIG. 4 shows the method of use of the roller type resin mold.

DESCRIPTION OF EMBODIMENTS
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[0015]

The present invention will be explained concretely
hereinafter.
[0016]

The present invention will be explained with reference to
the schematic cross-sectional view of the resinmold of the present
invention shown in FIG. 1.

[0017]

The present invention relates to a resin mold including:
a substrate, a resin layer formed upon the substrate and having
a depressions and protrusions pattern formed in the surface
thereof, and a release layer including a mold release agent and
being formed of uniform thickness on at least the depressions and
protrusions pattern of the aforementioned resin layer;

where the aforementioned resin layer has a solvent soluble
resin, and the aforementioned resin layer further includes an
additive that has bleeding ability with respect to the solvent
soluble resin, has a substituent group capable of coupling with
the aforementioned mold release agent, and has a substituent group
having compatibility with the aforementioned solvent soluble
resin;

the aforementioned additive is localized in the vicinity
of the aforementioned resin layer surface; and the group of the

additive capable of coupling with the mold release agent bonds
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chemically with the aforementioned mold release agent and couples
together the aforementioned resin layer and release layer.
1. Method for Production of the Resin Mold

This resin mold is produced by the steps of:

(1) applying to a substrate a solution dissolving a solvent
soluble resin and an additive in a solvent, and forming a resin
solution layer on the substrate;

(II) removing the solvent from the aforementioned resin
solution layer and forming a resin layer upon the substrate;

(ITI) contacting a mold against the aforementioned resin
layer, and transferring a depressions and protrusions pattern
formed in the surface of the aforementioned mold to the surface
of the aforementioned resin layer; and

(IV) coating a mold release agent on the surface of at least
the depressions and protrusions pattern of the aforementioned
resin layer, and forming a release layer of uniform thickness.
[0018]

The method of producing the quasi-4 layer structure resin
mold will be described with reference to FIG. 2.

[0019]
A substrate 4 is prepared as shown in FIG. 2(a).
[0020]
Next, a resin solution is applied to the substrate 4 as shown

in FIG. 2(b), and a resin solution layer 3' is produced.
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[0021]

Next, the solvent is removed from the resin solution layer
3' as shown in FIG. 2(c), and a resin layer 3 is formed in which
the additive 2 is localized in the vicinity of the surface above
the substrate 4.

[0022]

Next, by contacting the mold against the aforementioned
resin layer 3 as shown in FIG. 2(d), the depressions and
protrusions pattern formed in the surface of this mold is
transfered to the surface of the resin layer.

[0023]

Thereafter, as shown in FIG. 2(e), a release lavyer 1 of
uniform thickness i1s formed on the surface of said resin layer
3 at least where the depressions and protrusions pattern is
present.
<8tep (I): Step of coating the solutiondissolving solvent soluble
resin and additive in a solvent on the substrate, and forming a
resin solution layer>

In step (I), firstly the solvent soluble resin and the
additive are uniformly dissolved in solvent to produce the resin
solution.

[0024]
The solvent is a normal organic solvent, as exemplified by:

aromatic type solvents such as benzene, toluene, xylene, or the
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like; ketone type solvents such as acetone, methyl ethyl ketone,
cyclohexanone, or the like; halogen type solvents such as
methylene chloride, chloroform, carbon tetrachloride, ethylene
chloride, tetrachlorcethane, chlorobenzene, or the like; ether
type solvents such as tetrahydrofuran, dioxane, ethylene glycol
diethyl ether, or the like; ester type solvents such as methyl
acetate, ethyl acetate, ethyl cellosolve, propylene glycol methyl
ester acetate, or the like; alcohol type solvents such as methanol,
ethanol, isopropyl alcohol, or the like; as well as
dimethylformamide, dimethyl sulfoxide, diethyl formamide, or the
like. From the standpoint of coating ability, the solvent is
preferably an aromatic type solvent or ester type solvent.
Moreover, propylene glycol methyl ether acetate and toluene are
particularly preferred solvents.

[0025]

The additive which is possible to use, has a substituent
group that is capable of coupling with the aforementioned mold
release agent and has a substituent group that is compatible with
the aforementioned solvent soluble resin and has bleeding ability
with respect to the solvent soluble resin.

[0026]

Examples of the additive include the compounds indicated

by the below listed General Formula (1) and hydrolysates of such

compounds.
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[0027]
Y35 (CH3) nS1X (1)

In General Formula (1), Y is a methoxy or ethoxy group; X
is an organic group including one type selected from the group
including an epoxy group, glycidoxy group, and optionally
substituted phenyl group or amino group; and n is 0 or 1.

The organic group preferably has 1 to 9 carbon atoms, more
preferably has 2 to 6 carbon atoms, and yet further preferably
has 3 to 6 carbon atoms.

[0028]

Here, the Y group or the hydrolysate thereof is considered
to be the group that has the ability to couple with the
aforementioned mold release agent. X is considered to be the group
that has compatibility with the aforementioned solvent soluble
resin.

[0029]

Any resin may be used as the solvent soluble resin as long
as resin that is soluble in the aforementioned solvent and there
is no separation from the aforementioned additive. Examples of
thermoplastic resins include acrylic type resins, methacrylic
type resins, styrene type resins, epoxy type resins, polyester
type resins, olefin type resins, polycarbonate type resins, and
the like. When the additive is a compound as indicated in the

aforementioned General Formula (1), from the standpoint of
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compatibility with the additive, the solvent soluble resin is
preferably the above mentioned thermoplastic resin that has a
constituent unit that includes the same type of substituent group
as X. The constituent unit having the same type of substituent
group as X is included (based on total constituent units of the
resin) at a concentration that is preferably from 1 to 15 percent
by weight, and more preferably from 2 to 10 percent by weight.
When the aforementioned range is used, although there is no
separation of the solvent soluble resin and the additive, both
components are not entirelymiscible after removal of the solvent,
and it is thought that the additive bleeds out toward the resin
layer surface.

[0030]

When the solvent soluble resin and additive are added to
the aforementioned solvent, both components dissolve uniformly.
Taking the total parts by weight of the solvent soluble resin and
the additive to be 100 parts by weight, the added portion of the
solvent soluble resin in the solvent is preferably from 87 to 99
parts by weight, and more preferably from 91 to 98 parts by weight,
and the added portion of the additive in the solvent is preferably
from 1 to 13 parts by weight, and more preferably is from 2 to
9 parts by weight. The total added amount of the solvent soluble
resin and additive in the solvent relative to the solvent is

preferably 5 to 50 % by weight, and more preferably is 10 to 40 %
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by weight.
[0031]

Thereafter, the solution containing the aforementioned
solvent soluble resin and additive dissolved in solvent is coated
onto the substrate, and the resin solution layer is formed.
[0032]

Examples of the substrate include one type selected from
among resin substrates, glass substrates, silicon substrates,
sapphire substrates, carbon substrates, and GaN substrates. For
forming a flexible resin mold, the resin substrate is preferable,
the substrate is exemplified by one type selected from the group
including polyethylene terephthalate, polycarbonates,
polymethylmethacrylates, polyimides, polysulfones, polyether
sulfones, cyclic polyolefins, and polyethylene naphthalates.
[0033]

Examples of a coatingmethod of the solution on the substrate
include spin coating, spray coating, bar coating, lip coating,
slit coating, or the like.
<(Step II): Step of removing the solvent from the aforementioned
resin solution layer and forming the resin layer upon the
substrate>

Thereafter, the solvent is removed from the resin solution
layer, and a resin layer is formed. The resin layer comprises the

solvent soluble resin, and the additive which has a substituent
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group capable of coupling with the aforementioned mold release
agent, has a substituent group having compatibility with the
aforementioned solvent soluble resin, and has bleeding ability
relative to the solvent soluble resin.

[0034]

Examples of a removal method of the solvent include placing
the resin solution layer on a hot plate or the like to cause drying.
The temperature of drying is normally a temperaﬁure greater than
or equal to the boiling point of the solvent, and this temperature
is a temperature that does not affect properties of the resin or
the like.

[0035]

A thickness of the resin layer formed in this manner is
normally from 50 nm to 30 uym, and preferably is from 500 nm to
10 pm. Such a thickness facilitates imprinting processing.
[0036]

Compatibility between the additive and solvent soluble
resin is thought to change due to this drying step. Except for
the substituent group having compatibility with the solvent
soluble resin, the additive is thought to not have good overall
compatibility with the solvent soluble resin. As a result, when
solvent is removed from the resin solution layer, only the
substituent group having compatibility with the solvent soluble

resin is thought to remain within the resin layer, and the
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remaining constituent part of the additive is thought to protrude
outside the resin layer, resulting in bleeding at the surface of
the resin layer so that the additive becomes localized in the
vicinity of the resin layer surface.

[0037]

Thus, 1f the additive is the compound indicated by the
aforementioned General Formula (1), due to the solvent soluble
resin having a constituent unit having a substituent group that
is the same type as the substituent group X, the additive has
partial compatibility with the solvent soluble resin, and it is
thought that a structure does not result where the additive and
the solvent soluble resin are separated. Since the non-X part
of the additive does not have compatibility with the solvent
soluble resin, the additive is thought to localize near the surface
of the resin layer, resulting in bleeding out occurs. In this
context, the expression "a substituent group that is the same type
as the substituent group X" means a substituent group that has
the same basic skeleton. For example, if X is the glycidoxy group,
this means the substituent group having an epoxy structure. If
X is an optionally substituted phenyl group, this means the
substituent group having an aromatic ring.

[0038]
Taking the total percent by weight of the solvent soluble

resin and additive to be 100 percent by weight, the resin layer
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comprises the solvent soluble resin is preferably from 87 to 99
percent by weight, and more preferably from 91 to 98 percent by
weight of the resin layer. The resin layer comprises the additive
is preferably from 1 to 13 percent by weight, and more preferably
from 2 to 9 percent by weight, of the resin layer. When the
proportions of the solvent soluble resin and additive are within
the aforementioned range, the resin layer and release layer are
bonded together with sufficient adhesiveness, and there is no
shedding of the additive from the resin layer.

<{(Step III): Step of contacting the mold against the
aforementioned resin layer, and transferring the depressions and
protrusions pattern formed in the surface of the mold to the
surface of the aforementioned resin layer>

The surface geometry (i.e. depressions and protrusions
pattern) of the mold (i.e. quartz, metal, silicon, or the like
normally used for imprinting) is copied (imprinted) to the surface
of the aforementioned resin layer.

[0039]

Although no particular limitation is placed on the surface
geometry (depressions and protrusions pattern) of the mold, the
surface gAeometry preferably has a period of 10 nm to 50 um, a depth
of 10 nm to 100 um, and a transferring surface of 1.0 to 1.0 x
10 mm?. More preferably, the surface geometry has a period of 20

nm to 20 pm, a depth of 50 nm to 1 pm, and a transferring surface
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of 1.0 to 0.25 x 10° mm?. Due to such surface geometry, it is
possible to form a sufficient depressions and protrusions pattern
in the resin layer. Examples of geometry include moth-eye pattern,
linear, columnar, monolithic, conical, multi-sided pyramidal,
and micro-lens shaped.

[0040]

The transferring (imprinting) is performed by thermal
imprinting since the aforementioned resin layer is a thermoplastic
resin.

[0041]

For the thermal imprinting to be performed using the
operation normally used for thermal imprinting of a thermal
plastic resin, a preferred thermal imprinting operation that may
be cited is performed by maintaining the mold at a pressure of
0.5 to 50 MPa for 10 to 600 seconds against a resin heated to a
temperature greater than or equal to the glass transition
temperature (Tg), thereafter cooling the resin to a temperature
less than or egual to the glass transition temperature (Tg), and
then pulling apart the mold and resin layer. The depressions and
protrusions pattern is formed in the surface of the resin layer
by the thermal imprinting.
<(Step IV): Step of coating a mold release agent at least on the
surface where the aforementioned resin layer has the depressions

and protrusions pattern, and forming a release layer of uniform
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thickness>

On at least the surface having the pattern of the
aforementioned resin layer, the release layer is formed by coating
the aforementioned mold release agent by a normal coating
operation such as dip coating, spin coating, vapor deposition,
spraying, or the like. Furthermore, the mold release agent may
be a mold release agent diluted by an organic solvent in which
the mold release agent dissolves.

[0042]

The mold release agent is preferably at least one type
selected from the group including fluorine-based silane coupling
agents, perfluoro compounds having an amino group or carboxyl
group, and perfluoro ether compounds having an amino group or
carboxyl group. More preferably, themold release agent is at least
one type selected from the group including filuuvorine~based silane
coupling agents, mono-terminal aminated perfluoro
(perfluorcether) compounds, and mono-terminal carboxylated
perfluoro (perfluoroether) compounds, either as a single compound
or a mixture of single compound and multiple compounds.

[0043]

When the aforementioned type of compound is used as the mold
release agent, adhesion to the above mentioned resin layer is
excellent, and releasability from the imprinted resin is

excellent.
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[0044]

After the aforementioned coating operation, rinse treatment
of the surface of the mold release agent coating film is preferably
performed using, for example, fluorine-based solvent such as
perfluorohexane. Although the aforementioned rinse treatment is
preferable in order to obtain a release layer of uniform thickness,
it is permissible not to perform rinse treatment if it is possible
to maintain uniform thickness of the release layer by the
aforementioned mold release agent coating operation.

[0045]

Due to this process, a release layer is formed that
preferably has a thickness of 0.5 to 20 nm, more preferably 0.5
to 10 nm, and most preferably 0.5 to 5 nm.

[0046]

The release layer is thought to bind to the aforementioned
resin layer by chemical bonding between the mold release agent
and the group capable of coupling with the mold release agent of
the additive mainly present near the resin layer surface. The
chemical bonding is thought to be due to condensation reaction.
[0047]

When the aforementioned additive is indicated by the
aforementioned General Formula (1), the substituent group Y (or
hydrolysate thereof) is thought to chemically bonded with a

substituent group (including groups generated by hydrolysis) of
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the mold release agent. The chemical bonding is thought to be
due to condensation reaction.
[0048]

The aforementioned release layer is formed at uniform
thickness on at least the surface that has the depressions and
protrusions pattern of the resin layer. The expression "uniform
thickness" means substantially uniform thickness, and means a
thickness that is uniform within a standard deviation of 0.1 to
10. Therefore, the surface of the release layer maintains the
depressions and protrusions shape of the resin layer surface
geometry.

[0049]

The release layer contact angle for pure water on the release
layer surface is preferably at least 100 degrees, more preferably
is from 100 to 130 degrees, and further preferably is from 100
to 120 degrees.

[0050]

Wetting ability is low when the contact angle is within the
aforementioned range, and it is thus possible to suppress flow
of the resin of the release layer surface during coating of the
liguid imprinting resin on the surface of the release layer. It
is also thought that the imprinted resin becomes readily pealed
from the release layer surface.

2. Resin Mold
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The resin mold of the present invention is produced by the
aforementioned production method.
[0051]

The invention of the present application is a resin mold
that has a multi~layer structure.
[0052]

As shown in FIG. 1, the resin mold of the present invention
is a quasi~4 layer structure resin mold that has a substrate 4,
aresin layer 3 formed upon the aforementioned substrate and having
a depressions and protrusions pattern, the aforementioned
additive 2 mainly present near the resin layer surface, and a
release layer 1 formed of uniform thickness at least on the surface
of said resin layer 3 having the depressions and protrusions
pattern.

[0053]

The resin layer of the resin mold of the present invention
is the resin layer formed by steps (I) to (III) of the
aforementioned production method. Therefore, the solvent
soluble resin and additive composing the resin layer, the
dimensions of the resin layer, and the structure of the resin layer
are as explained above. The height "a" of the resin layer shown
in FIG. 1 (i.e. the height of the part lacking depressions and
protrusions shape) is preferably from 1 to 15 times height of "b"

shown in FIG. 1 (i.e. height of the depressions and protrusions
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shape). Imprint processingmay be performed without problem when
this ratio is used.
[0054]

The release layer of the resinmold of the present invention
is the release layer formed by the step (IV) of the aforementioned
production method. Therefore, the mold release agent composing
the release layer and dimensions of the release layer are as
described above.

[0055]

The aforementioned resin layer and the aforementioned
release layer are thought to be bonded together by chemical bonding
between the aforementioned additive and mold release agent. The
mechanism thereof is as described above.

[0056]

The aforementioned resin mold has the desired geometry on
the surface.
[0057]

The "desired geometry" is normally a depressions and
protrusions pattern that has a fixed repeat frequency. That is
to say, this is a depressions and protrusions pattern that
preferably has a frequency of 10 nm to 50 pm, a depth of 10 nm

2

to 100 pm, and a transferring surface of 1.0 to 1.0 x 10° mm®.

[0058]

Specific examples of geometrics include moth-eye, linear,
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columnar, monclithic, conical, multi-sided pyramidal, and
micro~lens shaped.
[0059]

In other words, the resin mold of the present invention has
a resin layer having a depressions and protrusions pattern
structure on the surface, and

has a release layer including a mold release agent formed
of 2 uniform thickness on at least the surface having a depressions
and protrusions pattern structure of the aforementioned resin
layer.

The above mentioned resin layer includes an additive (i.e.
the compound indicated by the below listed General Formula (1)
or & hydrolysate thereof)

Y35 (CH3) nS1iX (1)

(within the General Formula (1), Y is a methoxy or ethoxy
group; X is an organic group including one type selected from the
group including an epoxy group, glycidoxy group, and optionally
substituted phenyl group or amino group; and n is 0 or 1)

and a solvent soluble resin having a substituent group that
is the same type as the substituent group X in the aforementioned
General Formula (1).

The resin mold is characterized in that the aforementioned
resin layer and release layer are bonded together due to chemical

bonding between the mold release agent and the substituent group
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Y of the aforementioned additive or hydrolysate group thereof.
[0060]

A roller type resin mold is cited as one aspect of the resin
mold of the present invention.
[0061]

As shown in FIG. 4, a roller type resin mold is a mold of
a configuration similar to the aforementioned resin mold where
the mold in a form wound upon a roller or the like with the
depressions and protrusions surface is oriented outwardly.
[0062]

In a preferred configuration of the roller type resin mold,
the mold has a flexible structure of 30 to 300 pm thickness.
[0063]

3. Method of Use of the Resin Mold
(1) Normal Method of Use

The resin mold of the present invention is used with
advantage for imprinting a thermoplastic resin, thermosetting
resin, or photo-curable resin. More preferably the resin mold
of the present invention is used with advantage for imprinting
a photo-curable resin. An embodiment of the method of use will
be described using FIG. 3.

[0064]
Next, as shown in FIG. 3(a), the resin mold of the present

invention is contacted against the resin 5 surface.
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[0065]

Next, as shown in FIG. 3(b), the resin mold of the present
invention is peeled away, and the resin 5 is obtained with a
patterned surface.

[0066]

<Step of contacting the resin mold against the resin surface>
The resin 5 tobe imprinted isnormally a thermoplastic resin,

thermosetting resin, or photo-curable resin, and the resin 5 to

be imprinted is normally on a substrate 6.

[0067]

Any substrate may be used without limitation as the
substrate 6 provided that it is a substrate normally used for
imprinting, as exemplified by resins, glasses, silicon, sapphire,
gallium nitride, carbon, silicon carbide, or the like.

[0068]

If a thermoplastic resin or thermosetting resin is used,
it is possible to use the procedure used for normal thermal
imprinting thermoplastic resin or thermosetting resin. However,
processing is preferably performed by pressing the mold at a
pressure of 0.5 to 50 MPa for a time of 10 to 600 seconds against
the resin heated to a temperature greater than or egual to the
glass transition temperature (Tg).

[0069]

Any generally used thermoplastic resin or thermosetting
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resin may be used without limitation as the thermoplastic resin
or thermosetting resin.
[0070]

If a photo-curable resin is used, it is possible to use the
operation normally used for photo imprinting of a photo-curable
resin. However, the procedure is preferably performed, while
maintaining contact of the mold against the resin at a pressure
of 0.1 to 5MPa for 1 to 600 seconds, by irradiation using energetic
radiation (i.e. ultraviolet radiation, visible radiation,
infrared radiation, or electron beam radiation).

[0071]

In photo imprinting of the photo-curable resin, since
greater pressure is not required than that for thermal imprinting
in the above described manher, it is possible to appropriately
use various types of embodiments of the resin mold of the present
invention. For example, a flexible embodiment of the resin mold
or the like using a film or the like on the substrate may be used
with advantage for photo imprinting of the photo-curable resin.
[0072]

Any general photo-curable resin may be used as the
photo-curable resin without limitation.

(0073}
<Step of separating the resin and resin mold>

When a thermoplastic resin or thermosetting resin is used,
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the resin is cooled to a temperature less than or eqgual to the
glass transition temperature (Tg), and the resin layer and the
mold are separated.

[0074]

When a photo-curable resin is used, the mold and resin layer
are separated.

[0075]
(2) Method of Use As a Roller Type Resin Mold

The resin mold of the present invention may be used as a
roller type resin mold by wrapping the resin mold upon a roller
or the like.

[0076]

Use of the resinmold as a roller type resinmold is suitable
for imprinting a photo-curable resin. As shown in FIG. 4, the
aforementioned step of pressing the resin mold against the
aforementioned resin surface is composed of pressing the resin
mold wrapped upon a roller against the aforementioned resin
surface and irradiating by ultraviolet radiation.

[0077]
4. Applications

The resin mold of the present invention is used for
imprinting a thermoplastic resin, thermosetting resin, or
photo~curable resin.

[0078]
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The various products obtained from the imprinted resin may
be used for semiconductor materials, optical elements, prisms,
micro lenses, memory media, holography, micro-machines, biotech
products, environmental products, and electronic materials such
as semiconductors, LEDs, hard discs, or the like.

[0079]

A surface pattern geometry period of 20 nm to 500 nm is
preferred for use in semiconductor materials, media, optical
elements, or the like. A surface pattern geometry period of 200
nm to 20 pum is suitable for use in prisms, micro lenses, or the
like.

[0080]

If the resin mold of the present invention is a roller type
resin mold, the resin mold may be used for continuous molding,
and such a roller type resinmold is preferably used for optically
functional films such as a micro lens film, anti-reflective £ilm,

or the like.

EXAMPLES
[0081]

Although the present invention is explained below further
based on examples, the present invention is not limited by these

examples.

[0082]



10

15

20

SF-2378 32

In the specification of the present application and in the
examples, various values were measured by the below described
measurement methods.

[0083]
<Weilght average molecular weight Mw>

Gel permeation chromatography (GPC) was used to determine
weight average molecular weight (Mw) based on standard
polystyrene.

Measurement Conditions

Equipment: HLC-8120 GPC (manufactured by Tosoh Corp.)
Column: The 5 columns listed below were used in series.
[00847.

TSK-GEL HXL~H (guard column, manufactured by Tosoh Corp.)
TSK-GEL G7000 HXL (manufactured by Tosoh Corp.)

TSK~GEL GMHXL (manufactured by Tosoh Corp.)

TSK-GEL GMHXL (manufactured by Tosoh Corp.)

TSK-GEL G2500 HXL (manufactured by Tosoh Corp.)

Sample concentration: diluted by tetrahydrofuran to reach a
concentration of 1.0 mg/cm’

Mobile phase solvent: tetrahydrofuran

Flow rate: 1.0 cm®/minute

Column temperature: 40°C

<Thickness of the Resin Layer>

Thickness of the resin layer was taken to be the separation
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between the resin layer bottom surface and the highest surface
within the surface having the depressions and protrusions pattern.
[0085]

<Thickness of the Release Layer>

A thickness measurement device {(model F20, manufactured by
Filmetrics Inc.) was used. Measurement was performed at 5
arbitrary locations within the surface, and the average value was
taken to be thickness of the release layer. Uniformity of
thickness was checked by the standard deviation of the
aforementioned 5 points.

[0086]
<Contact Angle of Pure Water against the Release Layer Surface>

The contact angle is measured in air by placing a minute
water droplet of about 1 pL volume was placed on the sample
surfacewith a Kyowa Contact-Angle Meter model CA-D, manufactured
by Kyowa Interface Science Co., Ltd. Measurement conditions were
based on JIS R3257.

[0087]

The rate of change was found by the following formula:
("pre-imprint release layer contact angle" -~ "post-imprint
release layer contact angle") + "pre~imprint release layer contact
angle”™ x 100 (percent).

[0088]

<Surface Geometry (Pattern)>
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The pericd and line width were evaluated by SEM (S-4800,
manufactured by Hitachi High Technologies Corp.), and depth
(height) was evaluated using an AFM (L~Trace, manufactured by SIT
NanoTechnology, Inc.).

[0089]
<Imprinting Results>

Macro-evaluation: The transferring surface formed on the
imprinted resin was observed at x20 magnification using an optical
microscope (ELIPSE LV100, manufactured by Nikon Corp.), and the
presence or absence of resin attachment to the mold was checked.

© : There was no resin attachment. x : There was resin
attachment.

SEM (period): The pattern formed in the imprinted resin was
measured by SEM, and the evaluation was performed by determining
whether or not-there was a change in the SEM measurement results
for the pattern formed in the resin mold surface according to the
below listed standards.

0 : The amount of change was less than 10 nm. x : The amount
of change was greater than or equal to 10 nm.

AFM (depth): The pattern formed in the imprinted resin was
measured by AIFM. The presence or absence of change based on the
AFM measurement results for the pattern formed in the surface of
the resin mold was determined and evaluated according to the below

listed standards.
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0 : The amount of change was less than 10 nm. x : The amount
of change was greater than or equal to 10 nm.
Example 1
(i) Preparation of Resin (PMMA type) for the Resin Mold

95 parts by weight of methyl methacrylate (product name =
LIGHT ESTER M, manufactured by Kyoeisha Chemical Co., Ltd.), 5
parts by weight of glycidyl methacrylate (product name = LIGHT
ESTER G, manufactured by Kyoeisha Chemical Co., Ltd.), and 100
parts by weight of toluene were added to a flask equipped with
a stirrer device, nitrogen gas feed tube, thermometer, and tubular
refluxing condenser. Thereafter, while nitrogen gas was fed into
the flask, the contents of the flask were heated to 80°C, 0.5 parts
by weight of dimethyl 2,2'- azobis(2-methylpropionate) (product
name = V-601, manufactured by Wako Pure Chemical Industries, Ltd.)
as the initiator was added, and temperature was maintained at 80°C
for 8 hours. Thereafter, the flow of nitrogen gas was stopped,
100 parts by weight of toluene was added, and the reaction was
stoppedi&rlowering’temperatureix>obtain.the resin for the resin

mold. Molecular weight of the obtained resin is shown in Table

[0090]
(11} Production of the Resin Mold
(ii-a) Production of the Resin Solution Layer and Resin Layer

The resin for the resin mold produced in (1) was diluted
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10-fold using toluene, and then 5 parts by weight of
3-glycidoxyproplytrimethoxysilane (product name = KBM-403,
manufactured by Shin-Etsu Chemical Co., Ltd.) was added per 100
parts by weight of resin. Thereafter, this resin solution was
spin coated (2,000 rpm for 20 seconds) onto a polyethylene
terephthalate film (PET) (product name = LUMIRROR; manufactured
by Toray Industries, Inc.; 0.125 mm thick), and a hotplate was
used for drying for 15 minutes at 130°C. A resin layer of 1.2 um
film thickness was produced.
[0091]
(ii-b) Forming the Depressions and protrusions Pattern of the
Resin Layer Surface

The laminate of the aforementioned film substrate and resin
layer was heated to 140°C, and a master mold (i.e. quartz mold
treated using release agent, transferring surface: 576 mm?, 150
nm L/S (linear geometry), 300 nm period, 150 nm depth) (geometry
I) was pressed against the resin layer surface, and thermal
imprinting was performed at 140°C. The pressure of 20 MPa during
thermal imprinting was maintained for 5 minutes. Thereafter, the
laminate was cooled down to 80°C or less, the master mold was
removed, and the resin mold was obtained (transferring surface
of 576 mm*, 150 nm L/S, 300 nm period, 150 nm depth). The period
and line width were evaluated using SEM (S-4800, manufactured by

Hitachi High Technologies Corp.). Depth (height) was evaluated
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by AFM (L-trace, manufactured by SII Nanotechnology, Inc.).
[0092]
(ii-c) Production of the Release Layer

After the resin mold obtained during step (ii-b) was dipped
for 1 minutes in a perfluoroc polyether type mold release agent
solution (product name = OPTOOL HD-1100, manufactured by Daikin
Industries, Ltd.), the resin mold was pulled up and placed for
1 hour in a warm and humid environment at 70°C and 90% relative
humidity. Thereafter, the resin mold was rinsed using a
fluorine-~based solvent (product name = OPTOOL HD-TH, manufactured
by Daikin Industries, Ltd.), and the resin mold was left for 24
hours in a 23°C and 65% relative humidity environment. The pure
water contact angle was measured (Kyowa Contact-Angle Meter model
CA-D, manufactured by Kyowa Interface Science Co., Ltd.) as 110°C.
There were no defects or changes of geometry in the patterned part
(150 nm line width, 300 nm period, 150 nm depth).

[0093]

Measurement of contact angle for pure water was performed
in the air by placement of a minute droplet (about 1 ulL) on the
sample surface.

[0094]
(iii) Photo-nanoimprinting Using the Resin Mold
0.2 mL of a photo-curing resin (product name = PAK-02,

manufactured by Toyo Gosei Co., Ltd.) was dropped onto the resin
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mold obtained during step (ii-c), the droplet was covered by a
polycarbonate film (product name = Lexan, manufactured by Asahi
Glass Co., Ltd.), and a photo-nano imprinter device (manufactured
by Engineering System Co., Ltd.) was used to perform imprinting
by pressing at 1.0 MPa and simultaneously irradiating ultraviolet
radiation (10 mW/cm®) for 2 seconds. Thereafter, the molded
article was removed from the resinmold, and it was confirmed that
there were no transfer defects in the molded article. Contact
angle was measured by the same method as that of step (ii-c¢). It
was confirmed that there was no change in contact angle.
Furthermore, changes of geometry in the resin after imprinting
was checked by SEM and AFM (148 nm line width, 298 nm period, 148
nm depth).

[0095]

This resin mold was used to perform 20 consecutive
photo-nanoimprintings. It was possible to imprint without
problems.

[0096]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.

[0097]
Example 2
Except for setting the added amount of

3-glycidoxypropyltrimethoxysilane in step (ii-a) of Example 1 to
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10 parts by weight, a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
phote—nanoimprinting in the same manner as that of Example 1.
[0098]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
[0099]
Example 3

Except for setting the added amount of
3~glycidoxypropyltrimethoxysilane in step (ii-a) of Example 1 to
1 part by weight, a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nancimprinting in the same manner as that of Example 1.
[0100]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
[0101]
Example 4

Except for use of 90 parts by weight of methyl methacrylate
and the use of 10 parts by weight of glycidyl methacrylate in step
(i) of Example 1, a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.

[0102]
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Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
[0103]
Example 5

Except for use of 99 parts by weight methyl methacrylate
and 1 part by weight of glycidyl methacrylate in step (1) of Example
1, a resin mold was produced in the same manner as Example 1. The
obtained resin mold was used to perform photo-nanoimprinting in
the same manner as that of Example 1.
[0104]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
[0105]
Example ©

Except for use of 95 parts by weight of styrene (product
name = Styrene Monomer, manufactured by Idemitsu Kosan Co., Ltd.)
in place of the methyl methacrylate of step (i) of Example 1, a
resin mold was produced in the same manner as Example 1. The
obtained resin mold was used to perform photo-nanoimprinting in
the same manner as that of Example 1.
[0106]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.

(01071
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Example 7

Except for use of 95 parts by weight of isobornyl
methacrylate (product name = Light Ester 1B~X, manufactured by
Kyoeisha Chemical Co., Ltd.) in place of the methyl methacrylate
of step (1) of Example 1, a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
10108]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
[0109]
Example 8

Except for use of 3-glycidoxypropyl methyldimethoxysilane
(product name = 7Z-6044, manufactured by Dow Corning Toray Co.,
Ltd.) rather than the 3-glycidoxypropyltrimethoxysilane of step
(ii-a) of Example 1, a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0110]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 2.
[0111]
Example 9

Except for use of 5 parts by weight of benzyl methacrylate
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(product name = Light Ester BZ, manufactured by Kyoeisha Chemical
Co., Ltd.) in place of the glycidyl methacrylate of step (i) of
Example 1, and except for use of 5 parts by weight of
phenyltrimethoxysilane (product name = KBM-~103, manufactured by
Shin-Etsu Silicone Co., Ltd.) in place of the
3-glycidoxypropyltrimethoxysilane of step (ii)-a of Example 1,
a resin mold was produced in the same manner as Example 1. The
obtained resin mold was used to perform photo-nanoimprinting in
the same manner as that of Example 1.
[0112]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 2.
[0113]
Example 10

Except for use of 5 parts by weight of dimethylaminoethyl
methacrylate (product name = Light Ester DM, manufactured by
Kyoeisha Chemical Co., Ltd.) in place of the glycidyl methacrylate
of step (i) of Example 1, and except for use of 5 parts by weight
of 3-aminoproplytrimethoxysilane (product name = KBM-903,
manufactured by Shin~Etsu Silicone Co., Ltd.) in place of the
3-glycidoxypropyltrimethoxysilane of step (ii)-a of Example 1,
a resin mold was produced in the same manner as Example 1. The
obtained resin mold was used to perform photo-nancimprinting in

the same manner as that of Example 1.
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[0114]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 2.
[0115]
Example 11

Except for use of perfluoro hexanoic acid rather than the
perfluoro polyether type mold release agent of step (ii-c) of
Example 1, a resin mold was produced in the same manner as Example
1. The obtained resin mold was used to perform
photo~nancimprinting in the same manner as that of Example 1.
[011¢6]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.
(01171
Example 12

Except for use of 1H,lH-tridecafluorocheptylamine rather
than the perfluoro polyether typemold release agent of step (ii~c)
of Example 1, a resin mold was produced in the same manner as
Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0118]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 1.

[0119]
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Example 13

Except for change of the master mold used in step (ii-b)
of Example 1 to a master mold (geometry II) with 576 rm®
transferring surface, 25 nm L/S, 50 nm period, and 150 nm depth
(linear pattern), a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nancimprinting in the same manner as that of Example 1.
[0120]

Nanoimprinting results and the obtained resin mold for
nancimprinting are indicated in Table 3.
[0121]
Example 14

Except for change of the master mold used in step (ii-b)
of Example 1 to a master mold (geometry III) with 576 mm?
transferring surface, 75 nm L/S, 150 nm period, and 150 nm depth
(linear pattern), a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0122]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 3.
[0123]
Example 15

Except for change of the master mold used in step (ii-Db)
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of Example 1 to a master mold (geometry IV) with 576 mm?
transferring surface, 10,000 nm L/S, 20,000 nm period, and 300
nm depth (linear pattern), a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
photo~nanoimprinting in the same manner as that of Example 1.
(0124}

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 3.
[0125]
Example 16

Except for change of the master mold used in step (ii-b)
of Example 1 to amaster mold {(geometry V) with576nm@transferring
surface, 200 nm hole diameter, 400 nm period, and 200 nm depth
(columnar geometry), a resin mold was produced in the same manner
as Example 1. The obfained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0126]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 3.
[0127]
Example 17

Except for change of the master mold used in step (ii-b)
of Example 1 to a master mold (geometry VI) with 576 mm®

transferring surface, 300 nm period, and 300 nm depth (moth-eye
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geometry), a resinmold was produced in the same manner as Example
1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0128]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 3.
[0129]
Example 18

Except for change of the resin layer thickness of step (ii-a)
of Example 1 to 6.4 um, and except for change of the master mold
used in step (ii~b) of Example 1 tc a master mold (geometry VII)
with 5761mn2transferring'surface, 10, 000 nm hole diameter, 20,000
nm periocd, and 4,000 nm depth (micro lens geometry), a resin mold
was produced in the same manner as Example 1. The obtained resin
mold was used to perform photo-nanoimprinting in the same manner
as that of Example 1.
[0130]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 3.
[0131]
Example 19

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a soda glass substrate

(1.1 mm thickness, manufactured by Asahi Glass Corp.), a resin
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mold was produced in the same manner as Example 1. The obtained
resin mold was used to perform photo-nanoimprinting in the same
manner as that of Example 1.
[(0132]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0133]
Example 20

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a silicon wafer substrate
(0.5 mm thickness, manufactured by Covalent Materials Corp., usage
grade = polished wafer grade), a resin mold was produced in the
same manner as Example 1. The obtained resin mold was used to
perform photo-nanoimprinting in the same manner as that of Example
1.
[0134]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0135]
Example 21

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a sapphire substrate (0.5
mm thickness, manufactured by Orbe Pioneer, Ltd., semiconductor

grade), a resin mold was produced in the same manner as Example
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1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0136]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0137]
Example 22

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a polysulfone substrate
(0.12 mm thickness, product name = SUMILITE © FS-1200,
manufactured by Sumitomo Bakelite Co., Lta.), a resin mold was
produced in the same manner as Example 1. The obtained resin mold
was used to perform photo-nancimprinting in the same manner as
that of Example 1.
[0138]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0139]
Example 23

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a polycarbonate substrate
(0.12 mm thickness, product name = Lexan, Asahil Glass Corp.), a
resin mold was produced in the same manner as Example 1. The

obtained resin mold was used to perform photo-nanoimprinting in
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the same manner as that of Example 1.
[0140]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0141]
Example 24

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a polyethylene naphthalate
substrate (0.12 mm thickness, product name = TEONEX, manufactured
by Teijin Chemicals, Ltd.), a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
photo-nancimprinting in the same manner as that of Example 1.
[0142]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0143]
Example 25

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a polyimide substrate
(0.3 mm thickness, product name = AURUM Film, manufactured by
Mitsul Chemicals), a resin mold was produced in the same manner
as Example 1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.

[0144]
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Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0145]
Example 26

Except for change of the polyethylene terephthalate film
substrate of step (ii~a) of Example 1 to a polymethylmethacrylate
substrate (0.12 mm thickness, product name = ACRYPLEN,
manufactured by Mitsubishi Rayon Co., Ltd.), a resin mold was
produced in the same manner as Example 1. The obtained resin mold
was used to perform photo-nanoimprinting in the same manner as
that of Example 1.
[0146]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0147]
Example 27

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to diamond-like carbon
surface~coated polyethylene terephthalate film substrate (0.12
mm thickness (1 ym coating layer), product name = Geniuscoat DLC,
manufactured by Nippon-ITF Inc.), a resin mold was produced in
the same manner as Example 1. The obtained resin mold was used
to perform photo-nanoimprinting in the same manner as that of

Example 1.
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[0148]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0149]
Example 28

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to glassy carbon (1 mm
thickness, product name = SA-1, manufactured by Tokai Carbon Co.,
Ltd.), a resin mold was produced in the same manner as Example
1. The obtained resin mold was used to perform
photo-nanoimprinting in the same manner as that of Example 1.
[0150]

Nanoimprinting results and the obtained resin mold for
nanoimprinting are indicated in Table 4.
[0151]
Example 29

Except for change of the polyethylene terephthalate film
substrate of step (ii-a) of Example 1 to a silicon carbide wafer
(0.43 mm thickness, grade = 6NH-Type, manufacturéd.by'Tanke Blue
Semiconductor Co., Ltd.), a resin mold was produced in the same
manner as Example 1. The obtained resin mold was used to perform
photo~-nanoimprinting in the same manner as that of Example 1.
[0152]

Nanoimprinting results and the obtained resin mold for
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nanoimprinting are indicated in Table 4.
[0153]
Comparative Example 1

When there was a change of the added amount of
3-glycidoxypropyltrimethoxysilane to 20 parts by weight during
step (ii-a) of Example 1, the 3-glycidoxypropyltrimethoxysilane
attached to the master mold during thermal nanoimprinting to the
resin layer of step (ii-b), and it was not possible to obtain a
resin mold.
[0154]

The results are shown in Table 1.
[0155]
Comparative Example 2

When the amount of added 3~glycidoxypropylitrimethoxysilane
was changed to 0.5 parts by weight for step (ii-a) of Example 1,
and when the pealing treatment of step (ii~c) was carried out,
the release layer was shed during the rinse step. It is thought
that this occurred since the required adhesivity between the resin
layer and release layer was not ensured.
[0156]

The results are shown in Table 1.
[0157]
Comparative Example 3

When the amount of the methyl methacrylate was changed to
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80 parts by weight and the amount of glycidyl methacrylate was
changed to 20 parts by weight for step (i) of Example 1, there
was no bleeding out of additive to the surface of the resin layer
formed in step (ii-a). Then during the rinse process of pealing
treatment of step (ii-c¢), there was shedding of the mold release
agent from the resin surface, and it was not possible to form a
release layer. It is thought that this shedding occurred due to
increased compatibility between the resin and additive.
[0158]

The results are shown in Table 1.
[0159]
Comparative Example 4

When the amount of methyl methacrylate was changed to 99.5
parts by weight and the amount of glycidyl methacrylate was changed
to 0.5 parts by weight for step (i) of Example 1, during the rinsé
process of pealing treatment of step (ii-c), there was shedding
of the mold release layer from the resin surface. It is thought
that this occurred since the required adhesivity between the resin
layer and release layer was not ensured.
[0160]

The results are shown in Table 1.
[0161]
Comparative Example 5

When 5 parts of benzyl methacrylate (product name = Light
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Ester BZ, manufactured by Kyoceisha Chemical Co., Ltd.) was used
instead of the glycidyl methacrylate in step (i) of Example 1,
during the rinse process of pealing treatment of step (ii~c), there
was shedding of the release layer. It is thought that this
occurred since the required adhesivity between the resin layer
and release layer was not ensured.
[0162]

The results are shown in Table 2.
[0163]
Reference Example 1

A polymer produced by the same method as that of step (i)
of Example 1 was spin coated beforehand onto a glass substrate.
The resin laminate was heated to 130°C, and an imprinting sheet
was produced. Thermal imprinting was performed at 80°C by
pressing the resin mold produced during Example 1 (576 mm®
transferring surface, 150 nm L/S, 300 nm period, 150 nm depth)
against this imprinting sheet. The pressure of 20 MPa was
maintained for 5 minutes during thermal imprinting. Thereafter,
the laminate was cooled to a temperature less than or equal to
the Tg of the resin composing the resin layer, the resin mold was
removed, and it was confirmed that there were no transfer defects.
The results are shown in Table 5.
[0164]

Moreover, the present resin mold was used 20 times for
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consecutive thermal nanoimprinting. Imprinting was possible
without problems.
[0165]

The results are shown in Table 5.
[0166]
Reference Example 2

During step (iv) of Example 1, the resin mold obtained in
step (ii-c¢) was wound upon a roll, and the Lexan film (imprinting
region: 21 cm wide, 200 cm long) was pressed at 1.0 MPa. A
production line was run (1 m/min travel speed, handmade device)
under conditions capable of uniform coating of PAK-02.
Thereafter, ultraviolet radiation (70 mW/cm?) was irradiated for
1 second while the line moved. While allowing the resin to cure,
continuous roll imprinting was performed for 5 minutes to obtain
5 m of molded film. Thereafter, the resin mold was removed from
the roll, and it was confirmed that there were no transfer defects
in the mold. Morecver, contact angle was measured by the same
method as that of step (iv), and it was confirmed that there was
no change. Furthermore, it was confirmedby SEM and AFM that there
was no change of geometry in the resin after imprinting. The
results are shown in Table 5.
[0167]

Abbreviations within the table have the below listed

meanings.
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PET: polyethylene terephthalate
Glass: soda glass

Si wafer: silicon wafer

PSF: polysulfone

PC: polycarbonate

PEN: polyethylene naphthalate

PMMA: polymethylmethacrylate

DLC: polyethylene terephthalate having a surface coating of

diamond-like carbon
GC: glassy carbon

SiC: silicon carbide wafer

HD-1100: perfluoropolyether type mold release agent ligquid
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[0168]
Table 1
Examplie Example Example Example
1 2 3 4
Master mold
Type PET
Substrate 72
Thicknress {(mm) 0.125
Methyl
methacrylate 95 95 95 90
Constituent | Styrene
monomer of Isobornyl
Composition resin methacrylate
Resin Glycidyl 5 5 5 10
layer nethacrylate
3~glycidorypro
Additive pyltrimethoxys 5 10 1 5
ilane
Molid Thickness {pm) 1.2 1.2 1.2 1.2
Weight average molecular weight (Mw) 8.3 8.3 8.3 8.5
Mold release agent HD-1100 HD~1100 HD-1100 HD-1100
Release .
2
layer Thickness (nm} 3 3 3 3
Standard deviation .43 0.43 0.43 0.43
Before 110 110 110 110
imprinting
After
Water contact angle (°) imprinting 108 tos 110 108
Rate of change
after 1.8 1.8 0.0 1.8
imprinting (%)
Macro o o o o
inspection
Results of imprinting SEM (period) o o] o ©
AFM, o o o o
(thickness)
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Table 1(Continued)

Example 5 | Example 6 | Example 7 | Example 11 | Examnple 12

Master mold I

Type PET

e

Thickness (mm) 0.125

Methyl
methacryl 99 g5 95
ate

Constituent Styrene 95

monomer of Isobornyl
) resin methacryl 95
Composit ate

ron Glycidyl
methacryl 1 5 5 & 5
ate

Resin
layer

3-gilycido

Additive xypropylt 5 5 5 5 5
rimethoxy

silane

Mold Thickness (um} 1.2 1.2 1.2 1.2 1.2

Welght average molecular weight

() 8.2 8.5 8.3 8.3 8.3

Mold release agent HD~-1100 HD-1100 HD-1100 a b

Releas

e Layer Thickness (nm) 3 3 3

Standard deviation 0.43 0.43 0.43 0.43 0.43

Before
imprintin 110 116 110 110 110
g

After
imprintin 110 106 108 108 108
Water contact angle (°) g

Rate of
change
after 0.0 3.6 1.8 1.8 1.8
imprintin
g (%)

Macro
inspectio o o o o o
n

Results of imprinting ?5Zriod) o o o o 0

AFM
{thicknes [} e} o} [=} [}
$)
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Table

1 (Continued)

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Comparative
Example 4

Master mold

Mold

Substrat
e

Type

PET

Thickness (mm)

0.125

Resin
layer

Composition

Constituent
moncmer of
resin

Methyl
methacry
late

95

95

80

59.5

Styrene

Isoborny
1
methacry
late

lycidyl
methacry
late

20

Additive

3~glycid
OXYPLOPY
ltrimeth
oxysilan
e

20

Thickness (un)

1.2

1.2

1.2

1.2

Weight average molecular weight (Mw)

8.3

8.3

8.8

8.5

Release
layer

Mold release

agent

HD-1100

BD~1100

#D-1100

HD-1100

Thickness (nm)

*1

*2

*2

*2

Standard deviation

Water contact angle

%)

Before
imprinti
ng

72

78

68

After
imprinti
g

Rate of
change
after
imprinti
ng (%)

Results of imprinting

Macro
inspecti
on

SEM
(period)

AFM
(thickne
EEN

* 1: Thermal imprinting was not

not be produced.

possible,

and a resin mold could

* 2: Unable to measure since there was shedding of the release

agent during the rinse step after thermal imprinting.

mold release agent

as

perfluoro hexanoic acid

b: 1H, 1H,-tridecafluorocheptylamine
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[0169]

Table 2.

Combinations

60

Example

Example
8

Example
39

Example Comparativ
10 e BExample 5

Master mold

I

Mold

Substrate

Type

PE

T

PET

Thickness (mm)

0.125

0.125

Resin
layer

Methyl
methacrylate

95

95

85

95 95

Constit
uent

Glycidyl
methacrylate

MONOMET
of

Benzyl
methacrylate

resin

Dimethyl
aminoethyl
methacrylate

(&2

Composition

e

3~glycidoxyp
ropyltrimeth
oxysilane

Additiv

3-glycidoxryp
ropyl
methyldimeth
cxysilane

Phenyltrimet
hoxysilane

3-aminopropy
1
trimethoxysi
lane

Thickness {um)

1.2

1.2

1.2

1.2 1.2

Weight average molecular weight (Mw)

8.3

8.6

8.5

8.8 8.3

Release
layer

Mold release agent

HD~1100

HD-11090

HD-1100

HED~-1100 HD-1100

Thickness (nm)

3

3

w

3 *1

Standard deviation

0.43

G.43

G.43 -

Water contact angle (°)

Before
imprinting

110

110

110 65

After
imprinting

108

108

Rate of
change after
imprinting
(%)

1.8

Results of imprinting

Macro
inspection

SEM (period)

AFM
{(thickness)

5

Master mold geometry: I, 576Imﬁ2transferring surface,

(Linear geometry)},

300 nm period, 150 nm depth.

150 nm L/S

*1: Unable to measure since the release layer could not be formed.

[(0170]
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Table 3. Shape of the master molds
Example Examplie Example
1
Example 1 13 14 15
Mold type I 11 11T v
Master mold Period {(nm) 300 50 150 20000
Geometry L/S L./8 L/S L/S
Substrat | Type PET
€ Thickness (mm) 0.125
, Methyl
Constituent methacrylate 95
monomer of .
. Glycidyl -
‘g resin . 5
composition methacrylate
Resin 3-glycidoxypr
layer Additive opyltrimethox 5
ysilane
Weight average molecular weight {Mw) 8.3
Mold Thickness (upm) 1.2
Mold release agent BD-1100
Release :
layer Thickness (nm) 3 3 3 3
Standard deviation 0.43 G.43 .43 0.43
Before 110 110 110 110
imprinting
After
Water contact angle (°) imprinting 1los 106 106 106
Rate of change
after 1.8 3.6 3.6 3.6
imprinting {%)
gacro ) o o s o
inspection
Results of imprinting SEM {(period) o o a o
AFM O C o G
{thickness)
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Table 3 (Continued)
Example Example Example
16 17 18
Mold type v VI VII
Master mold Period (nm) 400 300 20000
Geometry column moth-eye lens
Substrat | Type PET
€ Thickness (mm) 0.125
Constituent Methyl 95
methacrylate
monomer of -
resin Glycidyl 5
Compesition methacrylate
Resin 3-glycidoxypr
layer Additive cpyltrimethox 5
ysilane
Weight average molecular weight (Mw} 8.3
Mold Thickness (um) 1. 6.4
Mold release agent HD—-1100
Release Thickness (nm) 3 3 3
layer
Standard deviation 0.43 0.43 0.43
Before 110 110 110
imprinting
After ~ .
Water centact angle (°) imprinting 106 108 106
Rate of change
after 3.6 3.6 3.6
imprinting (%)
Macro
. . o o o
inspection
Results of imprinting SEM (period) o o o
AFM
(thickness) © ° °

[0171]
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Table 4
Example 1 | BExample 19 | Example 20
Master mold I
Type PET glass Si wafer
Substrate
Thickness (mm) 0.125 1.1 0.5
- Methyl
Constituent methacrylate 95
monomer of Glycidyl
iomp051tlo resin methacrylate 5
Resin 3~glycidoxyp
layer Additive ropyltrimeth 5
oxysilane
Weight average molecular weight (Mw) 8.3
Mol Thickness {pm) 1.2
d
Mold release agent HD-1100
Release o
layer Thickness {(nm) 3
Standard deviation 0.43
Before 110 110 110
imprinting
e in 108 108 108
Water contact angle (°) ~Bpriprang
Rate of
change after 1.8 1.8 1.8
imprinting ' . :
(%)
Macro 5 ° o
inspection
Results of imprinting SEM (period) o o o
AFM
{thickness) ° ° °
Example 24 { Example 25 | Example 26
Master mold I
Type PEN polyimide PMMA
Substrate
Thickness {mm} 0.12 0.3 0.12
Constituent Methyl 95
methacrylate
monomer of Glveidol
Compositio | resin wlycady 5
n methacrylate
Resin 3-glycidoxyp
layer Additive ropyltrimeth 5
oxysilane
Weight average molecular weighit (Mw) 8.3
Mol Thickness (um) 1.2
d
. Mold release agent HD-1100
Release s
layer Thickness {(nm} 3
Standard deviation 0.43
Before 110 110 110
imprinting
After 108 108 108
Water contact angle (°) LEPIAnLang
Rate of
change after
: R i. . 1.8
imprinting 8 1.8
(%)
Macro o o o
inspection
Results of imprinting SEM (period) o © e
AEFM o ° °

{thickness})
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Table 4 (Continued)
Example 21 | Example 22 | Example 23
Master mold I
Substrat | Type sapphire PSFE PC
e Thickness {mm) 0.5 0.12 0.12
Constituent Met?yl 95
. methacrylate
nonomer of Glycidyl
Compositio | resin -
n e methacrylate 5
Resin 3~glycidoxypr
layer Additive opyitrimethox 5
ysilane
Weight average molecular weight (Mw) 8.3
Mol Thickness (pm) 1.2
I3 N
Moid release agent HD-1100
Release Thickness (nm) 3
layer
tandard deviation 0.43
Before 110 110 108
imprinting
e 108 107 106
Water contact angle (%) 1mprinting
Rate of change
afrer 1.8 2.7 1.9
imprinting
(%)
Macro . o ° s
inspection
Results of imprinting SEM {(period) c o c
AFM
. o ° o
{thickness}
Example 27 | Example 28 | Exanple 23
Master mold i
Substrat Type DLC GC 3icC
€ Thickness (mm) 0.1z 1 0.43
+
Constituent Methyl 95
methacrylate
monomexr of Glveidod
Compositio | resin yeLdy=~ 5
0 methacrylate
Resin ) 3-glycidoxypr
layer Additive opyltrimethox 5
ysilane
Weight average molecular weight (Mw) 8.3
Mol Thickness (pm) 1.2
a
Mold release agent HD~1100
Release Thickness {nm) 3
layer
Standard deviation 0.43
£
Before 110 110 110
imprinting
After g 107 108 108
Water contact angle (°) LEprinting
Rate of change
after 2.7 1.8 1.8
imprinting
(%)
Macro
. . < (s} [e]
inspection
Results of imprinting SEM {(period) o] o] °
AFM o o o

(thickness)
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[0172]
Table 5. Examples of Use
Example 1 Reference Reference
pLe d Example 1 | Example 2
Master mold I
Type PET
Substrate
Thickness {(mm) 0.125
Constituent Methyl 95
methacrylate
monomer of -
resin Glycidyl 5
Composition methacrylate
Resin 3-glycidoxyp
layer additive ropyltrimeth 5
oxysilane
Weight average molecular weight (Mw) 2.3
Mold Thickness (pm) 1.2
configuration Mold release agent ED-1100
T
Release Thickness (nm) 3
layer
Standard deviation 0.43
Before 110 110 110
imprinting
e 108 108 108
Water contact angle (°) AMPEL 29
Rate of
change after 1.8 1.8 1.8
imprinting
(%)
v/ heat / ov /
Nano printing method batch batch continuocn
{sheet) (sheet) s (roll)
gacro ] ° o °
inspection
Results of imprinting EM (period) o [ o
AFM, o o 0
(thickness)

POSSIBILITY OF INDUSTRIAL USE

[0173]

The resin mold of the present invention is used for

imprinting of a thermoplastic resin,

photo~curable resin.

[0174]

thermosetting resin, or

The various products obtained from the imprinted resin may

be used as semiconductor materials,

micro lenses, memory media,

holography, micro machines,

optical elements, prisms,
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biotechnology, environmental technology, and electronic

materials such as semiconductors, LEDs, hard discs, or the like.

Description of Reference Characters

[0175]

1 release layer

2 additive mainly present near the resin layer surface
3 resin layer

3% resin solution layer

4 substrate

5 resin

6 substrate

7 roller type resin mold

8 light source
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Claims
1. A resin mold comprising:

a substrate,

a resin layer formed upon the substrate and having a
depressions and protrusions pattern formed on the surface of the
resin layer,

and a release layer containing a mold release agent and being
formed with uniform thickness on at least the surface of the
depressions and protrusions pattern of said resin layer;

wherein said resin layer comprises a solvent soluble resin
and an additive; said additive is a compound, or hydrolysate
thereof, of General Formula (1):

Y35 (CH3) pSiX (L)

wherein Y is a methoxy or ethoxy group; X is an organic group
including one type selected from the group consisting of an epoxy
group, glycidoxy group, and optionally substituted phenyl group
or amino group; and n isg 0 or 1;
the solvent soluble resin has a constituent unit having a
substituent group of the same type as X in said General Formula

(1); and



67a

said additive is localized in the vicinity of said resin
layer surface, the substituent group Y in said General Formula
(1) of the additive, or a hydrolysate of such substituent group
Y, bonding chemically with said mold release agent to couple

together said resin layer and release layer.

2. The resin mold according to claim 1; wherein the
pure water contact angle of said release layer surface is greater

than or equal to 100 degrees.
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3. The resinmold according to ¢laim 1 or 2; wherein the content
of said additive within said resin layer is from 1 to 13 percent

by weight.

4. The resin mold according to claim 1; wherein, in
said solvent soluble resin, the content of the constituent unit
having the substituent group of the same type as X in said General

Formula (1) is from 1 to 15 percent by weight.
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5. The resin mold according to any one of claims 1 to 4;
wherein said mold release agent is at least one type selected
from the group consisting of fluorine-based silane coupling agents,
mono-terminal aminated perfluoro (perfluocrcether) compounds, and
mono-terminal carboxylated perfluocrc (perfluorcether)

compounds .

6. The resin mold according to any one of claims 1 to 5;
wherein said substrate is a resin substrate, glass substrate,
gilicon substrate, sapphire substrate, carbon substrate, or GaN

substrate.

7. The resin mold according to claim 6; wherein said resin

substrate is one type of resin selected from the group
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consisting of: polyethylene terephthalate, polycarbonates,
polymethylmethacrylates, polyimides, polysulfones, polyether

sulfones, cyclic polyolefins, and polyethylene naphthalates.

8. A method of production of a resin mold comprising steps of:

(I) applying to a substrate a solution dissolving a solvent
gsoluble resin and an additive in a solvent, and forming a resin
golution layer on the substrate;

(IT) removing the solvent from said resin solution layer
and forming a resin layer upon the substrate;

(ITI) contacting a mold against gaid resin layer, and
transferring a depressions and protrusions pattern formed in the
surface of said mold to the surface of said resin layer; and

(IV) coating a mold release agent on the surface of at least

the depressions and protrusions pattern of said resin layer, and
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forming a release layer of uniform thickness;

wherein the additive is a compound, or hydrolysate thereof, of
General Formula (1):

¥3.n (CH;) nS1X (1)

wherein Y is a methoxy or ethoxy group; X is an organic group
including one type selected from the group

consisting of an epoxy group, glycidoxy group, and optionally
substituted phenyl group or amino group; and n

is 0 or 1,

and the solvent soluble resin has a constituent unit having a
substituent group of the sgame type as X in said

General Formula (1).

9. A method of use of & resin mold comprising steps of:
contacting the resin surface against the resin mold
according to any one of claimsg 1 to 7;

and peeling saild resin mold from said resin.

10. The method of use of a resin mold according to claim 9;

wherein said resin is a photo-curable resin.

11. The resin mold according to any one of claims 1 to 7;

wherein the resin mold ig fixed to a roller.



