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(57) Abstract: Nanoimprint molds for molding a surface of a material are provided. A nanoimprint mold includes a body with a
molding surface that is formed by shaped nanopillars. The nanopillars may be formed on a substrate and shaped by performing at
least a first partial oxidation of the nanopillars and then removing at least a portion of the oxidized material. Once shaped, a hard
substance is deposited on the nanopillars to begin forming the molding surface of the nanoimprint mold. The deposition of a hard
substance is followed by the deposition of carbon nanotube on the hard substance and then the removal of the substrate and
nanopillars from the molding surface.
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SURFACE
Technical Field

Embodiments described herein relate to molds. More particularly, embodiments
relate to nanoimprint molds to endow a surface with characteristics or properties.
Background Art

Natural materials including biological surfaces often have desirable characteristics or
properties. The surface of a cicada wing, for example, is antireflective. The surface of a
lotus leaf is water-repellent and self cleaning. While biological surfaces often have
desirable characteristics or properties, the ability to replicate biological materials
including biological surfaces is difficult when using a biospecimen as a pattern.

Biospecimens have been used as templates for nanoimprint molds that can hopefully
be used for reconstructing the biological surface in another material. For instance, a
nanoimprint that is created from a biospecimen template could be used to construct a
surface that has the properties of the biospecimen template.

Unfortunately, biospecimens have substantial limitations that make it difficult to
create a successful nanoimprint mold - particularly for wide area nanopattern
formations. One weak point of bio-replicating is that the nanopattern of biospecimens
typically has a relatively small surface area. In addition, biospecimens often have
imperfect repeating patterns within the small surface area. As a result, bio-specimens

have been unsuccessful in wide area nanopattern formation.
Disclosure of Invention

Brief Description of Drawings

Figure 1 shows a side view of an illustrative embodiment of a substrate with
nanopillars formed thereon;

Figure 2 shows a side view of an illustrative embodiment of the nanopillars of Figure
1 after additional material has been deposited;

Figure 3 shows a side view of an illustrative embodiment of the nanopillars of Figure
2 after a first oxidization process;

Figure 4 shows a side view of an illustrative embodiment of the nanopillars of Figure
3 after the oxidized material is removed;

Figure 5 shows a side view of an illustrative embodiment of the nanopillars of Figure
4 after a second oxidization process;

Figure 6 shows a side view of an illustrative embodiment of the nanopillars of Figure

5 after the deposition of a hard substance;
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Figure 7 shows a side view of an illustrative embodiment of the nanopillars of Figure

6 after the deposition of carbon nanotubes on the hard substance;
Figure 8 illustrates an example of a nanoimprint mold that includes alternating layers

of a hard substance and carbon nanotubes that form a body of the nanoimprint mold;
Figure 9 illustrates an example of a nanoimprint mold after the substrate and
nanopillars have been removed; and
Figure 10 shows a flow diagram of an illustrative embodiment of a method for
forming a nanoimprint mold that can form a surface structure in a material that is

molded according to a molding surface of the nanoimprint mold.

Mode for the Invention

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter presented herein. It will be
readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substituted, combined,
separated, and designed in a wide variety of different configurations, all of which are
explicitly contemplated herein.

Biological materials including biological surfaces often have certain desirable
properties. Biological surfaces, for example, can be self-cleaning, antireflective, and
the like. Some embodiments described herein relate to molds, including nanoimprint
molds, that can be used for wide area nanopattern formation. The nanoimprint molds
can be used to construct, form, or mold surfaces that have certain properties, for
example, antireflective, hydrophobic, and the like. The ability to form surfaces that are,
by way of example only, self-cleaning or antireflective, have applicability in many ap-
plications, including optics, display, paints, cleaning, and the like.

Some embodiments provide a nanopattern with repeating units of individual nanos-
tructures or aggregates of nanostructures in a nanoimprint mold. The nanopattern can
be constructed at least for use in wide area applications. Wide area applications include
applications using nanoimprint molds with relatively large surface areas, particularly
when compared to the surface area of biospecimens. In one example, the nanoimprint
molds can have dimensions on the order of about 1 foot x 1 foot. One of skill in the art,
with the benefit of the present disclosure, can appreciate that nanoimprint molds of
larger dimensions or smaller dimensions are within the scope of the embodiments

described herein. In some examples, the nanoimprint mold may take a form of a sheet
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that can be attached to a surface of a column. The column can then be fabricated into a
roller type imprinting device. A roller type imprinting device can be used to mold to
imprint a relatively large surface area compared to the dimensions of the nanoimprint
mold itself.

An antireflective surface formed or constructed with an imprint nanomold, for
example, may include regularly spaced nanopillars with a base and a top. The
formation of nanopillars on a surface may be achieved using a molding surface of the
nanoimprint mold. Before the nanoimprint mold can be used to form nanopillars on the
surface, the molding surface of the nanoimprint mold is first formed or shaped. In
some embodiments as described in more detail herein, the molding surface of the
nanoimprint mold is formed from nanopillars that have been formed on a material such
as silicon. These nanopillars guide the formation of the molding surface. Once
completed, the molding surface can then mold or form nanopillars that are of a similar
size and shape. Once the silicon (or other material) nanopillars are formed, hard
substances such as metals, carbons, and/or the like are deposited on the silicon
nanopillars to form the molding surface of the nanoimprint mold. Once the silicon
nanopillars are removed, the resulting molding surface of the nanoimprint mold can be
used to construct a surface that conforms to the shape of the molding surface.

In one example, the bases of the nanopillars used to create the molding surface are
typically wider than the tops of the nanopillars. In one embodiment, the bases of the
nanopillars may have a diameter of about 150 nanometers to about 200 nanometers.
The top part of the nanopillars may have a diameter of about 50 nanometers to about
75 nanometers. In one embodiment, the bases of the nanopillars have a decreasing
diameter moving towards the tops of the nanopillars while the nanopillar tops have a
substantially unchanging diameter. The total height of the nanopillars can be from
about 200 nanometers to about 400 nanometers. One of skill in the art, with the benefit
of the present disclosure, can appreciate that other embodiments of the nanopillars
used to form or create the molding surface of the nanoimprint mold may have di-
mensions within these ranges, but various embodiments contemplate dimensions or
configurations that may be inside and/or outside of these ranges. Thus, the silicon (or
other suitable material) nanopillars effectively form nanowells in the molding surface.
The nanowells have a similar shape and size as the silicon nanopillars, which were
removed from the molding surface, leaving nanowells in the molding surface.

When the nanoimprint mold is applied to a surface, usually by an application of some
force, the surface of the material typically deforms to fill the nanowells. When the
nanoimprint mold is removed, the material's surface retains the imprint of the molding
surface and thus has the properties associated with the molding surface. This allows a

nanoimprint mold that can endow a surface with properties such as, by way of example
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only and not limitation, antireflectivity, hydrophobicity, self-cleaning, and the like or
any combination thereof. In some examples, the nanoimprint mold can endow a
surface with cell adhesion properties. Cell adhesion properties can provide bio-
compatibility, for example in implants and the like.

[21] A nanoimprint mold generally includes a mold body that defines a molding surface.
The mold body is formed by depositing layers of material in succession. For example,
the mold body may include alternating layers of metal and carbon nanotubes. The
molding surface is defined by depositing the mold body over a material such as silicon
that has been shaped. The shape of the material is reflected in the molding surface.
When the nanoimprint mold is used to mold a surface, the molding surface shapes the
surface according to the shape of the material used to form the molding surface.

[22] The formation of a nanoimprint mold begins with a thin substrate from a material
such as silicon or another appropriate material. Using any of a variety of well-known
lithography techniques, a thin substrate with nanoholes formed thereon is filled with a
material such as silicon to form nanopillars. Photoresist, for example, may be used to
form nanopillars in the nanoholes and/or to form the nanoholes themselves.

[23] The photoresist is then removed and the nanopillars on the substrate are partially
etched to have shaped ends. The ends may have, by way of example only, hemi-
ellipsoidal shapes (or other appropriate shapes including spheroid). Figure 1, for
example, shows a side view of an illustrative embodiment of a substrate 100 with
nanopillars 102 formed on a surface of the substrate 100. The nanopillars 102 may
have been etched or partially etched to form, by way of example only, shaped ends
104. As previously described, the shaped ends 104 may be hemi-ellipsoidal, spheroid,
or the like. After the nanopillars 102 are formed with the shaped ends 104, additional
material is deposited on the nanopatterned surface.

[24] Figure 2 shows a side view of an illustrative embodiment of the nanopillars 102 after
additional material (e.g., silicon) is deposited. The deposition of the additional material
on the nanopillars 102 form nanopillars 106 having tips 110. The nanopillars 106 are
longer or have more height than the nanopillars 102. Figure 2 also shows that the ad-
ditional material is also deposited in valleys 108 between or among the nanopillars
106. The additional material may thus be deposited on the substrate 100 in addition to
the nanopillars 102.

[25] After the additional material is deposited, the resulting nanostructure may be partially
oxidized. Figure 3 shows a side view of an illustrative embodiment of the nanopillars
106 after a first oxidation process. The tips 110 of the tops of the nanopillars 106 are
oxidized. The nanopillars 106 are spaced or separated by spaces 114, and Figure 3
further illustrates that root areas or valleys 112 between nanopillars 106 or the spaces

114 (which contain some of the deposited material described with reference to Figure
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2) are also oxidized. In some examples, any exposed material may be oxidized,
including sides of the nanopillars 106.

Figure 4 shows a side view of an illustrative embodiment of the nanopillars 106 after
the oxidized material (e.g., Si0,) is removed. For example, the oxidized material may
be removed by etching. This results in nanopillars 116 on the substrate 100. In this
example, a distance 120 between the bases of the nanopillars 116 is typically smaller
than a distance 118 between the tops of the nanopillars 116. This reflects that the cross-
section area or diameters of the nanopillars 116 decreases proceeding from the base of
the nanopillar 116 to the top of the nanopillar 116.

As previously described, the diameter of the nanopillars 116 can change over the
length or height of the nanopillars 116. In some embodiments, in some of the
nanopillars 116, the diameter may remain somewhat constant, while the diameter may
decrease in some of the nanopillars 116. For example, the diameter in the base or
bottom portion of the nanopillar may decrease moving up the nanopillar while the
diameter of the top portion of the nanopillar remains constant until the tip is reached,
where the diameter again decreases. Alternatively, the diameter may be constant in the
base or bottom portion of the nanopillar and then decrease in the top portion of the
nanopillar. The diameters of the nanopillars 116 can be constant and/or vary from the
bases of the nanopillars 116 to the tips of the nanopillars 116.

In alternative embodiments, the cross sectional shape of the nanopillars can be any
appropriate shape, including circular, ellipsoidal, polygonal, and the like.

With reference back to Figures 3-5, after etching the oxidized material formed as il-
lustrated in Figure 3, the nanopillars 116 and the substrate 100 as illustrated in Figure 4
are again partially oxidized.

Figure 5 shows a side view of an illustrative embodiment of the nanopillars 116 after
a second oxidization process. Figure 5 illustrates oxidized material 122 formed at the
tips of the nanopillars 116 and at the root 124 of the nanopillars 116. The sides of the
nanopillars 116 may also be oxidized to some extent. In addition, some of the substrate
100 between the nanopillars 116 may also be oxidized. After this second oxidization, a
relatively hard substance may be deposited.

Figure 6 shows a side view of an illustrative embodiment of the nanopillars 116 after
the deposition of a hard substance 126. The hard substance 126 may be deposited on
the oxidized material at the root 124 of or between the nanopillars 116 and the hard
substance 126 may also be deposited on the oxidized material 122 at the tips of the
nanopillars 116. The hard substance 126 may also be deposited on the sides of the
nanopillars 116 as illustrated in Figure 6. The hard substance 126 can be deposited
using conventional metal deposition techniques and forms a layer 128 that has a shape

that is similar to the nanopillars 116 formed on the substrate 100. The hard substance
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126 deposited in Figure 6 may be metal such as tungsten, iron, titanium, and the like.

Figure 7 illustrates a side view of the nanoimprint mold after the deposition of carbon
nanotubes on the hard substance. In one example, graphenes can also be deposited on
the hard substance. Figure 7 also illustrates the formation of a body 144 of the
nanoimprint mold, which may be formed from multiple layers of suitable materials.
When the hard substance 126 has sufficient thickness, for example, the layer 128 of the
hard substance 126 may be sprayed with carbon nanotube or another material such as
graphenes can be deposited on the hard substance 126. Thus, the body 144 of the
nanoimprint mold may include a layer, such as the layer 128, of the hard substance 126
and a layer 134 of carbon nanotube 130. In some instances, the process of depositing
alternating layers of a hard substance and carbon nanotube can be repeated at least
twice to form the body 144 of the nanoimprint mold.

Figure 7 illustrates the substrate 100 and the nanopillars 116 that are used to form the
body 144 of the nanoimprint mold. After the oxidized material at the root 124 is
formed, alternating layers of a hard substance and carbon nanotube are deposited. The
nanoimprint mold may include, in this example, a first layer 128 of the hard substance
126, a layer 134 of carbon nanotube 130, and a layer 136 of a hard substance 132.
These layers are continuous layers that essentially follow the shape of the nanopillars
116. As a result, a similar structure (e.g., alternating layers of a hard substance and
carbon nanotube) is present at the tips and sides of the nanopillars 116, as illustrated by
the layers 128, 134, and 136, respectively, of the hard substance 126, the carbon
nanotube 130, and the hard substance 132. These layers can be followed by another
layer of carbon nanotube or other fullerene or other material or hard substance. As ad-
ditional layers are added, the space 140 between the nanopillars decreases or becomes
filled with layers as described herein and becomes more solid. This layered structure
imparts strength to the body 144 of the nanoimprint mold.

The layers illustrated in Figure 7 can be formed from metals (e.g., tungsten, titanium,
iron) and carbon nanotube or similar material. When multiple layers of metals or other
hard substances are present, the metals or hard substances may be different. In some
embodiments, a hard metal carbide suitable for high pressure imprinting can be
obtained. In one example, the metal carbide is obtained by reaction with CH,4. The
layers of hard substance and carbon nanotube or other fullurene form the body 144 of a
nanoimprint mold as previously described.

Figure § illustrates a side view of a nanoimprint mold that includes alternating layers
of the hard substance 128 and the carbon nanotube 130 or other material. Figure 8 1il-
lustrates an example of the nanoimprint mold where the body 144 has been completed
and includes alternating layers of a hard substance, such as the hard substance 128, and

another material such as the carbon nanotube 130. More specifically, this embodiment
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includes a layer of the hard substance 126, a layer of the carbon nanotube 130, a layer
of the hard substance 132, and a layer of the carbon nanotube 142. These layers have
sufficient thickness to close or fill the space 140 and provide the body 144 that is sub-
stantially solid. The body 144 is resistant to fracture.

In other embodiments, the layers of the body 144 can include repeated atomic layer
deposition (ALD) of aluminum, iron carbide, aluminum, iron carbide, etc. The layers
may also be formed from aluminum, carbon nanotube, aluminum, iron carbide, etc. In
another embodiment, the layers may be formed from metal carbide, graphenes, metal
carbide, graphenes, etc. Embodiments also extend to combinations of different
materials. Thus, more than one hard substance and more than one other material may
be used. For example, a nanoimprint mold may include carbon nanotube in one layer
while using graphenes in another layer.

More generally, the hard substance provides the hardness used for imprinting while
the carbon nanotube, graphenes, or other materials provide the nanoimprint mold with
flexibility. The layers in the body 144 typically each have a thickness between about 3
nanometers and 30 nanometers. One of skill in the art, with the benefit of the present
disclosure can appreciate that the layers can have a thickness that is greater than 30
nanometers or less than 3 nanometers. Further, the layers in the body 144 can have
different thicknesses.

Once the body 144 is formed, the material (e.g., the substrate 100 and the nanopillars
116) used to form or shape a molding surface 146 (see Figure 9) of the nanoimprint
mold is removed. The removal of the substrate 100 can be accomplished, for example,
by grinding the substrate 100, oxidizing the remaining material (e.g., Silicon) and then
etching the remaining oxidized substrate 100 and the oxidized nanopillars 116. In one
example, the oxidized material formed as illustrated in Figure 5 may also be removed
at this time.

Figure 9 illustrates an example of a nanoimprint mold after the substrate 100 and
nanopillars 116 have been removed. As illustrated in Figure 9, a nanoimprint mold 150
remains after the substrate 100 and the nanopillars 116 have been removed. A hard
substrate 154 and a handle 156 may be attached to the mold 150 opposite the molding
surface 146. In some embodiments, the surface of the body 158 opposite the molding
surface 146 may also be smoothed or ground in order to provide an attachment surface
that can bond or otherwise connect with the hard substrate 154.

The mold 150 thus includes a finished body 158 that includes valleys or nanowells
152 that correspond to and have the shape of the nanopillars 116. The nanowells 152
thus have at least a diameter 162 and a diameter 160 in one embodiment. The diameter
162 may be constant over a portion of the nanowells 152 while the diameter 160 may

change over a portion of the nanowells 152. The diameters 160 and 162 may formed



WO 2011/004991 PCT/KR2010/004358

[41]

[42]

[43]

[44]

[45]

[46]

[47]

according to the diameters of the nanopillars 116 previously described.

The molding surface 146 can be used to imprint material such as, by way of example,
polymer film, titania sol, and the like to produce or construct surfaces in the material
being imprinted or molded that are antireflective, self-cleaning, hydrophobic, an-
tifouling or that have other characteristics or properties. Imprinting a material using the
nanoimprint mold 150 produces or shapes the material being imprinted according to
the molding surface 146.

The nanoimprint mold, which may be hard and resistant to fracture, can create
nanopillars on a surface of the material being imprinted or molded that approximate
the nanopillars 116 used to manufacture the nanoimprint mold and form the molding
surface. Thus, the dimensions of the nanowells 152 are similar to the dimensions of the
nanopillars 116 as previously described.

One skilled in the art will appreciate that, for this and other processes and methods
disclosed herein, the functions performed in the processes and methods may be im-
plemented in differing order. Furthermore, the outlined steps and operations are only
provided as examples, and some of the steps and operations may be optional,
combined into fewer steps and operations, or expanded into additional steps and op-
erations without detracting from the essence of the disclosed embodiments.

Figure 10 shows a flow diagram of an illustrative embodiment of a method for
forming a nanoimprint mold that can form a surface structure in a material that is
molded according to a molding surface of the nanoimprint mold. Beginning in block
170, nanoholes are fabricated in a substrate. The nanoholes can be arranged in a
geometric pattern, such as hexagonally arrayed, and may have a cylindrical shape. The
nanoholes fabricated in the substrate may have a depth of the half length of the
nanopillar. The nanoholes can be arranged in other patterns, including symmetrical
patterns, asymmetrical patterns, and the like or any combination thereof.

In block 172, nanopillars are then formed on the substrate. In one example, the
operation of block 170 is optional and the nanopillars can be formed without having
first formed nanoholes in the substrate. Forming the nanopillars can also include
partially etching the nanopillars to form a top that has a hemi-ellipsoidal shape or other
shape. Forming the nanopillars may also include the deposition of additional material
on the substrate and on the existing nanopillars. This increases the length (or height) of
the nanopillars on the substrate, and also deposits material between the nanopillars on
the substrate.

In block 174, the nanopillars are partially oxidized, which includes oxidizing the
material on the substrate between the nanopillars. In block 176, the oxidized material is
removed. In block 178, the surface, including the nanopillars, is again oxidized.

After the second oxidation, in block 180, a hard substance may be deposited to a pre-
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determined thickness. In block 182, a second layer of material (e.g., carbon nanotube,
graphenes, or other suitable material) is deposited or sprayed on the hard substance.
This second layer of material may provide flexibility to the nanomold. The deposition
of a hard substance and the second material can be repeated as desired. In some em-
bodiments, a particular layer may include a plurality of layers. For example, the second
layer of material may include multiple layers of graphene. Alternatively, the layers in
the nanomold may include a different number of hard substance layers compared to
layers of carbon nanotube. Alternatively, the body of the nanoimprint mold may
include a single layer of a hard substance. Embodiments described herein may also
include materials that have high tensile strength or stiffness. Combining a metal layer
such as iron with carbon nanotubes provides a body that is stiff, which is advantageous
for wide area applications and well as resistant to fracture. As previously stated, the
hard substance (e.g., metal carbide) provides the hardness for imprinting while the
second material (e.g., carbon based material) provides flexibility to the nanoimprint
mold.

Once these layers are deposited to form the body of the nanoimprint mold, in block
184, the substrate and nanopillars are removed from the nanoimprint mold. This may
include grinding the substrate, oxidizing the remaining material and then etching the
oxidized material.

Optionally, a thin layer of gold (Au), or other material such as a layer of F-containing
polymer or a self assembled monolayer can be deposited on the molding surface. This
may provide, by way of example only, the mold with a non-sticking molding surface.

As aresult, a wide area application of imprinting can be achieved. In addition, the
mold can be repeatedly used to mold or form a surface with the molding surface of the
mold. This results in a surface that may be antireflecting, hydrophobic, and the like,
depending on the configuration of the nanoimprint mold and its molding surface.

The present disclosure is not to be limited in terms of the particular embodiments
described in this application, which are intended as illustrations of various aspects.
Many modifications and variations can be made without departing from its spirit and
scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated
herein, will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended
claims. The present disclosure is to be limited only by the terms of the appended
claims, along with the full scope of equivalents to which such claims are entitled. It is
to be understood that this disclosure is not limited to particular methods, reagents,
compounds, compositions or biological systems, which can, of course, vary. It is also

to be understood that the terminology used herein is for the purpose of describing
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particular embodiments only, and is not intended to be limiting.

With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

It will be understood by those within the art that, in general, terms used herein, and
especially in the appended claims (e.g., bodies of the appended claims) are generally
intended as "open" terms (e.g., the term "including" should be interpreted as "including
but not limited to," the term "having" should be interpreted as "having at least," the
term "includes" should be interpreted as "includes but is not limited to," etc.). It will be
further understood by those within the art that if a specific number of an introduced
claim recitation is intended, such an intent will be explicitly recited in the claim, and in
the absence of such recitation no such intent is present. For example, as an aid to un-
derstanding, the following appended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce claim recitations. However, the
use of such phrases should not be construed to imply that the introduction of a claim
recitation by the indefinite articles "a" or "an" limits any particular claim containing
such introduced claim recitation to embodiments containing only one such recitation,
even when the same claim includes the introductory phrases "one or more" or "at least
one" and indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should be in-
terpreted to mean "at least one" or "one or more"); the same holds true for the use of
definite articles used to introduce claim recitations. In addition, even if a specific
number of an introduced claim recitation is explicitly recited, those skilled in the art
will recognize that such recitation should be interpreted to mean at least the recited
number (e.g., the bare recitation of "two recitations," without other modifiers, means at
least two recitations, or two or more recitations). Furthermore, in those instances where
a convention analogous to "at least one of A, B, and C, etc." is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., " a system having at least one of A, B, and C" would include but not
be limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). In those instances where
a convention analogous to "at least one of A, B, or C, etc." is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., " a system having at least one of A, B, or C" would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). It will be further un-
derstood by those within the art that virtually any disjunctive word and/or phrase

presenting two or more alternative terms, whether in the description, claims, or
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[54]

[55]

[56]

drawings, should be understood to contemplate the possibilities of including one of the
terms, either of the terms, or both terms. For example, the phrase "A or B" will be un-
derstood to include the possibilities of "A" or "B" or "A and B."

In addition, where features or aspects of the disclosure are described in terms of
Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

As will be understood by one skilled in the art, for any and all purposes, such as in
terms of providing a written description, all ranges disclosed herein also encompass
any and all possible subranges and combinations of subranges thereof. Any listed
range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a
non-limiting example, each range discussed herein can be readily broken down into a
lower third, middle third and upper third, etc. As will also be understood by one skilled

in the art all language such as "up to," "at least," and the like include the number
recited and refer to ranges which can be subsequently broken down into sub-ranges as
discussed above. Finally, as will be understood by one skilled in the art, a range
includes each individual member. Thus, for example, a group having 1-3 cells refers to
groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups
having 1, 2, 3, 4, or 5 cells, and so forth.

From the foregoing, it will be appreciated that various embodiments of the present
disclosure have been described herein for purposes of illustration, and that various
modifications may be made without departing from the scope and spirit of the present
disclosure. Accordingly, the various embodiments disclosed herein are not intended to

be limiting, with the true scope and spirit being indicated by the following claims.
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Claims

A method for forming a nanoimprint mold, the method comprising:
filling nanoholes formed in a substrate with a material to form
nanopillars on the substrate;

performing at least a first partial oxidation of the nanopillars and then
removing at least a portion of the oxidized material;

depositing a hard substance on the nanopillars to begin forming the
nanoimprint mold on the nanopillars;

depositing a second material on the hard substance; and

removing the substrate from a molding surface of the nanoimprint
mold.

The method of claim 1, wherein filling the nanoholes formed in a
substrate with a material to form nanopillars further comprises de-
positing additional material on at least the nanopillars, wherein the
material is preferentially deposited on the nanopillars at a faster rate
than on the substrate.

The method of claim 1, wherein the nanoholes in a substrate are
arranged in a geometric pattern.

The method of claim 1, wherein the material comprises silicon.

The method of claim 1, wherein depositing a hard substance comprises
depositing metal in a space between the nanopillars, wherein the
nanopillars define a shape of the molding surface.

The method of claim 1, wherein depositing a hard substance and de-
positing a second material are repeated two or more times to form
layers of the hard substance and of the second material in the
nanoimprint mold, wherein the layers of the hard substance and of the
second material each have a thickness between about 3 nanometers and
about 30 nanometers.

The method of claim 6:

wherein the second material provides flexibility to the nanoimprint
mold and the second material comprises one of carbon nanotube and
graphene and aluminum; and

wherein the hard substance comprises at least one of metal carbide and
iron carbide.

The method of claim 1, wherein removing the substrate from a molding
surface comprises:

grinding the substrate;
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[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]
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oxidizing any remaining substrate and the nanopillars; and

etching the remaining substrate and nanopillars from the molding
surface.

The method of claim 1, further comprising depositing a thin layer on
the nanomold surface, the thin layer comprising at least one of gold, an
F-containing polymer, or a self assembled monolayer.

The method of claim 1, further comprising attaching a substrate to a
surface opposite the molding surface, the substrate comprising a
handle.

The method of claim 1, wherein the molding surface comprises
nanowells having a shape that is formed from the nanopillars.

A nanoimprint mold comprising:

a substrate; and

a mold body connected to the substrate, the mold body having a
molding surface, the mold body comprising:

a plurality of nanowells, the nanowells defined by multiple layers
including at least one layer of a hard substance and at least one layer of
a second material that provides flexibility to the mold body.

The nanoimprint mold of claim 12, wherein the multiple layers are
deposited over silicon nanopillars configured to form the molding
surface such that the plurality of nanowells have a shape that cor-
responds to a shape of the silicon nanopillars.

The nanoimprint mold of claim 12, wherein the molding surface
generates a hydrophobic surface in a material.

The nanoimprint mold of claim 12, wherein the molding surface
generates an antifouling surface in a material.

The nanoimprint mold of claim 12, wherein the molding surface
generates an antireflective surface in a material.

The nanoimprint mold of claim 12, wherein the nanowells are formed
by depositing the multiple layers on nanopillars that are formed in a
substrate, wherein each of the multiple layers has a thickness between
about 3 nanometers and 30 nanometers.

The nanoimprint mold of claim 17, wherein the nanopillars are
oxidized and etched to a particular shape before depositing the multiple
layers on the nanopillars to finish the molding surface.

The nanoimprint mold of claim 12, wherein the molding surface
includes a thin layer comprising at least one of gold, an F-containing

polymer, or a self assembled monolayer.
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The nanoimprint mold of claim 12,

wherein the second material comprises at least one of carbon nanotube
and graphenes and aluminum;

wherein the hard substance comprises at least one of metal carbide and
iron carbide.

The nanoimprint mold of claim 12, wherein the molding surface is

applied to a material to mold a surface of the material.
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[Fig. 10]

4/4

Fabricate Nanoholes in a Substrate

170

Form Nanopillars on the Substrate

172

Partially Oxidize the Nanaopillars

e 74

¥

Remove Oxidized Material

~ 176

Oxidize Surface

178

¥

Deposit a Hard Substance

o180

¥

Deposit Carbon Nanotubes

182

Remove Substrate fo Form Nanomold

184

PCT/KR2010/004358



INTERNATIONAL SEARCH REPORT _ International application No.

PCT/KR2010/004358
A CLASSIFICATION OF SUBJECT MATTER '
Int. CL . |
B29C 33/42 (2006.01) B82B 3/00 (2006.01) HOIL 21/02 (2006.01)
B29C 33/56 (2006.01) GO3F 7/075 (2006.01) HOIL 21/027 (2006.01)
B8IC 1/00 (2006.01) GO3F 7/09 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum decumentation searched (classification system followed by classification symbols)

" Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPODOC, WPI, Google, USPTO, ESPACENET with keywords; +print+, patternt, templatt, stamp+, engrav+,
embos+, +lithograph+, nano+, micro+, pillar+, column+, protrusion?, project+, extension, extend+, bulge+, deposit+,
layer-, fill+, coat+, film+, cover+, flexib+, soft+, supple+, bendable+, plastic+, +silicon+, polymer+, deform+,
hard+, tough+, nitrid+, nanotube+, cnt, +well+, +hole+, recess+, gap+, depression, cavitt, crater?, removet, grind+,
machin+, etch+, polish+, oxid+, mould+, mold+, mask+, die+ and similar terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, v\.avith indication, where aperepriate, of the _relevant passages Relevant to claim No.
US 2008/0061214 Al (LEE et al.) 13 March 2008 )
X Abstract , Fig. 1, paragraphs [0009], [0011] [0013] & [0026] — [0029]. 12-17,19, 21

) US 2008/0067721 Al (YU et al.) 20 March 2008 , '
X Abstract, figures 2 -6, paragraphs and claims 1-4,8 & 11 _ : 12-17,21

US 2008/0217819 A1 (LEE et al. ) 11 September 2008

A Wholé document
E Further documents are listed in the continuation of BoxC ~ | See patent family annex
* Special categories of cited documents: ’
"A"  document defining the general state of the art which is "T"  later document published afier the international filing date or priority date and not in
not considered to be of particular relevance ) conflict with the application but cited 1o understand the principle or theory
} . underlying the invention
"E" earlier application or patent but published on or after the "X"*  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to mvolvc an inventive step when the document is taken
: alone
"L document which may throw doubts on priority claim(s) "“Y"  document of particular relevance;. the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) ' such documents, such combination being obvious to a person skilled in the art
"o document referring to an oral disclosure, use, exhibition o : .
: or other means &"  document memper of the same patent famnl)(
"P"  document published prior to the international ﬁlmg date ’
but later than the priority date clalmed
Date of the actual completion of the mtemational search : Date of mailing of the international search report
15 September 2010 _ 2 1 SEP 2010
Name and mailing address of the ISAJAU Authorized officer
AUSTRALIAN PATENT OFFICE KOSALA GUNATILLAKA
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
E-mail address: pct@ipaustralia.gov.au ’ (ISO 9001 Quality Certified Service)
Facsimile No. +61 2 6283 7999 ' . Télephone No : +61 2 6222 3652

Form PCT/ISA/210 (second sheer) (July 2009)




"INTERNATIONAL SEARCH REPORT

International appliéation No.

PCT/KR2010/004358

C (Continuation). ~ , DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where -appropriate, of the relevant passages

| Relevant to
claim No.

-US 2002/0133129 A1 (ARIAS et al.) 19 September 2002
A Whole document '

US 2007/0049028 Al'(SUBRAMANIAN et al.) 1 March 2007.
A Whole document '

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

"International application No.

PCT/KR2010/004358

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these partlculars

which are merely given for the purpose of information.

Patent Document Cited in
Search Report

Patent Family Member

US 2008061214 CN 101144977 JP 2008068612 - KR 20080024364
US 2008067721 US 7780431 ‘
US 2008217819 - NONE |
US 2002133129 CA 2436207 EP 1377338 US 6663820

| LUS 2004146611 US 7763203 WO 02072189
US 2007049028  US . ~ 7662299 US 2010144132

Due to data integration issues this family llstmg may not include 10 digit Australian apphcatlons filed since May 2001.

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

