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Description

Title of Invention: METHOD OF MANUFACTURING STAMP

FOR PLASMONIC NANOLITHOGRAPHY APPARATUS AND
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PLASMONIC NANOLITHOGRAPHY APPARATUS
Technical Field

The present invention relates to a method of manufacturing a stamp for a plasmonic
nanolithography apparatus and a plasmonic nanolithography apparatus. More par-
ticularly, the present invention relates to a method of manufacturing a stamp for a
plasmonic nanolithography apparatus capable of easily processing a micro pattern and

a plasmonic nanolithography apparatus.

Background Art

A nanoimprint lithography technology is suggested as a technology capable of mass
producing nanostructures of no more than 100nm at a low price. Since only structures
of a limited size may be produced by the lithography technology widely used for semi-
conductor processes and production of microelements due to the limit of light
diffraction, a nanoimprint technology is spotlighted as an alternative for solving the
problem.

Particularly, since a UV nanoimprint process may be performed at room temperature
and under low pressure and may prevent thermal deformation generated in a con-
ventional heating imprint process, the UV nanoimprint process is worthy of being
spotlighted. In the UV nanoimprint process, when a master pattern is generated on a
transparent mold substrate and the manufactured master contacts resin, resin is filled in
a pattern by capillary force and is hardened by irradiating ultraviolet rays and the
master is removed.

Although it is possible to transcribe a highly precise pattern and to perform high
speed processes, in the UV nanoimprint process, the resin and the master directly
contact so that the master is frequently contaminated.

In addition, when the master pattern is formed to have a complicated structure, resin
is not sufficiently filled in the master pattern so that quality of the finally formed
pattern is deteriorated.

The above information disclosed in this Background section is only for enhancement
of understanding of the background of the invention and therefore it may contain in-
formation that does not form the prior art that is already known in this country to a

person of ordinary skill in the art.

Disclosure of Invention
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Technical Problem

Therefore, in order to solve the conventional problem, the object of the present
invention is to provide a method of manufacturing a stamp for a plasmonic nano-
lithography apparatus capable of forming a micro pattern without the limit of light
diffraction and a plasmonic nanolithography apparatus.

Solution to Problem

The object is achieved by a method of manufacturing a stamp for a plasmonic nano-
lithography apparatus, including forming metal patterns on a substrate, coating a hy-
drophobic thin film on external surfaces of the metal patterns to hydrophobic
processing the external surfaces of the metal patterns, selectively hydrophilic
processing only the external surfaces of the metal patterns, laminating a buffer layer on
the substrate and the metal patterns, and transcribing the metal patterns and the buffer
layer from the substrate to a base formed of light transmission material to be combined
with the base.

In addition, the metal patterns may be formed of material having a plasmonic
resonance characteristic.

In addition, performing hydrophilic processing may include laminating a polymer
layer on the substrate and the metal patterns, removing a part of the polymer layer so
that only the metal patterns are exposed to the outside, selectively hydrophilic
processing only the external surfaces of the metal patterns exposed to the outside, and
removing the entire left polymer layer.

In addition, laminating the polymer layer may include laminating a thin film-shaped
polymer layer, plasma processing the laminated polymer so that the laminated polymer
has a hydrophilic characteristic, and laminating the polymer to a height of no less than
the height of the metal patterns.

In addition, in removing a part of the polymer layer, the polymer may be removed by
an etch-back process.

In addition, the method may further include laminating an adhesion preventing layer
on surfaces of the polymer layer and the metal patterns separated from the substrate.

In addition, the adhesion preventing layer may be processed to have a hydrophobic or
hydrophilic characteristic.

In addition, in forming the metal patterns, the metal patterns may be processed so
that an angle between a side surface of the metal pattern and the substrate may be an
acute angle.

In addition, before forming the metal patterns, performing hydrophobic processing or
adhesion preventing processing on the substrate may be further included.

In addition, the object is achieved by a nanolithography apparatus for exposing a
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resist using ultraviolet rays, including a chamber, a light source accommodated in the
chamber to generate ultraviolet rays, and a stamp including a base formed of light
transmission material provided on a light path of the light source, an exposure unit
whose one surface is connected to the base to convert ultraviolet rays generated by the
light source into Plasmon energy to be transmitted to the resist, and a stamp including
an adhesion preventing layer combined with the other section of the exposure unit. The

exposure unit includes metal patterns having a plasmonic resonance characteristic.
In addition, the surface of the adhesion preventing layer may have a hydrophilic or

hydrophobic characteristic so that the adhesion preventing layer may be easily released

from the resist.

Advantageous Effects of Invention

According to the present invention, there is provided a plasmonic nanolithography
apparatus capable of easily forming a micro pattern on the resist without the limit of
light diffraction using surface Plasmon energy.

In addition, a hydrophilic or hydrophobic adhesion preventing layer is formed in the
lowermost end of the stamp so that the stamp may be easily released from the resist
after performing exposure.

In addition, there is provided a method of manufacturing a stamp for a plasmonic
nanolithography apparatus in which the external surfaces of the metal patterns and the
external surface of the substrate are processed to have different characteristics so that
the stamp may be easily manufactured.

In addition, the metal patterns and the buffer layer may be firmly combined with each
other and the substrate and the buffer layer may be easily separated from each other by
surface treatment.

In addition, the edges of the metal patterns are processed so that light energy may be
concentrated to be transmitted to the resist.

Brief Description of Drawings

FIG. 1 schematically illustrates a plasmonic nanolithography apparatus according to
an exemplary embodiment of the present invention,

FIG. 2 schematically illustrates a process of having a stamp and a resist contact each
other in a patterning process using the plasmonic nanolithography of FIG. 1,

FIG. 3 schematically illustrates a process of irradiating ultraviolet rays from a light
source to perform exposure in the patterning process using the plasmonic nano-
lithography of FIG. 1,

FIG. 4 schematically illustrates a process of releasing the stamp from the resist in the
patterning process using the plasmonic nanolithography of FIG. 1,

FIG. 5 schematically illustrates the resist in which a predetermined pattern is formed
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by the patterning process using the plasmonic nanolithography of FIG. 1,
FIG. 6 is a schematic process flowchart of methods of manufacturing a stamp for a

plasmonic nanolithography apparatus according to first and second exemplary em-
bodiments of the present invention,

FIG. 7 schematically illustrates a metal pattern forming process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5,

FIG. 8 schematically illustrates a hydrophobic processing process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5,

FIG. 9 schematically illustrates a polymer layer laminating process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5,

FIG. 10 schematically illustrates a hydrophilic processing process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5,

FIG. 11 schematically illustrates a buffer layer laminating process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5,

FIG. 12 schematically illustrates a combining process of the method of manu-
facturing a stamp for a plasmonic nanolithography apparatus of FIG. 5,

FIG. 13 schematically illustrates an adhesion preventing layer of the method of man-
ufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5,

FIG. 14 schematically illustrates a metal pattern forming process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus according to the
second exemplary embodiment of the present invention.

Mode for the Invention

Hereinafter, a plasmonic nanolithography apparatus according to an exemplary em-
bodiment of the present invention will be described in detail with reference to the ac-
companying drawings.

FIG. 1 schematically illustrates a plasmonic nanolithography apparatus according to
an exemplary embodiment of the present invention.

Referring to FIG. 1, a plasmonic nanolithography apparatus 100 according to the
present invention for patterning a micro pattern includes a chamber 110, a light source
120, and a stamp 130.

In the chamber 110, a stamp 130 to be described later, a light source 120, and a resist
10 to be patterned are disposed and an exposure process is performed.

The light source 120 is accommodated in a vacuum chamber to provide ultraviolet
rays to the stamp to be described later to expose the resist 10.

The stamp 130 provided in a region between the above-described light source 120
and resist 10 in the chamber 110 includes a base 131, an exposure unit 132, and an

adhesion preventing layer 135.
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The base 131 disposed below the light source 120 in the chamber 110, that is, on the
light path of ultraviolet rays generated by the light source 120 is formed of quartz
according to the present embodiment. However, any material having excellent light
transmission may be used without being limited to the above in order to transmit ul-
traviolet rays.

The exposure unit 132 for converting surface Plasmon energy from ultraviolet rays
that pass through the base 131 includes a buffer layer 133 and metal patterns 134.

The buffer layer 133 supports the metal patterns 134 to be described later with the
metal patterns 134 inserted thereinto. One section of the buffer layer 133 that forms a
flat surface is connected to the above-described base 131 and the other section of the
buffer layer 133 is connected to the adhesion preventing layer 135 to be described
later. In the present exemplary embodiment, the buffer layer 133 is formed of resin
formed of photocurable material to be processed. However, the present invention is not
limited to the above.

The plurality of metal patterns 134 for absorbing ultraviolet rays to form a resonance
energy electromagnetic field are inserted into the buffer layer 133 to be separated from
each other. On the other hand, the metal patterns 134 are exposed and developed to be
arranged in consideration of the shape of a pattern to be finally formed in the resist 10.

In addition, in the present exemplary embodiment, gold or silver is used as the
material of the metal patterns 134. However, any material having a plasmonic
resonance characteristic may be used without being limited to the above.

The sections of the metal patterns 134 are exposed through the buffer layer 133 of
the opposite surface to the surface that contacts the base 131. The sections of the buffer
layer 133 and the metal patterns 134 are processed as flat surfaces in order to have the
sections of the buffer layer 133 and the metal patterns 134 uniformly contact the resist
10 during the exposure process.

On the other hand, the buffer layer 133 of the above-described stamp 130 is firmly
combined with the metal patterns 134 having hydrophilic surfaces.

The adhesion preventing layer 135 uniformly connected to the surface of the buffer
layer 133 opposite to the surface that contacts the base 131 has the stamp 130 easily
released from the resist 10 during the exposure process.

On the other hand, in the present exemplary embodiment, in order to easily release
the stamp 130 from the hydrophobic resist 10 and to prevent the master pattern from
being contaminated, the adhesion preventing layer 135 may be formed of hydrophilic
material or the exposed surface of the adhesion preventing layer 135 may be processed
so that the exposed surface has a hydrophilic characteristic.

In addition, the adhesion preventing layer 135 may be formed of hydrophobic

material in accordance with the characteristic of the resist 10 or may be processed so
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that the surface of the adhesion preventing layer 135 has a hydrophobic characteristic.

Therefore, according to the present exemplary embodiment, a micro pattern may be
easily formed on the resist without difficulties generated by the limit of light
diffraction.

Hereinafter, the operation of an exemplary embodiment of the above-described
plasmonic nanolithography apparatus 100 will be described.

FIG. 2 schematically illustrates a process of having a stamp and a resist contact each
other in a patterning process using the plasmonic nanolithography of FIG. 1.

First, as shown in FIG. 1, after disposing the resist 10 to be patterned in the chamber
110, the stamp 130 is moved to the resist 10 below the stamp 130 in the vacuum
chamber 110 so that the lower end of the stamp 130 contacts the resist 10. That is, the
adhesion preventing layer 135 firmly contacts the resist 10 by the movement of the
above-described stamp 130.

At this time, when the stamp 130 contacts the resist 10, air is prevented from being
flown to the space between the resist 10 and the stamp 130 so that the inside of the
chamber 110 preferably remains vacuous.

FIG. 3 schematically illustrates a process of irradiating ultraviolet rays from a light
source to perform exposure in the patterning process using the plasmonic nano-
lithography of FIG. 1.

As shown in FIG. 3, when contact between the stamp 130 and the resist 10 is
completed by the above-described process, ultraviolet rays are generated by the light
source 120 so that the inside of the chamber 110 maintains high temperature. At this
time, the temperature of the inside of the chamber 110 is preferably set to be no more
than the glass transition temperature of the resist 10 so that the photosensitive charac-
teristic of the resist 10 to be patterned is not changed.

Ultraviolet rays generated by the light source 120 pass through the base 131 formed
of excellent light transmission material along the light path under the base 131 to reach
the metal patterns 134. When resolution of the metal patterns 134 is refined, ultraviolet
photons pass through openings (apertures) among the metal patterns not to reach the
resist 10 but to be absorbed into the metal patterns 134. At this time, absorbed light
energy is combined with free electrons of the surfaces of the metal patterns 134 to be
converted into surface Plasmon energy. A strong plasmonic electromagnetic field is
formed under a resonance wavelength condition to affect the resist 10 positioned in a
near field so that exposure may be performed while breaking the chemical bond of the
resist 10.

That is, as described above, the surface Plasmon energy into which ultraviolet rays
are converted after being combined with the free electrons of the surfaces of the metal

patterns 134 exposes the resist 10 and the resist 10 is exposed in accordance with the



WO 2013/191341 PCT/KR2012/011028

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

7

shape of the openings of the metal patterns 134.

FIG. 4 schematically illustrates a process of releasing the stamp from the resist in the
patterning process using the plasmonic nanolithography of FIG. 1.

As shown in FIG. 4, when the exposure process is completed by ultraviolet rays, the
stamp 130 is released from the resist 10. At this time, the stamp 130 may be easily
released from the resist 10 due to the adhesion preventing layer 135 connected to the
vertical section thereof.

FIG. 5 schematically illustrates the resist in which a predetermined pattern is formed
by the patterning process using the plasmonic nanolithography of FIG. 1.

As shown in FIG. 5, the exposed resist 10 forms a final pattern corresponding to the
shape of arrived light after undergoing a developing process.

Hereinafter, a method S100 of manufacturing a stamp for a plasmonic nano-
lithography apparatus according to a first exemplary embodiment of the present
invention will be described.

FIG. 6 is a schematic process flowchart of methods of manufacturing a stamp for a
plasmonic nanolithography apparatus according to first and second exemplary em-
bodiments of the present invention.

Referring to FIG. 6, the method S100 of manufacturing a stamp for a plasmonic
nanolithography apparatus according to an exemplary embodiment of the present
invention includes processes of manufacturing the stamp 130 that uniformly surface
contacts the resist 10 such as a pre-processing step S105, a metal pattern forming step
S110, a hydrophobic processing step S120, a hydrophilic processing step S130, a
buffer layer laminating step S140, a combining step S150, and an adhesion preventing
layer laminating step S160.

In the pre-processing step S105, hydrophobic processing or adhesion preventing
processing is performed in a region on a substrate 20 where the metal patterns 134 are
formed before forming the metal patterns 134 in the following metal pattern forming
step S110.

That is, in the present step, hydrophobic processing or adhesion preventing
processing is performed in the interface between the substrate 20 and the metal
patterns 134 so that the metal patterns 134 may be easily released from the substrate 20
in the following combining step S150.

FIG. 7 schematically illustrates a metal pattern forming process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5.

Referring to FIG. 7, in the metal pattern forming step S110, the metal patterns 134
having the plasmonic resonance characteristic are patterned on the substrate 20.

In the present step, the metal patterns 134 are formed on the substrate 20. In the

present step, gold or silver is used as material of the metal patterns 134. However, any
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material having the plasmonic resonance characteristic may be used without being
limited to the above.

In addition, in the present embodiment, the metal patterns 134 are formed on the
substrate 20 by a lift-off process or a metal direct etching process. However, a process
of processing the metal patterns 134 is not limited to the above.

FIG. 8 schematically illustrates a hydrophobic processing process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5.

Referring to FIG. 8, in the hydrophobic processing step S120, the substrate 20 and
the external surfaces of the metal patterns 134 formed on the substrate 20 are hy-
drophobic processed. In the present step, the exposed surfaces of the substrate 20 and
the metal patterns 134 are hydrophobic processed through a plasma processing process.
However, the present invention is not limited to the above but hydrophobic processing
may be performed by a method of depositing a silane or single molecular layer.

On the other hand, hereinafter, in the drawing, a hydrophobic processed surface hl
and a hydrophilic processed surface h2 are separated and illustrated.

FIG. 9 schematically illustrates a polymer layer laminating process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5. FIG. 10
schematically illustrates a hydrophilic processing process of the method of manu-
facturing a stamp for a plasmonic nanolithography apparatus of FIG. 5

In the hydrophilic processing step S130, processes of selectively hydrophilic
processing only the surfaces of the metal patterns 134 include a polymer layer
laminating step S131, a first removing step S135, a selectively processing step S136,
and a second removing step S137.

The polymer layer laminating step S131 of exposing only the surfaces of the metal
patterns 134 to be hydrophilic processed to the outside and of protecting the external
surface of the remaining substrate 20 includes a first laminating step S132, a plasma
processing step S133, and a second laminating step S134.

As illustrated in FIG. 9(a), the first laminating step S132 corresponds to a pre-
processing process of laminating a thin film-shaped polymer layer 30 on the substrate
20 in order to laminate a polymer layer 40 on the substrate. That is, when the polymer
layer 40 is directly laminated on the external surfaces of the substrate 20 and the metal
patterns 134 in the state where the surfaces are hydrophobic processed, since it is
difficult to laminate the polymer layer 40 of a desired height, the thin film-shaped
polymer layer 30 is previously laminated.

In the present exemplary embodiment, the first laminating step S132 is performed by
a spin coating method of low rotation speed of no more than 2000 rpm.

As illustrated in FIG. 9(b), since the surface of the thin film-shaped polymer layer 30

is plasma processed to be hydrophilic processed in the plasma processing step 133, the
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polymer layer 40 of a desired height may be smoothly laminated on the thin film-
shaped polymer layer 30.

As illustrated in FIG. 9(c), in the second laminating step S134, polymer of the same
material is additionally coated on the hydrophilic processed thin film-shaped polymer
layer 40 so that the polymer layer 40 of a desired height is finally laminated.
Therefore, in the polymer layer laminating step S131, the polymer layer 40 of a desired
height may be finally laminated by the pre-processing process including the first
laminating step S132 and the plasma processing step S133.

In the present exemplary embodiment, the second laminating step S134 is performed
by a spin coating method of high rotation speed of no less than 4000 rpm.

On the other hand, the polymer layer 40 finally laminated in the polymer layer
laminating step S131 is laminated with a height larger than the metal patterns 134 so
that the metal patterns 134 are not exposed to the outside.

As illustrated in FIG. 10(b), in the first removing step S135, a part of the finally
laminated polymer layer 40 is removed to expose the surfaces of the metal patterns 134
to the outside. That is, in the present step, the upper region of the polymer layer 40 is
removed with only the lowermost end of the polymer layer 40 left on the substrate 20
so that the metal patterns 134 are exposed to the outside and that the substrate 20
having the surface of a hydrophobic characteristic is protected in the polymer layer 40.

On the other hand, in the first removing step S135, a part of the polymer layer 40 is
removed by an etch-back process. However, the present invention is not limited to the
above.

As illustrated in FIG. 10(c), in the selectively processing step S136, the surfaces of
the metal patterns 134 exposed in the first removing step S135 are selectively hy-
drophilic processed. That is, in the present step, by performing hydrophilic processing,
the top surface of the substrate 20 protected in the polymer layer 40 maintains a hy-
drophobic characteristic and only the surfaces of the metal patterns 134 exposed to the
outside are hydrophilic processed.

On the other hand, hydrophilic processing in the present step is not limited but is
preferably performed by one of acid liquid processing, plasma surface processing, and
lamination of a monomer-based single molecular layer.

As illustrated in FIG. 10(d), in the second removing step 137, the polymer layer 40
left without being removed is removed to expose the substrate 20 having the hy-
drophobic surface to the outside. That is, in the present step, the top surface of the
substrate 20 has a hydrophobic characteristic and the surfaces of the metal patterns 134
have a hydrophilic characteristic so that the substrate 20 has a different surface charac-
teristic from the metal patterns 134.

FIG. 11 schematically illustrates a buffer layer laminating process of the method of
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manufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5.

Referring to FIG. 11, in the buffer layer laminating step S140, the buffer layer 133 is
laminated on the metal patterns 134 and the substrate 20 having different surface char-
acteristics. In the present step, the buffer layer 133 for supporting the metal patterns
134 is laminated by coating and hardening photocurable resin.

FIG. 12 schematically illustrates a combining process of the method of manu-
facturing a stamp for a plasmonic nanolithography apparatus of FIG. 5.

Referring to FIG. 12, in the combining step S150, a combination of the buffer layer
133 and the metal patterns 134 is transcribed from the substrate 20 to the base 131
formed of light transmission material.

That is, in the present step, the metal patterns 134 and the buffer layer 133 laminated
on the metal patterns 134 are released from the substrate 20 and are combined with the
base 131. At this time, since the surface of the substrate 20 is hydrophobic processed
by the above process, the substrate 20 is easily released from the buffer layer 133.
Since the surfaces of the metal patterns 134 have a hydrophilic characteristic, the metal
patterns 134 are firmly combined with the buffer layer 133.

In addition, in the above-described pre-processing step S105, since hydrophobic
processing or adhesion preventing processing is performed on the space between the
substrate 20 and the metal patterns 134, the substrate 20 and the metal patterns 134
may be easily separated from each other.

Therefore, the buffer layer 133 and the metal patterns 134 that are firmly combined
with each other are easily released from the substrate 20 to be transcribed to the base
131 and to be combined with the base 131.

In addition, the surfaces of the metal patterns 134 and the buffer layer 133 released
from the substrate 20 are separated from the substrate 20 after contacting the substrate
20, the surfaces of the metal patterns 134 and the buffer layer 133 have excellent
flatness.

FIG. 13 schematically illustrates an adhesion preventing layer of the method of man-
ufacturing a stamp for a plasmonic nanolithography apparatus of FIG. 5.

Referring to FIG. 13, in the adhesion preventing layer laminating step S160, the
adhesion preventing layer 135 is laminated on the surfaces of the metal patterns 134
and the buffer layer 133 released from the substrate 20 to have excellent flatness. That
is, the adhesion preventing layer 135 laminated in the present step is interposed
between the resist 10 and the buffer layer 133 and the metal patterns 134 in the
exposure process so that the resist 10 may be easily released from the buffer layer 133
and the metal patterns 134.

In addition, in the present embodiment, the adhesion preventing layer 135 is formed

of hydrophilic material or is processed so that the surface thereof has a hydrophilic
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characteristic so that the adhesion preventing layer 135 may be easily released from the
hydrophobic resist 10.

In accordance with the characteristic of the resist 10, the adhesion preventing layer
135 may be formed of a hydrophobic material or may be processed so that the surface
thereof has a hydrophobic characteristic.

Therefore, in the stamp 130 manufactured by the present exemplary embodiment,
since the surface that directly contacts the resist 10 has excellent flatness, the stamp
130 may firmly contact the resist 10 and may be easily released from the resist 10 by
the adhesion preventing layer 135 after performing exposure.

Next, a method S200 of manufacturing a stamp for a plasmonic nanolithography
apparatus according to a second exemplary embodiment of the present invention will
be described.

FIG. 6 is a schematic process flowchart of methods of manufacturing a stamp for a
plasmonic nanolithography apparatus according to first and second exemplary em-
bodiments of the present invention.

Referring to FIG. 6, the method S200 of manufacturing a stamp for a plasmonic
nanolithography apparatus according to an exemplary embodiment of the present
invention includes processes of manufacturing a uniform contact type stamp such as a
metal pattern forming step S210, a hydrophobic processing step S120, a hydrophilic
processing step S130, a buffer layer laminating step S140, a combining step S150, and
an adhesion preventing layer laminating step S160. In the present exemplary em-
bodiment, since only the metal pattern forming step S210 is different from the first
exemplary embodiment, only the metal pattern forming step S210 will be described.

FIG. 14 schematically illustrates a metal pattern forming process of the method of
manufacturing a stamp for a plasmonic nanolithography apparatus according to the
second exemplary embodiment of the present invention.

In the metal pattern forming step S210, metal patterns 234 having a plasmonic
resonance characteristic are formed on the substrate 20. At this time, in the present
exemplary embodiment, gold or silver is used as material of the metal patterns 234.
However, any metal material having a plasmonic resonance characteristic may be used
without being limited to the above.

On the other hand, as shown in FIG. 4, in the metal pattern forming step S210 of the
present exemplary embodiment, the edges of the metal patterns 234 are processed so
that the angle o of the lower edge is an acute angle and that the vertical section is
trapezoidal.

That is, the metal patterns 234 processed in the present step generate a plasmonic
resonance phenomenon during the exposure process so that electromagnetism is con-

centrated on the lower edges of the metal patterns and that light energy may be
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transmitted to the lower end of the resist.
[113] The scope of the present invention is not limited to the above-described exemplary

embodiments but may be realized by various exemplary embodiments within the range
of the appended claims. It is to be understood that the invention covers various modi-
fications and equivalent arrangements that may be made by a person of ordinary skill

in the art without deviating the main subject of the present invention.

[114] <Description of symbols>
[115] 110 : chamber 120 : light source
[116] 130 : stamp 131 : base
[117] 132 : exposure unit 133 : buffer layer
[118] 134 : metal pattern 135 : adhesion preventing layer
Industrial Applicability
[119] According to the present invention, there is provided a plasmonic nanolithography

apparatus capable of easily forming a micro pattern on the resist without the limit of
light diffraction using surface Plasmon energy.

[120] In addition, a hydrophilic or hydrophobic adhesion preventing layer is formed in the
lowermost end of the stamp so that the stamp may be easily released from the resist
after performing exposure.

[121] In addition, there is provided a method of manufacturing a stamp for a plasmonic
nanolithography apparatus in which the external surfaces of the metal patterns and the
external surface of the substrate are processed to have different characteristics so that
the stamp may be easily manufactured.

[122] In addition, the metal patterns and the buffer layer may be firmly combined with each
other and the substrate and the buffer layer may be easily separated from each other by
surface treatment.

[123] In addition, the edges of the metal patterns are processed so that light energy may be

concentrated to be transmitted to the resist.
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Claims

A method of manufacturing a stamp for a plasmonic nanolithography
apparatus, comprising:

forming metal patterns on a substrate;

coating a hydrophobic thin film on external surfaces of the substrate
and the metal patterns to hydrophobic processing the external surfaces
of the substrate and the metal patterns;

selectively hydrophilic processing only the external surfaces of the
metal patterns;

laminating a buffer layer on the substrate and the metal patterns; and
transcribing the metal patterns and the buffer layer from the substrate to
a base formed of light transmission material to be combined with the
base.

The method of claim 1, wherein the metal patterns are formed of
material having a plasmonic resonance characteristic.

The method of claim 1, wherein performing hydrophilic processing
comprises:

laminating a polymer layer on the substrate and the metal patterns;
removing a part of the polymer layer so that only the metal patterns are
exposed to the outside;

selectively hydrophilic processing only the external surfaces of the
metal patterns exposed to the outside; and

removing the entire left polymer layer.

The method of claim 3, wherein laminating the polymer layer
comprises:

laminating a thin film-shaped polymer layer;

plasma processing the laminated polymer so that the laminated polymer
has a hydrophilic characteristic; and

laminating the polymer to a height of no less than the height of the
metal patterns.

The method of claim 3, wherein, in removing a part of the polymer
layer, the polymer is removed by an etch-back process.

The method of any one of claim 1 to claim 5, further comprising
laminating an adhesion preventing layer on surfaces of the polymer
layer and the metal patterns separated from the substrate.

The method of claim 6, wherein the adhesion preventing layer is

processed to have a hydrophobic or hydrophilic characteristic.
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The method of claim 6, wherein, in forming the metal patterns, the
metal patterns are processed so that an angle between a side surface of
the metal pattern and the substrate is an acute angle.

The method of claim 6, before forming the metal patterns, further
comprising performing hydrophobic processing or adhesion preventing
processing on the substrate.

A nanolithography apparatus for exposing a resist using ultraviolet
rays, comprising:

a chamber;

a light source accommodated in the chamber to generate ultraviolet
rays; and

a stamp including a base formed of light transmission material provided
on a light path of the light source, an exposure unit whose one surface
is connected to the base to convert ultraviolet rays generated by the
light source into Plasmon energy to be transmitted to the resist, and a
stamp including an adhesion preventing layer combined with the other
section of the exposure unit,

wherein the exposure unit comprises metal patterns having a plasmonic
resonance characteristic.

The nanolithography apparatus of claim 10, wherein the surface of the
adhesion preventing layer has a hydrophilic or hydrophobic charac-
teristic so that the adhesion preventing layer may be easily attached to

or released from the resist.



WO 2013/191341
1/5

[Fig. 1]

1120

133
%\\134}132 130

~L 135
—10

h2 . - —\/\/131

133
134}132 130

[Fig. 2]

120
131
133
I 4}132 130
135

] ;’/\_‘10

| 120
— W T~ 131
“ﬁ‘133}132 130

134
| 135

PCT/KR2012/011028



WO 2013/191341 PCT/KR2012/011028

2/5
[Fig. 4]
100
110

| [/%JIZU

[ 131
1133
[ 4}132 130
L 135

[Fig. 5]

[Fig. 6]
START
5132
5105~ PRE-PROCESSING STEP ?
T 5331 — FIRST LAMINATING STEP
2110 METAL PATTERN FORMING STEP ] | POLYMER LAYER LAMINATING STEP |— 5133
!
5120~ HYDROPHOBIC PROCESSING STEP 5}35 —| PLASMA PROCESSING STEP
i -~ FIRST REMOVING STEP 5134
$130-~ HYDROPHILIC PROCESSING STEP ?
¢ 5}36 | SECOND LAMINATING STEP
G140~ BUFFER LAYER LAMINATING STEP | SELECTIVE PROCESSING STEP
!
5150~ COMBINING STEP 5}37
! | SECOND REMOVING STEP
Sl  ADHESION PREVENTING
LAYER LAMINATING STEP
[Fig. 7]
S110




WO 2013/191341 PCT/KR2012/011028
3/5

[Fig. 8]

5120




WO 2013/191341 PCT/KR2012/011028
4/5

[Fig. 10]




WO 2013/191341
5/5

[Fig. 12]

5150

S

~——133

[Fig. 14]

PCT/KR2012/011028



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2012/011028

A. CLASSIFICATION OF SUBJECT MATTER

GO3F 7/00(20006.01)i, HO1L 21/027(2006.01)i, GO3F 7/021(2006.01)i, B29C 33/42(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO3F 7/00, HO1L 21/027; GO3F 1/00; B82Y 40/00; GO3C 5/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: nanolithography, stamp, plasmon, gold, silver, hydrophobic, hydrophilic, UV

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2008-0131791 Al (CHO, EUN-HYOUNG et al.) 05 June 2008 1-11
See abstract; paragraphs [0003] and [0043]-[0061];
figs. 4A-4F and 5A-5C; claims 1, 9 and 10.

A US 7993800 B2 (HYDE, RODERICK A. et al.) 09 August 2011 1-11
See abstract; column 1 lines 13-21, column 5 lines 16-44,
column 6 lines 19-67 and column 7 lines 1-25; figs 2-4; claim 1.

A KR 10-2011-0012083 A1l (KOREA INSTITUTE OF MACHINERY & 1-11
MATERIALS) 09 February 2011

See abstract; paragraphs [0001], [0020]-[0024] and
[0035]-[0038]; figs. 1-5; claim 1.

A KR 10-2008-0101048 A1 (KOREA INSTITUTE OF MACHINERY & 1-11
MATERIALS) 21 November 2008
See abstract; paragraphs [13] and [35]-[45]; fig. 3; claim 1.

A CHOI, DAE-GEUN et al. ‘Fluorinated organic-inorganic hybrid mold as a new 1-11
stamp for nanoimprint and soft lithography.™ Langmuir. 2005, Vol. 21, No. 21,
pp. 9390-9392.

See abstract; pages 9390-9391; figs. 1-2.

|:| Further documents are listed in the continuation of Box C. IE See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
19 MARCH 2013 (19.03.2013) 20 MARCH 2013 (20.03.2013)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan HONG, Sung Ran
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-5405

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2012/011028
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008-0131791 A1 05.06.2008 CN 101201538 A 18.06.2008
CN 101201538 GO 18.06.2008
JP 2008-137387 A 19.06.2008
KR 10-0790899 B1 03.01.2008
US 7858010 B2 28.12.2010
US 7993800 B2 09.08.2011 US 2006-0264015 A1 23.11.2006
US 2006-0264016 A1 23.11.2006
US 2007-0058323 A1 15.03.2007
US 2009-0117475 A1 07.05.2009
US 2009-0130573 A1 21.05.2009
US 2009-0242806 A1 01.10.2009
US 2009-0244511 A1 01.10.2009
US 7435514 B2 14.10.2008
US 7473499 B2 06.01.2009
US 7514345 B2 07.04.2009
US 7993801 B2 09.08.2011
US 8076227 B2 13.12.2011
WO 2007-127407 A2 08.11.2007
KR 10-2011-0012083 A 09.02.2011 KR 10-1042385 B1 10.06.2011
KR 10-2008-0101048 A 21.11.2008 KR 10-0885040 B1 16.02.2009

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 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

