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FACTURED THEREBY
Technical Field

The present invention relates to a coating method using particle alignment and a
particle coated substrate manufactured thereby, and, more particularly, to a coating
method using particle alignment, which enables a plurality of particles to be provided
in the form of a monolayer having a high density, and to a particle coated substrate

manufactured thereby.

Background Art

Coating techniques which are performed in such a manner that nanometer- or mi-
crometer-sized particles are aligned on a substrate so as to coat the substrate therewith,
are required in a variety of fields. For example, such coating techniques may be
applied to memory devices, linear and nonlinear optical devices, photoelectric devices,
photomasks, deposition masks, chemical sensors, biochemical sensors, medical
molecule detectors, dye-sensitized solar batteries, thin film solar batteries, cell in-
cubators, surfaces of implants, etc.

A Langmuir-Blodgett (LB) method (hereinafter referred to as "LB method") is well
known as one such technique for coating a substrate with aligned particles. In the LB
method, a solution comprising particles dispersed in a solvent floats on the surface of
water and is then pressed using a physical process, thus forming a thin film. A
technique using such an LB method is disclosed in Korean Unexamined Patent Pub-
lication No. 10-2006-2146.

In the LB method, however, temperature, humidity, etc., should be precisely adjusted
so that the particles are self-assembled in the solvent. Further, surface properties (e.g.
hydrophobicity, charge properties, surface roughness), etc. of the particles on the
substrate may have an influence on the movement of the particles. Accordingly, the
particles may agglomerate, and thus may not be uniformly applied on the substrate.
Specifically, a large region of the substrate may not be coated with the particles, and
grain boundaries may be formed at positions where the agglomerating particles come

into contact with each other, resulting in many defects.
Disclosure of Invention
Technical Problem

Therefore, the present invention is intended to provide a coating method using
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particle alignment, wherein particles may be uniformly applied on a substrate using a
simple process, and a particle coated substrate manufactured using the coating method.
Solution to Problem

An embodiment of the present invention provides a coating method using particle
alignment, comprising preparing a cohesive polymer substrate; and placing a plurality
of particles on the cohesive polymer substrate and pressing the particles to the cohesive
polymer substrate so that the cohesive polymer substrate is coated with the particles
while forming recesses respectively corresponding to the particles on the cohesive
polymer substrate,

Another embodiment of the present invention provides a particle coated substrate,
comprising a cohesive polymer substrate; reversible recesses formed by elastic force of
the substrate; and particles respectively positioned in the recesses and aligned on the

substrate.

Advantageous Effects of Invention

According to the present invention, a coating method using particle alignment
enables a coating layer to be formed by pressing dry particles on a cohesive polymer
substrate without the use of a solvent or an attachment aid.

When the particles are brought into contact with the cohesive polymer substrate, the
surface of the cohesive polymer substrate having flexibility is transformed so as to
partially enclose the particles by virtue of surface tension. Accordingly, recesses corre-
sponding to the particles are formed on the surface of the cohesive polymer substrate,
thus improving binding properties. The reversible transformation of the surface of the
cohesive polymer substrate facilitates the two-dimensional movement of the particles
in contact with the substrate, so that the particles are easily re-distributed.

When the cohesion of the particles is enhanced by such surface transformation in this
way, dependency on the surface properties of particles and the kind of polymer
substrate can decrease, whereby the particles having various surface properties can be
provided in the form of a monolayer. Upon forming the coating layer, there is no need
to precisely adjust conditions such as temperature, humidity, concentration of particles
and so on, the adjustment of which is required for self-assembly and spin coating, and
particles having various surface properties can be easily applied under wide conditions.
The particles can be uniformly applied in the form of a monolayer having a high
density even when the particles are electrically charged, are a material able to easily
form hydrogen bonding, are not electrically charged (close to a neutral charge), or are
hydrophobic.

Therefore, according to the present invention, the particles can be uniformly dis-

tributed on the cohesive polymer substrate using a simple process, thus forming a
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monolayer having a high density.
Brief Description of Drawings

The above and other objects, features and advantages of the present invention will be
more clearly understood from the following detailed description taken in conjunction
with the accompanying drawings, in which:

FIGS. 1A to 1C are cross-sectional views illustrating a coating process using particle
alignment according to an embodiment of the present invention;

FIGS. 2A and 2B are cross-sectional views illustrating the cohesive polymer
substrate after removal of the coating layer formed by the coating process using
particle alignment according to the embodiment of the present invention;

FIGS. 3A to 3F are scanning electron microscope (SEM) images illustrating coating
layers formed using SiO, particles having different average particle sizes of 160 nm,
330 nm, 740 nm, 1480 nm, 3020 nm and 5590 nm in Test Example 1 according to the
present invention;

FIGS. 4A and 4B are SEM images illustrating coating layers formed using
polystyrene particles having different average particle sizes of 800 nm and 2010 nm in
Test Example 2 according to the present invention;

FIGS. 5A to 5D are SEM images illustrating a cohesive polymer substrate, an SiO,
coating layer, an Ag;PO, coating layer, and a TiO, coating layer in Test Example 3
according to the present invention;

FIGS. 6A to 6D are photographs illustrating the cohesive polymer substrate, the
cohesive polymer substrate having the SiO, coating layer, the cohesive polymer
substrate having the Ag,PO, coating layer, and the cohesive polymer substrate having
the TiO, coating layer, which are placed on the printed characters, in Test Example 3
according to the present invention;

FIGS. 7A to 7C are confocal laser scanning microscope (CLSM) images at magni-
fications of 1000x and 6000x, illustrating the SiO, coating layers formed on a glass
substrate, a polystyrene substrate and a cohesive polymer substrate in Test Example 4
according to the present invention;

FIGS. 8A to 8C are CLSM images illustrating the particle detached portions and the
coating layer formed using re-coating in Test Example 5 according to the present
invention;

FIGS. 9A and 9B are CLSM and SEM images of the illustrative and comparative
second SiO, coating films in Test Example 6 according to the present invention;

FIG. 10 is an atomic force microscope (AFM) image illustrating the region of the
Si0, coating layer from which particles were removed, in Test Example 7 according to
the present invention;
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FIG. 11 is a photograph illustrating the SiO, coating layer formed on a Petri dish
substrate having a diameter of 15 cm in Test Example 8 according to the present
invention;

FIGS. 12A to 12C are SEM images illustrating the front sides of coating layers
formed in Test Example 9 according to the present invention;

FIGS. 13A to 13C are SEM images illustrating the lateral sides of the coating layers
formed in Test Example 9 according to the present invention;

FIG. 14 illustrates an AFM image of the coating layer from which the particles were
partially detached using adhesive tape, and the line profile of the coating layer, in Test
Example 9 according to the present invention;

FIGS. 15A and 15B are graphs illustrating the average particle height and the
decreased ratio of the SiO, coating layer or PS coating layer and the amine (+charge)
Si0, coating layer formed on a glass substrate, a 5% PDMS substrate, a 10% PDMS
substrate, and a 20% PDMS substrate in Test Example 9 according to the present
invention;

FIGS. 16A and 16B are graphs illustrating the average particle height and the
decreased ratio of the coating layers formed using SiO, particles having an average
particle size of 300 nm on the glass substrate, the 5% PDMS substrate, the 10% PDMS
substrate, and the 20% PDMS substrate in Test Example 9 according to the present
invention;

FIGS. 17A and 17B are graphs illustrating the average particle height and the
decreased ratio of the coating layers formed using particles having average particle
sizes of 150 nm, 300 nm, 750 nm and 1500 nm in Test Example 9 according to the
present invention;

FIGS. 18A to 18C are photographs illustrating the SiO, coating layers formed on 7,
10 and 20% PDMS substrates in Test Example 10 according to the present invention;

FIGS. 19A to 19C are photographs illustrating the SiO, coating layers transferred to
the first substrates (which are PDMS substrates having 7 parts by weight of a curing
agent) in Test Example 10 according to the present invention;

FIGS. 20A to 20C are photographs illustrating the SiO, coating layers transferred to
the second substrates (which are PDMS substrates having 10 parts by weight of a
curing agent) in Test Example 10 according to the present invention;

FIGS. 21A to 21C are photographs illustrating the SiO, coating layers transferred to
the third substrates (which are PDMS substrates having 20 parts by weight of a curing
agent) in Test Example 10 according to the present invention; and

FIGS. 22A to 22G are photographs illustrating the SiO, coating layers formed on a
variety of cohesive polymer substrates and comparative substrates in Test Example 11

according to the present invention.
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Mode for the Invention

Hereinafter, a detailed description will be given of embodiments of the present
invention with reference to the appended drawings, but the present invention is not
limited to such embodiments and may be variously modified.

For the sake of clear and simple description, the parts unrelated to the description are
omitted in the drawings. Wherever possible, the same reference numerals will be used
throughout the drawings and the description to refer to the same or like parts. Fur-
thermore, in order to achieve obvious description in the drawings, thickness, area, etc.,
are depicted to be large or small, and thickness, area, etc., of the present invention are
not limited to the depiction of the drawings.

In this description, when any part "includes" another part, a further part is not
excluded but may be additionally included, unless otherwise stated. Also, in layers,
films, regions, plates, etc., when any part is positioned "on" another part, not only the
case where any part is "directly on" another part but also the case where a further part
is interposed between any part and another part are included. In layers, films, regions,
plates, etc., when any part is "directly on" another part, there is no further part
therebetween.

Below is a description of a coating method using particle alignment according to em-
bodiments of the present invention with reference to the appended drawings.

FIGS. 1A to 1C are cross-sectional views illustrating a coating process using particle
alignment according to an embodiment of the present invention.

As illustrated in FIG. 1A, a cohesive polymer substrate 10 having a smooth surface
10a is prepared at ST10. Specifically, the surface of the cohesive polymer substrate 10
has neither a predetermined pattern nor bending, and may have surface roughness and
structure to the extent of not limiting the movement of particles 20 (FIG. 1B) which
form a coating layer 22 (FIG. 1C) thereon.

In this embodiment, the cohesive polymer substrate 10 includes a variety of cohesive
polymer materials having cohesion. A cohesive polymer does not have adhesion which
is typical, and is thus different from an adhesive. At least the cohesive polymer has a
cohesion lower than about 0.6 kg/inch which is the adhesion of the 'Scotch(®
MagicTM Tape' adhesive (ASTM D 3330). Also, the cohesive polymer enables the
shape of a solid (a substrate or film) to be maintained at room temperature even
without an additional support. The cohesive polymer material may include a silicon-
based polymer material such as polydimethylsiloxane (PDMS), etc., wraps including
polyethylene (PE), polyvinylchloride (PVC), etc., and protective films including
polymer materials for use in cohering or sealing. Particularly useful as the cohesive

polymer is PDMS, which is easy to adjust hardness and may be easily provided in
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various forms. The polymer substrate 10 may be prepared by coating a base substrate
with a cohesive polymer or by attaching a sheet or film type of cohesive polymer to a
base substrate.

The cohesive polymer material indicates an organic polymer material, which
typically includes silicon in a solid phase or is imparted with cohesion by addition of a
plasticizer or via surface treatment. The cohesive polymer material is easily
transformed by virtue of a linear molecular structure and has low surface tension.
Superior cohesion of the cohesive polymer material is based on a soft (flexible) surface
material, which facilitates surface transformation at small regions, and on low surface
tension. The low surface tension of the cohesive polymer material enables the cohesive
polymer material to be widely attached to the particles 20 (similar to wetting of a
solution), and the flexible surface thereof makes it possible to come into close contact
with the particles 20 to be attached. Thereby, the cohesive polymer may be reversibly
removably attached to the surface of a solid without complementary binding force. The
surface tension of a silicon-based polymer material such as PDMS as the representative
cohesive polymer material is about 20 ~ 23 dynes/cm, which is approximately close to
that of Teflon (18 dynes/cm) known as a material having the lowest surface tension.
The surface tension of a silicon-based polymer material such as PDMS is lower than
those of most of organic polymers (35 ~ 50 dynes/cm), natural cotton (73 dynes/cm),
metal (e.g. silver (Ag) has a surface tension of 890 dynes/cm, and aluminum (Al) has a
surface tension of 500 dynes/cm), and inorganic oxide (e.g. glass has a surface tension
of 1000 dynes/cm, and iron oxide has a surface tension of 1357 dynes/cm). Further, in
the case of wraps including PE, PVC and so on, low surface tension is exhibited due to
the addition of a large amount of plasticizer to increase cohesion.

Subsequently, as illustrated in FIGS. 1B and 1C, particles 20 are aligned on the
cohesive polymer substrate 10 to form a coating layer 22 at ST12, which is specified
below.

As illustrated in FIG. 1B, dry particles 20 are placed on the cohesive polymer
substrate 10. Unlike this embodiment, particles dispersed in a solution are difficult to
come into direct contact with the surface of the cohesive polymer, making it difficult to
efficiently perform a coating process. Thus, the particles may be dried during coating
only when using a solution or volatile solvent in an amount smaller than that of mass
of the particles used, so that the coating process may be conducted.

In this embodiment, the particles 20 may include a variety of materials to form a
coating layer 22 (FIG. 1C). Specifically, the particles 20 may include a polymer, an
inorganic material, a metal, a magnetic material, a semiconductor, a biomaterial, etc.
Further, a mixture of particles having different properties may be used to form the

coating layer.



[46]

[47]

[48]

[49]

(501

(51}

[52]

7

Examples of the polymer may include polystyrene (PS), polymethylmethacrylate
(PMMA), polyacrylate, polyvinylchloride (PVC), polyalphastyrene, polybenzyl-
methacrylate, polyphenylmethacrylate, polydiphenylmethacrylate, polycyclohexyl-
methacrylate, a styrene-acrylonitrile copolymer, a styrene-methylmethacrylate
copolymer, etc.

Examples of the inorganic material may include silicon oxide (e.g. SiO,), silver
phosphate (e.g. AgsPQO,), titanium oxide (e.g. Ti0O,), iron oxide (e.g. Fe,0,), zinc oxide,
cerium oxide, tin oxide, thallium oxide, barium oxide, aluminum oxide, yttrium oxide,
zirconium oxide, copper oxide, nickel oxide, etc.

Examples of the metal may include gold, silver, copper, iron, platinum, aluminum,
zinc, cerium, thallium, barium, yttrium, zirconium, tin, titanium, or alloys thereof.

Examples of the semiconductor may include silicon, germanium, or compound semi-
conductors (e.g. AIP, AlAs, AlSb, GaN, GaP, GaAs, GaSb, InP, InAs, InSb, etc.).

Examples of the biomaterial may include proteins, peptides, ribonucleic acid (RNA),
deoxyribonucleic acid (DNA), polysaccharides, oligosaccharides, lipids, cells or
composites thereof, which constitutes the particles, is applied on the surface of the
particles, or is incorporated in the particles. For example, useful are polymer particles
coated with an antibody binding protein such as protein A.

The particles 20 may have a symmetrical shape, an asymmetrical shape, an
amorphous shape, or a porous shape. For example, the particles 20 may have a
spherical shape, an oval spherical shape, a hemispherical shape, a cubic shape, a
tetrahedral shape, a pentahedral shape, a hexahedral shape, an octahedral shape, a
cylindrical shape, a conical shape, etc. As such, the particles 20 preferably have a
spherical shape or an oval spherical shape. ’

The particles 20 may have an average particle size ranging from 10 nm to 50 ym. If
the average particle size thereof is less than 10 nm, these particles may be thoroughly
enclosed by the cohesive polymer substrate 10, making it difficult to apply the particles
20 in the form of a monolayer coating layer. Also, if the average particle size thereof is
less than 10 nm, the particles may agglomerate even in a dry state, making it difficult
to individually move the particles by only the rubbing force. In contrast, if the average
particle size thereof exceeds 50 um, attachment of the particles may become weak. The
average particle size thereof is preferably set to 50 nm ~ 10 #m. However, the present
invention is not limited thereto, and the average particle size thereof may vary
depending on the components of the particles, the components of the cohesive polymer
substrate 10, etc. In the case where the particles 20 have a spherical shape, the diameter
of the particles 20 may be used as the particle size. In the case where the shape of the
particles 20 is not spherical, a variety of measurement methods may be utilized, and for

example, the average value between the long-axis value and the short-axis value of the
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particles may be used as the particle size.

Subsequently, as illustrated in FIG. 1C, the particles 20 are pressed to the cohesive
polymer substrate to form the coating layer 22. The pressing process may be performed
via rubbing using latex, sponge, hand, a rubber plate, a plastic plate, a material having
a smooth surface, etc. However, the present invention is not limited thereto, and the
particles 20 may be pressed using various methods.

In this embodiment, when the particles 20 placed on the plane 10a of the cohesive
polymer substrate 10 are pressed to the cohesive polymer substrate, the particles 20 at
positions which are pressed cohere via transformation of the cohesive polymer
substrate 10. Thereby, recesses 12 corresponding to the particles 20 are formed at the
pressed positions on the substrate. Thus, the particles 20 which are enclosed by the
recesses 12 are aligned on the cohesive polymer substrate 10. The recesses 12 are re-
versibly formed via interaction between the particles and the substrate. Briefly, the
recesses may disappear, or the positions thereof may be changed. For example, when
the particles are moved in the course of rubbing, the recesses 12 may disappear due to
the elastic restoring force of the substrate, or the positions of the recesses 12 may vary
depending on the movement of the particles. The particles may be uniformly aligned
by virtue of such a reversible action (the term "reversible" is a property generated by
flexibility and elastic restoring force of the surface of the cohesive polymer substrate
upon coating, and is a broad meaning including the case where the cohesive polymer
substrate is not reversible any more as the restoring force thereof becomes weak or is
lost over time). The particles 20 which do not cohere to the substrate are moved to the
portion of the cohesive polymer substrate 10, which is not coated with the particles 20,
by means of the rubbing force, and the recesses 12 are formed by the particles 20 at the
non-coated portion of the substrate, and the particles 20 enclosed with the recesses 12
cohere to the cohesive polymer substrate 10. Through these procedures, the particles
are provided in the form of a monolayer coating layer 22 having a high density on the
cohesive polymer substrate 10. "

The recesses 12 may have a shape complementary to the shape of the particles 20 so
as to partially enclose the particles 20. For example, when the particles 20 may have a
spherical shape, the recesses 12 may also have a round shape, so that the recesses 12
may come into partial contact with the particles 20. The depth (L1) of the recesses 12
may vary depending on the hardness of the cohesive polymer substrate 10, the shape
and hardness of the particles 20, environmental factors (e.g. temperature), etc.
Specifically, as the hardness of the cohesive polymer substrate 10 becomes larger, the
depth (L1) of the recesses 12 may decrease, and as the temperature is higher, the depth
(L1) of the recesses 12 may increase.

As such, the ratio (decreased ratio; L1/D) of the depth (L.1) of the recesses 12 relative
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to the average particle size (D) of the particles 20 may be 0.02 ~ 0.7. If the ratio (L1/D)
is less than 0.02, the binding force between the particles 20 and the cohesive polymer
substrate 10 may become insufficient. In contrast, if the ratio is higher than 0.7, it is
difficult to apply the particles 20 in the form of a monolayer. Taking into consideration
the binding force and coating properties, the ratio (L1/D) may be set to 0.05 ~ 0.6, and
preferably 0.08 ~ 0.4.

In this embodiment, when the particles 20 are partially enclosed by the recesses 12
formed via elastic transformation, the particles 20 may more efficiently cohere to the
cohesive polymer substrate 10. The particles 20 which cohere to the cohesive polymer
substrate 10 may be moved to the portion of the substrate which is not coated, so that
new particles 20 may be attached to the empty space of the surface of the cohesive
polymer substrate 10. This re-arrangement enables the coating layer 22 to be a
monolayer having a high density. For example, the particles 20 may be disposed such
that the centers thereof may form a hexagonal shape. On the other hand, in the case
where the shape of the particles 20 is not spherical (e.g. AgsPO,), whether the coating
layer is a monolayer may be checked using a variety of methods. For example, the case
where the ratio of the average thickness of the coating layer 22 relative to the average
particle size of particles 20 (i.e. large particles 20 within the top 10% by size) corre-
sponding to the top 10% by size among the particles 20 is 1.9 or less is regarded as the
monolayer.

In this embodiment, the dry particles 20, which are in direct contact with the surface
of the cohesive polymer substrate 10, without the use of a solvent, are pressed to the
cohesive polymer substrate, thereby forming the coating layer 22. Accordingly, upon
forming the coating layer 22, self-assembly of the particles 20 in the solvent is not
required, and thus temperature, humidity, etc., need not be precisely adjusted, and the
surface properties of the particles 20 are not greatly affected. That is, even when the
particles 20 are a non-charged material (close to the neutral charge), in addition to a
charged material, these particles may be uniformly applied at a high density. Also, not
only hydrophilic particles but also hydrophobic particles may be uniformly applied.
According to the present embodiment, the particles are uniformly distributed on the
cohesive polymer substrate 10 using a simple process, thereby forming the monolayer
having a high density.

Such a coating layer 22 may be used in the form of cohering to the cohesive polymer
substrate 10, or may be used in the form of being transferred to another substrate, etc.
As such, when another substrate to which the coating layer 22 is transferred has
cohesion or adhesion greater than that of the cohesive polymer substrate 10, the entire
coating layer 22 may be uniformly efficiently transferred.

In this embodiment, because the recesses 12 are formed on the cohesive polymer
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substrate 10 due to the elastic transformation, when the coating layer 22 is sub-
sequently removed, as illustrated in FIG. 2A, the recesses 12 of the cohesive polymer
substrate 10 disappear, and the surface of the substrate is restored to the smooth
surface 10a. However, in the case where the coating layer 22 which has been formed is
removed after a while, as illustrated in FIG. 2B, marks having the shape of the recesses
12 may be left behind on the surface of the cohesive polymer substrate 10.

A better understanding of the present invention may be obtained through the
following test examples which are set forth to illustrate, but are not to be construed as
limiting the present invention.

<Test Example 1>

A cohesive polymer substrate, comprising PDMS and 10 parts by weight of a curing
agent based on Sylgard 184 (available from Dow Comning, USA), was prepared.

Si0, particles were placed on the cohesive polymer substrate, and then rubbed while
being manually pressed using a sponge covered with a latex film to form recesses on
the surface of the cohesive polymer substrate, so that the SiO, particles cohered to the
cohesive polymer substrate, thus forming a SiO, coating layer.

The SEM images of the coating layers formed using the SiO, particles having
different average particle sizes of 160 nm, 330 nm, 740 nm, 1480 nm, 3020 nm, and
5590 nm are illustrated in FIGS. 3A, 3B, 3C, 3D, 3E, and 3F, respectively. With
reference to FIGS. 3A to 3F, the SiO, particles were disposed such that the centers
thereof were arranged in a hexagonal form to have a high density. According to the
present invention, the particles can be seen to be uniformly applied in the form of a

monolayer having a high density.

<Test Example 2>

A cohesive polymer substrate, comprising PDMS and 10 parts by weight of a curing
agent based on Sylgard 184, was prepared.

Polystyrene particles were placed on the cohesive polymer substrate, and then rubbed
while being manually pressed using a sponge covered with a latex film to form
recesses on the surface of the cohesive polymer substrate, so that the polystyrene
particles cohered to the cohesive polymer substrate, thus forming a polystyrene coating
layer.

The SEM images of the coating layers formed using the polystyrene particles having
different average particle sizes of 800 nm and 2010 nm are illustrated in FIGS. 4A and
4B, respectively. With reference to FIGS. 4A and 4B, the polystyrene particles were
disposed such that the centers thereof were arranged in a hexagonal form to have a
high density. According to the present invention, the non-charged particles can be seen

to be uniformly applied at a high density.
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<Test Example 3>

Cohesive polymer substrates, each comprising PDMS and 10 parts by weight of a
curing agent based on Sylgard 184, were prepared.

SiO, particles having an average particle size of 750 nm were placed on the first
cohesive polymer substrate, and then rubbed while being manually pressed using a
sponge covered with a latex film to form recesses on the surface of the first cohesive
polymer substrate, so that the SiO, particles cohered to the cohesive polymer substrate,
thus forming a SiO, coating layer.

Ag;PO, particles were placed on the second cohesive polymer substrate, and then
rubbed while being manually pressed using a sponge covered with a latex film to form
recesses on the surface of the second cohesive polymer substrate, so that the Ag;PO,
particles cohered to the cohesive polymer substrate, thus forming an Ag;PO, coating
layer.

TiO, particles having an average particle size of 40 nm were placed on the third
cohesive polymer substrate, and then rubbed while being manually pressed using a
sponge covered with a latex film to form recesses on the surface of the third cohesive
polymer substrate, so that the TiO, particles cohered to the cohesive polymer substrate,
thus forming a TiO, coating layer. As such, the TiO, particles exhibited strong at-
traction therebetween due to the small diameter, and were provided in the form of a
multilayer structure via rubbing pressure and washing with ethanol and distilled water.

The SEM images of the non-coated cohesive polymer substrate, the SiO, coating
layer, the Ag;PO, coating layer, and the TiO, coating layer are shown in FIGS. 5A, 5B,
5C and 5D, respectively. With reference to FIGS. 5B to 5D, respective coating layers
can be seen to be uniformly distributed.

The cohesive polymer substrate, the cohesive polymer substrate having the SiO,
coating layer, the cohesive polymer substrate having the Ag,PO, coating layer, and
cohesive polymer substrate having the TiO, coating layer were placed on the printed
characters. The photographs thereof are shown in FIGS. 6A, 6B, 6C and 6D, re-
spectively. With reference to FIGS. 6B to 6D, respective coating layers had high
transparency. That is, the coating layers were applied to the level of a monolayer.

<Test Example 4>

In order to evaluate a difference in particle coating properties between the cohesive
polymer substrate and the other substrates, the following test was performed.
Specifically, a washed general glass substrate, a polystyrene (PS) substrate and a
cohesive polymer substrate were prepared. This cohesive polymer substrate comprised
PDMS and 10 parts by weight of a curing agent based on Sylgard 184. SiO, particles
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having an average particle size of 750 nm were placed on each substrate, and then
rubbed while being manually pressed using a sponge covered with a latex film, thus
forming SiO, coating layers.

The CLSM images at magnifications of 1000x and 6000x, showing the SiO, coating
layers formed on the glass substrate, the PS substrate and the cohesive polymer
substrate, are illustrated in FIGS. 7A, 7B and 7C.

As illustrated in FIGS. 7A and 7B, the glass substrate or the PS substrate was ir-
regularly coated with the particles at a low density, whereas the particles were aligned
in the form of a monolayer having a high density on the PDMS substrate as illustrated
in FIG. 7C.

<Test Example 5>

In order to evaluate the reversible attachment of the particles to the cohesive polymer
substrate, the following test was performed. Specifically, a cohesive polymer substrate
comprising PDMS and 10 parts by weight of a curing agent based on Sylgard 184 was
prepared. SiO, particles having an average particle size of 750 nm were placed on the
cohesive polymer substrate, and then rubbed while being manually pressed using a
sponge covered with a latex film to form recesses on the surface of the cohesive
polymer substrate, so that the SiO, particles cohered to the cohesive polymer substrate,
thus forming a SiO, coating layer.

A portion of the coating layer composed of particles was removed in such a manner
that adhesive tape (3M Magic Tape, USA) was attached to and detached from the
portion of the coating layer, as illustrated in FIGS. 8A and 8B. Thereafter, SiO,
particles having an average particle size of 750 nm were placed again on the cohesive
polymer substrate, and then rubbed while being manually pressed using a sponge
covered with a latex film to form recesses on the surface of the cohesive polymer
substrate, so that the SiO, particles cohered to the cohesive polymer substrate, thus
forming a SiO, coating layer. Thus, as illustrated in FIG. 8C, the particles were aligned
in the form of a monolayer having a high density on the portion of the coating layer
from which the adhesive tape was detached.

<Test Example 6>

In order to evaluate a difference between the method of coating the cohesive polymer
substrate with particles and the typical method using particle alignment via self-
assembly, the following test was performed. Specifically, a cohesive polymer substrate
comprising PDMS and 10 parts by weight of a curing agent based on Sylgard 184 was
prepared. SiO, particles having an average particle size of 750 nm were placed on the
cohesive polymer substrate, and then rubbed while being manually pressed using a
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sponge covered with a latex film to form recesses on the surface of the cohesive
polymer substrate, so that the SiO, particles cohered to the cohesive polymer substrate,
thus forming a first SiO, coating layer. A portion of the first SiO, coating layer was
removed using adhesive tape, after which, without additionally placing the particles on
the substrate, rubbing was performed while being manually pressed using a sponge
covered with a latex film to form recesses on the surface of the cohesive polymer
substrate, so that the SiO, particles cohered to the cohesive polymer substrate, thus
forming a second SiO, coating layer.

The CLSM image of the second SiO, coating layer is illustrated in FIG. 9A. For
comparison, the SEM image of the coating layer formed using a typical LB method is
illustrated in FIG. 9B.

With reference to FIG. 9A, in the course of re-aligning the particles to form the
second SiO, coating layer, the number of particles is not enough to form a full
monolayer, and thus the particles are spaced apart from each other. With reference to
FIG. 9B, however, the particles agglomerate when using the LB method, thus forming
domains and large empty spaces. This is because the coating of the cohesive polymer
substrate with the particles is achieved using the interaction between the surface of the
substrate and the particles, in lieu of the attraction between the particles upon self-
assembly, and also because the binding between the particles and the substrate is re-
versibly carried out on the plane, making it possible to freely move the particles on the
plane.

<Test Example 7>

In order to evaluate transformation and restoring force (elasticity) of the cohesive
polymer in the method of coating the cohesive polymer substrate with the particles, the
following test was conducted. Specifically, a cohesive polymer substrate (a PDMS
substrate) comprising PDMS and 10 parts by weight of a curing agent based on
Sylgard 184 was prepared. SiQO, particles having an average particle size of 750 nm
were placed on the cohesive polymer substrate, and then rubbed while being manually
pressed using a sponge covered with a latex film to form recesses on the surface of the
cohesive polymer substrate, so that the SiO, particles cohered to the cohesive polymer
substrate, thus forming a SiO, coating layer. The substrate having the SiO, coating
layer was stored at room temperature for 3 days, after which a portion of the coating
layer was removed using adhesive tape. The region of the coating layer having no
particles was three-dimensionally observed using an atomic force microscope (AFM).
The AFM image of the region of the SiO, coating layer having no particles is il-
lustrated in FIG. 10.

As illustrated in FIG. 10, the recesses corresponding to the aligned particles were
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formed on the surface of the PDMS substrate. The maximum depth of the recesses was
very low within 10 nm. Through additional measurement, upon coating the PDMS
substrate with the particles, there was a height reduction of 110 nm (depth of im-
pregnated particles). That is, the maximum depth of the recesses fell within 10% of the
depth of impregnated particles. This is considered to be because the surface of the
PDMS substrate was transformed due to the particles, but was restored to an original

form by 90% or more.

<Test Example 8>

In order to evaluate whether the method of coating the cohesive polymer substrate
with the particles may be performed on a large area, the test was conducted on a Petri
dish having a diameter of 15 cm as follows. Specifically, a cohesive polymer substrate
comprising PDMS and 10 parts by weight of a curing agent based on Sylgard 184 was
provided on the dish. SiO, particles having an average particle size of 750 nm were
placed on the cohesive polymer substrate, and then rubbed while being manually
pressed using a sponge covered with a latex film to form recesses on the surface of the
cohesive polymer substrate, so that the SiO, particles cohered to the cohesive polymer
substrate, thus forming a SiO, coating layer. The photograph of the SiO, coating layer
formed on the Petri dish substrate having a diameter of 15 cm is illustrated in FIG. 11.

With reference to FIG. 11, the entire dish having a diameter of 15 cm was uniformly
coated with the particles of the Si0O, coating layer and thus interference color (which is

observed only on the thin film having a uniform structure) was observed.

<Test Example 9>

In order to evaluate the use of particles having a variety of surface properties in the
method of coating the cohesive polymer substrate with particles, the following test was
conducted. Specifically, cohesive polymer substrates (5% PDMS substrates)
comprising PDMS and 5 parts by weight of a curing agent based on Sylgard 184 were
prepared. First SiO, particles having an average particle size of 750 nm and being
negatively charged, PS particles having an average particle size of 800 nm and being
hydrophobic, and second SiO, particles (amine modified SiO,) having an average
particle size of 750 nm and being positively charged were placed on the respective
cohesive polymef substrates, and then rubbed while being manually pressed using a
sponge covered with a latex film to form recesses on the surfaces of the cohesive
polymer substrates, so that the SiO, particles cohered to the cohesive polymer
substrates, thus forming SiO, coating layers or a PS coating layer.

SiO, coating layers or a PS coating layer were formed in the same manner as above

on cohesive polymer substrates (10% PDMS substrates) comprising PDMS and 10
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parts by weight of a curing agent. Also, SiO, coating layers or a PS coating layer were
formed in the same manner as above on cohesive polymer substrates (20% PDMS
substrates) comprising PDMS and 20 parts by weight of a curing agent.

The SEM images of the front sides of the particles of the coating layers formed using
the first SiO, particles, the PS particles and the second SiO, particles are illustrated in
FIGS. 12A, 12B and 12C. As such, the uppermost line shows the coating layers formed.
on the 5% PDMS substrates, the middle line shows the coating layers formed on the
10% PDMS substrates and the lowermost line shows the coating layers formed on the
20% PDMS substrates.

The SEM images of the lateral sides of the particles of the coating layers formed
using the first SiO, particles, the PS particles and the second SiO, particles are il-
lustrated in FIGS. 13A, 13B and 13C. As such, the uppermost line shows the coating
layers formed on the 5% PDMS substrates, the middle line shows the coating layers
formed on the 10% PDMS substrates and the lowermost line shows the coating layers
formed on the 20% PDMS substrates.

With reference to FIGS. 12A to 12C, the SiO, coating layer or the PS coating layer
was configured such that the particles were aligned in the form of a monolayer thin
film having a high density, regardless of the hardness of the PDMS substrate and the
charge properties of the particles. With reference to FIGS. 13A to 13C, the SiO,
coating layer and the PS coating layer had different decreased ratios depending on the
hardness of the PDMS substrate. In the case of the PDMS substrate having 5 parts by
weight of the curing agent and thus exhibiting low hardness and easy transformation,
the decreased ratio of the particles was large, and the PDMS substrate was raised along
the lower surfaces of the particles as in a capillary action. This phenomenon gradually
diminished in the PDMS substrates which had high elasticity and were not easy to
transform because of the use of the curing agent in an amount increased to 10 and 20
parts by weight. The raising of the PDMS substrate along the lower surfaces of the
particles as in a capillary action is considered to be due to flexibility of the cohesive
polymers at the small regions.

In order to quantify the extent of decrease of the particles varying depending on the
hardness (elasticity) of the substrate, the particles of the coating layer were partially
detached using adhesive tape. The AFM image thereof and the line profile of the
coating layer are illustrated in FIG. 14. In the SiO, coating layer or the PS coating layer
formed on the glass substrate, the 5% PDMS substrate, the 10% PDMS substrate and
the 20% PDMS substrate, the average particle height and the decreased ratio were
measured using AFM. The results are illustrated in FIGS. 15A and 15B. With
reference to FIGS. 15A and 15B, the particles having different surface properties
(charge, polarity) commonly exhibited lower particle height on the PDMS substrate
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than on the glass substrate having no surface transformation. The decreased ratio was
about 12% on the 20% PDMS substrate having high hardness, and was increased in
proportion to a reduction in hardness of the substrate. The effects of the surface
properties of the particles are considered to be smaller, compared to the difference in
hardness of the substrate.

In addition, SiO, particles having an average particle size of 300 nm were applied in
the same manner as above. The results are illustrated in FIGS. 16A and 16B. Also in
this case, the height was lower on the PDMS substrate than on the glass substrate. The
decreased ratio was about 15% on the 20% PDMS substrate having high hardness, and
was increased in proportion to a reduction in hardness.

In order to evaluate the effects of the particle size, coating layers were formed using
particles having average particle sizes of 150 nm and 1500 nm on the 10% PDMS
substrate. In the coating layers formed using particles having average particle sizes of
150 nm, 300 nm, 750 nm and 1500 nm, the average particle height and the decreased
ratio are illustrated in FIGS. 17A and 17B, respectively. With reference to FIGS. 17A
and 17B, the results were similar to those of FIGS. 15A, 15B, 16A and 16B. The
specific results due to the particle size were not observed, and the decreased ratio

relative to the particle size was about 10 ~ 20%.

<Test Example 10>

SiO, particles having an average particle size of 750 nm were placed on cohesive
polymer substrates (7% PDMS substrate, 10% PDMS subsﬁate, 20% PDMS substrate)
comprising PDMS and a curing agent in amounts of 7, 10 and 20 parts by weight based
on Sylgard 184, and then rubbed while being manually pressed using a sponge covered
with a latex film to form recesses on the surfaces of the cohesive polymer substrates,
so that the SiO, particles cohered to the cohesive polymer substrates, thus forming SiO
, coating layers. The photographs thereof are illustrated in FIGS. 18A, 18B and 18C.
FIG. 18A shows the SiO, coating layer formed on the 7% PDMS substrate _
(represented by 0.7), FIG. 18B shows the SiO, coating layer formed on the 10% PDMS
substrate (represented by 1.0), and FIG. 18C shows the SiO, coating layer formed on
the 20% PDMS substrate (represented by 2.0). These are also the same in the following
FIGS. 19A to 19C, 20A to 20C and 21A to 21C.

The SiO, coating layers formed on the cohesive polymer substrates as above were
transferred to the first substrates (which are PDMS substrates including 7 parts by
weight of a curing agent). The photographs thereof are illustrated in FIGS. 19A, 19B
and 19C.

The SiO, coating layers formed on the cohesive polymer substrates as above were

transferred to the second substrates (which are PDMS substrates including 10 parts by
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weight of a curing agent). The photographs thereof are illustrated in FIGS. 20A, 20B
and 20C.

The SiO, coating layers formed on the cohesive polymer substrates as above were
transferred to the third substrates (which are PDMS substrates including 20 parts by
weight of a curing agent). The photographs thereof are illustrated in FIGS. 21A, 21B
and 21C.

With reference to FIGS. 19A to 19C, FIG. 19A shows that the SiO, coating layer
formed on the 7% PDMS substrate was not efficiently transferred to the first substrate,

- and FIGS. 19B and 19C show that the SiO, coating layers formed on the 10% and 20%

PDMS substrates were efficiently transferred to the first substrates. With reference to
FIGS. 20A to 20C, FIGS. 20A and 20B show that the SiO, coating layers formed on
the 7% and 10% PDMS substrates were not efficiently transferred to the second
substrates, and FIG. 20C shows that the SiO, coating layer formed on the 20% PDMS
substrate was efficiently transferred to the second substrate. With reference to FIGS.
21A to 21C, FIGS. 21A to 21C show that the SiO, coating layers formed on the 7%,
10% and 20% PDMS substrates were not efficiently transferred to the third substrates.
That is, most of the particles of the SiO, coating layer formed on the cohesive
polymer substrate were transferred to the new substrate having lower hardness (higher
flexibility) than the cohesive polymer substrate. This phenomenon is because the at-
tachment between the particles and the substrate is based on flexibility (elasticity), and
also manifests the extent of binding between the particles and the substrate. Further,
the particles can be seen to be easily transferred to the substrate having high flexibility
(low hardness) and thus high cohesion. Ultimately, the coating layer according to the
present invention may be transferred to another substrate, and may thus be utilized in a

variety of applications.

<Test Example 11>

In order to evaluate whether various cohesive polymer substrates may be coated with
particles, the following test was conducted. As cohesive polymer substrates, a PDMS
substrate including 10 parts by weight of a curing agent based on Sylgard 184, a
silicon-based sealing tape for laboratories, a linear low-density polyethylene (LLDPE)
wrap for home, a substrate gloss protecting film, and a polyvinylchloride (PVC) wrap
were prepared. As comparative substrates, a polymethylmethacrylate (PMMA)
substrate having no cohesion and 3M Magic Tape were prepared. On each of the
cohesive polymer substrates and the comparative substrates such as PMMA substrate
and 3M Magic Tape, SiO; particles having an average particle size of 750 nm were
placed, and then rubbed while being manually pressed using a sponge covered with a

latex film to form recesses on the surfaces of the substrates, so that the Si0O, particles
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cohered to the substrates, thus forming SiO, coating layers.
FIG. 22A shows the SiO, coating layer formed on the PDMS substrate, FIG. 22B

shows the SiO, coating layer formed on the silicon-based sealing tape for laboratories,
FIG. 22C shows the SiO, coating layer formed on the LLDPE wrap, FIG. 22D shows
the SiO, coating layer formed on the substrate gloss protecting film, and FIG. 22E
shows the Si0O, coating layer formed on the PVC wrap. Further, FIG. 22F shows the
SiO, coating layer formed on the PMMA substrate, and FIG. 22G shows the SiO,
coating layer formed on the 3M Magic Tape.

With reference to FIGS. 22A to 22E, the cohesive polymer substrates exhibited light
interference thanks to uniform coating of particles, but the comparative substrates
manifested turbid white color as illustrated in FIGS. 22F and 22G.

According to the present invention, without additional use of an attachment aid layer,
a solvent, etc., dry particles can be brought into direct contact with the surface of the
cohesive polymer substrate and can thus cohere thereto, thus improving binding
properties.

The aforementioned features, structures, effects, etc., are incorporated into at least
one embodiment of the present invention, and are not necessarily limited to only one
embodiment. Further, features, structures, effects, etc., illustrated in respective em-
bodiments may be combined or modified in other embodiments by those skilled in the
art. Accordingly, such modifications and variations should also be understood as
falling within the claims of the present invention.

Industrial Applicability

According to the present invention, the particles can be uniformly distributed on the
cohesive polymer substrate using a simple process, thus forming a monolayer having a
high density. Therefore, the present invention is considerably useful in the art.
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CLAIMS

1. A  coating method using particle alignment,
comprising:

preparing a cohesive polymer substrate; and

coating the cohesive polymer substrate with a plurality
of particles by pressing the particles to the cohesive polymer
substrate to form a coating layer on the cohesive polymer
substrate; and

the coating 1is performed while forming recesses
respectively corresponding to the particles on the cohesive

polymer substrate.

2. The coating method of claim 1, wherein the coating
is performed in such a manner that the particles are pressed

by rubbing the particles.

3. The coating method of claim 1, wherein the cohesive
polymer substrate includes any one selected from among a
silicon-based polymer material, a wrap, and a surface

protecting film.

4. The coating method of claim 3, wherein the cohesive
polymer substrate includes polydimethylsiloxane (PDMS), or the
wrap including at least one selected from among polyethylene

(PE) and polyvinylchloride (PVC).

5. The coating method of claim 1, wherein the coating
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is performed by bringing the particles into direct contact

with the cohesive polymer substrate.

6. The coating method of claim 1, wherein the coating
is performed so that the particles are applied in a monolayer

form.

7. The coating method of claim 1, wherein, when the
particles have a non-spherical shape, a ratio of an average
thickness of the coating layer relative to an average particle
size of particles corresponding to the top 10% by size among

the particles is 1.9 or less.

8. The coating method of claim 1, wherein a ratio of a
depth of the recesses relative to an average particle size of

the particles is 0.02 ~ 0.7.

9. The coating method of «claim 1, wherein the

particles have an average particle size ranging from 10 nm to

50 .

10. The coating method of claim 1, wherein the

particles have a spherical shape or an oval spherical shape.

11. The coating method of claim 1, wherein the

particles include a charged material.

12. The coating method of claim 1, wherein the

20
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particles include a non-charged material.

13. The coating method of claim 1, wherein the
particles include a mixture of particles having different

properties.

14. The coating method of claim 1, wherein the recesses

are reversible.

15. The coating method of claim 1, wherein the coating
layer is transferred to another substrate having cohesion and

adhesion greater than the cohesive polymer substrate.

16. A particle coated substrate, comprising:

a cohesive polymer substrate;

reversible recesses formed on the substrate; and
particles respectively positioned in the recesses and

aligned on the substrate to form a coating layer.

17. The particle coated substrate of claim 16, wherein
the cohesive polymer substrate includes any one selected from
among a silicon-based polymer material, a wrap, and a surface

protecting film.

18. The particle coated substrate of claim 17, wherein
the cohesive polymer substrate includes polydimethylsiloxane
(PDMS), or the wrap including at least one selected from among

polyethylene (PE) and polyvinylchloride (PVC).
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19. The particle coated substrate of claim 17, wherein
the particles are in direct contact with the cohesive polymer

substrate.

20. The particle coated substrate of claim 16, wherein

the particles are applied in a monolayer form.

21. The particle coated substrate of claim 16, wherein,
when the particles have a non-spherical shape, a ratio of an
average thickness of the coating layer relative to an average
particle size of particles corresponding to the top 10% by

size among the particles is 1.9 or less.

22. The particle coated substrate of claim 16, wherein
a ratio of a depth of the recesses relative to an average

particle size of the particles is 0.02 ~ 0.7.

23. The particle coated substrate of claim 16, wherein

the particles have an average particle size ranging from 10 nm

to 50 .

24. The particle coated substrate of claim 16, wherein
the particles have a spherical shape or an oval spherical

shape.

25. The particle coated substrate of claim 16, wherein

the particles include a charged material.
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26. The particle

the particles include a

27. The particle

the particles include a

28. The particle

coated substrate of claim 16, wherein

non-charged material.

coated substrate of claim 16, wherein

hydrophobic material.

coated substrate of claim 16, wherein

the particles include a mixture of particles having different

properties.
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