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(57) Abstract: A printing plate is provided comprising a substrate having a first surface and a second surface opposite to the first
surface, and a resin layer having a plurality of printing patterns on the first surface of the substrate. A method of manufacturing the
printing plate is provided as well. According to the embodiments of the present invention, micro printing patterns may be effec-
tively formed, and the number of processes may be reduced to save manufacturing costs. Further, it is possible to easily adjust a
ratio of a depth with respect to a width of the patterns, thus enhancing uniformity and preventing the printing plate from collaps-
ing at the printing pattern regions. Accordingly, a printing plate with enhanced durability may be provided.
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Description
Title of Invention: PRINTING PLATE AND METHOD OF MANU-
FACTURING THE SAME
Technical Field
[1] This application claims priority to Korean Patent Application No. 10-2010-0068450

filed on July 15, 2010, 10-2010-0068453 filed on July 15, 2010, 10-2010-0069851
filed on July 20, 2010, 10-2010-0072286 filed on July 27, 2010 and 10-2010-0085734
filed on September 1, 2010, the contents of which is hereby incorporated by reference
in its entirety into this application.

[2] The embodiments of the present invention are directed to a printing plate for manu-
facturing an electronic substrate and a display apparatus and a method of manu-

facturing the printing plate.
Background Art

[3] Circuits for electronic parts or various patterns may be printed using a direct printing
method, such as, for example, inkjet printing, or an indirect printing method, such as,
for example, gravure printing or offset printing. For printing, the gravure or offset
printing uses a printing plate commonly called “cliche”. A printing plate with a pattern
may be manufactured by etching a substrate or by performing photolithography on a
plate coated with a photosensitive resin.

[4] In manufacturing a flat-type display apparatus, such as liquid crystal display (LCD)
apparatuses, a PR pattern forming process is a critical process that has a great effect on
capability of devices for driving the display apparatus, such as thin film transistors
(TFTs). Various researches are in progress to enhance capability of the devices, for
example, by forming micro metal patterns. In a PR pattern forming process, a pho-
toresist (PR) material is applied as a photosensitive material on a substrate, exposed to
light using a mask, and then developed. The PR pattern forming process is, however,
too complicate and disadvantage in terms of costs especially when a plurality of
patterns are formed for producing the devices because a separate photoresist process
needs to be performed for each of the patterns. As an alternative, PR pattern formation

using printing has been suggested.

[5] Fig. 1 illustrates a method of manufacturing a printing plate according to a related
art.
[6] According to the photoresist printing method as shown in Fig. 1, a photoresist pattern

a2 is not directly transferred from a first transparent insulation substrate 110 that has a
printing pattern al and is used as a printing plate to a second transparent insulation

substrate 120 that is subjected to printing. Rather, the photoresist pattern a2 is first
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transferred to a blanket 100 that has a surface formed of silicon rubber and serves as a
medium, and the pattern a2 transferred to the blanket 100 is then transferred to the

second transparent insulation substrate 120.
However, the above method cannot achieve a micro line width. To overcome such a

problem, a method has been suggested that implements a pattern by photoresist-
patterning and then wet-etching a metal film. However, this method suffers from an
increased loss in critical dimension (CD) due to batch wet etching, thus rendering it
difficult to manufacture an elaborate printing plate with micro patterns.

As the width decreases and the depth increases, that is, a ratio of depth to width
increases, a printing pattern etched on a printing plate has better printing charac-
teristics. In the conventional method using wet etching, as the depth increases, the
width also increases correspondingly. Thus, it is difficult to manufacture a printing
plate with micro patterns and to enhance pattern resolution and transfer characteristics

using the conventional method.
Disclosure of Invention

Technical Problem

Exemplary embodiments of the present invention provide a printing plate and a
method of manufacturing the printing plate. According to the embodiments of the
present invention, micro printing patterns may be effectively formed, and the number
of processes may be reduced to save manufacturing costs. Further, it is possible to
easily adjust a ratio of a depth with respect to a width of the patterns, thus enhancing
uniformity and preventing the printing plate from collapsing at the printing pattern
regions. Accordingly, a printing plate with enhanced durability may be provided.

According to the exemplary embodiments of the present invention, formation of
micro printing patterns using a printing plate may be performed by an indirect printing
method, wherein the printing plate may be used to print various electronic circuits and
patterns. Thus, micro patterns having high accuracy may be formed by simplified
processes, thus saving manufacturing costs and enhancing reliability.

According to the exemplary embodiments of the present invention, a printing plate
may be formed by performing imprinting on a photosensitive resin and a thermosetting
resin using a metal or glass mold. Accordingly, micro patterns having different widths
or different depths may be formed with simplified processes, thus lowering manu-
facturing costs.

According to the exemplary embodiments of the present invention, a functional layer
may be formed of a photosensitive resin on printing patterns. The functional layer may
protect the printing patterns from contaminants and may enhance matching charac-

teristics between a printing ink and the printing patterns to increase printing quality.
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Further, the functional layer may allow for a printing plate for large-sized micro
pattern printing.
Solution to Problem

According to an exemplary embodiment of the present invention, there is provided a
printing plate comprising a substrate having a first surface and a second surface
opposite to the first surface, and a resin layer having a plurality of printing patterns on
the first surface of the substrate.

Printing patterns having various structures and high accuracy may be formed by illu-
mination patterning using a photosensitive resin as the resin layer or by laser writing.

As a consequence, printing patterns having uniform shapes or having different depths
and widths may be formed. Further, an adhesive layer may be formed to enhance
adhesion between the resin layer and the substrate, and a functional layer may be

formed on the printing patterns for protection. This provides reliability.

Advantageous Effects of Invention

According to the embodiments of the present invention, micro printing patterns may
be effectively formed, and the number of processes may be reduced to save manu-
facturing costs. Further, it is possible to easily adjust a ratio of a depth with respect to a
width of the patterns, thus enhancing uniformity and preventing the printing plate from
collapsing at the printing pattern regions. Accordingly, a printing plate with enhanced
durability may be provided.

According to the exemplary embodiments of the present invention, formation of
micro printing patterns using a printing plate may be performed by an indirect printing
method, wherein the printing plate may be used to print various electronic circuits and
patterns. Thus, micro patterns having high accuracy may be formed by simplified
processes, thus saving manufacturing costs and enhancing reliability.

According to the exemplary embodiments of the present invention, a printing plate
may be formed by performing imprinting on a photosensitive resin and a thermosetting
resin using a metal or glass mold. Accordingly, micro patterns having different widths
or different depths may be formed with simplified processes, thus lowering manu-
facturing costs. In particular, the embodiments of the present invention employ an im-
printing process, and thus, a printing plate that includes printing patterns having
different depths along the pattern width may be formed by a single process. Due to a
base resin layer formed during imprinting, adhesion to the substrate may be increased.

According to the exemplary embodiments of the present invention, a functional layer
may be formed of a photosensitive resin on printing patterns. The functional layer may
protect the printing patterns from contaminants and may enhance matching charac-

teristics between a printing ink and the printing patterns to increase printing quality.
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Further, the functional layer may allow for a printing plate for large-sized micro
pattern printing.

In particular, compared to the conventional wet etching process, more elaborate
micro patterns may be implemented with a high aspect ratio. Further, more simplified
processes may be provided than by the conventional dry etching, thus saving manu-
facturing costs. Plus, a lithography process allows for patterns with higher accuracy.
Brief Description of Drawings

The embodiments of the present invention will become readily apparent by reference
to the following detailed description when considered in conjunction with the ac-
companying drawings wherein:

Fig. 1 illustrates a method of manufacturing a printing plate according to a related
art;

Figs. 2 and 3 illustrate structures of printing plates according to embodiments of the
present invention;

Figs. 4 and 5 illustrate a process of manufacturing a printing plate according to an
embodiment of the present invention;

Fig. 6 illustrates images of a printing plate actually implemented according to an em-
bodiment of the present invention;

Fig. 7 illustrates a structure of a printing plate according to an embodiment of the
present invention;

Figs. 8 and 9 illustrate processes of manufacturing a printing plate according to an
embodiment of the present invention;

Fig. 10 illustrates a structure of a printing plate according to an embodiment of the
present invention;

Figs. 11 and 12 illustrate processes of manufacturing a printing plate according to an
embodiment of the present invention;

Fig. 13 illustrates a process of manufacturing a printing plate according to an em-
bodiment of the present invention;

Fig. 14 illustrates a structure of a printing plate according to an embodiment of the
present invention; and

Figs. 15 and 16 illustrate a process of manufacturing a printing plate according to an
embodiment of the present invention.

Best Mode for Carrying out the Invention

Exemplary embodiments of the present invention will be described with reference to
the accompanying drawings, wherein the same reference numerals may be used to
denote the same or substantially the same components throughout the specification and

the drawings. The terms “first” and “second” may be used to describe various



WO 2012/008686 PCT/KR2011/004101

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

5

components without limiting the present invention to the terms. The terms may be used
only for distinguishing a component from another.

A printing plate according to an embodiment of the present invention includes a first
surface and a second surface opposite to the first surface. The first surface of the
printing plate includes a resin layer a surface of which has a plurality of printing
patterns. Various structures of the printing plate will now be described.

Figs. 2 and 3 illustrate structures of printing plates according to embodiments of the
present invention. Referring to Fig. 2, a printing plate includes first and second printing
patterns 123 and 132 formed by patterning a photosensitive resin layer 120 deposited
on a substrate 110. The first and second printing patterns 123 and 132 have different
depths and different widths from each other. The first printing pattern 123 is a
reference pattern, and the second pattern 132 is a minimum pattern. According to an
embodiment, more printing patterns that those illustrated in Fig. 2 may be formed that
have different depths and widths from one another.

According to an embodiment, a ratio of a line width and a depth of a printing pattern
may be in a range of 1 : (0.5~4).

Although it has been illustrated that a depth of the first pattern 123 is the same as a
thickness of the photosensitive resin layer 120, the embodiments of the present
invention are not limited thereto, and according to an embodiment, the depth of the
first pattern 123 may be less than the thickness of the photosensitive resin layer 120.
According to an embodiment, a depth of the second pattern 132 may be less than the
thickness of the photosensitive resin layer 120. According to an embodiment, the depth
dl and the width w1 of the first pattern 123 may be more than the depth d2 and the
width w2 of the second pattern 132.

According to an embodiment, a functional layer 140 may be formed of a metal
material selected from Cr, Mo, Ta, and Ni, an organic material selected from Parylene
and Teflon, or an inorganic material selected from SiOx, SiNx, and diamond-like
carbon (DLC), on the substrate 110 and the printing patterns 123 and 132.

The structure shown in Fig. 3 is identical in material and printing patterns to the
structure shown in Fig. 2 except for the structure of the first pattern 123. This charac-
teristic difference in structure may originate from a manufacturing process shown in
Fig. 5.

In a process of first forming a lower portion of the first pattern and then the second
pattern, the first pattern 123 is formed so that a width W1 of the upper portion is larger
than a width W1’ of the lower portion to maximize alignment efficiency. According to
an embodiment, a difference between the width W1 and the widths W1’ may be in a
range of 5 to 20um.

Figs. 4 and 5 illustrate a process of manufacturing a printing plate according to an
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embodiment of the present invention.

Referring to Figs. 4 and 5, a process of manufacturing a printing plate will be
described.

The manufacturing process may be implemented in various manners depending on
methods of forming a photosensitive resin layer on a substrate and forming a printing
pattern on the resin layer.

Referring to Fig. 4, the manufacturing process includes applying a first photo-
sensitive resin on a substrate and exposing to light to thereby form a lower portion of a
first pattern, applying a second photosensitive resin on the first photosensitive resin
and exposing to light to form an upper portion of the first pattern and a second pattern,
and simultaneously developing the first and second photosensitive resins to form the
first and second patterns.

For example, the printing patterns may be complete by performing application of the
photosensitive resin and exposure to light at the same time and by performing batch
development after the formation of the second pattern. However, the embodiments of
the present invention are not limited thereto. According to an embodiment, exposing
and developing steps may be separately conducted for each photosensitive resin layer
to form the printing patterns.

In step S1, a photosensitive resin is applied on a substrate 110 to form a first photo-
sensitive resin layer 120.

Any types of materials may be used as the substrate 110 as long as the materials
allow for surface flatness, large size, and a similar thermal expansion coefficient even
after transfer. For example, according to an embodiment, glass, polymer, such as PC,
PMMA, or PET, or metal may be used for the substrate 110.

According to an embodiment, the photosensitive resin may be formed using general
spin coating or slit coating. Various materials, such as photoresists, dry film resists, or
UV cured resins, may be used as the photosensitive resin. Besides, any materials
having photosensitive characteristics, such as, for example, epoxy-based, polyimide-
based, Novolak-based resins, may also be employed as the photosensitive resin.

Thereafter, in step S2, the first photosensitive resin layer 120 is exposed to light to
form the lower portion 121 of the first pattern. A laser writer L may be used for
patterning. According to an embodiment, the lower portion of the first pattern may be
complete by performing development immediately after patterning by exposure to
light. In the present embodiment, however, the exposing step may also be performed.
Although it has been described in the present embodiment that a negative photo-
sensitive material is used that forms a pattern at a portion that is not illuminated with a
laser beam. According to an embodiment, a positive photosensitive material may also

be used that forms a pattern in a manner opposite to that of the negative photosensitive
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material.

In step S3, a photosensitive material is applied on the patterned first photosensitive
resin layer to form a second photosensitive resin layer 130.

Thereafter, in step S4, second exposure to light is performed on the second photo-
sensitive resin layer 130 to pattern a second pattern 131 and an upper portion 122 of
the first pattern.

In step S5, if portions not exposed to light are simultaneously removed (developed),
a printing plate is complete that has the first and second patterns 123 and 132. As
shown in Fig. 4, the first pattern 123 has larger width and depth than those of the
second pattern 132. According to an embodiment, a ratio of the width to the depth of
each of the first and second patterns may be in a range 1 : (0.5~1.4).

In step S6, a function layer 140 may be formed on the first and second patterns. The
function layer 140 may be formed of a a metal material selected from Cr, Mo, Ta, and
Ni, an organic material selected from Parylene and Teflon, or an inorganic material
selected from SiOx, SiNXx, and diamond-like carbon (DLC), using one selected from
spin coating, spray coating, sputtering, and chemical vapor deposition (CVD). The
functional layer 140 may enhance durability and printing characteristics of the printing
patterns. According to an embodiment, the function layer 140 may be formed of a
material, such as a-Si, SiNXx, or SiOx.

The manufacturing process as described above forms patterns by performing pho-
tolithography on the photosensitive resin, and accordingly, has merits that micro
patterns may be easily formed and the number of processes may be reduced compared
to the conventional wet/dry etching methods, thus capable of manufacturing low-cost
printing plates. Further, in comparison with an existing method of adjusting the depth
of a pattern by randomly not developing a photosensitive resin, the manufacturing
process according to the embodiments of the present invention may easily adjust a
ratio of a depth and a width of a pattern, may increase uniformity of the depth, and
may prevent the printing plate from collapsing at micro pattern regions, thus enhancing
durability.

Fig. 5 illustrates a process of manufacturing a printing plate according to an em-
bodiment of the present invention.

Referring to Fig. 5, in the present manufacturing process, an exposing process is
performed using a photomask unlike the embodiment described in connection with Fig.
4 that performs patterning through exposure of the photosensitive resin layer to light.

Specifically, in step P1, a first photosensitive material layer 120 is formed on a
substrate 110. In step P2, a lower portion 121 of a first pattern is formed by an
exposure system (e.g., UV exposure system) through the medium of a photomask. In

step P3, a second photosensitive material layer 130 is formed on the lower portion 121
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and the layer 120. Then, an upper portion 122 of the first pattern and a second pattern
131 are patterned using a photomask M. In performing exposure to light, an alignment
between patterns is critical. Thus, according to an embodiment, the lower portion 121
of the first pattern may be designed to be smaller than the upper portion 122 of the first
pattern to enhance a process margin.

Then, in step PS5, the first and second photosensitive material layers are exposed to
light at the same time to complete first and second patterns 123 and 132. As shown in
Fig. 5, in a case where the lower portion of the first pattern is designed to be narrower
than the upper portion of the first pattern in step P4 for alignment efficiency, prede-
termined step portions Q are formed in the first pattern 123. In this case, there is a
difference in width between the upper and lower portions of the first pattern. For
example, the lower portion is formed to be narrower than the upper portion. The
difference in width may range from 5 to 20um.

Thereafter, in step P6, a functional layer 140 is formed, thus completing a printing
plate. In the present embodiment, the first pattern 123 is formed to have larger width
and depth than those of the second pattern 132. According to an embodiment, like the
embodiment described in connection with Fig. 3, a ratio of a width and a depth of each
pattern may be in a range of 1 : (0.5~1.4). According to embodiments, processes,
materials, and photosensitive materials for forming the functional layer may be the
same as those of the embodiment described in connection with Fig. 3, and thus,
repetitive description thereof will be omitted.

Fig. 6 illustrates images of a printing plate actually implemented according to an em-
bodiment of the present invention.

The method of manufacturing a printing plate according to the embodiments of the
present invention may configure micro patterns more efficiently than the conventional
method of manufacturing a printing plate using wet etching, and may implement a high
A/R (Aspect Ratio). The method according to the embodiments of the present
invention may solve problems of a minimum width loss that occurs upon performing
the conventional wet etching so that micro patterns may be easily implemented, and
may considerably increase a ratio of a width and a depth of each micro pattern to
enhance transfer characteristics.

Further, the method of manufacturing a printing plate according to the embodiments
of the present invention may simplify the steps of implementing a printing plate
compared to a method of manufacturing a printing plate by performing dry etching on
a material film for dry etching, and may save manufacturing costs. Further, the method
according to the embodiments of the present invention forms printing patterns using
lithography, and thus, high patterning accuracy may be achieved.

Specifically, since printing patterns are formed by patterning a photosensitive resin,
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micro patterns may be efficiently formed, and the number of processes may be
reduced, thus saving manufacturing costs. Further, a ratio of a depth with respect to a
width of each pattern may be easily adjusted, and depth uniformity may be raised. Ac-
cordingly, it may be possible to prevent the printing plate from collapsing at micro
pattern regions, thus allowing for a durable printing plate.

Fig. 7 illustrates a structure of a printing plate according to an embodiment of the
present invention.

Referring to Fig. 7, a printing plate includes photosensitive resin layers 221 and 231
formed on a substrate 210, and a plurality of printing patterns 223 and 233 formed by
patterning the photosensitive resin layers and having different widths and depths from
each other.

Any types of materials may be used as the substrate 110 as long as the materials
allow for surface flatness, large size, and a similar thermal expansion coefficient even
after transfer. For example, according to an embodiment, glass, polymer, such as PC,
PMMA, or PET, or metal may be used for the substrate 110. For maintaining accuracy
of the patterns, the substrate may have a thermal expansion coefficient that is within
two times of a thermal expansion coefficient of a transfer substrate.

Although it has been described that two photosensitive resin layers 221 and 231 are
formed, the embodiments of the present invention are not limited thereto. According to
embodiments, more than two photosensitive resin layers may be formed that include
printing patterns at least two of which have different depths from each other. In the
present embodiment, the photosensitive resin layer formed on the substrate is referred
to as “first photosensitive resin layer 2217 and the other photosensitive resin layer
formed on the first photosensitive resin layer 221 is referred to as “second photo-
sensitive resin layer 231”. According to an embodiment, the first and second photo-
sensitive resin layers may be formed using general spin coating or slit coating. Various
materials, such as photoresists, dry film resists, or UV cured resins, may be used as the
first and second photosensitive resin layers. Further, any materials having photo-
sensitive characteristics may also be employed as the first and second photosensitive
resin layers.

At least two or more printing patterns, such as the printing patterns 223 and 233,
which have different widths and depths, may be formed by patterning the photo-
sensitive resin layers 221 and 231. According to an embodiment, at least one first
pattern 223 having a reference width f and at least one second pattern 233 having a
minimum micro pattern width e may be included, wherein the reference width f refers
to a width of a pattern formed on the substrate. According to an embodiment, a depth
of the second pattern may be formed to be less than a depth of the first pattern.

The second pattern 233 may be formed in the second photosensitive resin layer 231.
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Although it has been shown that a thickness T1 of the second pattern 233 is the same
as a thickness d of the second photosensitive resin layer 231, the thickness T1 may be
smaller than the thickness d of the second photosensitive resin layer 231.

The width e of the second pattern 233 and the thickness d of the second photo-
sensitive resin layer 131 satisfy the following Equation 1:

[Equation 1]

d>la2*e

According to an embodiment, the thickness d of the second photosensitive resin layer
may be formed to be larger than the width e of the second pattern 233 by more than
50%. In other words, the second photosensitive resin layer may be formed to have a
thickness more than two times of the width e of the second pattern 233.

The first pattern 223 may be formed in the first and second photosensitive resin
layers. The first pattern 223 is formed to be deeper than the second pattern 233.
Although it has been illustrated in Fig. 7 that a depth T2 of the second pattern 233 is
the same as a sum of thicknesses of the first and second photosensitive resin layers, the
depth T2 of the second pattern 233 may be formed to be less than the sum of the
thicknesses of the first and second photosensitive resin layers.

The thickness ¢ of the first photosensitive resin layer with respect to the thickness d
of the second photosensitive resin layer and the width e of the second pattern satisfies
the following Equation 2:

[Equation 2]

c>d-Ya*e

According to an embodiment, the thickness c of the first photosensitive resin layer
221 may be formed to be larger than a difference between the thickness d of the second
photosensitive resin layer and a half of the width e of the second pattern.

According to an embodiment, the width e of the second pattern may be in a range of
1 to 50um, for example, 5 to 25um.

According to an embodiment, the thickness d of the second photosensitive resin layer
may range from 2.5 to 12.5um, and the thickness c of the first photosensitive resin
layer may be equal to or more than 1.25um.

The first pattern with the width f may be formed as a reference pattern in the first and
second photosensitive resin layers, and the second pattern with the width e may be
formed in the second photosensitive resin layer, wherein the second pattern is smaller
than the first pattern. The width f of the first pattern and the width e of the second
pattern satisfy the following Equation 3:

f>1.5%e

Figs. 8 and 9 illustrate processes of manufacturing a printing plate according to an

embodiment of the present invention. Processes of manufacturing a printing plate will
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now be described with reference to Figs. 8 and 9.

Referring to Fig. 8, at least one or more photosensitive resin layers are formed on a
substrate, and the photosensitive resin layers are patterned to form printing patterns.

Specifically, a cleaning process of eliminating contaminants from the substrate 210 is
first performed (Q1). Then, a first photosensitive resin layer 220 is formed on the
substrate 210 (Q2). For example, a composition for the first photosensitive resin layer
is coated on the substrate 210 using spin coating or slit coating and then semi-cured
through a thermal treatment.

Next, a second photosensitive resin layer 230 is formed on the first photosensitive
resin layer 220 and then subjected to a thermal treatment (Q3).

In step Q4, the second photosensitive resin layer 230 is exposed to light using a
photomask M to form a second pattern 233. According to an embodiment, an upper
portion 223a of a first pattern may be formed simultaneously with the formation of the
second pattern 233.

In step QS5, the first photosensitive resin layer 230 is exposed to light using a
photomask to the first pattern 223 with a width more than a reference width f.

Through the above-described processes, a printing plate having printing patterns with
different widths and depths may be formed.

Fig. 9 illustrates an exemplary process different from the process illustrated in Fig. 8.

Referring to Fig. 9, a substrate cleaning process T1 and a first photosensitive resin
layer formation process T2 are the same or substantially the same as the steps Q1 and
Q2, respectively, as shown in Fig. 8. As shown in Fig. 9, the photosensitive resin layer
220 is patterned using a photomask instead of a second photosensitive resin layer 230,
thus forming a lower portion 223b of a first pattern (T3).

Thereafter, a second photosensitive resin layer 230 is formed on the first photo-
sensitive resin layer 221 and exposed and developed using a photomask to form a
second pattern 233 while simultaneously completing the first pattern 223 (T4 and T5).

Although it has been described to perform exposure and development using the
photomask while forming the patterns, the pattern may also be formed using a laser
writer.

Fig. 10 illustrates a structure of a printing plate according to an embodiment of the
present invention.

Referring to Fig. 10, a printing plate includes a resin layer 320 that has at least one or
more printing patterns with different depths. For example, the resin layer 320 may
include a plurality of printing patterns having different depths T1 and T2, wherein the
depth T1 is a depth of a deepest pattern P1. The depth T1 of the pattern P1 is formed to
be less than a thickness of the resin layer 320 so that a base resin layer 320A with no

printing pattern is formed at a lower portion of the resin layer 320. The base resin layer
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320A may enhance adhesion between the substrate and the resin layer. According to an
embodiment, a thickness T3 of the base resin layer may be in a range of 1 to 30um.

According to an embodiment, the resin layer 320 may be formed of any one of an
epoxy resin, a photosensitive resin, a UV-cured resin, and a thermosetting resin.
According to an embodiment, a functional layer (not shown) may be formed of a metal
material selected from Cr, Mo, Ta, Ni, and Au, an organic material selected from
Parylene and Teflon, or an inorganic material selected from SiOx, SiNx, and diamond-
like carbon (DLC), on the resin layer 120 to increase durability of the printing patterns.

Figs. 11 and 12 illustrate processes of manufacturing a printing plate according to an
embodiment of the present invention.

The present embodiment may focus on a printing plate for manufacturing an
electronic substrate and an LCD apparatus. In particular, the embodiment provides a
method of manufacturing a printing plate having at least one or more printing patterns
by patterning a resin layer formed on a substrate by an imprinting method, and a
structure manufactured by the method.

Referring to Figs. 11 and 12, a process of manufacturing a printing plate according to
the embodiment of the present invention includes forming a resin layer on a substrate
and forming printing patterns by performing imprinting on the resin layer with a mold
having mold patterns whose depths are different from each other.

Specifically, as shown in Fig. 11, a resin layer 320 is formed on a substrate 310 in
step Ul.

Any types of materials may be used as the substrate 310 as long as the materials
allow for surface flatness, large size, and a similar thermal expansion coefficient even
after transfer. For example, according to an embodiment, glass, polymer, such as PC,
PMMA, or PET, or metal may be used for the substrate 310.

The resin layer 320 may be formed of any one of an epoxy photosensitive resin, a
polyimide-based photosensitive resin, a UV-cured resin (urethane acrylate, epoxy
acrylate, silicon acrylate, polyester acrylate, epoxy vinyl ether, or a thermosetting
resin. Fig. 13 illustrates an example of using a thermosetting resin, and Fig. 12 il-
lustrates a process of forming the resin layer by applying a UV-cured resin or photo-
sensitive resin liquid by a coating manner. The formation of the resin layer by a liquid
material, such as the photosensitive resin liquid, may be performed by spin coating or
slit coating, and various materials, such as a photoresist, a dry film resist, ora UV-
cured resin, may be used. Further, any materials having photosensitive characteristics
may be used. For example, an epoxy-based, polyimide-based, or Novolak-based resin
layer may be formed by coating. The subsequent processes are the same and the
processes are described with reference to Fig. 11.

In step U2, the resin layer 320 is imprinted using a mold 330 having mold patterns
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with different depths. The mold 330 may include a glass mold or a metal mold. The
metal mold may be formed of Ni, Cr, or Au.

According to an embodiment, the depths of the mold patterns are sized so that a base
layer 320A is provided at a lower surface of the resin layer 320. For example, the resin
layer 320 is imprinted so that among the mold patterns having different depths, a mold
pattern 131 having a deepest depth does not pass through the resin layer 320, thus
leaving a lower layer of the resin layer (hereinafter, referred to as “base resin layer”).
The existence of the base resin layer 320A may enhance adhesion to the substrate 310.
According to an embodiment, a thickness of the base resin layer 320A may be in a
range of 1 to 30um.

In step U3, the mold 330 is removed from the resin layer 320.

In step U4, a functional layer 340 is formed on the resin layer. According to an em-
bodiment, a functional layer (not shown) may be formed of a metal material selected
from Cr, Mo, Ta, Ni, and Au, an organic material selected from Parylene and Teflon,
or an inorganic material selected from SiOx, SiNx, and diamond-like carbon (DLC),
on the resin layer 120 using any one of spin coating, spray coating, sputtering, or CVD.
The functional layer may increase durability and printability of the printing patterns.
Accordingly, the functional layer may have the same or substantially the same surface
energy as surface energy of a substrate that is subjected to printing. For example, an
Si-based material having good transfer characteristics, such as a-Si, SiNx, or SiOx,
may be used.

The manufacturing process as described above forms patterns by performing im-
printing on the photosensitive resin, and accordingly, has merits that micro patterns
may be easily formed and the number of processes may be reduced compared to the
conventional wet/dry etching methods, thus capable of manufacturing low-cost
printing plates. Further, in comparison with an existing method of adjusting the depth
of a pattern by randomly not developing a photosensitive resin, the manufacturing
process according to the embodiments of the present invention may easily adjust a
ratio of a depth and a width of a pattern, may increase uniformity of the depth, and
may prevent the printing plate from collapsing at micro pattern regions, thus enhancing
durability. Moreover, a single imprinting process may manufacture a printing plate
having different depths along pattern widths. The base resin layer which is a lower
layer of the resin layer may enhance adhesion to the substrate.

A structure of a printing plate according to an embodiment of the present invention
and a method of manufacturing the printing plate will now be described.

The present embodiment may focus on provision of a printing plate having micro
printing patterns, wherein a functional layer is coated on the printing patterns using a

photosensitive resin layer to protect the printing patterns and to enhance matching
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properties of an ink for printing, thus increasing printing quality.

Fig. 13 illustrates a process of manufacturing a printing plate according to an em-
bodiment of the present invention.

Referring to Fig. 13, a printing plate according to an embodiment of the present
invention may be manufactured by the following process.

To manufacture the printing plate, a photosensitive resin layer is formed on a
substrate, printing patterns are formed on the photosensitive resin layer using illu-
mination patterning, and a functional layer is formed on the substrate or the printing
patterns.

Specifically, in step W1, a substrate 410 is prepared that is used for a printing plate,
and a surface of the substrate is cleaned to eliminate contaminants from the substrate.
Any types of materials may be used as the substrate 410 as long as the materials allow
for surface flatness, large size, and a similar thermal expansion coefficient even after
transfer. For example, according to an embodiment, glass, polymer, such as PC,
PMMA, or PET, or metal may be used for the substrate 410. For maintaining accuracy
of the patterns, the substrate may have a thermal expansion coefficient that is within
four times of a thermal expansion coefficient of a transfer substrate.

Next, in step W2, a photosensitive resin layer 420 is formed on the substrate 410. In
general, the photosensitive resin layer 420 may be formed by coating a resin layer,
such as a photoresist resin, a dry film resist film, or a UV-cured resin film, on the
substrate 410 followed by semi-curing through a heat treatment. A general coating
method, such as spin coating or slit coating may be employed.

In step W3, printing patterns are formed by an illumination patterning process.

The “illumination patterning” refers to forming printing patterns by illuminating the
photosensitive resin layer with light beams. For example, the illumination patterning
process includes processes of forming patterns using photolithography or a laser writer.
As shown in Fig. 13, a printing pattern 421 may be formed by exposing and de-
veloping the photosensitive resin layer using a photomask M. According to an em-
bodiment, a minimum width of an engraved in the printing pattern 421 may be in a
range from lum to 20um.

Thereafter, in step W4, a functional layer 430 is coated on the printing pattern 421
and exposed surfaces of the substrate.

The functional layer may be coated using wet coating, such as spray coating or spin
coating or dry coating, such as sputtering or CVD. According to an embodiment, dry
coating may be performed to prevent contamination and to secure a film uniformity.

Depending on features of the photosensitive resin layer and the substrate, the
functional layer 430 may be formed of at least one of various materials, such as, for

example, any one or a combination of two or more selected from metal materials,
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organic or inorganic materials, or hybrid materials of organic and inorganic materials.
For example, the organic materials may be any one or a combination of two or more
selected from Parylene, Teflon, or Polyimide, the inorganic materials may be any one
or a combination of two or more selected from SiOx, SiNx, diamond-like carbon
(DLC), TiO,, or CeO,. The hybrid materials may be a composite material obtained by a
chemical bond of silane and an alkyl-based resin or a compound obtained by a reaction
of alkoxy silane.

The functional layer 430 protects the printing patterns formed from the photo-
sensitive resin and allows for spreadability of a printing ink. Various types of
chemicals are used for cleaning the printing plate, and it is impossible to develop a
photosensitive resin chemical-resistant against all of the chemicals. Accordingly, by
coating a chemical-resistant functional layer on the photosensitive resin layer, the
printing patterns may be prevented from being damaged by the chemicals.

As described above, the functional layer also enhances spreadability of a printing ink.
The surface energy of the printing plate needs to be controlled so that an ink or paste
for printing dispersed in various solvents is spread well. Accordingly, matching char-
acteristics may be secured by selecting a material for the functional layer.

Fig. 14 illustrates a structure of a printing plate according to an embodiment of the
present invention.

Referring to Fig. 14, a photosensitive resin film having predetermined patterns is
formed on a substrate. Specifically, printing patterns 531 are formed of a photo-
sensitive resin layer on a transparent substrate 510. The printing patterns 531 include
protruded and depressed patterns. The protruded patterns may be formed of an epoxy-
based, a polyimide-based, or a Novolak-based material.

According to an embodiment, a ratio of the depth d and the width w of the printing
patterns may be in a range of (1~4) : 1. An adhesive material layer 520 may be
provided between the transparent substrate 510 and the printing patterns 531 to
increase adhesivity. According to an embodiment, the adhesive material layer may be
formed of a photosensitive resin or a metal.

Specifically, the adhesive material layer may be formed of any one selected from Au,
Ni, Cu, Al, Zn, Fe, Co, W, Sn, P, Cr, or Si, a metal oxide, such as CrOx, CrCOx, or
Si0Ox, or a metal nitride, such as CrN, CrCON, or SiNx.

According to an embodiment, a functional layer may be formed on a top of the
printing plate. The functional layer may be formed of any one or more of Cr, Ni, Au,
Parylene, a-Si, SiOx, and SiNx. The functional layer may enhance durability and
printability of the printing patterns. According to an embodiment, the functional layer
may be formed of an Si-based material having good transfer characteristics, such as a-
Si, SiNx, or SiOx.
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Figs. 15 and 16 illustrate a process of manufacturing a printing plate according to an
embodiment of the present invention.

The process of manufacturing a printing plate may include forming a photosensitive
material layer on a transparent substrate and forming printing patterns by patterning the
photosensitive material layer using illumination. The process may also include forming
a functional layer to enhance durability and printability.

The process will be described in detail with reference to Fig. 15.

In steps Z1 to Z3, an adhesive material layer 520 is formed on a substrate 510, and a
photosensitive material layer 530 is formed on the adhesive material layer 520. The
adhesive material layer 520 is formed to increase adhesion between the substrate 510
and the photosensitive material layer 530.

According to an embodiment, the substrate 510 may be formed of a transparent
material, such as transparent glass.

According to an embodiment, the photosensitive material layer 530 may be formed
by coating a resin, such as an epoxy-based resin, a polyimide-based resin, or a
Novolak-based resin, on the substrate. According to an embodiment, the adhesive
material layer 520 may be formed of a photosensitive resin or a metal. For example, a
low-viscosity photosensitive resin may be coated on the substrate and its overall
surface may be exposed to light to form the adhesive material layer.

Thereafter, the photosensitive material layer 530 is subjected to illumination
patterning to form printing patterns 531. The “illumination patterning” refers to a
process of forming printing patterns by illuminating the photosensitive material layer
with light beams. For example, photolithography using a photomask or patterning
using a laser writer may be included as examples of the illumination patterning.

For example, the printing patterns 531 may be formed by exposing and developing
processes using a photomask (Z41) or by using a laser writer L2 (Z42). According to
an embodiment, considering protruded patterns and depressed patterns in the printing
patterns 531, a ratio of a depth d and a width w of the printing patterns may be in a
range of (1~4) : 1 (refer to Fig. 14).

Thereafter, a functional layer 540 may be formed on the printing patterns 531 to
increase durability and printability. According to an embodiment, the functional layer
may be formed of a material having the same surface energy as a substrate on which a
printing material is printed. For example, the functional layer may be formed of any
one or more of Cr, Ni, Au, Parylene, a-Si, SiOx, or SiNx.

Fig. 16 illustrates actual images of printing patterns in the printing plate shown in
Fig. 14.

The method of manufacturing a printing plate according to the embodiments of the

present invention may form elaborate micro printing patterns and a high aspect ratio
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compared to the method of manufacturing a printing plate by the conventional wet
etching. For example, the embodiments may address a loss in the minimum width,
which occurs upon wet etching, to allow for easy implementation of micro printing
patterns and may increase a width of a depth and a width of the micro printing patterns
to enhance transfer characteristics of the patterns.

In comparison with the convention method of manufacturing a printing plate by dry
etching, the processes of manufacturing a printing plate may be simplified to reduce
manufacturing costs. Further, since the printing patterns are formed using lithography,
a printing plate with high accuracy may be achieved.

According to the embodiments of the present invention, micro printing patterns may
be effectively formed, and the number of processes may be reduced to save manu-
facturing costs. Further, it is possible to easily adjust a ratio of a depth with respect to a
width of the patterns, thus enhancing uniformity and preventing the printing plate from
collapsing at the printing pattern regions. Accordingly, a printing plate with enhanced
durability may be provided.

According to the exemplary embodiments of the present invention, formation of
micro printing patterns using a printing plate may be performed by an indirect printing
method, wherein the printing plate may be used to print various electronic circuits and
patterns. Thus, micro patterns having high accuracy may be formed by simplified
processes, thus saving manufacturing costs and enhancing reliability.

According to the exemplary embodiments of the present invention, a printing plate
may be formed by performing imprinting on a photosensitive resin and a thermosetting
resin using a metal or glass mold. Accordingly, micro patterns having different widths
or different depths may be formed with simplified processes, thus lowering manu-
facturing costs. In particular, the embodiments of the present invention employ an im-
printing process, and thus, a printing plate that includes printing patterns having
different depths along the pattern width may be formed by a single process. Due to a
base resin layer formed during imprinting, adhesion to the substrate may be increased.

According to the exemplary embodiments of the present invention, a functional layer
may be formed of a photosensitive resin on printing patterns. The functional layer may
protect the printing patterns from contaminants and may enhance matching charac-
teristics between a printing ink and the printing patterns to increase printing quality.
Further, the functional layer may allow for a printing plate for large-sized micro
pattern printing.

In particular, compared to the conventional wet etching process, more elaborate
micro patterns may be implemented with a high aspect ratio. Further, more simplified
processes may be provided than by the conventional dry etching, thus saving manu-

facturing costs. Plus, a lithography process allows for patterns with higher accuracy.
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[144] The invention has been explained above with reference to exemplary embodiments.
It will be evident to those skilled in the art that various modifications may be made
thereto without departing from the broader spirit and scope of the invention. Further,
although the invention has been described in the context its implementation in
particular environments and for particular applications, those skilled in the art will
recognize that the present invention's usefulness is not limited thereto and that the
invention can be beneficially utilized in any number of environments and imple-
mentations. The foregoing description and drawings are, accordingly, to be regarded in

an illustrative rather than a restrictive sense.
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Claims
A printing plate comprising:
a substrate having a first surface and a second surface opposite to the
first surface; and
a resin layer having a plurality of printing patterns on the first surface
of the substrate.
The printing plate of claim 1, wherein the resin layer is formed of any
one of a photoresist, a dry film resist (DFR), a UV-cured resin, an
epoxy resin, and a thermosetting resin.
The printing plate of claim 2, wherein the printing patterns have
different depths or widths.
The printing plate of claim 3, wherein the printing patterns include at
least one reference pattern and at least one minimum pattern.
The printing plate of claim 4, wherein a depth and a width of the
reference pattern are larger than a depth and a width of the minimum
pattern, respectively.
The printing plate of claim 4, wherein a ratio of a width and a depth of
the printing patterns are in a range of 1 : (0.5~4).
The printing plate of claim 4, wherein a width W1 of an upper portion
of the reference pattern is larger than a width W1’ of a lower portion of
the reference pattern.
The printing plate of claim 4, wherein a difference between a width W1
of an upper portion of the reference pattern and a width W1’ of a lower
portion of the reference pattern ranges from Sum to 20um.
The printing plate of claim 1 or 4, further comprising:
a functional layer on an exposed surface of the substrate or the printing
patterns.
The printing plate of claim 9, wherein the functional layer is formed of
any one or a combination of two or more selected from metal materials
including Cr, Mo, Ta, Ni, or Al, any one or a combination of two or
more selected from organic materials including Parylene, Teflon, or
Polyimide, any one or a combination of two or more selected from
inorganic materials including SiOx, SiNx, diamond-like carbon (DLC),
Ti0,, or CeO,, a composite material obtained by a chemical bond of
silane and an alkyl-based resin, or a compound obtained by a reaction
of alkoxy silane.

The printing plate of claim 4, wherein the resin layer includes at least
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two or more stacked photosensitive layers.

The printing plate of claim 11, wherein a depth of the minimum pattern
is less than a depth of the reference pattern.

The printing plate of claim 12, wherein the minimum pattern is formed
in a second photosensitive resin layer and wherein a thickness d of the
second photosensitive resin layer and a width e of the minimum pattern
satisfy following Equation 1:

[Equation 1]

d>lo*e

The printing plate of claim 12, wherein the reference pattern is formed
in first and second photosensitive resin layers and wherein a thickness ¢
of the first photosensitive resin layer satisfies following Equation 2:
[Equation 2]

c>d-Ya*e

(where, d refers to a thickness of the second photosensitive resin layer
and e refers to a width of the minimum pattern)

The printing plate of claim 12, wherein a width f of the reference
pattern satisfies following Equation 3:

[Equation 3]

f>1.5%e

(where, e refers to a width of the minimum pattern)

The printing plate of claim 12, wherein a width e of the minimum
pattern ranges from lum to 50um.

The printing plate of clam 12, wherein a thickness c of the first photo-
sensitive resin layer is more than 1.25um, and a thickness d of the
second photosensitive resin layer ranges from 2.5um to 12.5um.

The printing plate of claim 1, wherein the resin layer includes a base
resin layer where no printing patterns are formed, and wherein a
thickness of the base resin layer ranges from lum to 30um.

The printing plate of claim 18, further comprising:

a functional layer on the printing patterns, wherein the functional layer
is formed of any one or a combination of two or more selected from
metal materials including Cr, Mo, Ta, Ni, or Al, any one or a com-
bination of two or more selected from organic materials including
Parylene, Teflon, or Polyimide, any one or a combination of two or
more selected from inorganic materials including SiOx, SiNx,
diamond-like carbon (DLC), TiO,, or CeO,, a composite material

obtained by a chemical bond of silane and an alkyl-based resin, or a
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compound obtained by a reaction of alkoxy silane.

The printing plate of claim 1, further comprising:

an adhesive material layer between the substrate and the resin layer,
wherein the resin layer is a photosensitive material layer.

The printing plate of claim 20, wherein the adhesive material layer is
formed of a photosensitive resin, any one metal material selected from
Au, Ni, Cu, Al, Zn, Fe, Co, W, Sn, P, Cr, and Si, an oxide of the
selected metal material, or a nitride of the selected metal material.

The printing plate of claim 20, wherein a ratio of a depth d and a width
w of the printing patterns is in a range of (1~4) : 1.

A method of manufacturing a printing plate comprising:

forming a lower portion of a first pattern by applying a first photo-
sensitive resin on a substrate and by exposing the first photosensitive
resin;

forming an upper portion of the first pattern and a second pattern by
applying a second photosensitive resin on the first photosensitive resin
and by exposing the second photosensitive resin; and

forming the first and second patterns by simultaneously developing the
first and second photosensitive resins.

A method of manufacturing a printing plate comprising:

forming a lower portion of a first pattern by applying a first photo-
sensitive resin on a substrate and by exposing and developing the first
photosensitive resion; and

forming an upper portion of the first pattern and a second pattern by
applying a second photosensitive resin on the first photosensitive resin
and by exposing and developing the second photosensitive resin.

The method of claim 23 or 24, further comprising:

forming a functional layer on the first and second patterns.

The method of claim 25, wherein developing is performed such that a
width of the lower portion of the first pattern is narrower than a width
of the upper portion of the first pattern.

The method of claim 25, wherein forming the first pattern or the second
pattern is performed such that a ratio of a width and a depth of each
pattern is in arange of 1 : (0.5~1.4).

A method of manufacturing a printing plate comprising:

forming at least one resin layer on a substrate; and

forming a plurality of printing patterns by patterning the resin layer.

The method of claim 28, wherein the plurality of printing patterns have
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different depths and widths from each other.

The method of claim 29, wherein forming the plurality of printing
patterns includes,

forming first and second photosensitive resin layers on the substrate,
wherein the resin layer includes the first and second photosensitive
resin layers, and

forming at least one reference pattern and at least one minimum pattern
by exposure to light.

The method of claim 30, wherein forming the plurality of printing
patterns includes,

forming the first photosensitive resin layer on the substrate and forming
the reference pattern by exposure to light, and

forming the second photosensitive resin layer on the first photosensitive
resin layer and forming the minimum pattern by exposure to light and
development.

The method of claim 29 or 30, wherein a depth of the minimum pattern
is less than a depth of the reference pattern.

The method of claim 28, wherein forming the plurality of printing
patterns is performed by illumination patterning, wherein the resin
layer is a photosensitive resin layer.

The method of claim 28, wherein forming the plurality of printing
patterns is performed by imprinting the resin layer using a mold having
mold patterns whose depths are different from each other.

The method of claim 34, wherein the printing patterns include at least
one or more that have different depths from each other, and wherein a
base resin layer is formed at a lower portion of the resin layer to have a
thickness of 1 to 30um, and wherein no printing patterns are formed in
the base resin layer.

The method of claim 33 or 34, further comprising:

forming a functional layer on the substrate or the printing plate.

The method of claim 28, further comprising:

forming an adhesive material layer between the substrate and the resin
layer, wherein the resin layer is a photosensitive material layer.

The method of claim 37, wherein the adhesive material layer is formed
of a photosensitive resin, any one metal material selected from Au, Ni,
Cu, Al, Zn, Fe, Co, W, Sn, P, Cr, and Si, an oxide of the selected metal
material, or a nitride of the selected metal material.

The method of claim 38, further comprising:
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forming a functional layer on the printing patterns, wherein the
functional layer is formed of any one or a combination of two or more
selected from metal materials including Cr, Mo, Ta, Ni, or Al, any one
or a combination of two or more selected from organic materials
including Parylene, Teflon, or Polyimide, any one or a combination of
two or more selected from inorganic materials including SiOx, SiNXx,
diamond-like carbon (DLC), TiO,, or CeO,, a composite material
obtained by a chemical bond of silane and an alkyl-based resin, or a

compound obtained by a reaction of alkoxy silane.
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