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ABSTRACT

VIENNA, VA 22182 (US) A display device includes a first substrate including a protru-
. . sion electrode pattern, a second substrate disposed opposite to
Assignee: Samsung Electronics Co., Ltd., the first substrate, and a liquid crystal layer disposed between
Suwon-si (KR) the first substrate and the second substrate. The protrusion
electrode pattern is made of a conductive polymer material,
Appl. No.: 12/259,673 and a state of the liquid crystal layer changes from an isotro-
pic state to an anisotropic state when an electric field is
Filed: Oct. 28,2008 applied.
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2008-0015963, filed on
Feb. 21, 2008, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a display device.
[0004] 2. Discussion of the Background

[0005] Several kinds of display devices exist. Due to rapid
development of semiconductor technology, liquid crystal dis-
plays (LCDs) having improved performance and decreased
size and weight have been developed.

[0006] Inan LCD, light transmittance is determined by an
alignment state of a liquid crystal layer. Because light trans-
mittance is adjusted by physical movement of the liquid crys-
tal layer, the LCD may have a problem in terms of response
speed.

[0007] Blue phase liquid crystal that has a relatively fast
response speed of about 3 pm has been developed. Because
blue phase liquid crystal has a very narrow operating tem-
perature range, a crystal structure thereof may be stabilized
by adding a monomer and polymerizing.

[0008] When an electric field does not exist, blue phase
liquid crystal has optical isotropy, exhibits a blue phase, and
does not have birefringence. In this state, if an electric field is
applied to the blue phase liquid crystal, it has optical anisot-
ropy and birefringence. In this case, an electric field that is
applied to the blue phase liquid crystal is applied in a sub-
stantially horizontal direction. Here, the horizontal direction
indicates a direction parallel to a pair of substrates that are
disposed opposite to each other with blue phase liquid crystal
disposed therebetween. An electric field is applied to the blue
phase liquid crystal through an electrode in the substrate.
[0009] However, a display device using blue phase liquid
crystal may have a relatively high driving voltage and dete-
riorated light transmittance.

[0010]  Accordingly, by protruding an electrode from a sub-
strate in a direction perpendicular to the substrate, a strong
horizontal electric field, which is applied to the blue phase
liquid crystal, may be formed, whereby the driving voltage
may be lowered.

[0011] However, it may be difficult to stably protrude an
electrode. Specifically, it may be difficult to accurately align
the electrode when forming the protruded electrode. If the
electrode is not properly aligned, the horizontal electric field
may be weak, and therefore, the driving voltage may not
decrease even when the protruded electrode is used.

SUMMARY OF THE INVENTION

[0012] Thepresentinvention provides adisplay device hav-
ing a deceased driving voltage.

[0013] The present invention also provides a method of
manufacturing the display device.

[0014] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.
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[0015] The present invention discloses a display device
including a first substrate including a protrusion electrode
pattern, a second substrate disposed opposite to the first sub-
strate, and a liquid crystal layer disposed between the first
substrate and the second substrate. The protrusion electrode
pattern is made of a conductive polymer material, and a state
ofthe liquid crystal layer changes from an isotropic state to an
anisotropic state when an electric field is applied.

[0016] The present invention also discloses a method of
manufacturing a display device, including forming a thin film
transistor on a substrate, coating a conductive polymer layer
on the substrate and the thin film transistor, and forming a
protrusion electrode pattern that is connected to the thin film
transistor by imprinting the conductive polymer layer.
[0017] TItisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theaccompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0019] FIG.1isalayout view of a display device according
to an exemplary embodiment of the present invention.
[0020] FIG.2isacross-sectional view of the display device
taken along line II-II of FIG. 1.

[0021] FIG. 3 is a diagram showing a process of stabilizing
blue phase liquid crystal included in the display device of
FIG. 1.

[0022] FIG. 4 is a diagram showing changing characteris-
tics according to whether an electric field is applied to blue
phase liquid crystal that is used for the display device of FIG.
1.

[0023] FIG.5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, and FIG. 10
are cross-sectional views sequentially showing a process of
manufacturing the display device of FIG. 1.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0024] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements,

[0025] It will be understood that when an element or layer
1s referred to as being “on” or “connected to” another element
orlayer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.
[0026] Inanexemplary embodiment, a display device may
include an amorphous silicon (a-Si) thin film transistor (TFT)
that is formed in a process using five masks. Further, two
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TFTs may be used in one pixel. A pixel is a minimum unit for
displaying an image. However, in exemplary embodiments of
the present invention, a TFT may be embodied in various
forms and is not limited to the example that is described
herein.

[0027] An exemplary embodiment of the present invention
is described with reference to FIG. 1 and FIG. 2. FIG. 1is a
layout view of a display device 900 according to an exem-
plary embodiment of the present invention, and FIG. 2 is a
cross-sectional view of the display device taken along line
[-I of FIG. 1.

[0028] As shown in FIG. 1 and FIG. 2, the display device
900 includes a first substrate 100, a second substrate 200, and
a liquid crystal layer 300.

[0029] The first substrate 100 includes a first substrate
member 110 and a protrusion electrode pattern 180 disposed
on the first substrate member 110.

[0030] The protrusion electrode pattern 180 includes a first
protrusion electrode 181 and a second protrusion electrode
182 that are disposed apart from each other. The first protru-
sion electrode 181 and the second protrusion electrode 182
are formed in slit patterns so that they are alternately engaged
with each other.

[0031] The first protrusion electrode 181 and the second
protrusion electrode 182 protrude toward the liquid crystal
layer 300 in a direction perpendicular to the first substrate
member 110. Therefore, a horizontal electric field may be
effectively formed between the first protrusion electrode 181
and the second protrusion electrode 182. Here, the horizontal
electric field indicates a direction that is substantially parallel
to the first substrate 100 and the second substrate 200 that are
disposed opposite each other with the liquid crystal layer 300
disposed therebetween. This is because the first electrode 181
and the second electrode 182 each have a three-dimensional
shape.

[0032] The width of each protrusion electrode pattern 180,
1.e., the first protrusion electrode 181 and the second protru-
sion electrode 182, and a distance between the protrusion
electrodes 181 and 182 is small, which may improve the
performance of the display device 900. Further, as the height
of the protrusion electrode pattern 180 increases, the driving
voltage decreases, but a minimum distance should be main-
tained between the first substrate 100 and the second substrate
200 to obtain an appropriate transmittance of light.

[0033] In consideration of the above-described condition
and an actual margin in a manufacturing process, each of the
first protrusion electrode 181 and the second protrusion elec-
trode 182 of the protrusion electrode pattern 180 may have a
width in the range of 1 pm to 10 pm and the first protrusion
electrode 181 and the second protrusion electrode 182 may be
disposed at a distance in the range of 1 um to 10 pm apart.
Further, the protrusion electrode pattern 180 may have a
height in the range of 1 pm to 6 um.

[0034] Inaddition, if a distance between the first protrusion
electrode 181 and the second protrusion electrode 182 is
greater than the width of each of the first protrusion electrode
181 and the second protrusion electrode 182, light transmit-
tance may be improved, and if a distance between the first
protrusion electrode 181 and the second protrusion electrode
182 is smaller than the width of each of the first protrusion
electrode 181 and the second protrusion electrode 182, the
driving voltage may be decreased. Because a display device
900 that uses blue phase liquid crystal may have a relatively
high driving voltage, it may be more advantageous to
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decrease the driving voltage. Therefore, the width of each of
the first electrode 191 and the second electrode 192 may be
greater than or equal to a distance between the first electrode
181 and the second electrode 182. However, the present
invention is not limited thereto. Therefore, when attempting
to increase light transmittance, rather than decrease the driv-
ing voltage, the width of each of the first protrusion electrode
181 and the second protrusion electrode 182 may be less than
a distance between the first protrusion electrode 181 and the
second protrusion electrode 182.

[0035] Further, in FIG. 2, a cross-section of the first protru-
sion electrode 181 and the second protrusion electrode 182
may have a quadrangular shape, but the present invention is
not limited thereto. Therefore, a cross-section of the first
protrusion electrode 181 and the second protrusion electrode
182 may be a polygonal shape, a semicircular shape, or a
semi-oval shape instead of a quadrangular shape.

[0036] Further, the protrusion electrode pattern 180 may be
made of a conductive polymer material. The conductive poly-
mer material may be made by mixing a conductive particle
with an insulating or semiconducting polymer, or by chemi-
cally processing an insulating or semiconducting polymer.
[0037] Hereinafter, the conductive polymer material that is
made by mixing a conductive particle with an insulating or
semiconducting polymer is referred to as a mixed conductive
polymer material.

[0038] The mixed conductive polymer material indicates a
polymer material having conductivity due to conductive par-
ticles that are mixed with the insulating or semiconducting
polymer.

[0039] The mixed conductive polymer material is made by
mixing conductive particles with a thermoplastic polymer
material. In this case, particles, such as metal powder par-
ticles, carbon nanotubes (CNT), and/or carbon nanofiber
(CNF), may be used as the conductive particles.

[0040] The mixed conductive polymer material may
include a highly conductive polyethylene-dioxythiophene
(PEDOT).

[0041] Hereinafter, a conductive polymer material that is
made by chemically processing an insulating or semiconduct-
ing polymer is referred to as a pure conductive polymer mate-
ral.

[0042] The pure conductive polymer material indicates a
polymer material that has conductivity due to chemical pro-
cessing of an insulating or semiconducting polymer.

[0043] The pure conductive polymer material may include
polyacetylene that is processed with iodine. By processing
polyacetylene having a semiconducting property with iodine,
the polyacetylene has electrical conductivity similar to that of
a metal.

[0044] The pure conductive polymer material may include
polyaniline, polypytrole, polythiophene, poly(p-phenylene),
poly(p-phenylene  vinylene),  poly(3,4-ethylenediox-
ythiophene) (PEDOT), or poly(thienylene vinylene).

[0045] Such conductive polymer materials may have elec-
trical conductivity in a range of 107¢ S/cm to 10° S/em.
[0046] Further, the first substrate 100 further includes TFT's
101 and 102, a gate line 121, and data lines 161a and 1615 that
are disposed on the first substrate member 110.

[0047] The TFT includes the first TFT 101 and the second
TFT102. Thefirst TFT 101 is connected to the first protrusion
electrode 181, and the second TFT 102 is connected to the
second protrusion electrode 182. The first TFT 101 and the
second TFT 102 are connected to the same gate line 121 and
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to different data lines 161a and 1615. Accordingly, different
voltages are applied to the first protrusion electrode 181 and
the second protrusion electrode 182, and a horizontal electric
field is generated between the first protrusion electrode 181
and the second protrusion electrode 182. The horizontal elec-
tric field is an electric field that is generated in a direction
substantially parallel to the substrates 100 and 200. Liquid
crystal of the liquid crystal layer 300 is moved by the hori-
zontal electric field generated between the first protrusion
electrode 181 and the second protrusion electrode 182.
[0048] Further, the first substrate 100 also includes a color
filter 175. The color filter 175 is disposed between the first
substrate member 110 and the protrusion electrode pattern
180. The color filter 175 gives a color to light passing through
the liquid crystal layer 300.

[0049] The second substrate 200 includes a second sub-
strate member 210 and is disposed opposite the first substrate
100.

[0050] The liquid crystal layer 300 includes crosslinked
blue phase liquid crystal and is disposed between the first
substrate 100 and the second substrate 200. The blue phase
liquid crystal of the liquid crystal layer 300 moves according
to a horizontal electric field generated between the first pro-
trusion electrode 181 and the second protrusion electrode
182. Because an operating temperature range of the blue
phase liquid crystal is small, the blue phase liquid crystal is
polymerized by adding a non-liquid crystalline monomer to
low molecule liquid crystal that can exhibit a blue phase and
applying ultraviolet rays to the monomer. Thereby,
crosslinked blue phase liquid crystal having a stabilized crys-
tal structure is manufactured. The crosslinked blue phase
liquid crystal has a form in which a net shape structure of a
polymer is formed in a low molecule liquid crystal. That is,
the blue phase liquid crystal is stabilized for a large tempera-
ture range by curing a monomer that is added to chiral nem-
atic liquid crystal in a polymer. The blue phase is one of liquid
crystal phases that appear in several temperature ranges
between a cholesteric phase and an isotropic phase.

[0051] When using the liquid crystal layer 300 including
the blue phase liquid crystal, it may be unnecessary to form an
alignment layer on the first substrate 100 and the second
substrate 200. When an electric field does not exist, the blue
phase liquid crystal has optical isotropy, exhibits a blue phase,
and does not have birefringence. In this state, if an electric
field is applied to the blue phase liquid crystal, the blue phase
liquid crystal may have optical anisotropy and birefringence.
Ags the intensity of an electric field increases, the number of
directors that are arranged in the direction of the electric field
increases, so the blue phase liquid crystal has refractive
anisotropy and thus its input polarization state changes. That
is, transmittance may be adjusted when the alignment of the
blue liquid crystal of the liquid crystal layer 300 changes
according to a horizontal electric field (transverse electric
field) that is formed between the first protrusion electrode 181
and the second protrusion electrode 182.

[0052] Further, when an electric field does not exist,
because the blue phase liquid crystal has optical isotropy, the
display device 900 drives in a normally black mode. That is,
the display device 900 displays black when a voltage is not
applied to the electrodes 181 and 182.

[0053] A non-liquid crystalline monomer is a material that
is polymerized by heat or ultraviolet rays. As the non-liquid
crystalline monomer, an acrylate-based monomer may be
used, but the non-liquid crystalline monomer is not limited
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thereto. As the non-liquid crystalline monomer, a monomer
including a polymerization radical such as a vinyl radical, an
acryloyl radical, or a fumarate radical may be used. An ini-
tiator that can initiate polymerization of a cross-linker and a
monomer may be used, as needed. As an initiator, acetophe-
none, benzophenone, etc., may be used. Further, it may be
possible to add a chiral dopant to exhibit a chiral nematic
phase to the liquid crystal layer 300.

[0054] A material that can exhibit a blue phase between a
cholesteric phase (chiral nematic phase) and an isotropic
phase may be used as the low molecule liquid crystal. Such a
low moleculeliquid crystal may include a molecular structure
suich as biphenyl and cyclohexyl, and may include a material
that has chirality or a material that can exhibit a cholesteric
phase when a chiral dopant is added.

[0055] Referring to FIG. 3 and FIG. 4, the blue phase liquid
crystal that is used for the display device 900 according to an
exemplary embodiment of the present invention is addition-
ally described.

[0056] As shown in FIG. 3, the blue phase liquid crystal
may be made by forming a light curable polymer when deriv-
ing a chiral phase to positive liquid crystal and forming a blue
phase at about 1 K (absolute temperature). Such blue phase
liquid crystal is stable at temperatures up to room tempera-
ture.

[0057] Because a blue phase that is stabilized for a large
temperature range by a polymer has a good equilibrium con-
stant (K), a gray can be expressed by applying an electric
field, and when an electric field does not exist, the blue phase
has optical isotropy.

[0058] As shown in FIG. 4, when an electric field does not
exist, blue phase liquid crystal has optical isotropy, exhibits a
blue phase, and does not have birefringence. In this state, if an
electric field is applied to the blue phase liquid crystal. the
blue phase liquid crystal has optical isotropy and birefrin-
gence. In this case, an electric field that is applied to the blue
phase liquid crystal is applied in a horizontal direction, i.e., a
direction that crosses a direction in which light passes
through the liquid crystal layer 300.

[0059] Further, the blue phase liquid crystal that is used for
the display device according to an exemplary embodiment of
the present invention may have a chiral pitch of 300 nm or
less, for example, about 200 nm. This is because the chiral
pitch of the blue phase liquid crystal should not overlap with
a wavelength region of visible rays. Because the wavelength
area of visible rays is in the range of about 350 nm to 650 nm,
the blue phase liquid crystal should have a chiral pitch of 300
nm or less.

[0060] Further, the blue phase liquid crystal may have very
high permittivity and refractive index, and has a nematic state.
[0061] Referring to F1G. 2, a structure of the display device
900 is described below in detail. FIG. 2 shows the first TFT
101. Hereinafter, a TFT actually indicates the first TFT 101,
but the second TFT 102 has a structure that is substantially
identical to that of the first TFT 101.

[0062] First, a structure of the first substrate 100 will be
described.

[0063] The first substrate member 110 may include a mate-
rial such as glass, quartz, ceramic, or plastic, and is transpar-
ently formed.

[0064] A plurality of gate lines 121 (see FIG. 1), a plurality
of gate electrodes 124 branched from the gate lines 121, and
a plurality of storage electrode lines 128 are disposed on the
first substrate member 110.
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[0065] The gate wires 121, 124, and 128 may be made of a
metal such as Al, Ag, Cr, Ti, Ta, Mo, and Cu, or alloys
including the metal. In FIG. 2, although the gate wires 121,
124, and 128 are shown in a single layer, the gate wires 121,
124, and 128 may include multiple layers. The gate wires 121,
124, and 128 may include a metal layer of Cr, Mo, Ti, and/or
Ta, which are excellent in physical and chemical characteris-
tics, or alloys including the same, or an Al-based or Ag-based
metal layer having low resistivity. The gate wires 121, 124,
and 128 may be made of various metals or conductors, and
may be made of a multilayer that can be patterned under the
same etching conditions.

[0066] The gate insulating layer 130, which may be made
of silicon nitride (SiN_), is disposed on the gate wires 121,
124, and 128.

[0067] A data wire including a plurality of data lines 161«
and 1616 (see FIG. 1) crossing the gate line 121, a plurality of
source electrodes 165 branched from the data lines 161a and
1615, and a plurality of drain electrodes 166 spaced apart
from the source electrode 165 is disposed on the gate insulat-
ing layer 130.

[0068] Like the gate wires 121, 124, and 128, the data wires
161a, 1615, 165, and 166 may be made of a conductive
material such as chromium, molybdenum, aluminum, copper,
or alloys including the same, and may be a single layer or
multiple layers.

[0069] A semiconductor layer 140 is disposed in a region
including an upper part of a gate insulating layer 130 on the
gateelectrode 124 and alower part ofthe source electrode 165
and the drain electrode 166. Specifically, at least a part of the
semiconductor layer 140 overlaps with the gate electrode
124, the source electrode 165, and the drain electrode 166.
The gate electrode 124, the source electrode 165, and the
drain electrode 166 are three electrodes of the TFT 101. The
semiconductor layer 140 between the source electrode 165
and the drain electrode 166 becomes a channel region of the
TFT 101.

[0070] Further, ohmic contacts 155 and 156 to reduce con-
tact resistance are disposed between the semiconductor layer
140 and each of the source electrode 165 and the drain elec-
trode 166. The ohmic contacts 155 and 156 may be made of
amorphous silicon in which silicide or an n-type impurity is
doped in a high concentration.

[0071] A passivation layer 170, which may be made of an
inorganic insulating material such as silicon nitride or silicon
oxide, an organic insulating material, or a low dielectric con-
stant insulating material such as a-Si:C:O and a-Si: O:F that is
formed by plasma enhanced chemical vapor deposition
(PECVD), may be disposed on the data wires 161a, 1615,
165, and 166.

[0072] Color filters 175 having three primary colors may be
sequentially disposed on the passivation layer 170. In this
case, colors of the color filters 175 are not limited to three
primary colors and may variously be formed in at least one
color. The color filters 175 give a color to light that passes
through the display device 900.

[0073] The color filter 175 is disposed on the passivation
layer 170, but the present invention is not always limited
thereto. Therefore, the color filter 175 may be formed
between the passivation layer 170 and the data wires 161a,
1615, 165, and 166. Further, the color filter 175 may be
disposed on the second substrate 200 rather than the first
substrate 100.
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[0074] Further, alight blocking member 176 is disposed on
a portion of the passivation layer 170 corresponding to the
TFT 101 and on which the color filter 175 is not disposed. The
light blocking member 176 suppresses an operation error of
the TFT 101 due to generation of a light leakage current when
light enters a channel region of the TFT 101. The light block-
ing member 176 is not always necessary and may be omitted
as needed.

[0075] A capping layer 179 is disposed on the color filter
175 and the light blocking member 176. The capping layer
179 protects organic layers including the color filter 175. The
capping layer 179 is not always necessary and may be omitted
as needed. The capping layer 179 may be made of various
materials, such as an inorganic layer including a material
similar to that of the passivation layer 170.

[0076] A protrusion electrode pattern 180 is disposed on
the capping layer 179. The protrusion electrode pattern 180
may be made of a conductive polymer material through an
imprinting process.

[0077] The protrusion electrode pattern 180 includes a first
protrusion electrode 181 and a second protrusion electrode
182. The first protrusion electrode 181 is connected to the first
TFT 101, and the second protrusion electrode 182 is con-
nected to the second TFT 102 (see FIG. 1). Specifically, the
first protrusion electrode 181 and the second protrusion elec-
trode 182 include a protruding electrode 1812 and a connec-
tion part 1811 that connects the protruding electrode 1812
and the TFT 101.

[0078] Further, a part 1815 of the protrusion electrode pat-
tern 180 overlaps a first storage electrode line 128 of a gate
wire to secure storage capacity.

[0079] Further, the passivation layer 170 and the capping
layer 179 have a plurality of contact holes 171 and 172 that
expose a portion of the drain electrode 166 of the first TFT
101 and the second TFT 102, respectively. In certain cases,
the color filter 175 may also have contact holes 171 and 172
together with the passivation layer 170 and the capping layer
179. The first protrusion electrode 181 and the second pro-
trusion electrode 182 are connected to the drain electrodes
166 of the first TFT 101 and the second TFT 102 through the
contact holes 171 and 172, respectively. Further, the color
filter 175 further includes an opening 174 formed on the first
storage electrode line 128.

[0080] Blue phase liquid crystal of the liquid crystal layer
300 has an arrangement state that changes according to a
horizontal electric field that is generated between the first
protrusion electrode 181 and the second protrusion electrode
182, whereby light transmittance may be adjusted.

[0081] Next, the second substrate 200 includes a second
substrate member 210 will be described.

[0082] Like the first substrate member 110, the second sub-
strate member 210 may include a material such as glass,
quartz, ceramic, or plastic, and is transparent.

[0083] However, in order to reduce the weight and thick-
ness thereof, the second substrate member 210 may be made
of plastic. The plastic may be polycarbonate, polyimide,
polyethersulfone (PES), polyallylate (PAR), polyethyl-
enenaphthalate (PEN), or polyethyleneterephthalte (PET),
but is not limited thereto.

[0084] The display device 900 according to an exemplary
embodiment of the present invention has a protrusion elec-
trode that is accurately formed while having a simple struc-
ture, whereby the driving voltage thereof may be stably
decreased.
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[0085] A method of manufacturing a display device 900
according to an exemplary embodiment of the present inven-
tion is described hereinafter with reference to FIG. 5, FIG. 6,
FIG. 7, FIG. 8, FIG. 9, FIG. 10, and FIG. 11.

[0086] First, as shown in FIG. 5, the TFT 101 including the
gate electrode 124, the semiconductor layer 140, the ohmic
contacts 155 and 156, the drain electrode 166, and the source
electrode 165, and the passivation layer 170 that covers the
TFT 101 are formed. A structure of the TFT 101 is not limited
to the structure that is shown in the accompanying drawings,
and the TFT 101 may have any of various structures. Further,
the storage electrode line 128 may be formed simultaneously
with the gate electrode 124 on the same layer and with the
same material as that of the gate electrode 124.

[0087] Next, as shown in FIG. 6, the color filter 175 is
formed on the passivation layer 170. The color filter 175 has

an opening 174 corresponding to the storage electrode line
128.

[0088] As shown in FIG. 7, the TFT 101 is covered by
forming the light blocking member 176.

[0089] As shown in FIG. 8, after the capping layer 179 that
covers the color filter 175 and the light blocking member 176
is formed, a contact hole 171 that exposes the drain electrode
166 of the TFT 101 is formed through a photolithography
process.

[0090] Next, as shown in FIG. 9, a conductive polymer
layer 800 is coated on the capping layer 179. The conductive
polymer layer 800 is made by mixing conductive particles
with an insulating or semiconducting polymer or by chemi-
cally processing an insulating or semiconducting polymer.
Specifically, for example, the conductive polymer layer may
be made ofa highly conductive polyethylene-dioxythiophene
(PEDOT), or may be made by chemically processing at least
one of polyacetylene, polyaniline, polypyrrole, poly-
thiophene, poly(p-phenylene), poly(p-phenylene vinylene),
poly(3,4-ethylenedioxythiophene) (PEDOT), or poly(thie-
nylene vinylene).

[0091] As shown in FIG. 10, the conductive polymer layer
800 is then imprinted using a mold 850 in which a depression
pattern 851 is formed. The depression pattern 851 has a shape
corresponding to the protrusion electrode pattern 180 to form
with the conductive polymer layer 800. Therefore, when the
mold 850 is removed after imprinting, the protrusion elec-
trode pattern 180 is formed.

[0092] The protrusion electrode pattern 180 includes a first
protrusion electrode 181 and a second protrusion electrode
182. The first protrusion electrode 181 and the second pro-
trusion electrode 182 are connected to the first TFT 101 and
the second TFT 102 through the contact holes 171 and 172,
respectively.

[0093] Each of the first protrusion electrode 181 and the
second protrusion electrode 182 may have a width in the
range of 1 wm to 10 um, and the first protrusion electrode 181
and the second protrusion electrode 182 may be disposed at a
distance in the range of 1 pm to 10 pm therebetween. Further,
the protrusion electrode pattern 180 may have a height in the
range of 1 um to 6 pm.

[0094] Inaddition, although not shown, an etching process
that removes the remaining layer after imprinting may be
further included. By removing the remaining layer through
the etching process, the first protrusion electrode 181 and the
second protrusion electrode 182 may be prevented from being
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connected by the remaining layer, and the conductive poly-
mer layer 800 remaining in an unnecessary portion is
removed.

[0095] By such a manufacturing method, a protrusion elec-
trode pattern, which may be made of a conductive polymer
material, may be easily and accurately formed.

[0096] According to exemplary embodiments of the
present invention, as the display device has a protrusion elec-
trode that has a simple structure and is accurately formed, the
driving voltage may be stably decreased.

[0097] Further, a method of manufacturing a display device
in which a protrusion electrode may easily be formed may be
provided.

[0098] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A display device, comprising;

a first substrate comprising a protrusion electrode pattern;

a second substrate disposed opposite the first substrate; and

a liquid crystal layer disposed between the first substrate

and the second substrate,

wherein the protrusion electrode pattern comprises a con-

ductive polymer material, and a state of the liquid crystal
layer changes from an isotropic state to an anisotropic
state when an electric field is applied.

2. The display device of claim 1, wherein the conductive
polymer material comprises:

a conductive particle; and

an insulating polymer or a semiconducting polymer.

3. The display device of claim 1, wherein the conductive
polymer material comprises either a chemically processed
insulating polymer or a chemically processed semiconduct-
ing polymer.

4. The display device of claim 1, wherein the protrusion
electrode pattern comprises a first protrusion electrode and a
second protrusion electrode disposed apart from each other,
and

the first protrusion electrode and the second protrusion

electrode have slit patterns that are alternately engaged
with each other.

5. The display device of claim 4, wherein the first substrate
comprises:

gate lines;

data lines;

a first thin film transistor (TFT) connected to the first pro-

trusion electrode; and

a second TFT connected to the second protrusion elec-

trode,

wherein the first TFT and the second TFT are connected to

the same gate line and to different data lines.

6. The display device of claim 4, wherein liquid crystal of
the liquid crystal layer is moved by an electric field generated
between the first protrusion electrode and the second protru-
sion electrode, and

the electric field is a horizontal electric field substantially

parallel to the first substrate and the second substrate.

7. The display device of claim 4, wherein each of the first
protrusion electrode and the second protrusion electrode has
a width in the range of 1 um to 10 um, and
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the first protrusion electrode and the second protrusion
electrode are disposed at a distance in the range of 1 um
to 10 pm from each other.

8. The display device of claim 1, wherein the protrusion
electrode pattern has a height in the range of 1 pm to 6 um.

9. A method of manufacturing a display device, compris-
ing:

forming a thin film transistor (TFT) on a substrate;

coating a conductive polymer layer on the substrate and the

TFT; and

forming a protrusion electrode pattern that is connected to

the TFT by imprinting the conductive polymer layer.

10. The method of ¢laim 9, wherein a mold in which a
depression pattern corresponding to the protrusion electrode
pattern is formed is used to imprint the conductive polymer
layer.

11. The method of claim 9, wherein forming the protrusion
electrode pattern further comprises an etching process that
removes a portion of the conductive polymer layer that is not
part of the protrusion electrode pattern after imprinting.

12. The method of claim 9, further comprising mixing a
conductive particle with either an insulating polymer or a
semiconducting polymer to form the conductive polymer
layer.

13. The method of claim 9, wherein the conductive poly-
mer layer comprises either a chemically processed insulating
polymer or a chemically processed semiconducting polymer.
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14. The method of claim 9, wherein the TFT comprises a
first TFT and a second TFT,
the protrusion electrode pattern comprises a first protrusion
electrode connected to the first TFT and a second pro-
trusion electrode connected to the second TFT and
spaced apart from the first protrusion electrode, and

the first protrusion electrode and the second protrusion
electrode having slit patterns that are alternately
engaged with each other.

15. The method of claim 14, wherein each of the first
protrusion electrode and the second protrusion electrode has
a width in the range of 1 um to 10 pm, and

the first protrusion electrode and the second protrusion

electrode are disposed at a distance in the range of 1 pm
to 10 um from each other.

16. The method of claim 9, wherein the protrusion elec-
trode pattern has a height in the range of 1 pm to 6 pm.

17. The method of claim 9, further comprising forming a
color filter between the substrate and the protrusion electrode
pattern.

18. The display device of claim 2, wherein the conductive
particle comprises a metal powder particle, acarbon nanotube
(CNT), or carbon nanofiber (CNF).

19. The display device of claim 1, wherein the liquid crys-
tal layer has a chiral pitch of 300 nm or less.

20. The display device of claim 19, wherein the liquid
crystal layer has a chiral pitch of 200 nm.
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