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A liquid crystal display includes a first substrate, a gate line
and first and second data lines disposed on the first substrate,
a first thin film transistor connected to the gate line and the
first data line, a second thin film transistor connected to the
gate line and the second dataline, a color filter disposed on the
first substrate, a protrusion disposed on the color filter, a first
pixel electrode including a first linear electrode disposed on
the protrusion and connected to the first thin film transistor, a
second pixel electrode including a second linear electrode
disposed on the protrusion and connected to the second thin
film transistor, a second substrate disposed facing the first
substrate, and blue phase liquid crystal disposed between the
first substrate and the second substrate.

-
—134
131 230
\
187 194
—187-1
[ —191-1
191 | 190-1
190
185 [ —185-1
175— —175-1

— 1731




Patent Application Publication

Mar. 4,2010 Sheet 1 of 32

FIG. 1

US 2010/0053490 A1

A
330 i)
Iso
320 i B wa
% "
o 310 f
£ 300 +
5 Transition
- temperature
290 - 1. @ iso/BP
2. % BP/N*
280 I L i o
010 2/8 46 6/4 872

EHA / RM257 molar ratio

10/0



US 2010/0053490 A1

Mar. 4,2010 Sheet 2 of 32

Patent Application Publication

FIG. 2

230

_ &
+ L L & b b T
i ]
| /) ] / / , -
7 ] =
.,A\. M_ “uw _ —~
[ PR
N
oy -
], WS
ﬁ./ I §
, ] L
\ /
I A ~
o T =



US 2010/0053490 A1

Mar. 4,2010 Sheet 3 of 32

Patent Application Publication

¢l 0¢¢ 081 orl SL1 G911 vel €91 €L1

f, /, r A J _

”
|
\ A AL
\ | . ] AR N
161 b6l 181 [I-16l 522 1-161 522 1-161 06+ g8 0¢¢ 012 ¢
572 ¢zz %0 16l 522 161 522 161
¢ DI



Patent Application Publication =~ Mar. 4,2010 Sheet 4 of 32 US 2010/0053490 A1

FIG. 4
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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0085112 filed in the Korean Intel-
lectual Property Office on Aug. 29, 2008, and all the benefits
accruing therefrom under 35 U.S.C. §119, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a display device.
More particularly, the present invention relates to a display
device using blue phase liquid crystal.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display is one type of flat panel
display thatis widely used. The liquid crystal display includes
two display panels in which a field generating electrode, such
as a pixel electrode, and a common electrode is formed, and a
liquid crystal layer interposed therebetween. The liquid crys-
tal display generates an electric field in a liquid crystal layer
by applying a voltage to a field generating electrode, thereby
determining alignment of liquid crystal molecules of the lig-
uid crystal layer and displaying images by controlling polar-
ization of incident light.

[0006] Intheliquid crystal display, because a transmittance
of light is determined by an alighment state of a liquid crystal
layer, in order to quickly change the alignment state, a rela-
tively fast response speed of the liquid crystal layer is
required.

[0007] Aliquid crystal display using blue phase liquid crys-
tal, in which a state of the liquid crystal exists between a
nematic mode and an isotropic mode, has been developed.
The blue phase liquid crystal has a relatively very fast
response speed of about 3 micrometers (um).

BRIEF SUMMARY OF THE INVENTION

[0008] When aliquid crystal display includes a liquid crys-
tal display using blue phase liquid crystal, in which a state of
the liquid crystal exists between a nematic mode and an
isotropic mode, there may be challenges in operating and
manufacturing the liquid crystal display. For example, there
may be a problem where a required driving voltage of the
liquid crystal is relatively very high, and light leakage occurs
between the electrodes.

[0009] An exemplary embodiment of the present invention
provides a liquid crystal display having advantages of
improving picture quality by reducing a level of a driving
voltage, and reducing or effectively blocking light leakage
between the electrodes.

[0010] An exemplary embodiment of the present invention
provides a liquid crystal display including a first substrate; a
gate line disposed on the first substrate and extending in a first
direction, first and second data lines extending in a second
direction and isolated from and intersecting the gate line, a
first thin film transistor connected to the gate line and the first
data line, a second thin film transistor connected to the gate
line and the second data line, a passivation layer covering the
first and second thin film transistors, a black matrix disposed
on the passivation layer and disposed in a region correspond-
ing to the gate line, the first and second data lines, and the first
and second thin film transistors, a color filter disposed on the
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passivation layer and positioned at a region where the black
matrix is not disposed, a protrusion disposed on the color
filter, a first pixel electrode including a first linear electrode
disposed on the protrusion and connected to the first thin film
transistor, a second pixel electrode including a second linear
electrode disposed on the protrusion and connected to the
second thin film transistor, a second substrate disposed oppo-
site to the first substrate, and blue phase liquid crystal dis-
posed between the first substrate and the second substrate.
Light is not transmitted through the first linear electrode and
the protrusion, and light is not transmitted through the second
linear electrode and the protrusion.

[0011] The protrusion may be made of the same material as
that of the black matrix.

[0012] The first pixel electrode including the first linear
protrusion, and the second pixel electrode including the sec-
ond linear protrusion may be formed with an opaque conduc-
tor.

[0013] The liquid crystal display may further include a
capping layer covering the black matrix and the color filter.
[0014] An opaque metal layer may be disposed under the
protrusion and on the color filter.

[0015] The liquid crystal display may further include a
capping layer covering the black matrix and the color filter,
and disposed under the opaque metal layer.

[0016] The protrusion may have a cross-section of a bell
shape, or one of a semicircular cross-section, a semi-oval
cross-section, a triangular cross-section, and a trapezoidal
cross-section.

[0017] A side surface of the protrusion may have a taper
form.
[0018] Before an electric field is applied, the blue phase

liquid crystal may have optically isotropic characteristics
because disordered domains are arranged in a nano size, and
when an electric field is applied, the blue phase liquid crystal
may have optically anisotropic characteristics because liquid
crystals are arranged in an electric field direction.

[0019] The first pixel electrode and the second pixel elec-
trode may be electrically connected to the first thin film tran-
sistor and the second thin film transistor through first and
second contact holes, respectively. The first contact hole may
be formed in the color filter and the passivation layer and
expose a drain electrode of the first thin film transistor. The
second contact hole may be formed in the color filter and the
passivation layer and expose a drain electrode of the second
thin film transistor.

[0020] When a data voltage is applied to the first pixel
electrode, a common voltage may be applied to the second
pixel electrode.

[0021] When a data voltage is applied to the first pixel
electrode, a voltage having polarity opposite to that of the data
voltage and of a same magnitude as the data voltage may be
applied to the second pixel electrode.

[0022] The protrusion and the first and second linear elec-
trodes may be obliquely disposed relative to the gate line and
the first and second data lines.

[0023] The protrusion and the first and second linear elec-
trodes may be disposed in an angle of about 45° relative to the
gate line.

[0024] A first polarizer and a second polarizer may be
attached to an outside of the first substrate and the second
substrate, respectively. The first polarizer and the second
polarizer may have a transmissive axis, and the transmissive
axis of the first polarizer and the transmissive axis of the
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second polarizer may have an angle of about 45° relative to
the first linear electrode or the second linear electrode.
[0025] The liquid crystal display may further include a
storage electrode line in parallel to the gate line and including
a storage electrode.

[0026] Thefirst pixel electrode may include a trunk portion,
and a surface electrode corresponding to the first linear elec-
trode and the storage electrode, and the first linear electrode
may extend from the trunk portion and the surface electrode.
[0027] The second pixel electrode may include an inverse
&--shaped trunk portion and the second linear electrode, and
the second linear electrode may extend from the inverse
& --shaped trunk portion.

[0028] An exemplary embodiment of the present invention
provides a liquid crystal display including, a first substrate, a
gate line disposed on the first substrate and extending in a first
direction, first and second data lines extending in a second
direction and electrically insulated from and intersecting the
gate line, a first thin film transistor connected to the gate line
and the first data line, a second thin film transistor connected
to the gate line and the second data line, a passivation layer
covering the first and second thin film transistors, a black
matrix disposed on the passivation layer and disposed in a
region corresponding to the gate line, the first and second data
lines, and the first and second thin film transistors, a color
filter disposed on the passivation layer and positioned at a
region where the black matrix is not disposed, a protrusion
disposed formed on the color filter and includes an organic
film, a first pixel electrode including a first linear electrode
disposed on the protrusion and connected to the first thin film
transistor, a second pixel electrode including a second linear
electrode disposed on the protrusion and connected to the
second thin film transistor, a second substrate disposed oppo-
site to the first substrate, and blue phase liquid crystal dis-
posed between the first substrate and the second substrate. A
refractive index in a specific state of the blue phase liquid
crystal is the same as a refractive index of the protrusion.
[0029] A refractive index of the blue phase liquid crystal
when the liquid crystal display displays black may be the
same as a refractive index of the protrusion.

[0030] An exemplary embodiment of the present invention
provides a method of manufacturing a display device. The
method includes forming an organic film pattern by stacking
and patterning an organic material on an insulation substrate,
stacking a first layer on the organic film pattern and the
insulation substrate, exposing the organic film and the first
layer from a rear surface of the insulation substrate with
ultraviolet rays using the organic film pattern as a mask, and
patterning the first layer.

[0031] The organic film pattern may be hard-baked or a
surface treatment of the organic film pattern may be per-
formed.

[0032] Thesurfacetreatment may be performed with one of
N-methylpyrrolidone (NMP), which is a strong alkali organic
solvent, metyl n-butyl ketone (MBK), which is an organic
solvent for a resin, and acetone.

[0033] The first layer may have photosensitivity.

[0034] The method may further include stacking a photo-
resist on the first layer, and patterning the photoresist by
developing after exposing the rear surface. The patterning of
the first layer may include etching the first layer using the
patterned photoresist as a mask.

[0035] An exemplary embodiment of a liquid crystal dis-
play according to the present invention has advantages of a
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driving voltage is reduced, and picture quality is improved by
blocking light leakage between electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 11is a graph illustrating an exemplary embodi-
ment of a mixed ratio and a temperature of blue phase liquid
crystal, according to the present invention.

[0037] FIG.2isalayout view of an exemplary embodiment
of aliquid crystal display, according to the present invention.
[0038] FIG. 3 is a cross-sectional view of the liquid crystal
display taken along line III-III of FIG. 2.

[0039] FIGS. 4, 6,8, 10, 12, and 14 are layout views in an
intermediate step of an exemplary embodiment of a method
of manufacturing a thin film transistor array panel of the
liquid crystal display of FIGS. 2 and 3, according to the
present invention.

[0040] FIG. 51is a cross-sectional view illustrating the thin
film transistor array panel taken along line V-V of FIG. 4.
[0041] FIG. 7is a cross-sectional view illustrating the thin
film transistor array panel taken along line VII-VII of FIG. 6.
[0042] FIG. 9is a cross-sectional view illustrating the thin
film transistor array panel taken along line IX-IX of FIG. 8.
[0043] FIG. 11is across-sectional view illustrating the thin
film transistor array panel taken along line XI-XI of FIG. 10.
[0044] FIG. 13 is across-sectional view illustrating the thin
film transistor array panel taken along line XIII-XIII of FIG.
12.

[0045] FIG. 15is across-sectional view illustrating the thin
film transistor array panel taken along line XV-XV of F1G. 14.
[0046] FIG. 16 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line III-I1T of FIG. 2, according to the present invention.
[0047] FIGS.17to 19 are cross-sectional views illustrating
an exemplary embodiment of a process of manufacturing a
thin film transistor array panel.

[0048] FIG. 20 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line III-I1T of FIG. 2, according to the present invention.
[0049] FIGS. 21 to 24 are cross-sectional views illustrating
an exemplary embodiment of a process of manufacturing a
thin film transistor array panel.

[0050] FIG. 25 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line III-I1T of FIG. 2, according to the present invention.
[0051] FIGS. 26 to 31 are cross-sectional views illustrated
an exemplary embodiment of a process of forming a pixel
electrode on a protrusion, using a protrusion including an
organic material as a mask.

[0052] FIGS. 32 and 33 are graphs illustrating a transmit-
tance to a wavelength of an organic material.

[0053] FIGS. 34 to 41 are cross-sectional views illustrating
an exemplary embodiment of a method of manufacturing a
thin film transistor array panel of FIGS. 22 to 24.

[0054] FIG. 42 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line III-IIT of FIG. 2, according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0055] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention is not limited to the exemplary embodi-
ments, but may be embodied in various forms. In the draw-



US 2010/0053490 A1

ings, the thickness of layers, films, panels, regions, etc., are
exaggerated for clarity. Like reference numerals designate
like elements throughout the specification. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0056] Itwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0057] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0058] Spatially relative terms, such as “lower”, “under,”
“above”, “upper” and the like, may be used herein for ease of
description to describe the relationship of one element or
feature to another element(s) or feature(s) as illustrated in the
figures. It will be understood that the spatially relative terms
are intended to encompass different orientations of the device
in use or operation, in addition to the orientation depicted in
the figures. For example, if the device in the figures is turned
over, elements described as “below” or “beneath” relative to
other elements or features would then be oriented “above”
relative to the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0059] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0060] Embodiments of the invention are described herein
with reference to cross-sectionillustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing.

[0061] For example, an implanted region illustrated as a
rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
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takes place. Thus, the regions illustrated in the figures are
schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to limit the scope of the invention.

[0062] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0063] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0064] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings.
[0065] Blue phase liquid crystal is described hereinafter
with reference to FIG. 1.

[0066] FIG. 11is a graph illustrating an exemplary embodi-
ment of a mixed ratio and a temperature of blue phase liquid
crystal according to the present invention.

[0067] The horizontal axis of FIG. 1 represents a mixed
ratio of a material, and the vertical axis thereof represents a
Kelvin temperature (K). In an exemplary embodiment of the
present invention, as an addition material of liquid crystal,
ethyl hexyl acrylate (EHA) and RM257 (a product name) are
used.

[0068] When a material having chirality as a dopant is
added to liquid crystal, the liquid crystal is changed to a
nematic mode or an isotropic mode according to a tempera-
ture, and has a blue phase mode in a relatively narrow tem-
perature range between the nematic mode and the isotropic
mode. Because the blue phase mode has a narrow temperature
range, it may be difficult to use the blue phase mode for a
liquid crystal display. Accordingly, by adding a small quan-
tity of a monomer to the liquid crystal, and then radiating
Uvfmf to the liquid crystal, blue phase liquid crystal is stabi-
lized through polymerization. Thereafter, a liquid crystal dis-
play is manufactured using stabilized blue phase liquid crys-
tal.

[0069] FIG. 1 shows a case where EHA and RM257 are
used as a monomer. In FIG. 1, a region where “N*” is dis-
played has a nematic mode, a region where “Iso” is displayed
has an isotropic mode, and a region where “BP” is displayed
has a blue phase. A region A represents a region having a blue
phase exists only in a relatively narrow temperature range. If
a liquid crystal display is manufactured using materials from
the region A, according to a use environment (particularly, a
temperature) of the liquid crystal display, images may not be
displayable, so that blue phase liquid crystal cannot be used
for the liquid crystal display. However, when EHA and
RM257 are added with a ratio of 6:4 to 8:2 and UV is radiated
and stabilized (a case BP), blue phase liquid crystal exists in
a relatively wide temperature range, and (stabilized) blue
phase liquid crystal can be advantageously used as liquid
crystal for the liquid crystal display.
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[0070] 1In blue phase liquid crystal, because liquid crystals
having an optical anisotropy are disorderedly arranged, the
entire blue phase liquid crystals have characteristics of isot-
ropy. If an electric field is applied to blue phase liquid crystal,
liquid crystals arranged in the corresponding electric field
direction increase and have anisotropic characteristics. Fur-
ther, because a domain formed by each liquid crystal has a
nano size, liquid crystals have negligible or effectively no
influence on each other.

[0071] Due to characteristics of blue phase liquid crystal,
exemplary embodiments of a liquid crystal display according
to the present invention has the following advantageous char-
acteristics.

[0072] An alignment layer disposed at the inside of the
substrate is not required. Since blue phase liquid crystals are
disorderedly arranged, but before an electric field is applied,
blue phase liquid crystal has a property of isotropy, it is
unnecessary to form an alignment layer.

[0073] Another characteristic of a liquid crystal display
using blue phase liquid crystal, is that a cell gap of a liquid
crystal layer is not critical to a display device. For example, it
is necessary to form blue phase liquid crystal only in a mini-
mal predetermined thickness or more, and even if a liquid
crystal layer including the blue phase liquid crystal is rela-
tively thickly formed, characteristics thereof do not change.
Advantageously, it is unnecessary to manufacture a display
device in consideration of a thickness of the liquid crystal
layer.

[0074] Another advantageous characteristic of a liquid
crystal display using blue phase liquid crystal, is that even
when the liquid crystal display including the blue phase liquid
crystal is pressed manually (e.g., by a hand), a bruising phe-
nomenon in which a color sense of images changes, does not
occur.

[0075] Because liquid crystal has isotropy in essentially all
directions, it is unnecessary that the liquid crystal display uses
a compensation film.

[0076] Exemplary embodiments of a structure of a liquid
crystal display using the stabilized blue phase liquid crystal is
described in detail with reference to the drawings.

[0077] FIG.2isalayout view of an exemplary embodiment
of aliquid crystal display according to the present invention,
and FIG. 3 is a cross-sectional view of the liquid crystal
display taken along line 1II-III of FIG. 2.

[0078] First, a lower thin film transistor array panel is
described.
[0079] Gate wires 121, 124, and 124-1 and a storage

capacitance line 131 are disposed on a transparent insulation
substrate 110. The transparent insulation substrate may
include glass, and so on.

[0080] The gate wires 121 and 124 include a gate line 121
extending substantially in a first (horizontal) direction in the
layout view. A portion of the gate line 121 protrudes upwards
in asecond (vertical) direction in the layout view, to form gate
electrodes 124 and 124-1. As shown in FIG. 2, a plurality of
the gate electrode, e.g., two gate electrodes 124 and 124-1, are
disposed in each of a pixel area.

[0081] The storage capacitance line 131 is disposed sub-
stantially in parallel to the gate line 121. The storage capaci-
tance line 131 may include a portion having a relatively wider
first width within the pixel area than a second width of the
storage capacitance line 131 disposed overlapping bound-
aries of the pixel area. The portion of the storage capacitance
line 132 having the (wider) first width forms a storage elec-
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trode 134. The first and the second widths are taken in the
second direction, substantially perpendicular to the first
direction.

[0082] The gate wires 121, 124, and 124-1, and the storage
capacitance line 131 are covered with a gate insulating layer
140. The gate insulating layer 140 may be disposed on and
overlap an entire of the transparent substrate 110, and may
directly contact the gate wires 121, 124, and 124-1. and the
storage capacitance line 131. Semiconductor layers 154 and
154-1, which may include amorphous silicon, are disposed on
portions of the gate insulating layer 140. The semiconductor
layers 154 and 154-1 are overlapped with the gate electrodes
124 and 124-1, and form a channel of a thin film transistor.
Ohmic contact layers 163, 165, 163-1, and 165-1, which may
include amorphous silicon in which N-type impurity such as
phosphorous is doped with a high concentration, are disposed
on the semiconductor layers 154 and 154-1. The ohmic con-
tact layers 163 and 165, and the ohmic contact layers 163-1
and 165-1, are separated from each other to define the channel
of the thin film transistor.

[0083] Data wires 171, 173,175, 171-1, 173-1, and 175-1
are disposed on the ohmic contact layers 163,165, 163-1, and
165-1 and the gate insulating layer 140. The data wires 171,
173,175,171-1,173-1, and 175-1 include two data lines 171
and 171-1 extending substantially in the vertical direction,
source electrodes 173 and 173-1 respectively connected
thereto, and drain electrodes 175 and 175-1 respectively sepa-
rated therefrom. The source electrodes 173 and 173-1 and the
drain electrodes 175 and 175-1 are respectively separated
from each other, further defining the channel of the thin film
transistor. The source electrodes 173 and 173-1 respectively
protrude upwards in the vertical direction in the layout view
from the data lines 171 and 171-1 in an upper part of the gate
electrodes 124 and 124-1, and have substantially a “U” shape,
or a horse’s hoof shape. The drain electrodes 175 and 175-1
are respectively disposed opposite to the source electrodes
173 and 173-1 relative to the channel of the thin film transis-
tor, and a first (distal) end thereof is positioned within a “U”
shape, or a horse’s hoof shape of the source electrodes 173
and 173-1, while a second end thereof is extended and has a
relatively wide width taken in the first and/or second direc-
tions.

[0084] The ohmic contact layers 163, 165, 163-1, and
165-1 are disposed only in a region where the semiconductor
layers 154 and 154-1 and the data wires 171,173, 175,171-1,
173-1, and 175-1 overlap. The gate electrode 124, the semi-
conductor layer 154, the source electrode 173, and the drain
electrode 175 define a single e.g., one) first transistor, and the
gate electrode 124-1, the semiconductor layer 154-1, the
source electrode 173-1, and the drain electrode 175-1, which
are symmetrically disposed thereto, define a single second
transistor.

[0085] A passivation layer 180 is disposed on the data wires
171,173,175,171-1,173-1, and 175-1. A color filter 230 and
a black matrix 220 are both disposed on the transparent sub-
strate 110, and directly on and contacting portions of the
passivation layer 180. The black matrix 220 may be disposed
directly onanuppermost surface of the transistor, the gate line
121, and the data lines 171 and 171-1. The color filter 230 is
disposed in a region where the black matrix 220 is not dis-
posed (e.g., except for the black matrix 220). A portion of the
color filter 230 may directly contact the drain electrode 175
and 175-1, as shown in FIG. 3.
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[0086] Openings 185, 185-1,187 and 187-1 are disposed in
an upper part of the drain electrodes 175 and 175-1 and an
upper part of the storage electrode 134. The openings 185 and
185-1 are disposed to extend completely through the passi-
vation layer 180 and the color filter 230, and expose an upper
surface of the drain electrodes 175 and 175-1 respectively. In
contrast, the openings 187 and 187-1 are formed to extend
only completely through the color filter 230, while not being
formed to extend into the passivation layer 180. Referring to
FIG. 2, a leftmost boundary of the opening 187, and a right-
most boundary of the opening 187-1 are disposed at a distance
away from longitudinal edges extending in a longitudinal
direction (e.g., second direction) of the color filter 230. The
openings 187 and 187-1 are spaced away from each other in
a transverse direction (e.g., first direction) within the color
filter 230. A portion of the color filter 230 is disposed between
the openings 187 and 187-1, at substantially a center of the
color filter 230, and extends substantially in the second direc-
tion.

[0087] A plurality of a protrusion 225 is disposed directly
on an upper surface of the color filter 230. In the illustrated
exemplary embodiment, the protrusion 225 has a substan-
tially bell-shaped section, but may have various cross-section
shapes such as a semicircular shape, a semi-oval shape, a
triangular shape, and a trapezoidal shape in alternative
embodiments. It is preferable that a side surface of the pro-
trusion 225 has a taper shape, such that a width of the protru-
sion 225 increases from a distal end of the protrusion 225
towards the color filter 230. The width of the protrusion 225
may be taken substantially in the first and/or second direc-
tions. In an exemplary embodiment, the protrusion 225 may
include a same material as that of the black matrix 220, and
may be configured to not transmit (e.g., block) light incident
thereon.

[0088] A first pixel electrode 190 and a second pixel elec-
trode 190-1 are disposed directly on the protrusions 225. The
first pixel electrode 190 and the second pixel electrode 190-1
are electrically connected to the drain electrodes 175 and
175-1 through the openings 185 and 185-1, respectively. The
first and second pixel electrodes 190 and 190-1 may include
a transparent conductor such as ITO or IZO. The first and
second pixel electrodes 190 and 190-1 may respectively
include aplurality of a first linear electrode 191 and a plurality
of a second linear electrode 191-1, each extending in an
oblique direction relative to the gate line 121 and the data
lines 171 and 171-1. Both the first linear electrode 191 and the
second linear electrode 191-1 of the first pixel electrode 190
and the second pixel electrode 190-1, are disposed directly on
and overlapping the protrusions 225. The first linear elec-
trodes 191 and the second linear electrodes 191-1 may com-
pletely overlap surfaces of the protrusions 225 not facing the
color filter 230. A lower surface of the first and second pixel
electrodes 190 and 190-1, of the first and second linear elec-
trodes 191 and 191-1 may directly contact an upper surface of
the color filter 230.

[0089] A structure of the first pixel electrode 190 is
described as follows.

[0090] The first pixel electrode 190 includes a first trunk
portion disposed along the first data line 171, and a surface
electrode 194. A boundary of the first trunk portion of the first
pixel electrode 190 extends substantially parallel to the data
line 171, and is spaced apart from the data line 171. The
surface electrode 194 substantially corresponds to the storage
electrode 134, and is overlaps a portion of the storage elec-
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trode 134. The first linear electrode 191 extends in an oblique
direction from the first trunk portion and the surface electrode
194. Referring to FIG. 2, the first linear electrode 191 extends
in a right upper direction from an upper edge of the surface
electrode 194, and the first linear electrode 191 extends in a
right lower direction from a lower edge of the surface elec-
trode 194. In an exemplary embodiment, the first linear elec-
trode 191 is disposed in an angle of about 45° relative to the
gate line 121 or the data lines 171 and 171-1.

[0091] The second pixel electrode 190-1 includes an upper
portion and a lower portion both substantially in parallel to
the gate line 121, and a side portion disposed along the second
data line 171-1, which may be considered a second trunk
portion of an inverse =--shaped structure. The second linear
electrode 191-1 extends from the second trunk portion of an
inverse =--shaped structure. The second linear electrode
191-1 extends in a left lower direction relative to the upper
edge of the surface electrode 194, and the second linear elec-
trode 191-1 extends in a left upper direction relative to the
lower edge of the surface electrode 194.

[0092] Each of thefirst linear electrodes 191 and each of the
second linear electrodes 191-1 are disposed directly on a
protrusion 225, and are disposed substantially in parallel to
each other. Different voltages are applied to the first linear
electrodes 191 and the second linear electrodes 191-1. In an
exemplary embodiment, a common voltage is applied to one
side thereof, and a data voltage is applied to the other side
thereof. Alternatively, a data voltage may be applied to one
side thereof, and a data voltage having opposite polarity may
be applied to the other side thereof.

[0093] Intheillustrated embodiment, a separate member of
the liquid crystal display is not disposed on a transparent
substrate 210 of an upper panel facing the thin film transistor
panel. The black matrix 220, the color filter 230, etc., are
disposed on the (lower) thin film transistor array panel.
[0094] Polarizers 12 and 22 are attached to an outermost
surface of the transparent substrate 110 of the thin film tran-
sistor display panel, and an outermost surface of the transpar-
ent substrate 210 of the upper panel, respectively. In an exem-
plary embodiment, absorption axes of the polarizers 12 and
22 are disposed substantially perpendicular to each other,
and/or may have an angle of about 45° relative to the first
linear electrode 191 and the second linear electrode 191-1.
[0095] Inthe illustrated embodiment, an alignment layer is
advantageously not disposed at the innermost surface of the
thin film transistor array panel and of the upper panel. A liquid
crystal 3 is disposed, such as by injection, between the upper
panel and the lower panel. The liquid crystal layer 3 is blue
phase liquid crystal.

[0096] An exemplary embodiment of a method of manu-
facturing a thin film transistor array panel in the liquid crystal
display shown in FIGS. 2 and 3, is described in detail with
reference to FIGS. 4 to 15.

[0097] FIGS. 4, 6, 8,10, 12, and 14 are layout views of an
exemplary embodiment of an intermediate step of a method
of manufacturing a thin film transistor array panel of the
liquid crystal display of FIGS. 2 and 3 according to the
present invention, FIG. 5 is a cross-sectional view illustrating
the thin film transistor array panel taken along line V-V of
FIG. 4, FIG. 7 is a cross-sectional view illustrating the thin
film transistor array panel taken along line VII-VII of FIG. 6,
FIG. 9 is a cross-sectional view illustrating the thin film
transistor array panel taken along line IX-IX of FIG. 8, FIG.
11 is a cross-sectional view illustrating the thin film transistor
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array panel taken along line XI-XI of FIG. 10, FIG. 13 is a
cross-sectional view illustrating the thin film transistor array
panel taken along line XTIT-XIIT of FIG. 12, and FIG. 15 is a
cross-sectional view illustrating the thin film transistor array
panel taken along line XV-XV of FIG. 14.

[0098] As shown in FIGS. 4 and 5, a plurality of each of
gate wires 121, 124, and 124-1, and the storage capacitance
line 131 are disposed on the transparent substrate 110.
[0099] The gate line 121 includes two gate electrodes 124
and 124-1 in each pixel area, and the storage capacitance line
131 includes a storage electrode 134 having a relatively wide
width within a pixel area.

[0100] As shown in FIGS. 6 and 7, by sequentially and
substantially continuously stacking three-layered films of a
gate insulating layer 140, an intrinsic amorphous silicon
layer, and an impurity amorphous silicon layer, and by pet-
forming a photolithography process on the impurity amor-
phous silicon layer and the intrinsic amorphous silicon layer,
semiconductor layers 154 and 154-1 are formed. In an exem-
plary embodiment, the impurity amorphous silicon layer is
etched with the same form (e.g., profile) as that of the semi-
conductor layers 154 and 154-1.

[0101] AsshowninFIGS.8and9, data wires 171,173,175,
171-1, 173-1, and 175-1 are formed. The source electrodes
173 and 173-1 respectively protrude from the data lines 171
and 171-1 from an upper part of the gate electrodes 124 and
124-1, and have a substantially “U” shape, or a horse’s hoof
shape. Further, the drain electrodes 175 and 175-1 are dis-
posed opposite to the source electrodes 173 and 173-1. A first
(distal) end of the drain electrodes 175 and 175-1 is posi-
tioned at the inside of the “U” shape, or the horse’s hoof
shape. of the source electrodes 173 and 173-1. At a second
end of the drain electrodes 175 and 175-1 extends to have a
substantially wide width where the opening 185 and 185-1 is
respectively disposed.

[0102] As shown in FIGS. 10 and 11, a passivation layer
180 disposed covering the data wires 171, 173, 175, 171-1,
173-1, and 175-11s formed. A color filter 230 is formed on the
passivation layer 180, and openings 185, 185-1, 187 and
187-1 are formed, such as by etching the color filter 230.
[0103] As shown in FIGS. 12 and 13, a black matrix 220
and a plurality of a protrusion 225 are formed. In an exem-
plary embodiment, it is preferable that the black matrix 220
and the protrusions 225 include the same material, and are
formed by performing a photolithography process one time,
e.g., substantially a same time. As a material for forming the
black matrix 220, a black color organic material can be used.
However when the black color organic material is used, the
protrusion 225 may not be formed at a sufficient height, taken
in a direction substantially perpendicular to the transparent
substrate 110. In one exemplary embodiment, by adding a
black color material, such as carbon black, the black matrix
220 and the protrusion 225 can be formed together, at sub-
stantially a same time.

[0104] As shown in FIGS. 14 and 15, pixel electrodes 190
and 190-1 are formed, such as including a transparent con-
ductor. The first pixel electrode 190 includes a trunk portion,
a surface electrode 194, and a first linear electrode 191, and
the second pixel electrode 190-1 includes an inverse
= --shaped trunk portion and a second linear electrode 191-1.
The first linear electrode 191 and the second linear electrode
191-1 are formed directly on and overlapping the protrusions
225, and are formed substantially in parallel to each other,
respectively. In the illustrated embodiment, the first linear
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electrode 191 and the second linear electrode 191-1 may be
disposed obliquely at an angle of about 45° relative to the gate
line 121 and the data lines 171 and 171-1. In an alternative
embodiment, the linear electrodes 191 and 191-1 may be
patterned through exposure of a rear surface of the lower
panel using the protrusions 225 as a mask.

[0105] A liquid crystal display having the above described
structure and using blue phase liquid crystal, has an electrode
structure of a protrusion form. Even if a relatively lower
voltage is applied. liquid crystals of a relatively large region
can be influenced by the lower voltage, and the liquid crystal
display can be advantageously driven using the relatively low
voltage. Further, if a voltage applied to the first data line 171
and a voltage applied to the second data line 171-1 have an
opposite phase, the liquid crystal display can be driven even in
a lower voltage.

[0106] Additionally, since the first linear electrode 191 and
the second linear electrode 191-1 are formed on a protrusion
including a material of a black matrix, leakage of light from a
periphery of the protrusion is reduced or effectively pre-
vented. Advantageously, picture quality is improved.

[0107] A liquid crystal display according to another exem-
plary embodiment of the present invention is shown in FIGS.
16 to 19 is described hereinafter.

[0108] FIGS. 161019 show only cross-sectional views, and
a layout view thereof is the same as that of the illustrated
embodiment of FIG. 2, and thus further description of the
layout view is omitted. Unlike an exemplary embodiment of
FIGS. 2 to 15, in FIGS. 16 to 19, pixel electrodes 190 and
190-1 are made of an opaque conductive material, and a
protrusion 240 under the pixel electrodes 190 and 190-1 is
made of a transparent organic material.

[0109] FIG. 16 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line ITI-II of FIG. 2 according to the present invention, and
FIGS. 17 to 19 are cross-sectional views according to another
exemplary embodiment of a process of manufacturing a thin
film transistor array panel.

[0110] First, referring to FIGS. 2 and 16, a thin film tran-
sistor array panel is described.

[0111] Gate wires 121, 124, and 124-1 and a storage
capacitance line 131 are disposed on a transparent insulation
substrate 110 which may include glass, and so on.

[0112] The gate wires 121 and 124 include a gate line 121
extending in a first (horizontal) direction, and a portion of the
gate line 121 protrudes upwards in a second (vertical) direc-
tion in the layout view to form gate electrodes 124 and 124-1.
As shown in FIG. 2, two gate electrodes 124 and 124-1 are
disposed in each pixel area.

[0113] The storage capacitance line 131 is disposed sub-
stantially in parallel to the gate line 121, and includes a
portion having a relatively wide width within a pixel area,
thereby forming a storage electrode 134.

[0114] The gate wires 121, 124, and 124-1 and the storage
capacitance line 131 are covered with the gate insulating layer
140. Semiconductor layers 154 and 154-1, which may
include amorphous silicon, are disposed on the gate insulat-
ing layer 140. The semiconductor layers 154 and 154-1 are
overlapped with the gate electrodes 124 and 124-1, and form
a channel of a thin film transistor. Ohmic contact layers 163,
165, 163-1, and 165-1, which may include amorphous silicon
in which N-type impurities such as phosphorous are doped
with a high concentration, are disposed on the semiconductor
layers 154 and 154-1.
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[0115] Data wires 171, 173, 175, 171-1, 173-1, and 175-1
are disposed on the ohmic contact layers 163,165,163-1, and
165-1 and the gate insulating layer 140. The data wires 171,
173,175, 171-1, 173-1, and 175-1 include two data lines 171
and 171-1 extending substantially in the vertical direction,
source electrodes 173 and 173-1 respectively connected
thereto, and drain electrodes 175 and 175-1 separated there-
from. The source electrodes 173 and 173-1 protrude upwards
in the vertical direction in the layout view from the data lines
171 and 171-1 in an upper part of the gate electrodes 124 and
124-1 and have substantially a “U” shape, or a horse’s hoof
shape. The drain electrodes 175 and 175-1 are respectively
disposed opposite to the source electrodes 173 and 173-1
relative to the channel of the thin film transistor, and a first
(distal) end thereof is positioned within a “U” shape, or a
horse’s hoof shape of the source electrodes 173 and 173-1,
while a second end thereof is extended and has a relatively
wide width.

[0116] The ohmic contact layers 163, 165, 163-1, and
165-1 are disposed only in a region where the semiconductor
layers 154 and 154-1 and the data wires 171,173,175, 171-1,
173-1, and 175-1 overlap. The gate electrode 124, the semi-
conductor layer 154, the source electrode 173, and the drain
electrode 175 form one (single) first transistor, and the gate
electrode 124-1, the semiconductor layer 154-1, the source
electrode 173-1, and the drain electrode 175-1 symmetrically
disposed thereto form one (single) second transistor.

[0117] A passivationlayer 180 is disposed on the data wires
171,173,175,171-1,173-1, and 175-1. A color filter 230 and
a black matrix 220 are both disposed on the passivation layer
180. A capping layer 235, which may include a silicone
nitride film SiNx and so on, is disposed directly on an upper
surface of the color filter 230 and the black matrix 220, The
capping layer 235 performs a function of protecting the black
matrix 220 and the color filter 230. The black matrix 220 is
disposed on an uppermost surface of a transistor, the gate line
121, and the data lines 171 and 171-1. The color filter 230 is
disposed in a region where the black matrix 220 is not dis-
posed (e.g., except for the black matrix 220).

[0118] Completely through the color filter 230 and the cap-
ping layer 235, openings 185, 185-1, and 187 are formed to
expose an upper portion of the drain electrodes 175 and 175-1
and an upper portion of the storage electrode 134. The open-
ings 185 and 185-1 are formed to extend completely through
the passivation layer 180, the color filter 230, and the capping
layer 235, and expose the drain electrodes 175 and 175-1. In
contrast, the opening 187 formed exposing the storage elec-
trode 134 is formed to extend only through the color filter 230
and the capping layer 235, and does not extend into the
passivation layer 180.

[0119] A plurality of the protrusion 240 is disposed directly
on the capping layer 235, such that a portion of the capping
layer 235 is disposed between a lower surface of the protru-
sions 240 and the color filter 230. In the illustrated embodi-
ment, the protrusion 240 has substantially a bell-shaped sec-
tion, but may have various cross-section shapes such as a
semicircular shape, a semi-oval shape, a triangular shape, and
a trapezoidal shape in alternative embodiments. It is prefer-
able that a side surface of the protrusion 240 has a taper shape.
In the illustrated embodiment, the protrusion 240 is formed
with an organic film, and the organic film transmits light. This
is different from the embodiment of FIGS. 2 to 15 where the
protrusions 225 include the same material as that of the black
matrix 220.
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[0120] A first pixel electrode 190 and a second pixel elec-
trode 190-1 are disposed directly on the protrusion 240. The
first pixel electrode 190 and the second pixel electrode 190-1
are electrically connected to the drain electrodes 175 and
175-1 through the openings 185 and 185-1, respectively. The
pixel electrodes 190 and 190-1 may include an opaque con-
ductive material, and include a first linear electrode 191 and a
second linear electrode 191-1 extending in an oblique direc-
tion relative to the gate line 121 and the data lines 171 and
171-1. Further, both the first linear electrode 191 and the
second linear electrode 191-1 in the first pixel electrode 190
and the second pixel electrode 190-1 are disposed directly on
and overlapping substantially all surfaces of the protrusion
240, except for the lower surface facing the capping layer 235.
The illustrated embodiment is different from the embodiment
of FIGS. 2 to 15, in that the pixel electrodes in FIGS. 16-19
include an opaque conductive material.

[0121] A structure of the first pixel electrode 190 is
described as follows.

[0122] The first pixel electrode 190 includes a first trunk
portion disposed extended along the first data line 171, and a
surface electrode 194 corresponding to the storage electrode
134 and overlapped thereto positioned at an upper part of the
storage electrode 134. The first linear electrode 191 extends in
an oblique direction from the first trunk portion and edges of
the surface electrode 194. The first linear electrode 191
extends in a right upper direction from an upper edge of the
surface electrode 194, and the first linear electrode 191
extends in a right lower direction from a lower edge of the
surface electrode 194. In an exemplary embodiment, the first
linear electrode 191 is formed in an angle ofabout 45° relative
to the gate line 121 or the data lines 171 and 171-1.

[0123] The second pixel electrode 190-1 includes an upper
portion and a lower portion, both substantially in parallel to
the gate line 121 and a side portion disposed along the second
data line 171-1, which may be considered as a second trunk
portion of an inverse =--shaped structure. The second linear
electrode 191-1 extends from the second trunk portion of an
inverse =--shaped structure. The second linear electrode
191-1 extends in a left lower direction relative to the upper
edge of the surface electrode 194, and the second linear elec-
trode 191-1 extends in a left upper direction relative to the
lower edge of the surface electrode 194.

[0124] The plurality of the firstlinear electrode 191 and the
plurality of the second linear electrode 191-1, are disposed on
the protrusion 240 and are formed substantially in parallel to
each other, respectively. Different voltages are applied to the
first linear electrode 191 and the second linear electrode 191-
1. In an exemplary embodiment, a common voltage is applied
to one side thereof, and a data voltage is applied to the other
side thereof. Alternatively, a data voltage may be applied to
one side thereof, and a data voltage having opposite polarity
may be applied to the other side thereof.

[0125] Inthe illustrated embodiment, a separate part of the
liquid crystal display is not disposed on a transparent sub-
strate 210 of an upper panel facing the thin film transistor
panel. The black matrix 220, the color filter 230, etc., are
disposed on the lower thin film transistor array panel.

[0126] Polarizers 12 and 22 are attached to an outermost
surface of the transparent substrate 110 of the thin film tran-
sistor display panel and an outermost surface of the transpar-
ent substrate 210 of the upper panel, respectively. In an exem-
plary embodiment. absorption axes of the polarizers 12 and
22 are disposed substantially perpendicular to each other
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and/or may be disposed inan angle of about 45° relative to the
first linear electrode 191 and the second linear electrode 191-
1.

[0127] Inthe illustrated embodiment, an alignment layer is
advantageously not disposed at the innermost side of the thin
film transistor array panel and at the innermost side of the
upper panel, while a liquid crystal 3 is injected therebetween
1s blue phase liquid crystal.

[0128] An exemplary embodiment of a method of manu-
facturing a thin film transistor array panel in the liquid crystal
display shown in FIG. 16, is described in detail with reference
to FIGS. 17 to 19.

[0129] InFIGS.17to 19, the same portions as those of the
exemplary embodiment of FIGS. 2 to 15 are omitted, and only
portions different therefrom are shown. Formation of the thin
film transistor array panel up to forming the passivation layer
180 is the same as that of an exemplary embodiment of FIGS.
2 to 15 and further description thus is omitted.

[0130] As shown in FIG. 17, a passivation layer 180 dis-
posed covering the data wires 171, 173, 175, 171-1, 173-1,
and 175-1 is formed, and a black matrix 220 and a color filter
230 are formed on the passivation layer 180. A capping layer
2351s formed directly on and contacting portions of the black
matrix 220 and the color filter 230. The capping layer 235
performs a function of protecting the black matrix 220 and the
color filter 230. The capping layer 235, the color filter 230,
and the passivation layer 180, openings 185, 185-1, and 187,
respectively, are formed such as by etching.

[0131] As shown in FIG. 18, a plurality of a protrusion 240
is formed on the capping layer 235, unlike the illustrated
embodiment of FIGS. 2-15 where the protrusions 225 are
formed at substantially as same time as the black matrix 220.
The protrusion 240 may include an organic material and can
transmit light.

[0132] As shown in FIG. 19, the pixel electrodes 190 and
190-1 include an opaque conductive material. The first pixel
electrode 190 includes a first trunk portion, a surface elec-
trode 194, and a first linear electrode 191, and the second
pixel electrode 190-1 includes an inverse =--shaped second
trunk portion and a second linear electrode 191-1. The first
linear electrode 191 and the second linear electrode 191-1 are
formed directly on and contacting the protrusions 240, and
are formed in parallel to each other. In an exemplary embodi-
ment, the first linear electrode 191 and the second linear
electrode 191-1 may be obliquely formed in an angle of about
45° relative to the gate line 121 and the data lines 171 and
171-1.

[0133] A liquid crystal display having the above described
structure of FIGS. 16-19 and using blue phase liquid crystal,
has an electrode structure of a protrusion form. Even if a
relatively lower voltage is applied to the liquid crystal display
for driving the liquid crystal display, liquid crystals of a
relatively large region may be influenced by the lower volt-
age, and the liquid crystal display can be advantageously
driven using the relatively low voltage. Further, if a voltage
applied to the first data line 171 and a voltage applied to the
second data line 171-1 have an opposite phase, the liquid
crystal display can be driven even in a lower voltage.

[0134] Additionally, since the first linear electrode 191 and
the second linear electrode 191-1 include an opaque conduc-
tive material and cover the protrusion 240, leakage of light
from a periphery of the protrusion 240 is reduced or effec-
tively prevented. Advantageously, picture quality is
improved.
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[0135] 1In short, the illustrated exemplary embodiment of
FIGS. 16 to 19 is different from the embodiment of FIGS. 2 to
15 in that the protrusion 240 is made of an organic material
and a pixel electrode 190 and 190-1 formed on the protrusion
240 is formed with an opaque conductor.

[0136] A liquid crystal display according to another exem-
plary embodiment shown in FIGS. 20 to 24 is described
hereinafter.

[0137] FIGS. 20to 24 show only cross-sectional views, and
a layout view thereof is the same as that of the illustrated
embodiment of FIG. 2 and thus further description of the
layout view is omitted. Unlike an exemplary embodiment of
FIGS. 2to 15, in FIGS. 20 to 24, the protrusion 240 is made
of a transparent organic material, and an opaque metal layer
237 is formed under the protrusion 240.

[0138] FIG. 20 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line ITI-I1T of FIG. 2 according to the present invention, and
FIGS. 21 to 24 are cross-sectional views according to another
exemplary embodiment of a process of manufacturing a thin
film transistor array panel.

[0139] First, referring to FIGS. 2 and 20, a thin film tran-
sistor array panel is described.

[0140] Gate wires 121, 124, and 124-1 and a storage
capacitance line 131 are disposed on a transparent insulation
substrate 110, which may include glass, and so on.

[0141] The gate wires 121 and 124 include a gate line 121
extending in a first horizontal direction, and a portion of the
gate line 121 protrudes upwards in a second (vertical) direc-
tion in the layout view to form gate electrodes 124 and 124-1.
As shown in FIG. 2, two gate electrodes 124 and 124-1 are
disposed in each pixel area.

[0142] The storage capacitance line 131 is disposed sub-
stantially in parallel to the gate line 121, and includes a
portion having a relative wide width within a pixel area,
thereby forming a storage electrode 134.

[0143] The gate wires 121, 124, and 124-1 and the storage
capacitance line 131 are covered with a gate insulating layer
140. Semiconductor layers 154 and 154-1, which may
include amorphous silicon, are disposed on the gate insulat-
ing layer 140. The semiconductor layers 154 and 154-1 are
overlapped with the gate electrodes 124 and 124-1 to form a
channel of a thin film transistor. Ohmic contact layers 163,
165,163-1, and 165-1, which may include amorphous silicon
in which N-type impurities such as phosphorous are doped
with a high concentration, are disposed on the semiconductor
layers 154 and 154-1.

[0144] Data wires 171, 173, 175, 171-1, 173-1, and 175-1
are disposed on the ohmic contact layers 163,165,163-1, and
165-1 and the gate insulating layer 140. The data wires 171,
173,175,171-1,173-1, and 175-1 include two data lines 171
and 171-1 extending substantially in the vertical direction,
source electrodes 173 and 173-1, respectively connected
thereto, and drain electrodes 175 and 175-1 separated there-
from. The source electrodes 173 and 173-1 protrude upwards
in the vertical direction in the layout view from the data lines
171 and 171-1 in an upper part of the gate electrodes 124 and
124-1 and, have a substantially “U” shape or a horse’s hoof
shape. The drain electrodes 175 and 175-1 are respectively
disposed opposite to the source electrodes 173 and 173-1
relative to the channel of the thin film transistor, and a first
(distal) end thereof is positioned within a “U” shape, or a
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horse’s hoof shape of the source electrodes 173 and 173-1,
while a second end thereof is extended and has a relatively
wide width.

[0145] The ohmic contact layers 163, 165, 163-1, and
165-1 are disposed only in a region where the semiconductor
layers 154 and 154-1 and the data wires 171,173,175, 171-1,
173-1, and 175-1 overlap. The gate electrode 124, the semi-
conductor layer 154, the source electrode 173, and the drain
electrode 175 form one single first transistor, and the gate
electrode 124-1, the semiconductor layer 154-1, the source
electrode 173-1, and the drain electrode 175-1 symmetrically
disposed thereto form one single second transistor.

[0146] A passivationlayer 180 is disposed on the data wires
171,173,175,171-1,173-1, and 175-1. A color filter 230 and
a black matrix 220 are both disposed on the passivation layer
180, and a capping layer 235 which may include a silicone
nitride film SiNx and so on, is disposed on portions of the
color filter 230 and the black matrix 220. The black matrix
2201s formed in an upper part of a transistor, the gate line 121,
and the data lines 171 and 171-1. The color filter 230 is
disposed in a region where the black matrix 220 is not dis-
posed.

[0147] Completely through the color filter 230 and the cap-
ping layer 235, openings 185, 185-1, and 187 are formed to
expose an upper portion of the drain electrodes 175 and 175-1
and an upper portion of the storage electrode 134. The open-
ings 185 and 185-1 are formed to extend completely through
the passivation layer 180, the color filter 230, and the capping
layer 235 and expose the drain electrodes 175 and 175-1. In
contrast, the opening 187 is formed to extend only through the
color filter 230 and the capping layer 235, and does not extend
into the passivation layer 180.

[0148] An opaque metal layer 237 and a plurality of a
protrusion 240 are disposed on the capping layer 235. The
opaque metal layer 237 is disposed only in a lower part of the
protrusion 240, is formed using an opaque metal, and directly
contacts the capping layer 235. Inthe illustrated embodiment,
the protrusion 240 has substantially a bell-shaped section, but
may have various cross-section shapes such as a semicircular
shape, a semi-oval shape, a triangular shape, and a trapezoidal
shape in alternative embodiments. It is preferable that a side
surface of the protrusion 240 has a taper shape. In the present
exemplary embodiment, the protrusion 240 is formed with an
organic film, and the organic film transmits light. The illus-
trated embodiment is different from the embodiment of FIGS.
2 to 15 not including the opaque metal layer 237 and the
protrusion 240 is made of the same material as that of the
black matrix 220.

[0149] A first pixel electrode 190 and a second pixel elec-
trode 190-1 are disposed direction on the protrusion 240. The
first pixel electrode 190 and the second pixel electrode 190-1
are electrically connected to the drain electrodes 175 and
175-1 through the openings 185 and 185-1. The pixel elec-
trodes 190 and 190-1 may include a transparent conductive
material such as ITO or IZO, and include a first linear elec-
trode 191 and a second linear electrode 191-1 both extending
in an oblique direction relative to the gate line 121 and the
data lines 171 and 171-1. Further, both the first linear elec-
trode 191 and the second linear electrode 191-1 in the first
pixel electrode 190 and the second pixel electrode 190-1 are
disposed directly on and contacting the protrusions 240.

[0150] A structure of the first pixel electrode 190 is
described as follows.
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[0151] The first pixel electrode 190 includes a first trunk
portion disposed extending substantially parallel to the first
data line 171, and a surface electrode 194 corresponding to
the storage electrode 134 and overlapped thereto while being
positioned at an upper part of the storage electrode 134. The
first linear electrode 191 extends in an oblique direction from
the first trunk portion and edges of the surface electrode 194.
The first linear electrode 191 extends in a right upper direc-
tion from an upper edge of the surface electrode 194, and the
first linear electrode 191 extends in a right lower direction
from a lower edge of the surface electrode 194. In an exem-
plary embodiment, the first linear electrode 191 is disposed at
an angle of about 45° relative to the gate line 121 or the data
lines 171 and 171-1.

[0152] The second pixel electrode 190-1 includes an upper
portion and a lower portion, both substantially in parallel to
the gate line 121-1 and a side portion disposed substantially
parallel with the second data line 171, which may be consid-
ered as a second trunk portion of an inverse =--shaped struc-
ture. The second linear electrode 191-1 extends from the
second trunk portion of an inverse =--shaped structure. The
second linear electrode 191-1 extends in a left lower direction
toward an upper edge of the surface electrode 194, and the
second linear electrode 191-1 extends in a left upper direction
toward a lower edge of the surface electrode 194.

[0153] The plurality of the first linear electrode 191 and the
second linear electrode 191-1 are disposed on the protrusion
240 and are disposed substantially in parallel to each other,
respectively. Different voltages are applied to the first linear
electrode 191 and the second linear electrode 191-1, a com-
mon voltage is applied to one side thereof, and a data voltage
is applied to the other side thereof. Alternatively, a data volt-
age may be applied to one side thereof, and a data voltage
having opposite polarity may be applied to the other side
thereof.

[0154] Inthe illustrated embodiment, a separate part of the
liquid crystal display is not disposed on a transparent sub-
strate 210 of an upper panel facing the thin film transistor
panel. The black matrix 220, the color filter 230, etc., are
disposed on the lower thin film transistor array panel.

[0155] Polarizers 12 and 22 are attached to an outermost
surface of the transparent substrate 110 of the thin film tran-
sistor display panel and to an outermost surface of the trans-
parent substrate 210 the upper panel, respectively. In an
exemplary embodiment, absorption axes of the polarizers 12
and 22 are disposed substantially perpendicular to each other
and/or may be disposed in an angle of about 45° relative to the
first linear electrode 191 and the second linear electrode 191-
1.

[0156] In the illustrated embodiment, n alignment layer is
advantageously not disposed at the innermost side of the thin
film transistor array panel and the innermost side of the upper
panel, while a liquid crystal 3 that is injected therebetween is
blue phase liquid crystal.

[0157] An exemplary embodiment of a method of manu-
facturing a thin film transistor array panel in the liquid crystal
display shown in FIG. 20 is described in detail with reference
to FIGS. 21 to 24.

[0158] InFIGS. 21 to 24, the same portions as those of the
exemplary embodiment of FIGS. 2 to 15 are omitted and only
portions different therefrom are shown. Formation of the thin
film transistor array panel up to forming the passivation layer
180 is the same as that of an exemplary embodiment of FIGS.
2 to 15 and further description thus is omitted.
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[0159] As shown in FIG. 21, a passivation layer 180 dis-
posed covering the data wires 171, 173, 175, 171-1, 173-1,
and 175-1 is formed, and a black matrix 220 and a color filter
230 are formed on the passivation layer 180. A capping layer
235 is formed directly on the black matrix 220 and the color
filter 230. The capping layer 235, the color filter 230, and the
passivation layer 180, openings 185, 185-1, and 187, respec-
tively, are formed such as by etching.

[0160] Asshownin FIGS.22 and 23, an opaque metal layer
237 and a plurality of a protrusion 240 are formed on the
capping layer 235. The opaque metal layer 237 may include a
metal through which light does not transmit, and the protru-
sions 240 may include an organic material which allows light
to be transmitted. After metals in which light does not trans-
mit are stacked, the opaque metal layer 237 may be formed
through a photolithography process. Organic materials are
stacked and exposure of a rear surface of the thin film tran-
sistor panel performed. Accordingly, during the exposure,
light is not radiated to an organic material of a portion that is
covered by the opaque metal layer 237, and light is radiated to
the remaining portion. Thereafter, by performing develop-
ment, the protrusion 240 is formed. In an exemplary embodi-
ment, it is preferable that an organic material has positive
photosensitivity, but may have various characteristics accord-
ing to alternative embodiments.

[0161] As shown in FIG. 24, the pixel electrodes 190 and
190-1 include a transparent conductive material. The first
pixel electrode 190 includes a first trunk portion, a surface
electrode 194, and a first linear electrode 191, and the second
pixel electrode 190-1 includes an inverse =--shaped second
trunk portion and a second linear electrode 191-1. The first
linear electrode 191 and the second linear electrode 191-1 are
formed directly on and contacting the protrusion 240 and are
formed in parallel to each other. In an exemplary embodi-
ment, the first linear electrode 191 and the second linear
electrode 191-1 may be obliquely formed in an angle of about
45° relative to the gate line 121 and the data lines 171 and
171-1.

[0162] A liquid crystal display having the above described
structure of FIGS. 20-24 and using blue phase liquid crystal,
has an electrode structure of a protrusion form. Even if a
relatively lower voltage is applied for driving the liquid crys-
tal display, liquid crystals of a relatively large region may be
influenced by the lower voltage, and the liquid crystal display
can be advantageously driven by the low voltage. Further, if a
voltage applied to the first data line 171 and a voltage applied
to the second data line 171-1 have an opposite phase, the
liquid crystal display can be driven even in a lower voltage.
[0163] Additionally, the first linear electrode 191, the sec-
ond linear electrode 191-1, and the protrusion 240 include a
transparent material, however due to an opaque metal layer
237 formed in a lower part of the protrusion 240 and covering
the protrusion 240, leakage of light from a periphery of the
protrusion 240 is reduced or effectively prevented Advanta-
geously, picture quality is improved.

[0164] In short, the illustrated embodiment of FIGS. 20 to
24 is different from the embodiment of FIGS. 2 to 15, in that
the protrusion 240 is instead made of an organic material and
the opaque metal layer 237 is formed under the protrusion
240.

[0165] FIG. 25 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line III-1IT of FIG. 2 according to the present invention. In
FIG. 25, a light leakage phenomenon may occur in a periph-
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ery of the protrusion 240 because polarization is broken due
to different refractive indexes and refractive anisotropy when
light passing through the protrusion 240 is applied to the
liquid crystal layer 3. In the illustrated embodiment, light
leakage is reduced or effectively prevented from occurring,
by according a refractive index of the protrusion 240 made of
an organic material and a refractive index of the blue phase
liquid crystal layer 3. The blue phase liquid crystal layer 3 has
a different refractive index according to an applied voltage,
and accords a refractive index in a specific state with that ofan
organic material forming the protrusion 240. A refractive
index of the blue phase liquid crystal layer 3 when a liquid
crystal display displays black may accord (e.g., be substan-
tially the same) with a refractive index of the protrusion 240.
[0166] First, referring to FIGS. 2 and 25, a thin film tran-
sistor display panel is described.

[0167] Gate wires 121, 124, and 124-1 and a storage
capacitance line 131 are disposed on a transparent insulation
substrate 110 which may include glass, and so on.

[0168] The gate wires 121 and 124 include a gate line 121
extending 1n a first horizontal direction, and a portion of the
gate line 121 protrudes upwards in a second vertical direction
in the layout view to form gate electrodes 124 and 124-1. As
shown in FIG. 2, two gate electrodes 124 and 124-1 are
disposed in each pixel area.

[0169] The storage capacitance line 131 is disposed sub-
stantially in parallel to the gate line 121 and includes a portion
having a relatively wide width within a pixel area, thereby
forming a storage electrode 134.

[0170] The gate wires 121, 124, and 124-1 and the storage
capacitance line 131 are covered with the gate insulating layer
140. Semiconductor layers 154 and 154-1, which may
include amorphous silicon, are disposed on the gate insulat-
ing layer 140. The semiconductor layers 154 and 154-1 are
overlapped with the gate electrodes 124 and 124-1 to form a
channel of a thin film transistor. Ohmic contact layers 163,
165, 163-1, and 165-1, which may include amorphous silicon
in which N-type impurities such as phosphorous are doped
with a high concentration, are disposed on the semiconductor
layers 154 and 154-1.

[0171] Data wires 171, 173,175, 171-1, 173-1, and 175-1
are disposed on the ohmic contact layers 163,165, 163-1, and
165-1 and the gate insulating layer 140. The data wires 171,
173,175,171-1,173-1, and 175-1 include two data lines 171
and 171-1 extending substantially in a vertical direction,
source electrodes 173 and 173-1, respectively connected
thereto, and drain electrodes 175 and 175-1 separated there-
from. The source electrodes 173 and 173-1 protrude upwards
in the vertical direction in the layout view from the data lines
171 and 171-1 in an upper part of the gate electrodes 124 and
124-1 and have substantially a “U” shape, or a horse’s hoof
shape. The drain electrodes 175 and 175-1 are respectively
disposed opposite to the source electrodes 173 and 173-1
relative to the channel of the thin film transistor, and a firstend
thereof is positioned within a “U” shape, or a horse’s hoof
shape of the source electrodes 173 and 173-1, while a second
end opposite to the first end is extended and has a relatively
wide width.

[0172] The ohmic contact layers 163, 165, 163-1, and
165-1 are disposed only in a region where the semiconductor
layers 154 and 154-1 and the data wires 171,173, 175,171-1,
173-1, and 175-1 overlap. The gate electrode 124, the semi-
conductor layer 154, the source electrode 173, and the drain
electrode 175 form one transistor, and the gate electrode
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124-1, the semiconductor layer 154-1, the source electrode
173-1, and the drain electrode 175-1 are symmetrically
formed thereto form another transistor.

[0173] A passivation layer 180 is disposed on the data wires
171,173,175,171-1,173-1, and 175-1. A color filter 230 and
a black matrix 220 are both disposed on the passivation layer
180. A capping layer 235, which may include a silicone
nitride film SiNx and so on, is disposed on the color filter 230
and the black matrix 220. The capping layer 235 performs a
function of protecting the black matrix 220 and the color filter
230. The black matrix 220 is formed in an upper part of a
transistor, the gate line 121, and the data lines 171 and 171-1.
The color filter 230 is formed in a region where the black
matrix 220 is not formed.

[0174] Completely through the color filter 230 and the cap-
ping layer 235, openings 185, 185-1, and 187 are formed to
expose an upper part of the drain electrodes 175 and 175-1
and an upper part of the storage electrode 134. The openings
185 and 185-1 are formed to extend completely through the
passivation layer 180, the color filter 230, and the capping
layer 235 and expose the drain electrodes 175 and 175-1. In
contrast, the opening 187 is formed only completely through
the color filter 230 and the capping layer 235, and is not
formed through the passivation layer 180.

[0175] A plurality of a protrusion 240 is disposed directly
on the capping layer 235. In the illustrated embodiment, the
protrusion 240 has a substantially bell-shaped section, but
may have various cross-section shapes such as a semicircular
shape. a semi-oval shape, a triangular shape, and a trapezoidal
shape in alternative embodiments. It is preferable that a side
surface of the protrusion 240 has a taper shape. In the present
exemplary embodiment, the protrusion 240 is formed with an
organic film, and the organic film transmits light. The organic
film for forming the protrusion 240 has the same refractive
index as that in a specific state of the blue phase liquid crystal
layer 3. In the illustrated embodiment, the specific state of the
blue phase liquid crystal layer 3 may be a state when a liquid
crystal display displays black.

[0176] A first pixel electrode 190 and a second pixel elec-
trode 190-1 are disposed directly on the protrusion 240. The
first pixel electrode 190 and the second pixel electrode 190-1
are electrically connected to the drain electrodes 175 and
175-1 through the openings 185 and 185-1, respectively. The
pixel electrodes 190 and 190-1 may include a transparent
conductive material such as ITO or IZ0, and include a first
linear electrode 191 and a second linear electrode 191-1
extending in an oblique direction relative to the gate line 121
and the data lines 171 and 171-1. Further, both the first linear
electrode 191 and the second linear electrode 191-1 in the first
pixel electrode 190 and the second pixel electrode 190-1 are
disposed directly on and overlapping substantially all sur-
faces of the protrusions 240, except for the lower surface of
the protrusions 240 contacting the capping layer 235.

[0177] A structure of the first pixel electrode 190 is
described as follows.

[0178] The first pixel electrode 190 includes a first trunk
portion disposed substantially parallel with the first data line
171, and a surface electrode 194 corresponding to the storage
electrode 134 and overlapped thereto at an upper part of the
storage electrode 134. The firstlinear electrode 191 extends in
an oblique direction from the first trunk portion and edges of
the surface electrode 194. The first linear electrode 191
extends in a right upper direction from an upper edge of the
surface electrode 194, and the first linear electrode 191
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extends in a right lower direction from a lower edge of the
surface electrode 194. In an exemplary embodiment, the first
linear electrode 191 is formed in an angle ofabout 45° relative
to the gate line 121 or the data lines 171 and 171-1.

[0179] The second pixel electrode 190-1 includes an upper
portion and a lower portion, both substantially in parallel to
the gate line 121 and a side portion disposed substantially in
parallel with the second data line 171, thereby including a
second trunk portion of an inverse =--shaped structure. The
second linear electrode 191-1 extends from the second trunk
portion of an inverse =--shaped structure, and the second
linear electrode 191-1 extends in a left lower direction toward
an upper edge of the surface electrode 194, and the second
linear electrode 191-1 extends in a left upper direction toward
a lower edge of the surface electrode 194.

[0180] The plurality of the first linear electrode 191 and the
second linear electrode 191-1 are disposed on the protrusion
240 and are formed substantially in parallel to each other,
respectively. Different voltages are applied to the first linear
electrode 191 and the second linear electrode 191-1. In an
exemplary embodiment, a common voltage is applied to one
side thereof, and a data voltage is applied to the other side
thereof. Alternatively, a data voltage may be applied to one
side thereof, and a data voltage having opposite polarity may
be applied to the other side thereof.

[0181] Inthe illustrated embodiment, a separate part of the
liquid crystal display is not formed on a transparent substrate
210 of the upper panel facing the thin film transistor panel.
The black matrix 220, the color filter 230, etc., are disposed
on the lower thin film transistor array panel.

[0182] Polarizers 12 and 22 are attached to an outermost
side of the transparent substrate 110 of the thin film transistor
display panel and to an outermost side of the transparent
substrate 210 of the upper panel, respectively. In an exem-
plary embodiment, absorption axes of the polarizers 12 and
22 are formed substantially perpendicular to each other and/
or may be formed in an angle of about 45° relative to the first
linear electrode 191 and the second linear electrode 191-1.
[0183] Inthe illustrated embodiment, an alignment layer is
advantageously not disposed at the innermost side of the thin
film transistor array panel and at the innermost side of the
upper panel, while a liquid crystal 3 is injected therebetween
is blue phase liquid crystal. A refractive index of a specific
state of the blue phase liquid crystal 3 is substantially the
same as that of an organic material for forming the protrusion
240. In the illustrated embodiment of FIG. 25, the specific
state of the liquid crystal display may be a state when a liquid
crystal display displays black.

[0184] A liquid crystal display having the above described
structure and materials of FIG. 25 and using blue phase liquid
crystal, has an electrode structure of a protrusion form. Even
if a relatively lower voltage is applied for driving the liquid
crystal display, liquid crystals of a relatively large region may
still be influenced, and the liquid crystal display can be advan-
tageously driven in the low voltage. Further, if a voltage
applied to the first data line 171 and a voltage applied to the
second data line 171-1 have an opposite phase, the liquid
crystal display can be driven even in a lower voltage.

[0185] Additionally, since a refractive index of an organic
material forming the protrusion 240 and a refractive index in
a specific state of the blue phase liquid crystal layer 3 are
substantially the same, when the liquid crystal display oper-
ates in the specific state, leakage of light from a periphery of
the protrusion 240 is reduced or effectively prevented. In the
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illustrated embodiment, the specific state may be a state when
the liquid crystal display displays black, and light may be
leaked in a state except for a specific state. Since a relatively
small quantity of light is leaked, picture quality is advanta-
geously improved.

[0186] In short, the illustrated embodiment of FIG. 25 is
different from the embodiment of FIGS. 2 to 15, from the
embodiment of FIGS. 16 to 19, and from exemplary embodi-
ment of FIGS. 20 to 24, in that the protrusion 240 of FIG. 25
are made of an organic material and a reflective index of an
organic material forming the protrusion 240 is the same as
that in a specific state of blue phase liquid crystal 3.

[0187] FIGS. 26 to 41 show an exemplary embodiment of a
process of forming the protrusion 240 and the pixel electrodes
191 and 191-1, using exposure of a rear surface.

[0188] FIGS. 26 to 31 are cross-sectional views according
to an exemplary embodiment of a process of forming the pixel
electrodes 191 and 191-1 on the protrusion 240, using the
protrusion 240 including an organic material as a mask.
[0189] FIGS. 32 and 33 are graphs illustrating exemplary
embodiments of a transmittance to a wavelength of an organic
material.

[0190] In the embodiment of FIGS. 2 to 15, because the
protrusion 225 is made of a material for blocking light, the
pixel electrodes 191 and 191-1 can be patterned through
exposure of a rear surface. Referring to FIGS. 26 to 31, an
exemplary embodiment of a method of patterning the pixel
electrodes 191 and 191-1 using the protrusion 240 including
an organic material as a mask through exposure of a rear
surface is described hereinafter.

[0191] First, a transmittance to a wavelength of an organic
material is described using graphs of FIGS. 32 and 33.
[0192] FIG. 32 shows a transmittance to a wavelength of
two organic materials. In FIG. 32, a material M is S3-015 (a
product code name), which is an organic material, and a
material N is PC-411B (a product code name), which is an
organic material.

[0193] As shown in FIG. 32, in a visible region, a light
transmittance of an organic material exceeds 95%, but in an
ultraviolet ray region, a light transmittance of an organic
material abruptly drops. FIG. 32 shows that as a wavelength
of ultraviolet rays is small, a transmittance is lowered, and
thus an organic material can be used as a mask for ultraviolet
rays.

[0194] Particularly, FIG. 33 shows that when a predeter-
mined processing for an organic material is performed, a
transmittance is further lowered.

[0195] In FIG. 33, HB shows a case where an organic
material is hard-baked, ITO shows a case where ITO is coated
to an organic material, X shows a case where a surface treat-
ment of an organic material is performed by N-methylpyr-
rolidone (NMP), which is a strong alkali organic solvent, Y
shows a case where a surface treatment of an organic material
is performed by metyl n-butyl ketone (MBK), which is an
organic solvent for a resin, and Z shows a case where a surface
treatment of an organic material is performed by acetone.
Further, the organic material that is used in FIG. 33 is
PC-411B.

[0196] As shown in FIG. 33, even in a case where only a
hard baking (HB) processing of an organic material is per-
formed, a light transmittance reduces in an ultraviolet rays
region. However, in a case where a surface treatment of an
organic material is performed with acetone, NMP, MBK, and
s0 on, a transmittance drops to 40% or low, so that an organic
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material can be used as a mask. Further, FIG. 33 shows a
transmittance when ITO is additionally coated in an organic
material, and shows that a transmittance is further lowered
when ITO additionally is coated. Therefore, because a trans-
mittance is further lowered in a structure in which ITO is
coated on an organic material, the organic material can pet-
form a function as a mask for ultraviolet rays. A method of
performing a surface treatment of an organic material and
stacking ITO layers thereon may be used.

[0197] As aresult, only an organic material may be used as
a mask, however by performing a surface treatment of the
organic material, or by additionally stacking an ITO layer on
the organic material, the organic material has a lower trans-
mittance and thus the organic material may be used as a mask.
[0198] A method of using an organic material as a mask is
described in detail with reference to FIGS. 26 to 31. FIGS. 26
to 31 show the protrusion 240 is directly formed on the
substrate 110. However, another layer may be formed
between the protrusion 240 and the substrate 110, as shown in
FIGS. 18 and 19.

[0199] As shown in FIG. 26, the protrusion 240 including
an organic material is formed on the substrate 110. In an
exemplary embodiment, the protrusion 240 can be formed by
stacking an organic material and exposing and developing an
upper part thereof using a mask (not shown).

[0200] As shown in FIG. 27, an ITO layer 193 and a pho-
toresist layer 253 are sequentially disposed on the protrusion
240 and the substrate 110. In an exemplary embodiment, the
ITOlayer 193 may be a transparent conductive layer and may
be made of IZ0. As in the embodiment of FIG. 25, it is
preferable that a refractive index of an organic material is the
same as that of a specific state of the blue phase liquid crystal
layer 3.

[0201] As shown in FIG. 28, exposure of a rear surface is
performed using ultraviolet rays in a lower part of the sub-
strate 110, as indicated by the upward pointing arrows. As
shown in FIGS. 32 and 33, because the protrusion 240 has a
lower transmittance, the protrusion 240 can be essentially
used as a mask, and thus a small quantity of light is applied to
the photoresist layer 253 formed in an upper part of the
protrusion 240, so that a property thereof does not change. In
an exemplary embodiment, it is preferable that the photoresist
layer 253 has positive characteristics. Further, the protrusion
240 may be made of an organic material having a low trans-
mittance of ultraviolet rays, or a surface treatment for lower-
ing a transmittance may be performed in the protrusion 240.
[0202] As shown in FIG. 29, the photoresist layer 253 is
developed. Therefore, the photoresist layer 253 of a region
exposed to light from the rear of the substrate 110 is removed,
and the photoresist layer 253 whose property does not change
due to application of a small quantity of light remains.
[0203] As shown in FIG. 30, by etching the ITO layer 193
using the remained photoresist layer 253 as a mask, the pixel
electrodes 191 and 191-1 are formed.

[0204] As shown in FIG. 31, by removing the photoresist
layer 253, a pattern of the pixel electrodes 191 and 191-1 is
completed.

[0205] Sincethe pixel electrodes 191 and 191-1 do not have
photosensitivity, the pixel electrodes 191 and 191-1 are pat-
terned after additionally forming the photoresist layer 253.
However, when a material having photosensitivity is pat-
terned, a pattern can be directly formed by developing after
exposing a rear surface without forming the photoresist layer
253.
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[0206] FIGS. 34041 are cross-sectional views illustrating
an exemplary embodiment of a process sequence of FIGS. 22
to 24.

[0207] FIGS. 34 to 41 show an opaque metal layer 237
formed directly on the substrate 110. However, as shown in
FIGS. 22 to 24, a separate layer may be formed between the
substrate 110 and the opaque metal layer 237. According to an
embodiment, which is different from FIGS. 22 to 24, the
opaque metal layer 237 may be formed directly on the sub-
strate 110. In this embodiment, the opaque metal layer 237
and the gate lines 121 may be formed at the same time with the
same material, and a separate layer may be formed between
the opaque metal layer 237 and the protrusion 240.

[0208] As shown in FIG. 34, a pattern of the opaque metal
layer 237 is formed on the substrate 110. After sequentially
stacking an opaque material and a photoresist 243, a photo-
resist pattern is formed by exposing and developing in an
upper part thereof using a mask, and then an opaque metal
layer 237 can be formed by etching using the photoresist
pattern as a mask. In an exemplary embodiment, it is prefer-
able that the photoresist 243 has positive characteristics.

[0209] As shown in FIG. 35, organic materials for a protru-
sion are stacked and are exposed from the rear surface, as
indicated by the upward pointing arrows under the substrate
110. Due to the opaque metal layer 237, the photoresist 243
formed on the opaque metal layer 237 is not exposed and only
a photoresist 243 around the opaque metal layer 237 is
exposed.

[0210] A pattern of a protrusion 240 is formed by develop-
ing, as shown in FIG. 36.

[0211] As shown in FIG. 37, the ITO layer 193 and the
photoresist layer 253 are sequentially stacked on the protru-
sion 240 and the substrate 110. In an exemplary embodiment,
the ITO layer 193 includes a transparent conductive layer and
may be made of IZ0.

[0212] As shown in FIG. 38, exposure of a rear surface is
performed in a lower part of the substrate 110, as indicated by
the upward pointing arrows under the substrate 110. It is
preferable that the photoresist layer 253 has positive charac-
teristics.

[0213] As shown in FIG. 39, the photoresist layer 253 is
developed. Therefore, the photoresist layer 253 of a region
exposed by light is removed.

[0214] As shown in FIG. 40, by etching the ITO layer 193
using the remained photoresist layer 253 as a mask, the pixel
electrodes 191 and 191-1 are formed.

[0215] As shown in FIG. 41, by removing the photoresist
layer 253, a pattern of the pixel electrodes 191 and 191-1 is
completed.

[0216] Sincethepixel electrodes 191 and191-1 do not have
photosensitivity, the pixel electrodes 191 and 191-1 are pat-
terned by additionally forming the photoresist layer 253.
However when a material having photosensitivity is pat-
terned, a pattern can be directly formed by developing after
exposing a rear surface without forming the photoresist layer
253.

[0217] Inthe foregoing description, a method of exposing a
rear surface is described in detail with reference to FIGS. 26
to 41. Alternatively, a pattern may be formed with various
methods. Further, even when using ultraviolet rays, an
organic material can be used as a mask, and this is not limited
to a liquid crystal display.
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[0218] FIG. 42 is a cross-sectional view of another exem-
plary embodiment of the liquid crystal display taken along
line TTI-TTT of FIG. 2, according to the present invention.
[0219] FIG. 42 is different from FIG. 20, since the opaque
metal layer 237 and the gate lines 121 are formed at the same
time with the same material. The gate lines 121 and the
opaque metal layer 237 are disposed on the substrate 110. By
forming the opaque metal layer 237 and the gate lines 121
together, a photolithography process is lessen.

[0220] According to an embodiment, a separate layer may
be formed between the opaque metal layer 237 and the pro-
trusion 240.

[0221] Inshort, in the present invention, by allowing a pixel
electrode to have a structure overlapping with a protrusion,
transmission of light is reduced or effectively prevented
through a corresponding protrusion and the pixel electrode
formed thereon, or by allowing a refractive index of the cor-
responding protrusion and a refractive index of blue phase
liquid crystal to have substantially the same value, light
leaked to a periphery of a pixel electrode is reduced or effec-
tively prevented, and various exemplary embodiments may
exist.

[0222] Further, in the present invention, a method of form-
ing an upper pattern by stacking using an organic material and
exposing a rear surface is described. That is, an organic mate-
rial can be used as a mask when ultraviolet rays are used.
[0223] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate;

a gate line disposed on the first substrate and extending in
a first direction;,

first and second data lines extending in a second direction,
the first and second data lines being electrically insu-
lated from and intersecting the gate line;

a first thin film transistor connected to the gate line and the
first data line;

a second thin film transistor connected to the gate line and
the second data line;

a passivation layer overlapping the first and second thin
film transistors;

a black matrix disposed on the passivation layer and in a
first region corresponding to the gate line, the first and
second data lines, and the first and second thin film
transistors;

a color filter disposed on the passivation layer and posi-
tioned at a second region where the black matrix is not
disposed,

a protrusion disposed on the color filter;

a first pixel electrode including a first linear electrode dis-
posed on the protrusion and connected to the first thin
film transistor;

a second pixel electrode including a second linear elec-
trode disposed on the protrusion and connected to the
second thin film transistor;

a second substrate disposed facing the first substrate; and

blue phase liquid crystal disposed between the first sub-
strate and the second substrate,
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wherein light is not transmitted through the first linear
electrode and the protrusion, and light is not transmitted
through the second linear electrode and the protrusion.

2. The liquid crystal display of claim 1, wherein the pro-
trusion includes a same material as that of the black matrix.

3. The liquid crystal display of claim 1, wherein the first
pixel electrode including the first linear protrusion and the
second pixel electrode including the second linear protrusion,
includes an opaque conductor.

4. The liquid crvstal display of claim 3, further comprising
a capping layer overlapping the black matrix and the color
filter.

5. The liquid crystal display of claim 1, further comprising
an opaque metal layer disposed between the protrusion and
the color filter.

6. The liquid crystal display of claim 5, further comprising
a capping layer overlapping the black matrix and the color
filter, and disposed between the opaque metal layer and the
color filter.

7. The liquid crystal display of claim 1, wherein the pro-
trusion has a cross-section of a bell shape, or one of a semi-
circular cross-section, a semi-oval cross-section, a triangular
cross-section, and a trapezoidal cross-section.

8. The liquid crystal display of claim 1, wherein a side
surface of the protrusion is tapered.

9. The liquid crystal display of claim 1, wherein before an
electric field is applied, the blue phase liquid crystal has
optically isotropic characteristics, and when the electric field
is applied, the blue phase liquid crystal has optically aniso-
tropic characteristics.

10. The liquid crystal display of claim 1, wherein the first
pixel electrode and the second pixel electrode are electrically
connected to the first thin film transistor and the second thin
film transistor through first and second contact holes, respec-
tively, wherein

the first contact hole extends completely through the color

filter and the passivation layer, and exposes a drain elec-
trode of the first thin film transistor, and

the second contact hole extends completely through the

color filter and the passivation layer and exposes a drain
electrode of the second thin film transistor.

11. The liquid crystal display of claim 1, wherein a com-
mon voltage is applied to the second pixel electrode, when a
data voltage is applied to the first pixel electrode.

12. The liquid crystal display of claim 1, wherein a data
voltage is applied to the first pixel electrode, when a voltage
having a polarity opposite to the data voltage and a same
magnitude as the data voltage, is applied to the second pixel
electrode.

13. The liquid crystal display of claim 1, wherein each of
the protrusion and the first and second linear electrodes, are
obliquely disposed relative to the gate line and the first and
second data lines.

14. The liquid crystal display of claim 13, wherein the
protrusion and the first and second linear electrodes are dis-
posed at an angle of about 45° relative to the gate line.

15. The liquid crystal display of claim 1, further compris-
ing a first polarizer and a second polarizer disposed on an
outside of the first substrate and the second substrate, respec-
tively,

the first polarizer and the second polarizer having a trans-

missive axis, and
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the transmissive axis of the first polarizer and the transmis-
sive axis of the second polarizer have an angle of about
45° relative 1o the first linear electrode or the second
linear electrode.

16. The liquid crystal display of claim 1, further compris-
ing a storage electrode line disposed in parallel to the gate
line, and including a storage electrode.

17. The liquid crystal display of claim 16, wherein the first
pixel electrode includes a first trunk portion disposed parallel
with the first data line, and a surface electrode corresponding
to the first linear electrode and the storage electrode, and

the first linear electrode extends inclined from the trunk
portion and the surface electrode.

18. The liquid crystal display of claim 17, wherein the
second pixel electrode includes an inverse “U”-shaped sec-
ond trunk portion and the second linear electrode, and

the second linear electrode extends inclined from the
inverse “U”-shaped trunk portion.

19. A liquid crystal display comprising:

a first substrate;

a gate line disposed on the first substrate and extending in
a first direction;

first and second data lines extending in a second direction,
the first and second data lines electrically insulated from
and intersecting the gate line;

a first thin film transistor connected to the gate line and the
first data line;

a second thin film transistor connected to the gate line and
the second data line;

a passivation layer overlapping the first and second thin
film transistors;

a black matrix disposed on the passivation layer and in a
first region corresponding to the gate line, the first and
second data lines, and the first and second thin film
transistors;

a color filter disposed on the passivation layer and posi-
tioned at a second region where the black matrix is not
disposed.;

a protrusion disposed on the color filter and including an
organic layer;

a first pixel electrode including a first linear electrode dis-
posed on the protrusion and connected to the first thin
film transistor;

a second pixel electrode including a second linear elec-
trode disposed on the protrusion and connected to the
second thin film transistor;

a second substrate disposed facing the first substrate; and

blue phase liquid crystal disposed between the first sub-
strate and the second substrate,

wherein a refractive index in a specific state of the blue
phase liquid crystal, is substantially the same as a refrac-
tive index of the protrusion.

20. The liquid crystal display of claim 19, wherein a refrac-
tive index of the blue phase liquid crystal when the liquid
crystal display displays black, is substantially the same as a
refractive index of the protrusion.

21. A method of manufacturing a display device, the
method comprising:

forming an organic film pattern by stacking and patterning
an organic material on an insulation substrate;

stacking a first layer on the organic film pattern and the
insulation substrate;
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exposing the organic film pattern and the first layer, from a
rear surface of the insulation substrate with ultraviolet
rays, using the organic film pattern as a mask; and

patterning the first layer.

22. The method of claim 21, wherein the organic film
pattern is hard-baked, or a surface treatment of the organic
film pattern is performed.

23. The method of claim 22, wherein the surface treatment
is performed with one of N-methylpyrrolidone (NMP), which
is a strong alkali organic solvent, metyl n-butyl ketone
(MBK), which is an organic solvent for a resin, and acetone.

24. The method of claim 21, wherein the first layer has
photosensitivity.
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25. The method of claim 21, further comprising

stacking a photoresist on the first layer; and

patterning the photoresist by developing, after exposing
the rear surface,

wherein the patterning of the first layer comprises etching
the first layer using the patterned photoresist as a mask.

26. The liquid crystal display of claim 1, further compris-

ing an opaque metal layer disposed on the first substrate.

27. The liquid crystal display of claim 19, further compris-
ing an opaque metal layer disposed on the first substrate.

* ok ok sk ok
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