a9y United States

US 20100091228A1

12) Patent Application Publication (o) Pub. No.: US 2010/0091228 A1l

Kim et al. 43) Pub. Date: Apr. 15,2010
(54) LIQUID CRYSTAL DISPLAY AND METHOD (30) Foreign Application Priority Data
OF FABRICATING THE SAME
Oct. 10,2008  (KR) .ocovvvvenerececeanns 10-2008-0099757
(75) Inventors: Jae-Sung Kim, Yongin-si (KR); Publication Classification
Yang-Ho Jung, Yongin-si (KR); (51) Int.ClL
Hoon Kang, Suwon-si (KR) GO2F 1/1333 (2006.01)
GO2F 1/13 (2006.01)
Correspondence Address: (52) US.Cl e 349/122;349/187,349/182
CANTOR COLBURN, LLP (57) ABSTRACT
20 Church Street, 22nd Floor Aliquid crystal display (“LCD”) and thod of fabricati
Hartford. CT 06103 (US quid crystal display and a method ol fabricating
artiore (US) the same are provided. The LCD includes a first insulating
) substrate, protrusion patterns spaced apart from each other on
(73)  Assignee: SAMSUNG ELECTRONICS the first insulating substrate, pixel electrodes disposed on the

CO., LTD., Suwon-si (KR)

(21) Appl. No.: 12/563,301
(22) Filed: Sep. 21, 2009
210 220

|

protrusion patterns and having a cutout between the protru-
sion patterns, metal patterns disposed on the protrusion pat-
terns and overlapping top surfaces of the protrusion patterns,
a second insulating substrate facing the first insulating sub-
strate, and a liquid crystal layer interposed between the first
insulating substrate and the second insulating substrate.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF FABRICATING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0099757, filed on Oct. 10, 2008,
and all the benefits accruing there from under 35 U.S.C. §119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LCD”) and a method of fabricating the same, and more
particularly, to an LCD capable of driving blue phase liquid
crystal molecules and a method of fabricating the same.
[0004] 2. Description of the Related Art

[0005] As modern society changes into an information-
oriented society, market demand for display devices having a
large-screen size and a slim profile is increasing. To overcome
the disadvantages of conventional cathode ray tubes
(“CRTs”), there is an explosively growing demand for flat
display devices represented by a plasma display panel
(“PDP”) device, a plasma address liquid crystal (“PALC”)
device, a liquid crystal display (“LCD”) device, an organic
light emitting diode (“OLED”) device, and so on. In particu-
lar, display devices have various advantages, including high
definition (“HD”), miniaturization, lightweight, a slim pro-
file,and so on, and are widely applied to a variety of electronic
devices.

[0006] An LCD is one of the most widely used flat panel
displays (“FPDs”), and it is composed of two display panels
having a plurality of electrodes thereon and a liquid crystal
layer interposed therebetween. When a voltage is applied to
the electrodes, an electric field is generated between the elec-
trodes of the two panels to control the transmittance of light
passing through the liquid crystal layer by rearranging liquid
crystal molecules to thereby display images.

[0007] However, the LCD has a poor viewing angle due to
its orientation of liquid crystal, compared to other display
devices. To overcome this disadvantage, an LCD using blue
phase liquid crystals has been developed.

[0008] Since the LCD using blue phase liquid crystals has a
high response speed and a wide viewing angle, it is currently
receiving increased attention as a promising display device.
[0009] BRIEF SUMMARY OF THE INVENTION
[0010] It has been determined herein that a conventional
liquid crystal display (“LCD”) using blue phase liquid crys-
tals disadvantageously requires a high driving voltage.
[0011] Accordingly, the present invention provides an LCD
capable of driving blue phase liquid crystals with a reduced
driving voltage.

[0012] The present invention also provides a method of
fabricating an LCD capable of driving blue phase liquid crys-
tals with a reduced driving voltage.

[0013] The above and other features of the present inven-
tion will be described in or be apparent from the following
description of the exemplary embodiments.

[0014] According to an exemplary embodiment of the
present invention, there is provided an LCD including a first
insulating substrate, protrusion patterns spaced apart from
each other on the first insulating substrate, pixel electrodes
disposed on the protrusion patterns and having a cutout
between the protrusion patterns, metal patterns disposed on
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the protrusion patterns and overlapping top surfaces of the
protrusion patterns, a second insulating substrate facing the
first insulating substrate, and a liquid crystal layer interposed
between the first insulating substrate and the second insulat-
ing substrate.

[0015] According to another exemplary embodiment of the
present invention, there is provided a method for fabricating
an LCD, the method including disposing protrusion patterns
spaced apart from each other on an insulating substrate, dis-
posing pixel electrodes on the protrusion patterns and having
acutout between the protrusion patterns, and disposing metal
patterns on the protrusion patterns and overlapping top sur-
faces of the protrusion patterns.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0017] FIG.1is alayout view showing an exemplary liquid
crystal display (“LCD”) according to an exemplary embodi-
ment of the present invention;

[0018] FIG. 2 is a cross-sectional view of the exemplary
LCD, taken along line II-II' of FIG. 1;

[0019] FIG. 3A is a view showing a structure of a blue-
phase liquid crystal,

[0020] FIG. 3B is a view showing a structure of an exem-
plary liquid crystal layer including a blue-phase liquid crys-
tal; and

[0021] FIGS. 4 through 15 are cross-sectional views show-
ing sequentially the process of an exemplary method of fab-
ricating an exemplary LCD according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Advantages and features of the present invention
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of exemplary embodiments and the accompanying draw-
ings. The present invention may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the concept of
the invention to those skilled in the art, and the present inven-
tion will only be defined by the appended claims. Like refer-
ence numerals refer to like elements throughout the specifi-
cation.

[0023] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship 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” other elements or features would then be oriented
“above” 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.

29 <.
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[0024] 1In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will 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.

[0025] 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, componert, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0026] 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,” or “includes” and/or “including” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0027] 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 the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0028] Embodiments of the present invention are described
herein with reference to cross section illustrations that are
schematic illustrations of idealized embodiments of the
present invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, embodi-
ments of the present invention should not be construed as
limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing. For example, a region illustrated or
described as flat may, typically, have rough and/or nonlinear
features. Moreover, sharp angles that are illustrated may be
rounded. Thus, the regions illustrated in the figures are sche-
matic in nature and their shapes are not intended to illustrate
the precise shape of a region and are not intended to limit the
scope of the present invention.

[0029] Hereinafter, a thin film transistor (“TFT”) display
panel according to an exemplary embodiment of the present
invention is explained in detail with reference to FIGS. 1
through 3B. FIG. 1 is a layout view showing an exemplary
liquid crystal display (“LCD”) according to an exemplary
embodiment of the present invention, FIG. 2 is a cross-sec-
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tional view of the exemplary LCD, taken along line TI-II' of
FIG. 1, FIG. 3A 1s a view showing a structure of a blue-phase
liquid crystal, and FIG. 3B is a view showing a structure of an
exemplary liquid crystal layer including a blue-phase liquid
crystal.

[0030] Referring to FIGS. 1 and 2, the LCD 1 includes a
lower display panel 2 having a gate line 21, a data line 62, a
pixel electrode 131 and a TFT Q, an upper display panel 3
facing the lower display panel 2 and having a common elec-
trode 240 and color filters 230, and a liquid crystal layer 4
interposed between the lower display panel 2 and the upper
display panel 3.

[0031] First, the lower display panel 2 will be described.
The gate line 21 and a gate electrode 22 are formed, herein-
after disposed, on a first insulating substrate 10 made of a
material such as transparent glass.

[0032] The gate line 21 extends in a transverse direction, a
first direction, to transfer a gate signal. The gate line 21 may
include a plurality of gate lines disposed on the first insulating
substrate 10 and arranged in parallel with one another. The
gate electrode 22 of a TFT that is connected to the gate line 21
forms a protrusion from the gate line 21 by protruding out-
wardly from the gate line 21 towards an adjacent gate line 21.
A storage electrode line (not shown) may be disposed in
parallel with the gate line 21, and a storage electrode may
extend or protrude from the storage electrode line.

[0033] A plurality of gate pads (not shown) is disposed at
one ends of the plurality of gate lines. The gate electrode 22
may be formed such that the gate line 22 partially protrudes.
The gate line 21 and the gate electrode 22 are collectively
referred to as gate wiring lines.

[0034] The gate wiring lines 21 and 22 may be made of an
aluminum-based metal, such as aluminum (Al) and an alumi-
num alloy, a silver-based metal, such as silver (Ag) and a
silver alloy, a copper-based metal, such as copper (Cu) or a
copper alloy, a molybdenum-based metal, such as molybde-
num (Mo) and a molybdenum alloy, chromium (Cr), titanium
(Ti), or tantalum (Ta). Additionally, the gate wiring lines 21
and 22 may include a single layer of material or may have a
multilayered structure including two conductive layers hav-
ing different physical properties (not shown). Of the two
conductive layers, any one conductive layer is formed of
metal having low resistivity, for example, the aluminum-
based metal, the silver-based metal, or the copper-based
metal, so as to reduce signal delaying or a drop in voltage in
the gate wiring lines 21 and 22.

[0035] Another conductive layer in a multilayered structure
of the gate wiring lines 21 and 22 may be formed of a sub-
stance having good contact properties with other material,
such as a molybdenum-based metal, chromium, titanium, or
tantalum. Exemplary embodiments of a multi-layered struc-
ture of the gate wiring lines 21 and 22 include a structure that
includes a lower chromium layer and an upper copper layer,
or a structure that includes a lower molybdenum layer and an
upper titanium layer. However, the present invention is not
limited thereto. The gate wiring lines 21 and 22 may be made
of various types of metals, and conductors.

[0036] A gate insulating layer 30 may be made of silicon
nitride (SiN_) to insulate the gate wiring lines 21 and 22 from
data wiring lines 62, 65 and 66, which will later be described.
The gate insulating layer 30 is disposed at overlapping areas
of the gate wiring lines 21 and 22 and the data wiring lines 62,
65 and 66. That is to say, the gate insulating layer 30 is
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interposed between each of the gate wiring lines 21 and 22
and the data wiring lines 62, 65 and 66.

[0037] The gate insulating layer 30 may be blanket-depos-
ited over the first insulating substrate 10, except for portions
necessarily to be electrically connected to the gate wiring
lines 21 and 22 in a direct contact manner, like a contact hole,
for example.

[0038] The semiconductor layer 40 made of amorphous
silicon (“a-Si”) and the ohmic contact layers 55 and 56 made
of n* a-Si hydride, which is doped with n-type impurities at a
high concentration are disposed over the gate insulating layer
30. The semiconductor layer 40 forms a channel region of a
TFT Q. That is, the channel region is formed by the semicon-
ductor layer 40 overlapping the gate electrode 22. The ohmic
contact layers 55 and 56 have substantially the same patterns
as the semiconductor layer 40, except for the channel region.
The ohmic contact layers 55 and 56 are separated from each
other with the channel region disposed on the portion ovet-
lapping the gate electrode 22. The ohmic contact layers 55
and 56 are disposed over the semiconductor layer 40.

[0039] Meanwhile, the semiconductor layer 40 may have
various shapes, such as island shapes or stripe shapes. In the
illustrated embodiment, for example, the semiconductor
layer 40 may be formed in an island shape.

[0040] The source electrode 65 and the drain electrode 66
are disposed on the semiconductor layer 40 and the ohmic
contact layers 55 and 56 to be separated from each other by a
length of the channel region. The semiconductor layer 40 is
disposed on the gate electrode 22. The source electrode 65,
the drain electrode 66, the gate electrode 22 and the semicon-
ductor layer 40 constitute a TFT.

[0041] The plurality of data lines 62 extends substantially
in a longitudinal direction, a second direction substantially
perpendicular to the first direction, to cross the plurality of
gate lines 21. The plurality of data lines 62 and the plurality of
gate lines 21 are arranged in the LCD 1 and a plurality of
pixels are arranged in a matrix type amongst the data lines 62
and gate lines 21. Each pixel includes a TFT Q having thee
terminals composed of the gate electrode 22, the source elec-
trode 65, and the drain electrode 66.

[0042] The source electrode 65 may be provided by par-
tially extending from an upper part of the data line 62, and the
drain electrode 66 separated from the source electrode 65 is
opposite to the source electrode 65 with respect to the channel
region of the TFT. The drain electrode 66 is connected to a
pixel electrode 131 through a contact hole 76.

[0043] The data line 62, the source electrode 65 and the
drain electrode 66 may be made of the same material using the
same process. The data line 62, the source electrode 65, and
the drain electrode 66 may be formed of at least one material
including chrome, molybdenum (Mo), titanium (T1), chro-
mium (Cr), tungsten (W), and aluminum (Al).

[0044] A passivation layer 70 is disposed on the gate insu-
lating layer 30 and the TFT Q. The passivation layer 70 may
be formed of, e.g., silicon oxide (SiO,), silicon oxynitride
(SiO,N,), and silicon nitride (SiN,,).

[0045] Protrusion patterns 82 made of an organic layer and
the pixel electrodes 131 are disposed on the passivation layer
70. The pixel electrodes 131 and the common electrode 240
generate an electric field, thereby controlling the refractivity
of the liquid crystal layer 4.

Apr. 15,2010

[0046] The pixel electrodes 131 are disposed on the protru-
sion patterns 82.

[0047] Each of the protrusion patterns 82 is disposed on the
passivation layer 70 and protrudes toward the upper display
panel 3. The protrusion pattern 82 reduces a driving voltage
for driving the blue phase liquid crystals 410. The protrusion
pattern 82 may be disposed so as to be tilted with respect to the
gate line 21 and the data line 62 to have a serrated cross-
sectional shape. The protrusion pattern 82 has a width that is
noticeably smaller than its length and may include a plurality
of patterns arranged in parallel or substantially in parallel
with one another.

[0048] Meanwhile, the positional relationship between the
protrusion pattern 82 and the gate line 21 and the data line 62
is not limited to the illustrated example in which the protru-
sion pattern 82 forms a predetermined angle with respect to
the gate line 21 and the data line 62. In addition, the protrusion
pattern 82 may be disposed in parallel with the gate line 21 or
the data line 62. Alternatively, the protrusion pattern 82 may
be partially bent in a V-shape.

[0049] Inanexemplary embodiment, the protrusion pattern
82 may be formed by patterning an organic insulating film or
photoresist. The protrusion pattern 82 may be formed to have
aheight ofabout 3 um or greater. The height of the protrusion
pattern 82 is inversely proportional to the driving voltage for
driving blue phase liquid crystals 410. Accordingly, in order
to sufficiently reduce the driving voltage, the height of the
protrusion pattern 82 is preferably about 3 pm or greater.
[0050] A thickness of a lower portion of the protrusion
pattern 82 may be greater than that of a top portion of the
protrusion pattern 82.

[0051] The protrusion pattern 82 may be formed when cur-
ing the organic insulating film.

[0052] The pixel electrode 131 is disposed on the protru-
sion pattern 82. Portions of the pixel electrode 131 are sepa-
rated from adjacent portions of the pixel electrode 131 with a
cutout 133 interposed therebetween. The pixel electrode 131
is configured such that top and lateral portions are disposed on
the protrusion pattern 82. The pixel electrode 131 and the
common electrode 240 generate an electric field, thereby
controlling the refractivity of the liquid crystal layer 4. The
pixel electrode 131 includes a top surface 121 and lateral
surfaces 126. The pixel electrode 131 may be formed of a
transparent electrode made of indium tin oxide (“ITO”) or
indium zinc oxide (“IZ0”).

[0053] The protrusion pattern 82 protrudes toward the
upper part of the passivation layer 70, that is, a longitudinal
section of the protrusion pattern 82 may be trapezoidal with a
widest portion of the protrusion pattern 82 adjacent to the
upper part of the passivation layer 70. The top and lateral
portions of the protrusion pattern 82 are surrounded by the
pixel electrode 131. That is to say, the top surface 121 of the
pixel electrode 131 is disposed on the top portion of the
protrusion pattern 82, and the lateral surfaces 126 of the pixel
electrode 131 are disposed on the lateral portions of the pro-
trusion pattern 82. The top surface 121 and the lateral surfaces
126 of the pixel electrode 131 may completely wrap the
protrusion pattern 82. The lateral surfaces 126 of one portion
of the pixel electrode 131 are separated from lateral surfaces
of an adjacent portion of the pixel electrode 131 with the
cutout 133 interposed therebetween.

[0054] A metal pattern 101 is disposed on the top surface
121 of the pixel electrode 131. The metal pattern 101 blocks
light incident from a backlight (not shown) and serves as a
mask for forming the cutout 133. The metal pattern 101 may
include a metal layer.
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[0055] A thickness of the metal pattern 101 is preferably
greater than the upper width of the protrusion pattern 82, and
may be formed so as to overlap the top surface 121 of the pixel
electrode 131. Since the metal pattern 101 is used as a mask
for forming the cutout 133 by patterning the pixel electrode
131, the metal pattern 101 and the cutout 133 are preferably
formed so as not to overlap each other. In other words, the
boundary of the metal pattern 101 may be substantially coin-
cident with that of the cutout 133. A distance between the
metal pattern 101 and the cutout 133 may be about 3 um or
less. In addition, a distance between the metal pattern 101 and
an adjacent metal pattern may also be about 3 um or less.
[0056] Here, the cutout 133 may be formed using the metal
pattern 101 as an etch mask by a dry etching method, which
imparts dielectric anisotropy. Accordingly. portions overlap-
ping the metal pattern 101 are not etched and only portions
that are not blocked by the metal pattern 101 can be etched. A
method of forming the cutout 133 will later be described in
detail.

[0057] Meanwhile, the metal pattern 101 blocks light inci-
dent from the backlight for preventing light leakage. The blue
phase liquid crystals 410 between the neighboring protrusion
patterns 82 may control the light used for displaying a screen.
But, the light going toward the blue phase liquid crystals 410
positioned right above the protrusion pattern 82 is blocked.
[0058] Portions of the pixel electrode 131 are connected to
adjacent portions of the pixel electrode 131 by a coupling
electrode 132, and the pixel electrode 131 is connected to the
drain electrode 66 through the contact hole 76. The coupling
electrode 132 is formed along the gate line 21 and the data line
62 50 as to surround the pixel electrode 131. The illustrated
coupling electrode 132 is only an example. The coupling
electrode 132 may be formed by connecting intermediate
parts of the neighboring portions of the pixel electrode 131 or
one ends of the neighboring portions of the pixel electrode
131.

[0059] Alternatively, the coupling electrode 132 may be
disposed directly on the passivation layer 70, or may be
formed on separate protrusion patterns.

[0060] The upper display panel 3 is disposed to face the
lower display panel 2. The upper display panel 3 includes
black matrices 220, color filters 230 and a common electrode
240.

[0061] The black matrices 220 for preventing light leakage
are disposed on a second insulating substrate 210. The black
matrices 220 are disposed so as to overlap the TFT Q, forming
aboundary with adjacent pixels. The color filters 230 may be
disposed in pixel areas between the black matrices 220, and
the common electrode 240 is disposed on the black matrices
220 and the color filters 230. The common electrode 240 is
provided over the entire surface, or substantially the entire
surface, of the second insulating substrate 210. In the illus-
trated embodiment, the black matrices 220, the color filters
230 and the common electrode 240 are disposed on the sec-
ond insulating substrate 210. However, the black matrices
220, the color filters 230 and the common electrode 240 may
be disposed on the first insulating substrate 10.

[0062] The liquid crystal layer 4 is interposed between the
lower display panel 2 and the upper display panel 3.

[0063] Hereinafter, the liquid crystal layer 4 including blue
phase liquid crystals will be described in detail with reference
to FIGS. 3A and 3B.

[0064] Each blue phase liquid crystal 410 has a blue-phase
that appears in a temperature region between a chiral nematic
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phase and an isotropic phase. The liquid crystal layer 4 is
optically isotropic when no external field is applied thereto,
while it is optically anisotropic when the external field is
applied thereto. The orientation of general liquid crystals is
varied as the external field is applied, which changes the
refractive index of the liquid crystals with directivity. The
refractive index of the general liquid crystals, that is, the
liquid crystals without directivity, is not changed. However,
the blue phase liquid crystal 410 are characteristic in that they
become optically anisotropic when anexternal field is applied
thereto, changing the refractive index thereof.

[0065] The blue phase liquid crystal 410 has a polymer-
network structure formed by polymerizing liquid crystal sub-
stance, monomers, and a crosslinking agent. In this way, a
temperature range in which a blue phase is demonstrated can
be expanded, and a response speed of liquid crystals can be
increased. Here, examples of the monomers useful for form-
ing the polymer-network structure include acrylate mono-
mers such as an acryloid group, a methacryloid group, or the
like.

[0066] Referring to FIG. 3A, the blue phase liquid crystal
410 have a set of a plurality of liquid crystal molecules 412
whichare twisted along X andY axes, respectively. The liquid
crystal molecules 412 twisted along X and Y axes are perpen-
dicular to each other with respect to the 7 axis. The structure
ofthe liquid crystal molecules 412 is defined as a double twist
cylinder structure. The blue phase liquid crystal 410 having
the double twist cylinder structure forms a cylindrical shape
in the 7 axis. The liquid crystal molecules 412 have directivity
in the double twist cylinder structure.

[0067] Referring to FIG. 3B, the blue phase liquid crystal
410 having a cubic lattice structure are arranged to form the
liquid crystal layer 4 having a body centered cubic structure,
maintaining an optically isotropic property. However, when a
voltage is applied to an isotropic substance having a polarity,
the optically isotropic property changes in proportion to the
square of the voltage applied, and such an optical effect in
which the refractive index increases is defined as a Kerr
effect.

[0068] Inprinciple, the blue phase liquid crystal 410 has an
optically isotropic property. However, when a voltage is
applied to the blue phase liquid crystal 410, the optical prop-
erty of the blue phase liquid crystal 410 is rapidly changed
into anisotropy, thereby controlling the light transmittance of
the liquid crystal layer 4 having directivity. A display device
having a high response speed and a wide viewing angle can be
attained using the blue phase liquid crystal 410.

[0069] Hereinafter, an exemplary method of fabricating an
exemplary LCD according to an exemplary embodiment of
the present invention will be described with reference to
FIGS. 4 through 15. FIGS. 4 through 15 are cross-sectional
views showing sequentially the process of an exemplary
method of fabricating an exemplary LCD according to an
exemplary embodiment of the present invention.

[0070] Referring to FIG. 4, the gate line (21 of FIG. 1) and
the gate electrode 22 are disposed on the first insulating
substrate 10. In detail, a gate metal layer is deposited on the
first insulating substrate 10 using a sputtering process, and
photolithography is performed to form the gate line gate line
21 and the gate electrode 22.

[0071] Referring to FIG. 5, a gate insulating layer 30 made
of silicon nitride (SiN,) is disposed on the resultant structure
having the gate line 21 and the gate electrode 22. The gate
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insulating layer 30 is blanket-deposited over the first insulat-
ing substrate 10, and on the gate line 21 and the gate electrode
22.

[0072] Then, a first amorphous silicon (“a-Si”) layer made
of hydrogenated a-Si and a second a-Si layer made of silicide
or n+ hydrogenated a-Si heavily doped with n type impurity
are sequentially stacked on the gate insulating layer 30. The
stacking of the first and second a-Silayers may be formed by,
for example, chemical vapor deposition (“CVD”).

[0073] Next, the gate insulating layer 30, the first a-Si layer,
and the second a-Si layer are photolithographically etched to
form a semiconductor layer 40 and an a-Si pattern 50. In
detail, the first and second a-Si layers are photolithographi-
cally etched for removal, except for areas for forming active
layers on the gate electrode 22 of each pixel. The first a-Si
layer is photolithographically etched to form the semiconduc-
tor layer 40. The second a-Si layer is photolithographically
etched to form the a-Si pattern 50.

[0074] The first a-Si layer and the second a-Si layer are
etched by, for example, dry etching. The semiconductor layer
40 and the a-Si pattern 50 may be etched simultaneously or
independently.

[0075] Referring to FIG. 6, a data conductive layer is
deposited on the gate insulating layer 30, the semiconductor
layer 40 and the a-Si pattern (50 of FIG. 5) resulting from the
structure shown in FIG. 5.

[0076] The data conductive layer is photolithographically
etched to form the source electrode 65, the drain electrode 66
and the data line (62 of FIG. 1). Here, the a-Si pattern 50
between the source electrode 65 and the drain electrode 66 is
etched to form a channel region of the TFT.

[0077] Referring to FIG. 7, a material for forming a passi-
vation layer is deposited on the entire surface of the resultant
structure of FIG. 6. The passivation layer forming material
may be, e.g., silicon oxide (SiO,), silicon oxynitride
(8iO,N,), and silicon nitride (SiN,).

[0078] The contact hole 76 is formed by etching the passi-
vation layer forming material. thereby forming the passiva-
tion layer 70. The passivation layer 70 planarizes the overall
step heights of the structures disposed on the first insulating
substrate 10.

[0079] Referring to FIG. 8, an organic insulating film 80 is
deposited on the passivation layer 70 of the resultant structure
shown in FIG. 7 to a predetermined thickness. Here, the
height of the organic insulating film 80 deposited is prefer-
ably at least about 3 um.

[0080] After the depositing process, the organic insulating
film 80 may be subjected to only a baking process without
additional exposing and developing processes.

[0081] Referring to FIG. 9, a first transparent electrode
layer 90 is disposed on the organic insulating film 80 shown
in FIG. 8. Here, the first transparent electrode layer 90 may be
formed of ITO or IZO by sputtering.

[0082] Referring to FIG. 10, a metal layer 95 for forming a
metal pattern is disposed on the first transparent electrode
layer 90 shown in FIG. 9. The metal layer 95 may be formed
by sputtering using an opaque metal layer.

[0083] Referring to FIG. 11, photoresist patterns 110 are
disposed on the metal layer 95 shown in FIG. 10. The photo-
resist patterns 110 are used as etch masks for forming the
metal pattern (101 of FIG. 2) and the protrusion pattern (82 of
FIG. 2), and are disposed on areas for forming the metal
pattern 101 and the protrusion pattern 82.
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[0084] Referring to FIG. 12, the first transparent electrode
layer 90 and the metal layer 95 are patterned using the pho-
toresist patterns 110 as the etch masks, thereby forming the
pixel electrode pattern 91 and the metal pattern 101.

[0085] Thefirst transparent electrode layer 90 and the metal
layer 95 may be etched by a dry etching or wet etching
process.

[0086] Referring to FIG. 13, the protrusion pattern 82 is
formed by performing an ashing process on the resultant
structure of FIG. 12. That is, the organic insulating film (80 of
FIG. 12) is partially removed through the ashing process,
thereby forming the protrusion pattern 82, and the photoresist
pattern (110 of FIG. 12) is completely removed from the
metal pattern 101.

[0087] Since the organic insulating film 80 is ashed before
a curing process is performed, the ashing process is rapidly
performed. Thus, the protrusion pattern 82 can be shaped ina
column having a narrower width than that of the metal pattern
101 or the pixel electrode pattern 91. The protrusion pattern
82 formed after performing the ashing process may have
substantially the same width at its upper and lower portions.
[0088] Next, the protrusion pattern 82 is cured. The curing
process is performed by heating at a high temperature or
irradiating UV. During the curing process, the protrusion
pattern 82 made of an organic material is solidified. Here, the
protrusion pattern 82 is shaped in the form of a protrusion
having a small width and a long height. As the curing process
progresses, some of the organic material moves downward, so
that the protrusion pattern 82 may have different widths at its
upper and lower portions. Thatis to say, the width of the lower
portion of the protrusion pattern 82 closer to the passivation
layer 70 becomes greater than the width of the upper portion
of the protrusion pattern 82, and the lateral portions of the
protrusion pattern 82 may be formed so as to be inclined.
[0089] The protrusion pattern 82 has an inclined lateral
surface, and is given structural rigidity after the curing pro-
cess is completed.

[0090] Referring to FIG. 14, a second transparent electrode
layer 120 is disposed on the protrusion pattern 82 and the
metal pattern 101, in the resultant structure shown in FIG. 13.
The second transparent electrode layer 120 may be disposed
onthe entire surface of the passivation layer 70, the protrusion
pattern 82 and the metal pattern 101. Here, the second trans-
parent electrode layer 120 may be made of the same materials
as the pixel electrode pattern (91 of FIG. 13). Thus, the pixel
electrode pattern 91 may be integrally formed with the second
transparent electrode layer 120.

[0091] Here, the second transparent electrode layer 120
may be formed to wrap both the top surface of the metal
pattern 101 and the lateral portions of the protrusion pattern
82.

[0092] Referring to FIG. 15, the second transparent elec-
trode layer 120 resulting from the process of FIG. 14 1s etched
to form the pixel electrode 131. Here, the second transparent
electrode layer 120 may be anisotropically etched. Specifi-
cally, the second transparent electrode layer 120 is patterned
by dry etching, the second transparent electrode layer 120
present on the top surface of the metal pattern 101 is com-
pletely etched away. In addition, the second transparent elec-
trode layer 120 present on the lateral portions of the metal
pattern 101 may also be exposed and etched.

[0093] On the other hand, the lateral surfaces 126 of the
pixel electrode 131 present on the lateral portions of the
protrusion pattern 82 remain unetched because they are pro-
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tected by the metal pattern 101. Since the lateral surfaces 126
of the pixel electrode 131 are positioned inside tip areas of the
metal pattern 101, and within a footprint or projection of the
metal pattern 101, they remain unetched, which is possible
due to the characteristic of dry etching, in which the top
portion is not exposed in a vertical direction.

[0094] Inan area between the protrusion pattern 82 and the
adjacent protrusion pattern 82, an exposed portion of the
second transparent electrode layer 120, which is not blocked
by the metal pattern 101, is patterned, thereby forming the
cutout 133. The cutout 133 may be formed to have a width of
about 3 pum or less. Accordingly, the pixel electrode 131
formed to surround the protrusion pattern 82 has the top
surface 121 disposed on the top portion of the protrusion
pattern 82 and the lateral surfaces 126 disposed on the lateral
surfaces of the protrusion pattern 82.

[0095] Finally, referring back to FIG. 2, the upper display
panel 3 is disposed to face the lower display panel 2 shown in
FIG. 15, and the liquid crystal layer 4 is interposed between
the upper display panel 3 and the lower display panel 2,
thereby completing the LCD according to the present inven-
tion.

[0096] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims. It is
therefore desired that the present embodiments be considered
in all respects as illustrative and not restrictive, reference
being made to the appended claims rather than the foregoing
description to indicate the scope of the invention.

What is claimed is:

1. A liquid crystal display comprising:

a first insulating substrate;

protrusion patterns spaced apart from each other on the first

insulating substrate;

pixel electrodes disposed on the protrusion patterns and

having a cutout between the protrusion patterns;

metal patterns disposed on the protrusion patterns and

overlapping top surfaces of the protrusion patterns;

a second insulating substrate facing the first insulating

substrate; and

aliquid crystal layer interposed between the first insulating

substrate and the second insulating substrate.

2. The liquid crystal display of claim 1, wherein the liquid
crystal layer is optically isotropic when no external field is
applied thereto, while it is optically anisotropic when the
external field is applied thereto, and a refractive index thereof
is changed according to an intensity of an electric field
applied thereto.

3. The liquid crystal display of claim 2, wherein the liquid
crystal layer includes blue phase liquid crystals.

4. The liquid crystal display of claim 2, wherein the liquid
crystal layer includes a monomer polymerized with liquid
crystals.

5. The liquid crystal display of claim 1, wherein the cutout
is patterned using the metal patterns as a mask.

6. The liquid crystal display of claim 5, wherein a metal
pattern of the metal patterns has a width greater than an upper
width of a corresponding protrusion pattern of the protrusion
patterns.

7. The liquid crystal display of claim 1, wherein a portion
of the pixel electrodes includes a top surface disposed on the
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top surface of a corresponding protrusion pattern of the pro-
trusion patterns, and lateral surfaces disposed on lateral sur-
faces of the corresponding protrusion pattern.

8. The liquid crystal display of claim 7, wherein the lateral
surfaces of the corresponding protrusion pattern are inclined.

9. The liquid crystal display of claim 7, wherein the corre-
sponding protrusion pattern has a height of about 3 pum or
greater.

10. The liquid crystal display of claim 7, wherein the cutout
has a width of about 3 pum or less.

11. The liquid crystal display of claim 1, wherein the pro-
trusion patterns are disposed in parallel with one another in
one direction.

12. A method for fabricating a liquid crystal display, the
method comprising:

disposing protrusion patterns spaced apart from each other

on a first insulating substrate;

disposing pixel electrodes on the protrusion patterns and

having a cutout between the protrusion patterns; and
disposing metal patterns on the protrusion patterns and
overlapping top surfaces of the protrusion patterns.

13. The method of claim 12, wherein disposing the protru-
sion patterns comprises disposing an organic insulating film
for forming protrusions on the first insulating substrate, and
patterning the organic insulating film.

14. The method of claim 13, wherein disposing the metal
patterns comprises disposing a metal layer for forming the
metal patterns on the organic insulating film, and patterning
the metal layer.

15. The method of claim 14, further comprising disposing
a first transparent electrode layer between the organic insu-
lating film and the metal layer, wherein the first transparent
electrode layer is patterned simultaneously with the metal
layer.

16. The method of claim 15, wherein a width of each of the
metal patterns is greater than an upper width of each of the
protrusion patterns.

17. The method of claim 13, wherein disposing the pixel
electrodes comprises disposing a first transparent electrode
layer between the organic insulating film and the metal layer
and disposing a second transparent electrode layer on the
protrusion patterns and the metal patterns, and patterning the
second transparent electrode layer.

18. The method of claim 17, wherein the cutout is formed
by performing anisotropic etching using the metal patterns as
etch masks.

19. The method of claim 18, wherein the anisotropic etch-
ing is dry etching.

20. The method of claim 12, further comprising providing
a second insulating substrate facing the first insulating sub-
strate, and interposing a liquid crystal layer between the first
insulating substrate and the second insulating substrate,
wherein the liquid crystal layer is optically isotropic when no
external field is applied thereto, while it is optically anisotro-
pic when the external field is applied thereto, and a refractive
index thereofis changed according to an intensity of an elec-
tric field applied thereto.

21. The method of claim 20, wherein the liquid crystal
layer includes blue phase liquid crystals.

22. The method of claim 20, further comprising forming
the liquid crystal layer by polymerizing a monomer with
liquid crystals.
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