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LIQUID CRYSTAL DISPLAY AND METHOD OF
MANUFACTURING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2005- 0123134 filed on Dec. 14, 2005,
the contents of which are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION
[0002] (a) Technical Field

[0003] The present disclosure relates to a liquid crystal
display, and more particulary to a liquid crystal display
having an alignment layer with different thicknesses.

[0004] (b) Discussion of the Related Art

[0005] Liquid crystal displays are flat panel displays.
Liquid crystal displays include two panels on which field-
generating electrodes, such as pixel electrodes and a com-
mon electrode, are formed, and a liquid crystal layer dis-
posed between the panels. Liquid crystal displays apply a
voltage to the field-generating electrodes to generate an
electric field in the liquid crystal layer. With the electric
field, orientations of liquid crystal molecules of the liquid
crystal layer can be determined, and polarization of input
light to display an image can be controlled.

[0006] Liquid crystal displays may further include a
switching element connected to each pixel electrode, and a
plurality of signal lines, such as gate lines or data lines, to
apply a voltage to a pixel electrode to control the switching
element.

[0007] A vertical alignment (VA) mode LCD aligns LC
molecules such that the long axes of the LC molecules are
perpendicular to the panels in the absence of an electric field.
The VA mode LCD has a high contrast ratio and a wide
reference viewing angle. The reference viewing angle has
been defined as a viewing angle resulting in a contrast ratio
equal to 1:10 and/or as a limit angle for the inversion in
luminance between grays.

[0008] The VA mode liquid crystal displays can achieve a
wide viewing angle by forming a cutout in a field-generating
electrode or by forming a cutout on a field generating
electrode. Based on a cutout, the inclined direction of the
liquid crystal molecule may be dispersed in several ways
and a reference viewing angle may be widened.

[0009] Patterned vertical alignment (PVA) mode liquid
crystal displays having cutouts divide one pixel into two
subpixels and apply different voltages to the subpixels
through different switching elements so that light transmit-
tance is changed and side visibility can be improved.

[0010] In the PVA mode liquid displays, contact holes can
be formed in two subpixel electrodes included in two
subpixels to connect the subpixels to the switching elements.
Thus, an aperture ratio can be reduced.

SUMMARY OF THE INVENTION

[0011] According to an embodiment of the present inven-
tion, a liquid crystal display includes a pixel including first
and second regions, a pixel electrode, a common electrode
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facing the pixel electrode, and an alignment layer formed on
at least one of the pixel electrode and the common electrode.
The alignment layer may have different thicknesses in the
first region and the second region, and a voltage ratio of the
second region to the first region can be about 0.1 to 0.95.

[0012] The voltage ratio of the second region to the
voltage of the first region may be about 0.5 to 0.9.

[0013] A thickness ratio of the alignment layer in the
second region to a thickness of the alignment layer in the
first region may be about 0.1 to 0.95.

[0014]

[0015] The inorganic alignment layer may include at least
one of amorphous silicon, silicon carbide, silicon nitride,
silicon oxide, or fluorinated diamond-like carbon.

[0016] An area ratio of the first region to the second region
may be about 1:1 to 1:3.

[0017] The display may further include a first incline
determination member formed on the pixel electrode.

[0018] The display may further include a second incline
determination member formed on the common electrode.

[0019] The first and second incline determination mem-
bers may include a cutout having a slanting portion.

The alignment layer may be an alignment layer.

[0020] According to an embodiment of the present inven-
tion, a liquid crystal display includes a pixel having first and
second regions, a pixel electrode, a common electrode
facing the pixel electrode, and an inorganic alignment layer
formed on at least one of the pixel electrode and the common
electrode. The inorganic alignment layer may have different
thicknesses in the first region and the second region.

[0021] A thickness ratio of the inorganic alignment layer
in the first region to the inorganic alignment layer in the
second region may be about 0.1 to 0.95.

[0022] According to an embodiment of the present inven-
tion, a method for manufacturing a liquid crystal display
includes forming a gate line having a gate electrode on a first
substrate, depositing a gate insulating layer on the first
substrate, forming a semiconductor on the gate insulating
layer, forming a data line and a drain electrode on the
semiconductor and the gate insulating layer, forming a pixel
electrode connected to the drain electrode, and forming an
inorganic alignment layer having first and second portions
on the pixel electrode, the first and the second portions
having different thicknesses from each other.

[0023] The method may further include forming a light
blocking member on a second substrate, forming a color
filter on the second substrate, forming a common electrode
on the light blocking member and the color filter, and
forming the inorganic alignment layer having the first and
second portions having different thicknesses from each other
on the common electrode.

[0024] A thickness ratio of the second portion to the
thickness of the first region may be about 0.1 to 0.95.

[0025] The inorganic alignment layer may be formed by
depositing an inorganic material by chemical vapor deposi-
tion.

[0026] The inorganic alignment layer may be formed by
depositing an inorganic material having a first thickness on
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the entire pixel electrode, and depositing the inorganic
material having a second thickness on at least one portion of
the pixel electrode.

[0027] A ratio of a sum of the first and second thicknesses
to the first thickness may be about 0.1 to 0.95.

[0028] The inorganic alignment layer may be formed by
depositing an inorganic material having a first thickness on
the entire pixel electrode, and etching a portion having the
second thickness from the deposited inorganic material
having the first thickness.

[0029] A ratio of a difference between the first and second
thicknesses to the first thickness may be about 0.1 to 0.95.

[0030]

[0031] The inorganic alignment layer may include at least
one of amorphous silicon, silicon carbide, silicon nitride,
silicon oxide, and fluorinated diamond-like carbon.

The etching may be performed by use of a laser.

[0032] An area ratio of the first portion to the second
portion can be about 1:1 to about 1:3.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Exemplary embodiments of the present invention
can be understood in more detail from the following descrip-
tion taken in conjunction with the accompanying drawings
in which:

[0034] FIG.11is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present
invention;

[0035] FIG. 2 is an equivalent circuit diagram of a pixel of
a liquid crystal display according to an exemplary embodi-
ment of the present invention;

[0036] FIG. 3 is a layout view of a liquid crystal display
according to an exemplary embodiment of the present
invention;

[0037] FIG.4isalayout view of a thin film transistor array
panel of a liquid crystal display according to an exemplary
embodiment of the present invention;

[0038] FIG. 5 is a layout view of a common electrode
panel of a liquid crystal display according to an exemplary
embodiment of the present invention;

[0039] FIG. 6 and FIG. 7 are cross-sectional views of a
liquid crystal display taken along the lines VI-VI and
VII-VII in FIG. 3, respectively;

[0040] FIG. 8 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the
present invention;

[0041] FIG. 9A to FIG. 9G are cross-sectional views for
illustrating a method of manufacturing the thin film transis-
tor array panel of FIG. 4, according to an exemplary
embodiment of the present invention;

[0042] FIG. 10 is a cross-sectional view for illustrating a
method of manufacturing the thin film transistor array panel
of FIG. 4 according to an exemplary embodiment of the
present invention; and

[0043] FIG. 11A to FIG. 11F are cross-sectional views for
illustrating a method of manufacturing the common elec-
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trode panel of FIG. 5, according to an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0044] Exemplary embodiments of the present invention
will be described below in more detail with reference to the
accompanying drawings. The present invention may be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. 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 interven-
ing elements may also be present.

[0045] Referring to FIG. 1 and FIG. 2, a liquid crystal
display according to an exemplary embodiment of the
present invention is illustrated.

[0046] FIG. 11is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present
invention. FIG. 2 is an equivalent circuit diagram of a pixel
of a liquid crystal display according to an exemplary
embodiment of the present invention.

[0047] Referring to FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
includes a liquid crystal panel assembly 300, a gate driver
400 and data driver 500 connected to the liquid crystal panel
assembly 300, a gray voltage generator 800 connected to the
data driver 500, and a signal controller 600 for controlling
the liquid crystal panel assembly 300, the gate and data
drivers 400 and 500, and the gray voltage generator 800.

[0048] Referring to FIGS. 1 and 2, the liquid crystal panel
assembly 300 includes a plurality of signal lines G,-G, and
D,-D,, and a plurality of pixels PXs connected to the signal
lines and arranged in a matrix. The liquid crystal panel
assembly 300 includes a thin film transistor array panel 100
and a common electrode panel 200 facing each other, and a
liquid crystal layer 3 disposed therebetween.

[0049] The signal lines G,-G, and D;- D_ include a
plurality of gate lines G,-G, for transferring gate signals
(“scanning signals™) and a plurality of data lines D,-D,, for
transferring data signals. The gate lines G,-G,, extend in a
row direction and are parallel to each other, and the data
lines D,-D, extend in a column direction and are parallel to
each other.

[0050] Each pixel PX connected to, for example, an i-th (i
1,2,...,n)gateline G, and aj-th (j 1,2, ..., m) data line
D;, has a switching element Q connected to a signal line G;,
D;. Bach pixel PX further includes a liquid crystal capacitor
Clc and a storage capacitor Cst connected to the switching
element Q. The storage capacitor Cst may be omitted
according to an exemplary embodiment of the present
invention.

[0051] The switching element Q can be a three-terminal
element, such as, for example, a thin film transistor disposed
on a thin film transistor panel 100. The switching element Q
includes a control terminal connected to the gate line G, an
input terminal connected to the data line D;, and an output
terminal connected to the liquid crystal capacitor Clc and the
storage capacitor Cst.
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[0052] Each liquid crystal capacitor Clc has two terminals,
that s, the pixel electrode 191 of'the thin film transistor array
panel 100 and the common electrode 270 of the common
electrode panel 200. The liquid crystal layer 3 disposed
between the two electrodes 191 and 270 acts as a dielectric
material. The pixel electrode 191 is connected to the switch-
ing element Q. The common electrode 270 is formed on the
common electrode panel 200 and receives a common volt-
age Vcom. The common electrode 270 may be formed on
the thin film transistor array panel 100, wherein at least one
of the electrodes 191 and 270 may have a linear or plate
shape.

[0053] The storage capacitor Cst acts as an assistant of the
liquid crystal capacitor Clc. The storage capacitor Cst can be
formed by overlapping an additional signal line (not shown)
formed on the thin film transistor panel 100 and the pixel
electrode 191 with an insulator therebetween. A predeter-
mined voltage, such as a common voltage Vcom, is applied
to the additional signal line. In an exemplary embodiment of
the present invention, the storage capacitors Cst may be
formed by overlapping the pixel electrode 191 and a previ-
ous gate line with an insulator therebetween.

[0054] Each pixel PX may represent one of primary colors
(a spatial division), or each pixel PX may represent the
primary colors by a period of time (a temporal division). A
color can be represented by a spatial and temporal sum of the
primary colors. The primary colors include red, green, and
blue. FIG. 2 shows an exemplary spatial division. In FIG. 2,
each pixel PX has a color filter 230 representing one of the
primary colors on an area of the common electrode panel
200 corresponding to the pixel electrode 191. In an exem-
plary embodiment of the present invention, the color filter
230 may be formed on or under the pixel electrode 191 of
the thin film transistor panel 100.

[0055] The liquid crystal panel assembly 300 may have at
least one polarizer (not shown) that polarizes light and can
be attached on the outside of the liquid crystal panel assem-
bly 300.

[0056] Referring to FIG. 3 to FIG. 7, a liquid crystal panel
assembly according to an exemplary embodiment of the
present invention is illustrated.

[0057] FIG. 3 is a layout view of a liquid crystal display
according to an exemplary embodiment of the present
invention. FIG. 4 is a layout view of a thin film transistor
array panel of the liquid crystal display according to an
exemplary embodiment of the present invention. FIG. 51is a
layout view of a common electrode panel of the liquid
crystal display according to an exemplary embodiment of
the present invention. FIG. 6 and FIG. 7 are cross-sectional
views of the liquid crystal display, taken along the lines - and
- of FIG. 3, respectively.

[0058] Referring to FIG. 3 to FIG. 7, a liquid crystal
display according to an exemplary embodiment of the
present invention includes a thin film transistor array panel
100 and common electrode panel 200 facing each other, and
a liquid crystal layer 3 disposed between the panels 100 and
200.

[0059] Referring to FIG. 1, FIG. 2, FIG. 6, and FIG. 7, a
thin film transistor array panel 100 is illustrated.
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[0060] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are formed on an insulation
substrate 110 comprising, for example, transparent glass or
plastic.

[0061] Each gate line 121 transfers a gate signal and
extends in a transverse direction. Each gate line 121 has an
enlarged end portion 129 for contacting a plurality of gate
electrodes 124 protruding upwardly, another layer, or an
external driving circuit. A gate driving circuit (not shown)
for generating a gate signal may be mounted on a flexible
printed circuit film (not shown) attached on the substrate
110, may be directly mounted on the substrate 110, or may
be integrated in the substrate 110. When the gate driving
circuit is directly integrated in the substrate 110, the gate line
121 may extend and connect to the gate driving circuit
directly.

[0062] Each storage electrode line 131 receives a prede-
termined voltage and is parallel to the gate lines 121. Each
storage electrode line 131 is disposed between two adjacent
gate lines 121, and the distances between the storage elec-
trode line 131 and each of gate lines 121 are substantially
identical. The storage electrode line 131 includes a storage
electrode 137 expanded upwardly and downwardly. The
storage electrode line 131 may have different shapes and
arrangements according to exemplary embodiments of the
present invention.

[0063] The gate line 121 and the storage electrode line 131
may comprise, for example, an aluminum-group metal such
as aluminum (Al) or an aluminum alloy, a silver-group metal
such as silver (Ag) or a silver alloy, a copper-group metal
such as copper (Cu) or a copper alloy, a molybdenum-group
metal such as molybdenum (Mo) or a molybdenum alloy,
chromium (Cr), tantalum (Ta), and titanium (Ti). In an
exemplary embodiment, the gate line 121 and the storage
electrode line 131 may have a multilayered structure com-
prising two conductive layers (not shown) of which physical
properties are different from each other. One conductive
layer may comprise a low resistivity metal to reduce signal
delay or voltage drop, such as, for example, an aluminum-
group metal, a silver-group metal, or a copper-group metal.
The other conductive layer may comprise a material having
good physical, chemical, or electrical contact characteristics
with respect to another material, such as, for example,
indium tin oxide (ITO) or indium zinc oxide (I1Z0). The
material may include, for example, a molybdenum-group
metal, chromium, tantalum, and titanium. As exemplary
combinations of the two conductive layers, there is a com-
bination of a chromium lower layer and an aluminum (alloy)
upper layer, and a combination of an aluminum (alloy) lower
layer and a molybdenum (alloy) upper layer.

[0064] The lateral sides of the gate lines 121 and storage
electrode lines 131 are inclined with respect to the surface of
the substrate 110, and the inclined angle may be about 30

to about 80°.

[0065] A gate insulating layer 140, comprising, for
example silicon nitride (SiNx) or silicon oxide (SiOx), is
formed on the gate lines 121 and the storage electrode lines
131.

[0066] A plurality of semiconductor islands 154, compris-
ing, for example, hydrogenated amorphous silicon or poly-
silicon, are formed on the gate insulating layer 140. A
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semiconductor island 154 is disposed on a gate electrode
124 and has an extension portion covering a portion, for
example, a border, of the gate line 121. A plurality of ohmic
contact island members 163 and 165 are formed on the
semiconductor island 154. The ohmic contact island mem-
bers 163 and 165 may comprise materials such as n+
hydrogenated amorphous silicon on which an n-type impu-
rity such as phosphorus is doped in a high concentration, or
silicide. The ohmic contact island members 163 and 165
form a pair and are disposed on the semiconductor island
154.

[0067] The lateral sides of the semiconductor island 154
and ohmic contact island members 163 and 165 are inclined
with respect to the surface of the substrate 110, and the
inclined angle is about 30° to about 80°.

[0068] A plurality of data lines 171 and a plurality of drain
electrodes 175 are formed on the ohmic contact island
members 163 and 165 and the gate insulating layer 140.

[0069] Each data line 171 transfers a data voltage and
extends in a vertical direction, while intersecting the gate
lines 121 and the storage electrode lines 131. Each data line
171 has an enlarged end portion 179 for contacting a
plurality of source electrodes 173 extending toward the gate
electrode 124, another layer, or an external driving circuit. A
data driving circuit (not shown) for generating a data voltage
may be disposed on a flexible printed circuit film (not
shown) attached on the substrate 110, may be directly
disposed on the substrate, or may be integrated in the
substrate 110. When the data driving circuit is directly
integrated in the substrate 110, the data line 171 may extend
and connect to the data driving circuit.

[0070] The drain electrode 175 is separated from the data
line 171, and faces the source electrode 173 with the gate
electrode 124 therebetween. Each drain electrode 175 has
one enlarged end portion 177. The other end portion of the
drain electrode 175 has, for example, a plate shape. The
enlarged end portion 177 overlaps the storage electrode 137.
The plate-shaped end portion is partially surrounded by a
U-shaped curved source electrode 173.

[0071] One gate electrode 124, one source electrode 173,
and one drain electrode 175, along with semiconductor
islands 154, form one thin film transistor (TFT). The thin
film transistor has a channel formed on the semiconductor
islands 154 between the source electrode 173 and the drain
electrode 175.

[0072] The data line 171 and the drain electrode 175 may
comprise a refractory metal, such as, for example, molyb-
denum, chromium, tantalum, and titanium, or alloys thereof.
The data line 171 and the drain electrode 175 may have a
multilayered structure having a refractory metal layer (not
shown) and a low resistance conductive layer (not shown).
As exemplary multilayered structures, there is a dual layer
having a chromium or molybdenum (alloy) lower layer and
an aluminum (alloy) upper layer, and a triple layer having a
molybdenum (alloy) lower layer, an aluminum (alloy)
middle layer, and a molybdenum (alloy) upper layer.

[0073] The lateral sides of the data lines 171 and drain
electrodes 175 may be inclined with respect to the surface of
the substrate 110, and the inclined angle may be about 30°
to about 80°.
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[0074] The ohmic contact members 163 and 165 are
disposed between the semiconductor island 154 disposed
under the ohmic contact members 163 and 165 and the data
line 171 and drain electrodes 175 disposed over the ohmic
contact members 163 and 165. The ohmic contact members
163 and 165 reduce contact resistance between the semi-
concutor island 154, and the data line 171 and drain elec-
trodes 175. The extension portion of the semiconductor
island 154 disposed on the gate line 121 causes the surface
of the gate line 121 smooth and prevents a short circuit of the
data line 171. The semiconductor island 154 has exposed
portions, for example, an exposed portion between the
source electrode 173 and the drain electrode 175 or an
exposed portion that is not covered by the data line 171 and
the drain electrode 175.

[0075] A passivation layer 180 is formed on the data line
171, the drain electrode 175, and the exposed portion of the
semiconductor island 154. The passivation layer 180 may
comprise an inorganic insulating material or an organic
insulating material, and may have an even surface. The
inorganic insulating material may include, for example,
silicon nitride or silicon oxide. The organic insulating mate-
rial may have photosensitivity. The dielectric constant of the
organic insulator may be, for example, about 4.0 or less. In
an exemplary embodiment, the passivation layer 180 may
have a dual-layered structure having a lower inorganic layer
and an upper organic layer to maintain a good insulating
characteristic of an organic layer, and to prevent the exposed
semiconductor island 154 from being damaged.

[0076] A plurality of contact holes 182 and 185 for expos-
ing the end portion 179 of the data line 171 and the drain
electrode 175, respectively, are formed on the passivation
layer 180. A plurality of contact holes 181 for exposing the
end portion 129 of the gate line 121 are formed on the
passivation layer 180 and the gate insulating layer 140.

[0077] A plurality of pixel electrodes 191 and a plurality
of contact assisting members 81 and 82 are formed on the
passivation layer 130. The pixel electrodes 191 and the
contact assisting members 81 and 82 may comprise a
transparent conductive material such as, for example, ITO or
170, or a reflective material such as, for example, alumi-
num, silver, or alloys thereof.

[0078] A pixel electrode 191 is physically and electrically
connected to the drain electrode 175 through the contact
hole 185, and receives a data voltage from the drain elec-
trode 175. The pixel electrode 191 to which the data voltage
is applied, along with the common electrode 270 of the
common electrode panel 200 to which a common voltage is
applied, form an electric field, thereby determining the
direction of the liquid crystal molecules of the liquid crystal
layer 3 disposed between two electrodes 191 and 270.
According to the determined direction of the liquid crystal
molecules, the polarization of the light passing through the
liquid crystal layer 3 is changed. A pixel electrode 191 and
the common electrode 270 form a capacitor (hereinafter
“liquid crystal capacitor”) that maintains the applied voltage
even after a thin film transistor is turned off.

[0079] The pixel electrode 191 overlaps the storage elec-
trode line 131 and the storage electrode 137. The pixel
electrode 191 and the drain electrode 175 connected to the
pixel electrode 191 electrically overlap the storage electrode
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line 131, thereby forming a storage capacitor. The storage
capacitor enhances the voltage storage of the liquid crystal
capacitor.

[0080] Each pixel electrode 191 can have a quadrangle
shape having four chamfered edges. A chamfered oblique
side 1s inclined with respect to the gate line 121 by an angle
of about 45°.

[0081] The pixel electrode 191 has first and second central
cutouts 91 and 92, lower cutouts 93a and 94a, and upper
cutouts 935 and 94b, and is partitioned into a plurality of
regions by the cutouts 91 to 94b. The cutouts 91-945 are
symmetrical with respect to the storage electrode line 131.

[0082] The lower and upper cutouts 93a-945 substantially
slant and extend from the left side of the pixel electrode 191
toward the right side, upper side, or lower side of the pixel
electrode 191. The lower and upper cutouts 93a94b are
disposed below and above with respect to the storage
electrode lines 131. The lower and upper cutouts 93a-945
are inclined with respect to the gate lines 121, for example,
by an angle of about 45°, and vertically extend.

[0083] The first central cutout 91 extends along the storage
electrode line 131 and has an entrance on the left side
thereof. The entrance of the first central cutout 91 has a pair
of oblique sides each substantially parallel to the lower
cutouts 93a and 94a and the upper cutouts 935 and 945. The
second central cutout 92 has a central horizontal portion and
a pair of slanting portions. The central horizontal portion of
the second center cutout 92 extends from the right side of the
pixel electrode 191 to the left side of the pixel electrode 191,
along the storage electrode line 131. The pair of slanting
portions extend from the end of the central horizontal
portion toward the left side of the pixel electrode, while
being parallel to the lower and upper cutouts 93a-94b,
respectively.

[0084] Thus, the lower portion of the pixel electrode 191
is partitioned into four regions by the second central cutout
92 and the lower cutouts 93a and 94q, and the upper portion
of the pixel electrode 191 is partitioned into four regions by
the second central cutout 92 and the upper cutouts 935 and
945. The number of partitioned regions or the number of
cutouts may depend on design on design factors, such as, for
example, the size of the pixel, a length ratio of the horizontal
side and vertical side of the pixel electrode, or the type or
characteristics of the liquid crystal layer 3.

[0085] The contact assisting members 81 and 82 are
connected to the end portions 129 of the gate lines 121 and
the end portions 179 of the data lines 171 through the contact
holes 181 and 182, respectively. The contact assisting mem-
bers 81 and 82 enhance and protect the connection between
the end portions 179 and 129 of the data line 171 and gate
line 121 and an external device.

[0086] Referring to FIG. 3, FIG. 5, FIG. 6, and FIG. 7, a
common electrode panel 200 is illustrated.

[0087] A light blocking member 220 is formed on an
insulation substrate 210 comprising, for example, transpar-
ent glass or plastic. In an exemplary embodiment, the light
blocking member 220 is a black matrix, and prevents light
leakage. The light blocking member 220 has a linear portion
221 corresponding to the data line 171 and a surface portion
222 corresponding to a thin film transistor. The light block-
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ing member 220 prevents light leakage between the pixel
electrodes 191, and defines an opening facing the pixel
electrodes 191. In an exemplary embodiment, the light
blocking member 220 may have a plurality of openings (not
shown) facing the pixel electrode 191 and having a shape
substantially identical to that of the pixel electrode 191.

[0088] A plurality of color filters 230 are formed on the
substrate 210. The color filters 230 can be located in a region
surrounded by the light blocking member 220, and extend in
a vertical direction along a column of the pixel electrodes
191. Each color filter 230 may represent one of three
primary colors, such as red, green, and blue.

[0089] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 may
comprise an organic insulating material. The overcoat 250
may prevent the color filters 230 from being exposed. The
overcoat 250 can provide an even surface. The overcoat 250
may be omitted according to an exemplary embodiment of
the present invention.

[0090] The common electrode 270 is formed on the over-
coat 250. The common electrode 270 comprises a transpar-
ent conductor such as, for example, ITO or IZ0.

[0091] A plurality of cutout sets 71, 72a, 72b, 73a, 735,
74a, and 745 are formed on the common electrode 270.

[0092] One set of cutouts 71-745 faces one pixel electrode
191 and has a central cutout 71, lower cutouts 72a, 73a, and
74a, and upper cutouts 726, 73b, and 74b. Each of the
cutouts 71-745 is disposed between adjacent cutouts 91-94b
of the pixel electrode 191 or between the cutouts 91-945 and
the chamfered oblique side of the pixel electrode 191. Each
of the cutouts 71-744 has at least one slanting branch
extending in parallel to the lower cutouts 934 and 944 or
upper cutouts 935 and 945 of the pixel electrode 191.

[0093] Each of the lower and upper cutouts 72a-745 has a
slanting branch, a horizontal branch, and a vertical branch.
The slanting branch extends substantially parallel to the
lower cutouts 93a and 944 or upper cutouts 935 and 945 of
the pixel electrode 191, from the right side of the pixel
electrode 191 to the left, upper, or lower side of the pixel
electrode 191. The horizontal branch and the vertical branch
overlap and extend from the end of the slanting branch,
along the sides of the pixel electrode 191, and form an
obtuse angle with respect to the slant angle.

[0094] The central cutout 71 has a central horizontal
branch, a pair of slanting branches, and a pair of end vertical
branches. The central horizontal branch extends from the
right side of the pixel electrode to the left side of the pixel
electrode 191, along the horizontal central line of the pixel
electrode 191. A pair of slanting branch extends toward the
left side of the pixel electrode 191 from the end of the central
horizontal branch, while extending substantially parallel to
the lower and upper cutouts 72a and 72b. The end vertical
branches overlap and extend from the each end of the
slanting branches, along the left side of the pixel electrode
191, and form an obtuse angle with respect to the slanting
branches.

[0095] The branches of the central cutout 71 are con-
verged and form a crossing portion. The crossing portion is
located inside the pixel electrode 191 and is wider than the
branches.
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[0096] The number or direction of the cutouts 71-74b
depends on design factors.

[0097] Alignment layers 11 and 21 are formed on the
panels 100 and 200, respectively. In an exemplary embodi-
ment, the alignment layers 11 and 21 can be formed between
the panels 100 and 200. The alignment layers 11 and 21 may
be vertical alignment layers. The alignment layers 11 and 21
may be inorganic alignment layers. The inorganic alignment
layers 11 and 21 may comprise at least one of amorphous
silicon (a-Si), silicon carbide (SiC), silicon nitride (SiN),
silicon oxide (SiOx), or fluourinated diamond-like carbon.

[0098] Referring to FIG. 6, the alignment layers 11 (11a,
1156) and 21 (21a, 215) have portions with different thick-
nesses. The liquid crystal panel assembly 300 has a first
region A and a second region B. The alignment layers 11a
and 21a are formed on the first region A, and alignment
layers 116 and 215 are formed on the second region B. The
alignment layers 11a and 21« in the first region A are thicker
than the alignment layers 115 and 215 in the second region
B. A thickness ratio of the alignment layers 115 and 215 of
the second region B to the thickness of the alignment layers
11a and 21a of the first region A is, for example, 0.1 to 0.95.
Thus, a voltage difference between the two region A and B
is formed, thereby side visibility can be improved.

[0099] Polarizers 12 and 22 can be formed on the panels
100 and 200, respectively. In an exemplary embodiment, the
polarizers 12 and 22 can be formed on outer surfaces on the
polarizers 12 and 22. The polarization axis of two polarizers
12 and 22 are perpendicular to each other, and one axis may
be parallel to the gate lines 121. When a liquid crystal
display is a reflective liquid crystal display, one of the
polarizers 12 and 22 may be omitted.

[0100] A liquid crystal display may include a backlight
unit (not shown) for providing the polarizers 12 and 22, the
panels 100 and 200, and the liquid crystal layer 3 with light.

[0101] The liquid crystal layer 3 can have negative dielec-
tric anisotropy. The liquid crystal molecules of the liquid
crystal layer 3 are arranged such that a longitudinal axis of
the liquid crystal molecules is perpendicular to the surfaces
of the two panels 100 and 200 when an electric field does not
exist. Thus, input light does not pass through crossed polar-
izers 12 and 22 and is blocked.

[0102] A common voltage is applied to the common
electrode 270, and a data voltage is applied to the pixel
electrodes 191, thereby forming an electric field substan-
tially perpendicular to the surfaces of the panels 100 and
200. The liquid crystal molecules change their directions
such that the longitudinal axes of the liquid crystal mol-
ecules are perpendicular to the direction of the electric field,
in response to the electric field. The pixel electrodes 191 and
the common electrode 271 may be referred to as field
generating electrodes.

[0103] The cutouts 91-94b of the pixel electrodes 191 of
the field generating electrodes, the cutouts 71-745 of the
common electrode 270 of the field generating electrodes,
and an oblique side of a pixel electrode 191 parallel to the
cutouts 91-945 and 71-74b distort the electric field and form
a horizontal element that determines an inclined direction of
the liquid crystal molecules. The horizontal element of the
electric field is perpendicular to the oblique sides of the
cutouts 91-94b and 71-74b and the oblique side of the pixel
electrode 191.
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[0104] A set of the common electrode cutouts 71-74b and
a set of pixel electrode cutouts 91-945 divide each pixel
electrode 191 into sub-regions. Each sub-region has two
major edges forming an oblique angle with respect to the
major edges of the pixel electrode 191. The liquid crystal
molecules disposed on each sub-region are perpendicularly
inclined with respect to the major edges, and thus there are
four inclined directions. Therefore, the viewing angle of the
liquid crystal display can be widened by varying the inclined
directions of the liquid crystal molecules.

[0105] The set of the common electrode cutouts 71-74b
and the set of the pixel electrode cutouts 91-945 may be
replaced with protruding portions (not shown) or depressed
portions (not shown) according to exemplary embodiments
of the present invention.

[0106] The shapes or arrangement of the set of the com-
mon electrode cutouts 71-745 and the set of the pixel
electrode cutouts 91-94b may be changes according to
exemplary embodiments of the present invention.

[0107] Referring to FIG. 1, the gray voltage generator 800
generates a full number of gray voltages or a limited number
of gray voltages (referred to as “reference gray voltages™)
related to the transmittance of the pixels PX. Some of the
reference gray voltages have a positive polarity relative to
the common voltage Vcom, while some of the reference
gray voltages have a negative polarity relative to the com-
mon voltage Vcom.

[0108] The gate driver 400 is connected to the gate lines
G,-G, of the liquid crystal panel assembly 300 and applies
gate signals, comprising a gate-on voltage Von and a gate-off
voltage Voff, to the gate lines G,-G,.

[0109] The data driver 500 is connected to the data lines
D,-D_, of the liquid crystal panel assembly 300. The data
driver 500 selects a gray voltage from the gray voltage
generator 800 and applies the selected gray voltage as a data
signal to the data lines D,-D_. When the gray voltage
generator 800 provides a predetermined number of the
reference gray voltages, rather than all gray voltages, the
data driver 500 divides the reference gray voltages, gener-
ates gray voltages for all grays, and selects a data signal
among the generated gray voltages.

[0110] The signal controller 600 controls the gate driver
400 and the data driver 500.

[0111] Each of the driving apparatuses 400, 500, 600, and
800 may be directly disposed on the liquid crystal panel
assembly 300, as at least one IC chip. Each driving apparatus
may be disposed on a flexible printed circuit film (not
shown), and as a tape carrier package (TCP), attached to the
liquid crystal panel assembly 300 or to a printed circuit
board (PCB) (not shown). In an exemplary embodiment, the
driving apparatuses 400, 500, 600 and 800, along with the
signal lines G -G, and D,-D_ and a thin film transistor
switching element Q, may be integrated in the liquid crystal
panel assembly 300. In an exemplary embodiment, the
driving apparatuses 400, 500, 600, and 800 may be inte-
grated as a single chip, in which at least one circuit forming
the driving apparatuses 400, 500, 600 and 800 may be
located outside the single chip.

[0112] Referring to FIGS. 1, 2 and 8, the signal controller
600 receives input image signals R, G, and B and an input
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control signal for controlling the representation of the image
signals R, G, and B from an external graphics controller (not
shown). The input image signals R, G, and B have lumi-
nance information of each pixel PX. The luminance infor-
mation has a predetermined number of grays, for example,
1024 (2'°), 256 (2%), or 64 (29). The input control signal has,
for example, a vertical synchronization signal Vsync, a
horizontal synchronizing signal Hsyne, a main clock signal
MCILK, or a data enable signal DE.

[0113] The signal controller 600 processes the input image
signals R, G, and B based on the input control signal. The
input image signals R, G, and B, according to the operating
conditions of the liquid crystal panel assembly 300 and data
driver 500, generates a gate control signal CONT1 and a
data control signal CONT2. The gate control signal CONT1
is applied to the gate driver 400. The data control signal
CONT?2 and processed image signal DAT are applied to the
data driver 500. The output image signal DAT can be a
digital signal and can have a predetermined number of
values (grays).

[0114] The gate control signal CONT1 includes a scanning
start signal STV for indicating a scanning start and at least
one clock signal for controlling an output period of a gate-on
voltage Von. The gate control signal CONT1 may further
include an output enable signal OF for limiting a lasting time
of the gate-on voltage Von.

[0115] The data control signal CONT2 includes a hori-
zontal synchronization start signal STH for indicating a
transfer starting of image data with respect to a pixel
column, a load signal LOAD for applying a data signal to the
liquid crystal panel assembly 300, and a data clock signal
HCLK. The data control signal CONT2 may further include
an inversion signal RVS for inverting the voltage polarity of
a data signal with respect to a common voltage Vcom
(hereinafter, the voltage polarity of the data signal with
respect to the common voltage is abbreviated as “a polarity
of a data signal”).

[0116] Inresponse to the data control signal CONT2 of the
signal controller 600, the data driver 500 receives a digital
image signal DAT corresponding to a pixel column, selects
a gray voltage corresponding to each digital image signal
DAT, converts the digital image signal DAT into an analog
data signal, and applies the analog data signal to a corre-
sponding data line.

[0117] The gate driver 400 applies the gate-on voltage Von
to a gate line in response to the gate control signal CONT1
of the signal controller 600, and turns on the switching
element connected to the gate line. Then, the data signal
applied to the data line is applied to a corresponding pixel
through a turned on switching element.

[0118] The difference between the voltage of the data
signal applied to the pixel PX and a common voltage Vcom
is represented as a charge voltage of a liquid crystal capaci-
tor Clc, that is, a pixel voltage. The arrangement of liquid
crystal molecules changes in response to the size of the pixel
voltage, and thus the polarization of the light passing
through the liquid crystal layer 3 is changed. The polariza-
tion change is represented as transmittance change through
a polarizer attached to the panel assembly 300.

[0119] The above process can be repeated by a unit of 1
horizontal period (“1H”) that is identical to one period of the
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horizontal synchronizing signal Hsync and the data enable
signal DE. Thus, a gate-on voltage Von is applied to all of
the gate lines G,-G, and all pixels PXs receive data signals
to display an image of a frame.

[0120] After one frame is completed, a subsequent frame
starts. The inversion signal RVS to be applied to the data
driver 500 is controlled such that the data signal applied to
each pixel PX has an opposite polarity to the polarity of the
data signal applied to the pixel of a previous frame (“frame
inversion”). Within one frame, the polarity of the data signal
passing along a data line may be changed according to the
characteristic of the inversion signal RVS (for example, row
inversion or dot inversion), or the data signals applied to a
pixel column may have different polarities (for example,
column inversion or dot inversion).

[0121] Referring to FIG. 8, a voltage difference for each
region of a liquid crystal display according to an exemplary
embodiment of the present invention is illustrated.

[0122] FIG. 8 is a cross-sectional view of a liquid crystal
panel assembly according to an exemplary embodiment of
the present invention.

[0123] Referring to FIG. 8, the liquid crystal panel assem-
bly has first and second regions A and B. The alignment
layers 11 and 21 have different thicknesses in the first and
second regions A and B. The voltage differences between the
pixel electrodes 191 and the common electrode 270 are
different in the regions A and B.

[0124] The electric charge Q1 of the first region A and the
electric charge Q2 of the second region B may be repre-
sented as in the following Equations 1 and 2.

[0125]
Q1=CIx¥1

[0126] (Equation 2)
02=C2x 12

[0127] C1 and C2 are electrical capacities of the first and
second regions A and B, respectively, and V1 and V2 are
potential voltages between the field generating electrodes
194 and 270 within the first and second regions A and B.

[0128] Since the electric charges of the first and second
regions a and B are the same, Q1 and Q2 are the same. Thus,
Equations 1 and 2 may be represented as in the following
Equation 3. Equation 3 may be represented as in the fol-
lowing Equation 4.
[0129] (Equation 3)

ClxV1=C2%V2
[0130] (Equation 4)

V1in2=C2/C1

[0131] The electrical capacity C is represented as in the
following Equation 5.

(Equation 1)

[0132] (Equation 5)
C=e_e(4/d)
[0133] Here, € is permittivity, e, is permittivity of vacuum,

that is 8.855x10~12F/m, A is an area, and d is a thickness.

[0134] When, in a liquid crystal display of 40 inches
(width: length=16:9), an area ratio of the first and second
regions A and B is, for example, 1:1, a potential difference



US 2007/0146563 A1l

between the field generating electrodes 191 and 270 in the
first and second regions A and B is calculated as follows.

[0135] Each of the electrical capacities C1 and C2 of the
first and second regions A and B is a sum of the electrical
capacity of the liquid crystal layer 3 and the electrical
capacity of the alignment layers 11, 21. Each of the electrical
capacities C1 and C2 of the first and second regions A and
B may be represented as in each of the following Equations
6 and 7.

[0136]

Cl4] [e elc x(0.7x107
/d2]

(Equation 6)

um?/D2) x2xf € g€ x(0.7x

ali

105
[0137]

(24 [69616 x(0.7x103
10%um?/d2 |

(Equation 7)

um?/D1 Ix2x[eqeqx(0.7x

[0138] Here, €, is the permittivity of the liquid crystal
layer 3, €,; 1s the permittivity of the alignment layer 11, 21,
dl and d2 are the thicknesses of the alignment layers 11, 21
in the first and second regions A and B, respectively, and D1
and D2 are the thicknesses of the liquid crystal layers 3 in
the first and second regions A and B. In an exemplary
embodiment, €, is 3.6 and €,; is 3.9 when the alignment
layer is an inorganic alignment layer comprising silicon
oxide (Si0,).

[0139] Theratio V1/V2 of the potential differences V1 and
V2 between the pixel electrode 191 and the common elec-
trode 270 in each of the first and second regions A and B, as
shown in Equation 4, may be represented as in the following
Equation 8. The area of a pixel is 1.4x10°um?, and the
distance between the pixel electrode 191 and the common
electrode 270 is 3.8 um.

[0140]

V1P 2={[ene, x(0.7x10°um?/D1 [x2x[ € 5 ;% (0.7x
10%um*/d2 K/ e X(0.7x10°um*/D2) Ix 2x] € ix
0. 10’ /2 ]}
[0141] When d1 is 1000 A and d2 is 500 A, D1 is 3.9 um
and D2 is 3.8 pm.

[0142] Thus, V1/V2 is 0.51

[0143] Alternatively, when d1 is 1000 A and d2 is 700 A,
D1 is 3.8 um and D2 is 3.86 pum.

[0144] Thus, V1/V2 is 0.71.

[0145] Accordingly, a voltage ratio of the first and second
regions A and B is controlled by controlling the thicknesses
of the alignment layers 11 and 21 in the first and second
regions A and B. The inclined angles of the liquid crystal
molecules depend on the strength of the electric field. Since
the voltages of the two regions A and B are different from
each other, the inclined angles of the liquid crystal molecules
are different and luminances of the two regions are different.
Thus, if the voltage of the first region A and the voltage of
the second region B are properly controlled, the image at a
side surface is substantially identical to the image at the
front. That is, a side gamma curve is substantially identical
to a front gamma curve, and side visibility is improved.

[0146] The voltage ratio of the second region B to the
voltage of the first region A is, for example, about 0.1 to
0.95, or about 0.5 to 0.9.

(Equation 8)
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[0147] In an area where the thicknesses of the alignment
layers 11 and 21 are greater, the voltage difference between
the field generating electrodes 191 and 270 is greater. The
thickness ratio of the alignment layers 11 and 21 in the
second region B to the alignment layers 11 and 21 in the first
region A is, for example, about 0.1 to 0.95.

[0148] The area ratio of the second region B to the area of
the first region A is, for example, about 1 to 3. When the area
of the first region A that generates a higher potential differ-
ence is smaller than the area of the second region B, the side
gamma curve is closer to the front gamma curve. When the
area ratio of the first and second regions A and B is about 1:2
to about 1:3, the side gamma curve is closer to the front
gamma curve and side visibility can be further improved.

[0149] Referring to FIG. 9A to FIG. 11F, a method of
manufacturing the liquid crystal panel assembly shown in
FIG. 3 to FIG. 7, according to an exemplary embodiment of
the present invention, is illustrated.

[0150] FIG. 9A to FIG. 9G are cross-sectional views for
illustrating a method of manufacturing the thin film transis-
tor array panel shown in FIGS. 3, 4, 6, and 7, according to
an exemplary embodiment of the present invention.

[0151] Referring to FIG. 9A, metal layers are sequentially
deposited on a substrate 110 by sputtering, and photolithog-
raphy is performed to form a plurality of gate lines 121 each
having a gate electrode 124 and an end portion 129 and a
plurality of storage electrode lines 131 each having a storage
electrode 137 on the substrate 110.

[0152] Referring to FIG. 9B, a gate insulating layer 140 is
deposited on the substrate 110, intrinsic amorphous silicon
and an impurity amorphous silicon layer (extrinsic amor-
phous silicon) are sequentially deposited on the substrate
110, and the two upper layers are patterned to form a
plurality of impurity semiconductor islands 160 and semi-
conductor islands 150.

[0153] Referring to FIG. 9C, after the metal layers are
deposited on the substrate 110 by sputtering, photolithogra-
phy is performed to form a plurality of data lines 171 each
having a source electrode 173 and an end portion 179, and
a plurality of drain electrodes 175.

[0154] Then, an exposed portion of the impurity semicon-
ductor, which is not covered by the data line 171 and the
drain electrode 175, is removed to form ohmic contact island
members 163 and 165, while exposing a portion of the
intrinsic semiconductor 154 disposed under the exposed
portion. An oxygen plasma process may be performed to
cause the surface of the exposed portion of the intrinsic
semiconductor 154 stable.

[0155] Referring to FIG. 9D, an inorganic insulator is
deposited by chemical vapor deposition or a photosensitive
organic insulating material is deposited to form a passivation
layer 180. The passivation layer 180 and the gate insulating
layer 140 are etched to form contact holes 184, 182, and 185.

[0156] Referring to FIG. 9E. an ITO or IZO layer is
deposited by sputtering, and photolithography is performed
to form a plurality of pixel electrodes 191 and a plurality of
contact assisting members 81 and 82. Then, a mask (not
shown) is arranged, and exposure and development are
performed to form cutouts 92, 944, and 945. A plurality of
contact assisting members 81 and 82 are formed.
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[0157] Referring to FIG. 9F, an alignment layer 11 having
a first thickness (s1) is formed. The first thickness (s1) can
be, for example, about 500 A. The alignment layer 11 may
be an inorganic alignment layer formed from an inorganic
material, such as, for example, amorphous silicon (a-Si),
silicon carbide (SiC), silicon nitride (SiN), silicon oxide
(8i0x), or fluorinated diamond-like carbon. The alignment
layer 11 may be deposited by chemical vapor deposition
(CVD).

[0158] Referring to FIG. 9G, an alignment layer 11 having
a second thickness is formed on a certain region by using a
metal mask. The second thickness can be, for example,
about 500 A.

[0159] Thus, the first region A has an alignment layer 11
having a thickness (s2) of about 1000 A, and the second
region B has an alignment layer having a thickness (s1) of
about 500 A, thereby forming an alignment layer 11 having
different thicknesses.

[0160] Referring to FIG. 10, a method of manufacturing
the liquid crystal panel assembly 300, shown in FIG. 3 to
FIG. 7, according to an exemplary embodiment of the
present invention is illustrated.

[0161] FIG. 10 is a cross-sectional view for illustrating a
method of manufacturing a thin film transistor array panel
100 shown in FIG. 3, FIG. 4, FIG. 6, and FIG. 7, according
to an exemplary embodiment of the present invention.

[0162] As described with respect to FIG. 9A to FIG. 9E,
the gate line 121. the storage electrode line 131, the gate
insulating layer 140, the semiconductor island 154, the
ohmic contact members 163 and 165, the data line 171, the
drain electrode 175, the passivation layer 180, and the pixel
electrode 191 are formed on the substrate 110.

[0163] Referring to FIG. 10, the alignment layer 11 having
a third thickness (s2) of about 1000 A, for example, is
formed. At least one region such as region B of the align-
ment layer 11 is etched by a laser. The etched thickness (s1)
can be, for example, about 500 A. Thus, the alignment layer
11 in the region A has a thickness of about 1000 A, and the
alignment layer 11 in the region B has a thickness of about
500 A, thereby forming two regions having the alignment
layer 11 of different thicknesses.

[0164] Referring to FIG. 11A to FIG. 11F, a method of
manufacturing the common electrode panel 200 shown in
FIG. 3, FIG. 5, and FIG. 6 is illustrated.

[0165] FIG. 11A to FIG. 11F are cross-sectional views for
illustrating a method of manufacturing the common elec-
trode panel shown in FIG. 3, FIG. 5, and FIG. 6, according
to an exemplary embodiment of the present invention,
respectively.

[0166] Referring to FIG. 11A, chrominum is deposited on
a substrate 210 and patterned to form a light blocking
member 220.

[0167] Referring to FIG. 11B, a photosensitive resin hav-
ing a pigment is deposited by spin coating. The photosen-
sitive resin is exposed and developed, and a hard bake is
performed to form a plurality of color filters 230. The
pigment may be one of red, green, and blue, and the
processing shown in FIG. 11B is repeated for each color.
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[0168] Referring to FIG. 11C, an organic material is
deposited to form an overcoat 250. ITO or I1ZO is then
deposited by sputtering to form a common electrode 270.

[0169] Referring to FIG. 11D, a positive photosensitive
film (not shown) is deposited and a mask (not shown) is
arranged thereon, and the mask exposed and developed to
form cutouts 71-74b.

[0170] Referring to FIG. 11E, an alignment layer 21
having a first thickness is formed. The first thickness can be,
for example, about 500 A. The alignment layer 21 may be
an inorganic alignment layer comprising an inorganic mate-
rial, such as amorphous silicon (a-Si), silicon carbide (SiC),
silicon nitride (SiN), silicon oxide (SiOx), or fluorinated
diamond-like carbon. The alignment layer 21 may be depos-
ited by chemical vapor deposition (CVD).

[0171] Referring to FIG. 11F, an alignment layer 21 hav-
ing a second thickness is formed on a certain region by using
a metal mask. The second thickness can be, for example,
about 500 A.

[0172] Thus, the alignment layer 21 in the first region A
has a thickness of about 1000 A, and the alignment layer 21
in the second region B has a thickness of about 500 A,
thereby forming the alignment layer 21 having different
thicknesses. When the alignment layer 21 is an inorganic
alignment layer, it is easier to form a plurality of regions
having different thicknesses.

[0173] In an exemplary embodiment, an alignment layer
may be formed by depositing an inorganic alignment layer
having a predetermined thickness. For example, the inor-
ganic alignment layer 11 can be formed on the thin film
transistor array panel 100 as shown in FIG. 10, and etching
a certain portion of the inorganic alignment layer with a
different thickness. As a result, an inorganic alignment layer
having different thicknesses may be formed.

[0174] According to an exemplary embodiment of the
present invention, two regions at which an alignment layer
has different thicknesses are formed, and thus a voltage for
each region is differently controlled and side visibilty is
improved without reducing an aperture ratio.

[0175] Although exemplary embodiments have been
described with reference to the accompanying drawings, it is
to be understood that the present invention is not limited to
these precise embodiments but various changes and modi-
fications can be made by one skilled in the art without
departing from the spirit and scope of the present invention.
All such changes and modifications are intended to be
included within the scope of the invention as defined by the
appended claims.

What is claimed is:
1. A liquid crystal display comprising:

a pixel having a first region and a second region, wherein
the pixel comprises:

a pixel electrode;
a common electrode facing the pixel electrode; and

an alignment layer formed on at least one of the pixel
electrode and the common electrode,
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wherein the alignment layer has different thicknesses in
a first region and a second region, and a voltage ratio
of the second region to the first region is about 0.1 to
0.95.

2. The liquid crystal display of claim 1, wherein the
voltage ratio of the second region to the first region is about
0.5 t0 0.9.

3. The liquid crystal display of claim 1, wherein a
thickness ratio of the alignment layer in the second region to
the alignment layer in the first region is about 0.1 to 0.95.

4. The liquid crystal display of claim 1, wherein the
alignment layer comprises an inorganic alignment layer.

5. The liquid crystal display of claim 4, wherein the
inorganic alignment layer comprises at least one of amor-
phous silicon, silicon carbide, silicon nitride, silicon oxide,
or fluorinated diamond-like carbon.

6. The liquid crystal display of claim 1, wherein an area
ratio of the first region to the second region is about 1:1 to
about 1:3.

7. The liquid crystal display of claim 1, further comprising
a first incline determination member formed on the pixel
electrode.

8. The liquid crystal display of claim 1, further comprising
a second incline determination member formed on the
common electrode.

9. The liquid crystal display of claim 8, wherein the first
and second incline determination members have a cutout
having a slanting portion.

10. A liquid crystal display comprising:

a pixel having a first region and a second region,
wherein the pixel comprises
a pixel electrode;
a common electrode facing the pixel electrode; and

an inorganic alignment layer formed on at least one of
the pixel electrode and the common electrode,

wherein the inorganic alignment layer has different
thicknesses in a firs region and a second region.
11. The liquid crystal display of claim 10, wherein a
thickness ratio of the inorganic alignment layer in the first
region to the inorganic alignment layer in the second region
is about b 0.1 to 0.95.
12. A method for manufacturing a liquid crystal display,
the method comprising:

forming a gate line having a gate electrode on a first
substrate;

depositing a gate insulating layer on the first substrate;
forming a semiconductor on the gate insulating layer;

forming a data line and a drain electrode on the semicon-
ductor and the gate insulating layer;
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forming a pixel electrode connected to the drain electrode;
and

forming an inorganic alignment layer having first and
second portions on the pixel electrode, the first and
second portions having different thicknesses from each
other.

13. The method of claim 12, further comprising:

forming a light blocking member on a second substrate;
forming a color filter on the second substrate;

forming a common electrode on the light blocking mem-
ber and the color filter; and

forming an inorganic alignment layer having first and
second portions having different thicknesses from each
other on the common electrode.
14. The method of claim 12, wherein a thickness ratio of
the second portion to the first portion is about 0.1 to 0.95.
15. The method of claim 13, wherein a thickness ratio of
the second portion to the first portion is about 0.1 to 0.95.
16. The method of claim 12, wherein forming the inor-
ganic alignment layer comprises depositing an inorganic
material by chemical vapor deposition.
17. The method of claim 12, wherein forming the inor-
ganic alignment layer comprises:

depositing an inorganic material having a first thickness
on the entire pixel electrode; and

depositing the inorganic material having a second thick-

ness on at least one portion of the pixel electrode.

18. The method of claim 17, wherein a ratio of a sum of
the first and second thicknesses to the first thickness is about
0.1 to 0.95.

19. The method of claim 12, wherein forming the inor-
ganic alignment layer comprises:

depositing an inorganic material having a first thickness
on the entire pixel electrode; and

etching a portion having a second thickness from the

deposited inorganic material having the first thickness.

20. The method of claim 19, wherein a ratio of a differ-
ence between the first and second thicknesses to the first
thickness is about 0.1 to 0.95.

21. The method of claim 19, wherein the etching is
performed using a laser.

22. The method of claim 12, wherein the inorganic
alignment layer comprises at least one of amorphous silicon,
silicon carbide, silicon nitride, silicon oxide, or fluorinated
diamond-like carbon.

23. The method of claim 12, wherein an area ratio of the
first portion to the second portion is about 1:1 to about 1:3.
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