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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2010-0037084, filed on
Apr. 21, 2010, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments of the present invention
relate to a liquid crystal display.

[0004] 2. Discussion of the Background

[0005] Liquid crystal displays are widely used as a type of
flat panel display. A liquid crystal display has two display
panels on which field generating electrodes such as pixel
electrodes and a common electrode are formed, and a liquid
crystal layer is interposed between the display panels. In the
liquid crystal display, voltages are applied to the field gener-
ating electrodes to generate an electric field through the liquid
crystal layer. The alignment of liquid crystal molecules in the
liquid crystal layer is determined by the electric field strength
experienced by the liquid crystal molecules. As light passes
through the liquid crystal layer, the polarization of the inci-
dent light is controlled via interactions with the liquid crystal
molecules, thereby creating an image display.

[0006] Among the LCDs, a vertical alignment (VA) mode
LCD, which aligns LC molecules with their long axes per-
pendicular to the panels in the absence of an electric field, is
highlighted because of its high contrast ratio and wide refer-
ence viewing angle.

[0007] Inthe vertical alignment (VA) mode LCD, the wide
reference viewing angle may be realized by forming a plural-
ity of domains including liquid crystal of different alignment
directions in one pixel.

[0008] As one example of forming the plurality of domains
in one pixel, a method of forming cutouts establishes minute
slits in the field generating electrodes. In this method, the
plurality of domains may be formed by aligning the liquid
crystal molecules vertically with respect to a fringe field
generated between the edges of the cutout and the field gen-
erating electrodes facing the edges.

[0009] The information in this section is for understanding
of the background of the invention, and, therefore, it may
contain information that is not part of the prior art.

SUMMARY OF THE INVENTION

[0010] Exemplary embodiments of the present invention
provide a liquid crystal display with enhanced display quali-
ties.

[0011] Exemplary embodiments of the present invention
also provide a liquid crystal display with increased response
speed of the liquid crystal display.

[0012] Exemplary embodiments of the present invention
further provide a liquid crystal display having a viewing angle
that is increased by varying the inclined directions of the
liquid crystal molecules within the liquid crystal layer.
[0013] Additional features of the invention will be set forth
in the description that follows and, in part, will be apparent
from the description or may be learned by practice of the
invention.
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[0014] An exemplary embodiment of the present invention
discloses a liquid crystal display that includes a first substrate
and a second substrate facing each other; a switching element
disposed on the first substrate; a pixel electrode connected to
the switching element and supplied with a data voltage; an
opposing electrode disposed on the second substrate; and a
liquid crystal layer disposed between the first substrate and
the second substrate and including liquid crystal molecules.
The pixel electrode includes a plurality of minute branches
and a plurality of sub-regions having different length direc-
tions of the minute branches, and the minute branches are
concave downward or convex upward with respect to a sur-
face of the first substrate. At least one of a width of the minute
branches and a width of a region between the minute branches
ranges from 2 pum to 6 um.

[0015] An exemplary embodiment of the present invention
also discloses a liquid crystal display that includes a first
substrate and a second substrate facing each other; a switch-
ing element disposed on the first substrate; a pixel electrode
connected to the switching element and supplied with a data
voltage; an opposing electrode disposed on the second sub-
strate; and a liquid crystal layer disposed between the first
substrate and the second substrate and including liquid crystal
molecules. The pixel electrode includes a plurality of minute
branches and a plurality of sub-regions having different
length directions of the minute branches, and the minute
branches are concave downward or convex upward with
respect to a surface of the first substrate. A region between the
minute branches neighboring one side of one of the minute
branches is removed thereby forming a slit, or a minute
branch neighboring one side of one region between the
minute branches is removed thereby forming a slit.

[0016] An exemplary embodiment of the present invention
further discloses a liquid crystal display that includes a first
substrate and a second substrate facing each other; a switch-
ing element disposed on the first substrate; a pixel electrode
connected to the switching element and supplied with a data
voltage; an opposing electrode disposed on the second sub-
strate; and a liquid crystal layer disposed between the first
substrate and the second substrate and including liquid crystal
molecules. The pixel electrode includes a plurality of minute
branches and a plurality of sub-regions having different
length directions of the minute branches, and the minute
branches are concave downward or convex upward with
respect to a surface of the first substrate. The concave down-
ward shape or convex upward shape of neighboring minute
branches among the plurality of minute branches are opposite
to each other.

[0017] An exemplary embodiment of the present invention
additionally discloses a liquid crystal display that includes a
first substrate and a second substrate facing each other; a
switching element disposed on the first substrate; a pixel
electrode connected to the switching element and supplied
with a data voltage; an opposing electrode disposed on the
second substrate; and a liquid crystal layer disposed between
the first substrate and the second substrate and including
liquid crystal molecules. The pixel electrode includes a cutout
and a liquid crystal direction controller that are alternately
disposed, and the cutout and the liquid crystal direction con-
troller divide the pixel electrode into a plurality of sub-re-
gions. Inclination directions of the liquid crystal molecules
are different according to the plurality of sub-regions when
the pixel electrode is supplied with the data voltage, and the
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liquid crystal direction controller is concave downward or
convex upward with respect to a surface of the first substrate.
[0018] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0020] FIG.1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0021] FIG. 2 is an equivalent circuit diagram of one pixel
of'aliquid crystal display according to an exemplary embodi-
ment of the present invention

[0022] FIG.3isalayoutview of one pixel of a liquid crystal
display according to an exemplary embodiment of the present
invention.

[0023] FIG. 4 is a cross-sectional view of the liquid crystal
display of FIG. 3 taken along line IV-IV.

[0024] FIG. 5 is an exemplary cross-sectional view of the
liquid crystal display of FIG. 3 taken along line V-V,

[0025] FIG. 6 are cross-sectional views of the liquid crystal
display of FIG. 3 taken along line V-V showing an arrange-
ment change of liquid crystal molecules with application of
an electric field to the liquid crystal layer.

[0026] FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12,
and FIG. 13 are exemplary cross-sectional views of the liquid
crystal display of FIG. 3 taken along line V-V.

[0027] FIG. 14A is a layout view of one pixel of a liquid
crystal display according to another exemplary embodiment
of the present invention.

[0028] FIG. 14B is a cross-sectional view of the liquid
crystal display of FIG. 14A taken along line XIVB-XIVB.
[0029] FIG. 15 is an equivalent circuit diagram of one pixel
of the liquid crystal display shown in FIG. 14A.

[0030] FIG. 16 is a layout view of one pixel of a liquid
crystal display according to another exemplary embodiment
of the present invention.

[0031] FIG.17isacross-sectional view of the liquid crystal
display of FIG. 16 taken along line XVII-XVII.

[0032] FIG.18isa cross-sectional view of the liquid crystal
display of FIG. 16 taken along line XVIII-XVIII.

[0033] FIG.19isacross-sectional view ofthe liquid crystal
display of FIG. 16 taken along line X VIII-XVIII showing an
arrangement change of liquid crystal molecules with appli-
cation of an electric field to the liquid crystal layer.

[0034] FIG. 20 is an exemplary cross-sectional view of the
liquid crystal display of FIG. 16 taken along line XVIII-
XVIIL.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0035] The invention is described more fully hereinafter
with reference to the accompanying drawings in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
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sure is thorough and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0036] It will be understood that when an element or layer
is referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, directly con-
nected to, directly coupled to the other element or layer, or
intervening elements or layers may be present. In contrast,
when an element is referred to as being “directly on,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there are no intervening elements or layers
present.

[0037] Now, a liquid crystal display according to an exem-
plary embodiment of the present invention will be described
with reference to FIG. 1 and FIG. 2.

[0038] FIG. 1is ablock diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, and FIG. 2 is an equivalent circuit diagram of one pixel
of'aliquid crystal display according to an exemplary embodi-
ment of the present invention.

[0039] As shown in 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 a data driver 500.

[0040] In an equivalent circuit, the liquid crystal panel
assembly 300 includes a plurality of signal lines G1-Gn and
D1-Dm, and a plurality of pixels PX that are connected to the
signal lines and arranged in an approximate matrix format.
Referring to the structure shown in FIG. 2, the liquid crystal
panel assembly 300 includes lower and upper display panels
100 and 200 that face each other and a liquid crystal layer 3
interposed therebetween.

[0041] Thesignal lines G1-Gn and D1-Dm are provided on
the lower panel 100 and include a plurality of gate lines
G1-Gn that transmit gate signals (also referred to as “scan-
ning signals”) and a plurality of data lines D1-Dm that trans-
mit data signals.

[0042] Each pixel PX, for example a pixel PX that is con-
nected to ani-th (i=1, 2, . . ., n) gate line Gi and a j-th (j=1, 2,
..., m) data line Dj, includes a switching element Q that is
connected to the signal lines Gi and Dj and a liquid crystal
capacitor Clc and a storage capacitor Cst that are connected
thereto. The storage capacitor Cst may be omitted if neces-
sary.

[0043] Theswitching element Q is a three-terminal element
such as a thin film transistor (TFT) and is provided to the
lower panel 100, and a control terminal of the TFT is con-
nected to the gate line Gi. An input terminal of the TFT is
connected to the data line Dj, and an output terminal of the
TFT is connected to the liquid crystal capacitor Clc and the
storage capacitor Cst.

[0044] The liquid crystal capacitor Clc has two terminals of
a pixel electrode 191 of the lower panel 100 and an opposing
electrode 270 formed with a single integral plate throughout
the plurality of pixels PX on the upper panel 200. The liquid
crystal layer 3 serves as a dielectric material between the pixel
electrode 191 and the opposing electrode 270.

[0045] The storage capacitor Cst functioning as an auxil-
iary capacitor for the liquid crystal capacitor Clec includes the
pixel electrode 191 and a separate signal line (not shown),
which is provided on the lower panel 100 and overlaps the
pixel electrode 191 via an insulator. The separate signal line is
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applied with a voltage such as a common voltage Vcom.
Alternatively, the storage capacitor Cst may include the pixel
electrode 191 and a previous gate line Gi-1, which overlaps
the pixel electrode 191 via an insulator in the lower panel 100.
[0046] For color display, each pixel PX uniquely represents
one of three primary colors (i.e., spatial division), or each
pixel PX sequentially represents the three primary colors in
turn (i.e., temporal division). In this fashion, a spatial or
temporal sum of the primary colors is recognized as a desired
color. An example of a set of the three primary colors includes
red, green, and blue colors.

[0047] FIG. 2 shows an example of the spatial division in
which each pixel PX includes a color filter 230 representing
one of the primary colors in an area of the upper panel 200
facing the pixel electrode 191. Alternatively, although not
shown in FIG. 2, the color filter 230 may be provided on or
under the pixel electrode 191 on the lower panel 100.

[0048] At least one polarizer (not shown) may be attached
on the outer side of the liquid crystal panel assembly 300.
[0049] Referring again to FIG. 1, the data driver 500 is
connected to the data lines D1-Dm of the liquid crystal panel
assembly 300 to apply the data voltage to the data lines
D1-Dm.

[0050] The gate driver 400 is connected to the gate lines
G1-Gn of the liquid crystal panel assembly 300 to apply gate
signals to the gate lines G1-Gn obtained by combining a
gate-on voltage Von turning on the switching element Q and
a gate-off voltage Voff turning off the switching element Q.
[0051] Next, an exemplary embodiment of the liquid crys-
tal display shown in FIG. 1 and FIG. 2 will be described with
the reference to FIG. 3, FIG. 4, and FIG. 5.

[0052] FIG. 3 isalayout view of one pixel of a liquid crystal
display according to an exemplary embodiment of the present
invention, and FIG. 4 is a cross-sectional view of the liquid
crystal display of FIG. 3 taken along line IV-IV. FIG. 5 is an
exemplary cross-sectional view of the liquid crystal display
of FIG. 3 taken along line V-V.

[0053] A liquid crystal panel assembly 300 according to an
exemplary embodiment of the present invention includes the
lower panel 100 and the upper panel 200 facing each other and
the liquid crystal layer 3 interposed therebetween.

[0054] Now, the lower panel 100 is described.

[0055] A plurality of gate lines 121 respectively including
gate electrodes 124 are formed on an insulating substrate 110.
The gate lines 121 transmit gate signals and extend in a
transverse direction.

[0056] A gate insulating layer 140 is formed on the gate
lines 121, and a plurality of semiconductor islands 154 pref-
erably made of hydrogenated amorphous silicon or polysili-
con are formed on the gate insulating layer 140.

[0057] A plurality of pairs of ohmic contact islands 163 and
165 are formed on the semiconductor islands 154. The ohmic
contact islands 163 and 165 are preferably made of n+ hydro-
genated a-Si heavily doped with an n-type impurity such as
phosphorous, or they may be made of a silicide.

[0058] A plurality of data lines 171 and a plurality of drain
electrodes 175 are formed on the ohmic contacts 163 and 165
and the gate insulating layer 140.

[0059] The data lines 171 transmit data voltages and sub-
stantially extend in the longitudinal direction, thereby inter-
secting the gate lines 121. The data lines 171 include a plu-
rality of source electrodes 173 extending toward the gate
electrodes 124 and having a U-shape.
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[0060] The drain electrodes 175 include a longitudinal por-
tion (reference numeral denotes 175), a transverse portion
176, and an expansion portion 177. The longitudinal portion
175 is opposite to the source electrode 173 with respect to the
gate electrode 124, and the transverse portion 176 perpen-
dicularly intersects the longitudinal portion 175 and is paral-
lel to the gate lines 121. The expansion portion 177 is dis-
posed on one end of the transverse portion 176 and has an area
for connection with another layer.

[0061] The gate electrode 124, the source electrode 173,
and the drain electrode 175 form a thin film transistor (TFT)
Q along with the semiconductor island 154, and a channel of
the thin film transistor Q are formed in the semiconductor
island 154 between the source electrode 173 and the drain
electrode 175.

[0062] Theohmic contacts 163 and 165 are interposed only
between the underlying semiconductor islands 154 and the
overlying source electrode 173, the data lines 171, and the
drain electrodes 175 to reduce contact resistance therebe-
tween. The semiconductor islands 154 include exposed por-
tions that are not covered by the source electrode 173 and the
drain electrode 175 and portions disposed between the data
lines 171 and the drain electrodes 175.

[0063] A passivation layer 180, which may be made of an
organic insulating material or an inorganic insulating mate-
rial, is formed on the data lines 171, the drain electrodes 175,
the source electrodes 173, and the exposed semiconductor
islands 154. The passivation layer 180 includes a plurality of
contact holes 185 exposing the expansion portions 177 of the
drain electrodes 175. Also, referring to FIG. 5, the upper
surface of the passivation layer 180 includes a portion in
which a plurality of protrusions and depressions are formed,
and the description of the shape of the protrusions and depres-
sions is given below with the description of the pixel electrode
191.

[0064] A plurality of pixel electrodes 191, which may be
made of a transparent conductive material such as indium tin
oxide (ITO) or indium zinc oxide (IZO) or a reflective metal
such as aluminum, silver, chromium, or an alloy thereof, are
formed on the passivation layer 180.

[0065] The overall shape of the pixel electrodes 191 is a
quadrangle, and each pixel electrode 191 includes a trans-
verse stem 193, a longitudinal stem 192 intersecting the trans-
verse stem 193, a plurality of minute branches 194, and a
lower protrusion portion 197. Also, the pixel electrode 191 is
divided into four sub-regions by the transverse stem 193 and
the longitudinal stem 192. The minute branches 194
obliquely extend from the transverse stem 193 and the longi-
tudinal stem 192, and the extending direction thereof forms
an angle of about 45° or 135° with the gate lines 121 or the
transverse stem 193. Also, the minute branches 194 of two
neighboring sub-regions may form a substantially right angle.
[0066] According to the exemplary embodiment shown in
FIG. 3 and FIG. 5, the minute branches 194 of the pixel
electrode 191 are physically connected to each other. That is,
the pixel electrode 191 has a plurality of protrusions and
depressions formed along the protrusions and depressions of
the passivation layer 180. Referring to FIG. 5, the minute
branches 194 correspond to the convex portion, and the
regions between the minute branches 194 correspond to the
concave portion. As used here, the term concave corresponds
to a direction extending into the plane of FIG. 3 and a down
direction with respect to FIG. 5. The term convex corresponds
to a direction extending out of the plane of FIG. 3 and an up
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direction with respect to FIG. 5. Accordingly, the transverse
stem 193 and the longitudinal stem 192 of the pixel electrode
191 may be formed in a convex shape. However, along with
the minute branches 194 shown in FIG. 3, the transverse stem
193 and the longitudinal stem 192 may be formed to be
concave, while the regions between the minute branches 194
may be formed to be convex.

[0067] The angle . ofthe side surface ofthe convex portion
forming the minute branches 194 of the pixel electrode 191
with respect to the surface of the substrate 110 is shown to be
an approximate right angle in FIG. 5, but it is not limited
thereto and may be from 10° to 100°.

[0068] The width Wb of the minute branches 194 (or the
convex portion) and the width Wa of the regions between the
minute branches 194 (or the concave portion) may be from 2
um to 6 um. Accordingly, one protrusion and depression, that
is, the total width Wp of the neighboring concave portion and
the convex portion, may be from 4 pum to 12 pm. Also, a height
difference dH between the concave portion and the convex
portion of the pixel electrode 191 may be less than about 20%
of the cell gap D of the liquid crystal layer 3 or from 0.1 um
to 0.6 um. Here, the cell gap D of the liquid crystal layer 3 may
be from 1 pm to 10 pm.

[0069] The lower protrusion 197 of the pixel electrode 191
is connected to the drain electrode 175 through the contact
hole 185, thereby receiving the data voltage from the drain
electrode 175. An alignment layer 11 is formed on the pixel
electrode 191.

[0070] Now, the upper panel 200 is described.

[0071] A light blocking member 220 is formed on a sub-
strate 210. The light blocking member 220 prevents light
leakage generated between the pixel electrodes 191 and
includes a plurality of openings 225 defining the regions
facing the pixel electrodes 191.

[0072] A plurality of color filters 230 are formed on the
substrate 210 and the light blocking member 220. Most of the
color filters 230 are disposed in the regions enclosed by the
light blocking members 220 and may extend along the col-
umn of the pixel electrodes 191, i.e., in the longitudinal direc-
tion in FIG. 3. Each color filter 230 may display one color
among three primary colors such as the primary colors red,
green, and blue.

[0073] An overcoat 250 is formed on the color filters 230
and the light blocking member 220, and an opposing elec-
trode 270, which may be made of a transparent conductor
such as ITO or 1Z0O, is formed on the whole surface of the
overcoat 250. The opposing electrode 270 may be formed
with one plate to correspond to the plurality of pixel elec-
trodes 191, for example all pixel electrodes 191. The surface
of the opposing electrode 270 may be substantially flat.

[0074] An alignment layer 21 is formed on the opposing
electrode 270. The two alignment layers 11 and 21 may be
vertical alignment layers.

[0075] The liquid crystal layer 3 between the lower panel
100 and the upper panel 200 may include liquid crystal mol-
ecules 31 that may have negative dielectric anisotropy. The
liquid crystal molecules 31 may be oriented such that the
major axes thereof are almost perpendicular to the surfaces of
the two display panels 100 and 200 when no electric field is
applied. However, the liquid crystal molecules 31 positioned
near the edge of the convex portion of the pixel electrode 191,
for example, the minute branches 194 of the pixel electrode
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191 in the exemplary embodiment of FIG. 5, may be inclined
toward the concave portion according to the inclination of the
edge of the convex portion.

[0076] Also, the liquid crystal molecules 31 may be ini-
tially aligned with a pretilt in the direction substantially par-
allel to the length direction of the minute branches 194. In this
case, the liquid crystal layer 3 may further include a polymer
determining the pretilt of the liquid crystal molecule 31 in
addition to the liquid crystal molecules 31. A method in which
the liquid crystal molecules 31 are initially aligned to have the
pretilt is described below.

[0077] Next, an operation of the liquid crystal display
according to an exemplary embodiment of the present inven-
tion is described with reference to FIG. 3, FIG. 4, FIG. 5, and
FIG. 6.

[0078] FIG. 6 are cross-sectional views of the liquid crystal
display of FIG. 3 taken along line V-V showing an arrange-
ment change of liquid crystal molecules with application of
an electric field to the liquid crystal layer.

[0079] If the gate signal is applied to the gate line 121, the
switching element Q, i.e., the TFT, connected to the gate line
121 is turned on. Accordingly, the data voltages applied to the
data line 171 are transmitted to the pixel electrode 191
through the TFT Q when turned on. The pixel electrode 191
applied with the data voltage generates an electric field
through the liquid crystal layer 3 along with the opposing
electrode 270 that is applied with a voltage. Thus, the liquid
crystal molecules 31 of the liquid crystal layer 3 change
directions so that their major axes become perpendicular to
the direction of the electric field in response to the electric
field. The change in the degree of the polarization of the light
that is incident to the liquid crystal layer 3 is changed accord-
ing to the inclination degree of the liquid crystal molecules
31, and this change of polarization appears as a change of
transmittance by the polarizer, thereby displaying images of
the liquid crystal display.

[0080] On the other hand, the edge of the convex portion,
i.e., the minute branches 194 in the exemplary embodiment of
FIG. 5 and FIG. 6, of the protrusions and depressions of the
pixel electrode 191 distorts the electric field, thereby produc-
ing a fringing field via production of a horizontal component
of the electric field that is substantially perpendicular to the
edge of the convex portion of the pixel electrode. Conse-
quently, the inclination direction of the liquid crystal mol-
ecules 31 is determined by the horizontal component of the
electric field. Accordingly, the liquid crystal molecules 31
tend to tilt in the direction substantially perpendicular to the
edge of the convex portion of the pixel electrode 191. How-
ever, since the directions of the horizontal components of the
electric field of the edges of neighboring convex portions are
opposite to each other, i.e., the electric field vectors point
substantially toward or away from each other, and the interval
between the convex portions is narrow, the liquid crystal
molecules 31 that tend to tilt in the opposite directions are
consequently tilted in the direction substantially parallel to
the length direction of the convex portion.

[0081] In addition, the liquid crystal molecules 31 are
already inclined toward the concave portion according to the
inclination of the edge of the convex portion of the protru-
sions and depressions of the pixel electrode 191 such that they
further tend to tilt in the direction substantially perpendicular
to the edge of the convex portion. Further, when the liquid
crystal molecules 31 are pre-pretilted in the length direction
of the convex portion, that is, the minute branches 194, the
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liquid crystal molecules may not be inclined in the direction
of the length direction of the convex portion, that is, the
minute branches 194, by two steps, but may be directly
inclined in the pre-tilted direction by one step. Accordingly,
the response speed of the liquid crystal display can be
enhanced.

[0082] One pixel electrode 191 includes four sub-regions
where the length directions of the minute branches 194 are
different such that the inclination directions of the liquid
crystal molecules of the liquid crystal layer 3 are in four
directions. Four domains having different alignment direc-
tions of the liquid crystal molecules 31 are also formed in the
liquid crystal layer 3. Therefore, the viewing angle of the
liquid crystal display may be increased by varying the
inclined directions of the liquid crystal molecules. As
described above, the transverse stem 193, the longitudinal
stem 192, and the minute branches 194 of the pixel electrode
191 for controlling the inclination direction of the liquid
crystal molecules 31 are referred to as a liquid crystal direc-
tion controllers.

[0083] The pixel electrode 191 and the opposing electrode
270 forming the liquid crystal capacitor Clc maintain the
applied voltage after the switching element TFT Q is turned
off.

[0084] The above operation is repeatedly performed with a
horizontal period of 1H. The gate signal is sequentially
applied to the gate lines G1-Gn, and the data voltage is
applied to the pixel electrodes 191 to display one frame of an
image.

[0085] After one frame ends, a subsequent frame is started,
and a state of an inversion signal applied to the data driver 500
to invert the polarity of the data voltage applied to each pixel
PX that differs from the polarity of a previous frame is con-
trolled. This scheme is referred to as “frame inversion.”

[0086] Although not shown in FIG. 6, the color filter 230,
the overcoat 250, and the alignment layers 11 and 21
described in the previous exemplary embodiment may be
included.

[0087] As described above, according to the present exem-
plary embodiment, the liquid crystal molecules 31 of the
liquid crystal layer 3 are inclined according to the shape of the
protrusions and depressions of the liquid crystal direction
controllers 192,193, and 194 of the pixel electrode 191 so that
the response speed of the liquid crystal molecules 31 may be
improved. Also, the regions between the minute branches 194
of the pixel electrode 191 are not removed but are formed as
concave portions so that the electric field component perpen-
dicular to the two display panels 100 and 200 may be varied
and increased in the liquid crystal layer 3, and, accordingly,
the response speed of the liquid crystal molecules 31 may be
improved. Further, the transmittance of the liquid crystal
display may be increased.

[0088] Also, by setting the width of the liquid crystal direc-
tion controllers 192, 193, and 194 of the pixel electrode 191
including the protrusions and depressions or the height dif-
ference between the concave portion and the convex portion
of the pixel electrode 191 as descried above, the response
speed of the liquid crystal molecules 31 of the liquid crystal
layer 3 may be further improved, and the transmittance of the
liquid crystal display may be improved.

[0089] Next, an exemplary embodiment of an initial align-
ment method for providing a pretilt angle to liquid crystal
molecules 31 is described.
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[0090] First, prepolymers, for example, monomers that
may be hardened through photopolymerization such as by
ultraviolet light, are arranged between two display panels 100
and 200 along with the liquid crystal material. The prepoly-
mers may be a reactive mesogen that may be polymerized by
light such as ultraviolet light.

[0091] Next, similar to the above-described operation of
the liquid crystal display, the pixel electrode 191 is applied
with the data voltages, and the opposing electrode 270 of the
upper panel 200 is applied with a voltage to generate an
electric field through the liquid crystal layer 3 between the
two display panels 100 and 200. Thus, the liquid crystal
molecules 31 of the liquid crystal layer 3 are inclined in the
direction parallel to the length direction of the minute
branches 194 through two steps as above-described in
response to the electric field, and the liquid crystal molecules
31 in one pixel PX are inclined in a total of four directions.

[0092] Ifthe light, e.g., ultraviolet light, is irradiated after
the application of the electric field to the liquid crystal layer 3,
the prepolymers may be polymerized to form polymers in the
liquid crystal layer 3 or in contact with the surface of the
alignment layer 11 and 21 of the display panels 100 and 200.
The alignment direction of the liquid crystal molecules 31
may be determined to have the pretilt in the length direction of
the minute branches 194 by the polymer formed in the liquid
crystal layer 3 or the polymer formed between the liquid
crystal molecules 31 and the alignment layers 11 and 21 inthe
state that the voltage is not applied to the pixel electrode 191
and the opposing electrode 270. It is preferable that the pretilt
ranges from 88° to 89.9° with respect to the surface of the
substrate. If the pretilt is more than about 85°, the response
speed of the display may be greatly improved while minimiz-
ing a loss of contrast ratio.

[0093] Next, a liquid crystal display according to various
exemplary embodiments of the present invention will be
described with reference to FIG. 7, FIG. 8, FIG. 9, FIG. 10,
FIG. 11, FIG. 12, and FIG. 13 as well as FIG. 1, FIG. 2, FIG.
3, FIG. 4, FIG. 5, and FIG. 6. Like reference numerals des-
ignate like elements in the exemplary embodiments, and
descriptions given above are not repeated.

[0094] FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12,
and FIG. 13 are exemplary cross-sectional view of the liquid
crystal display of FIG. 3 taken along line V-V. Although not
shown in FIG. 7, FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12,
and FIG. 13, the above-described color filter 230, overcoat
250, or alignment layers 11 and 21 of the previous exemplary
embodiment may be included.

[0095] First, referring to FIG. 7, the liquid crystal display
according to the present exemplary embodiment is almost the
same as the exemplary embodiment shown in FIG. 3, FIG. 4,
and FIG. 5, but an insulating layer 188 is further formed
between the pixel electrode 191 and the alignment layer 11.
The insulating layer 188 is formed on the protrusions and
depressions of the pixel electrode 191 and may be planarized
on its upper surface. However, due to the planarization of the
insulating layer 188, the liquid crystal molecules 31 may not
be inclined toward the concave portion by the inclination of
the edge of the convex portion of the pixel electrode 191.
Additionally, when the liquid crystal molecules 31 of the
liquid crystal layer 3 are pretilted, the liquid crystal molecules
31 may be inclined toward the concave portion near the edge
of the convex portion, that is, the minute branches 194, as
shown in FIG. 7.
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[0096] Referring to FIG. 8, the liquid crystal display
according to the present exemplary embodiment is almost the
same as the exemplary embodiment shown in FIG. 3, FIG. 4,
and FIG. 5, but a structure of the protrusions and depressions
of the pixel electrode 191 is different.

[0097] The structure of the protrusions and depressions of
the passivation layer 180 and the inclination of the liquid
crystal molecules of the liquid crystal layer 3 are the same as
in the exemplary embodiment of FIG. 3, FIG. 4, and FIG. 5;
however, a portion of the pixel electrode 191 is removed at
portions such as at least a portion of the region between the
minute branches 194. The removed portion forms a slit por-
tion Sa in the pixel electrode 191. That is, concave portions of
the pixel electrode 191 are alternately formed every two con-
cave portions of the passivation layer 180. In other words, the
region between the minute branches 194 neighboring one
side of a minute branch 194 is removed, and the region
between the minute branches 194 neighboring the other side
of the minute branch 194 is conserved. Therefore, concave
portions of the passivation layer 180 are exposed through the
pixel electrode 191 between pairs of convex portions of the
passivation layer 180.

[0098] As shown in FIG. 3, FIG. 4, and FIG. 5, the width
Wb of the convex portion and the width Wa of the concave
portion may be from 2 um to 6 pm, and the width We of the
portion including two convex portions connected by portions
of the pixel electrode and the concave portion therebetween
may be from 6 pm to 18 um. Accordingly, the entire width of
two convex portions neighboring one slit portion Sa and the
one slit portion Sa (i.e., the concave portion therebetween)
may be from 8 um to 24 pm.

[0099] Next, referring to FIG. 9, the liquid crystal display
according to the present exemplary embodiment is almost the
same as the exemplary embodiment shown in FIG. 8, but an
insulating layer 188 for planarization is further formed
between the pixel electrode 191 and the alignment layer 11.
The discussion of the characteristics and the effects of the
insulating layer 188 from the exemplary embodiment of FIG.
7 may be applied to the present exemplary embodiment.
[0100] Next, referring to FIG. 10, in the liquid crystal dis-
play according to the present exemplary embodiment, the
protrusions and depressions of the pixel electrode 191 are
formed with a shape that is complementary to that of the
exemplary embodiment shown in FIG. 8.

[0101] That is, a portion of the pixel electrode 191 is
removed from at least a portion of the region between the
minute branches 194, and the removed portion forms a slit
portion Sb. In detail, convex portions of the pixel electrode
191 are alternately removed every two concave portions of the
passivation layer 180. That is, the minute branch 194 neigh-
boring one side of a minute branch 194 is removed, while the
minute branch 194 neighboring the other side of the minute
branch 194 remains.

[0102] As shown in FIG. 3, FIG. 4, and FIG. 5, the width
Wb of the convex portion and the width Wa of the concave
portion may be from 2 pum to 6 um, and the width Wc of the
portion including two concave portions connected to one
convex portion therebetween may be from 6 pm to 18 pm.
Accordingly, the width of one slit portion Sb, two concave
portions neighboring the one slit portion Sb, and the convex
portion therebetween may be from 8 pm to 24 pum.

[0103] Next, referring to FIG. 11, the liquid crystal display
according to the present exemplary embodiment is almost the
same as the exemplary embodiment shown in FIG. 10, but an
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insulating layer 188 for planarization is further formed
between the pixel electrode 191 and the alignment layer 11.
The characteristics and the effects of the insulating layer 188
of'the exemplary embodiment of FIG. 7 may be applied to the
present exemplary embodiment.

[0104] Next, referring to FIG. 12, the liquid crystal display
according to the present exemplary embodiment is almost the
same as the exemplary embodiment shown in FIG. 3, FIG. 4,
and FIG. 5, but a structure of the protrusions and depressions
of the pixel electrode 191 and the passivation layer 180 is
different.

[0105] The minute branches 194 of the pixel electrode 191
are formed of protrusions and depressions (or formed to be
concave or convex) and are alternately disposed. That is, the
protrusions and depressions of the neighboring minute
branches 194 have an opposite shape such that the minute
branches 194 formed of the convex portion and the minute
branches 194 formed of the concave portion are alternately
disposed. Also, the regions between neighboring minute
branches 194 are formed with a flat portion having a middle
height Hm between the alternating convex portion and the
concave portion.

[0106] Next, referring to FIG. 13, the liquid crystal display
according to the present exemplary embodiment is almost the
same as the exemplary embodiment shown in FIG. 12, but an
insulating layer 188 for planarization is further formed
between the pixel electrode 191 and the alignment layer 11.
The characteristics of the insulating layer 188 and the
arrangement of the liquid crystal molecules 31 of the liquid
crystal layer 3 of the exemplary embodiment shown in FIG. 7
may be applied to the present exemplary embodiment.
[0107] Intherespective exemplary embodiments of FIG. 7,
FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, and FIG. 13, the
protrusions and depressions of the minute branches 194 of the
pixel electrode 191 and the region between neighboring
minute branches 194 may be exchanged with each other.
Also, the protrusion and depression shape of the transverse
stem 193 and the longitudinal stem 192 of the pixel electrode
191 may be the same as the minute branches 194 or the region
between the minute branches 194.

[0108] The various characteristics and effects such as the
width and the height of the protrusion and depression portions
of the pixel electrode 191, operations, and the cell gap of the
liquid crystal layer 3 of the exemplary embodiment shown in
FIG. 3, FIG. 4, FIG. 5, and FIG. 6 may be applied to the
exemplary embodiments shown in FIG. 7, FIG. 8, FIG. 9,
FIG. 10, FIG. 11, FIG. 12, and FIG. 13.

[0109] Next, another exemplary embodiment of the liquid
crystal display will be described with reference to FIG. 14A,
FIG. 14B and FIG. 15 as well as FIG. 4, FIG. 5, FIG. 6, FIG.
7, FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, and FIG. 13.
Again, like reference numerals designate like elements in the
exemplary embodiments and previous descriptions are not
repeated.

[0110] FIG. 14A is a layout view of one pixel of a liquid
crystal display according to another exemplary embodiment
of the present invention, and FIG. 14B is a cross-sectional
view of the liquid crystal display of FIG. 14A taken along line
XIVB-XIVB, and FIG. 15 is an equivalent circuit diagram of
the one pixel shown in FIG. 14A.

[0111] A liquid crystal display according to the present
exemplary embodiment includes a lower panel 100 and an
upper panel 200 facing each other and a liquid crystal layer 3
interposed between the two display panels 100 and 200.
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[0112] First, referring to the upper panel 200, a common
electrode 270 is formed on an insulation substrate 210, and an
upper alignment layer 21 is formed on the common electrode
270. The upper alignment layer 21 may be a vertical align-
ment layer.

[0113] The liquid crystal layer 3 has negative dielectric
anisotropy, and the liquid crystal molecules of the liquid
crystal layer may be aligned so that long axes thereof are
perpendicular with respect to the surface of the two display
panels 100 and 200 in a state in which there is no electric field.
[0114] Next, the lower panel 100 will be described.
[0115] A plurality of gate conductors including a plurality
of gate lines 121, a plurality of step-down gate lines 123, and
a plurality of storage electrode lines 125 are formed on an
insulation substrate.

[0116] The gate line 121 and the step-down gate line 123
mostly extend in a horizontal direction and transfer a gate
signal. The gate line 121 includes a first gate electrode 124/
and a second gate electrode 124/ that protrude upward and
downward, and the step-down gate line 123 includes a third
gate electrode 124c¢ that protrudes upward. The first gate
electrode 124/ and the second gate electrode 124/ are con-
nected to each other to form one protrusion portion.

[0117] The storage electrode line 125 mostly extends in a
horizontal direction and transfers a voltage such as a common
voltage Vcom. The storage electrode line 125 includes a
storage electrode 129 that protrudes upward and downward, a
pair of vertical portions 128 that vertically extend downward
with respect to the gate line 121, and a transverse portion 127
that connects the ends of a pair of longitudinal portions 128 to
each other. The transverse portion 127 includes a capacitive
electrode 126.

[0118] A gateinsulating layer (not shown) is formed on the
gate conductors 121, 123, and 125.

[0119] A plurality of semiconductor stripes that may be
made of amorphous silicon, polysilicon, or the like is formed
on the gate insulating layer. The semiconductor stripe mostly
extends in a vertical direction and includes (a) first and second
semiconductors 154/ and 154/ that extend toward the firstand
second gate electrodes 124/ and 124/ and connect to each
other and (b) a third semiconductor 154¢ that is connected to
the second semiconductor 154/.

[0120] A plurality of pairs of ohmic contacts (not shown) is
formed on the semiconductor stripes.

[0121] A data conductor that includes a plurality of data
lines 171, a plurality of first drain electrodes 175/, a plurality
of second drain electrodes 175/, and a plurality of third drain
electrodes 175¢ is formed on the ohmic contacts.

[0122] The dataline 171 transmits a data signal and mainly
extends in a vertical direction and crosses the gate line 121
and the step-down gate line 123. Each data line 171 includes
a first source electrode 173/ and a second source electrode
173! that extend toward the first gate electrode 1244 and the
second gate electrode 124/ and form a sideways-oriented
S-shape.

[0123] Thefirstdrain electrode 1754, the second drain elec-
trode 175/, and the third drain electrode 175¢ include a wide
end portion and a rod-shaped end portion. A portion of the
rod-shaped end portion of the first drain electrode 175/ and
the second drain electrode 175/ is partially surrounded by the
first source electrode 173/ and the second source electrode
173/. The wide end portion of the second drain electrode 175/
extends to form a U-shaped third source electrode 173¢. An
expansion portion 177¢ of the third drain electrode 175¢ is
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overlapped with the capacitive electrode 126 to form the
step-down capacitor Cstd, and the rod-shaped end is partially
surrounded by the third source electrode 173c¢.

[0124] The first, second, and third gate electrodes 124/,
124/, and 124c, the first, second, and third source electrodes
1734, 1731, and 173¢, and the first, second, and third drain
electrodes 1754, 1751, and 175¢ and the semiconductor
islands 1544, 154/, and 154c¢ together form the first, second,
and third thin film transistors Qh, Ql, and Qc, respectively. A
channel of the thin film transistor is formed in each of the
semiconductors 154/, 154/, and 154c¢ between each of the
source electrodes 173/, 173/, and 173¢ and each of the drain
electrodes 1754, 1751, and 175c¢.

[0125] Thesemiconductor stripe that includes the semicon-
ductors 1545, 154/, and 154¢ has a flat surface shape that is
substantially the same as the data conductors 171, 1754, 175/,
and 175¢ and the ohmic contacts therebeneath with the excep-
tion of the channel region between the source electrodes
1734, 173/, and 173 ¢ and the drain electrodes 1754, 175/, and
175¢.

[0126] A lower passivation layer 180a that may be made of
an inorganic insulator such as silicon nitride or silicon oxide
is formed on the data conductors 171, 1754, 175/, and 175¢
and the exposed portion of the semiconductors 154/, 154/,
and 154c.

[0127] Color filters 230 may be disposed on the lower pas-
sivation layer 180a. The color filter 230 is disposed at most
regions with the exception of regions in which the first thin
film transistor Qh, the second thin film transistor Ql, and the
third thin film transistor Qc are disposed. However, it may
extend in a vertical direction along the space between the data
lines 171 that are adjacent to each other. Moreover, the color
filter 230 may be formed on the upper panel 200.

[0128] A light blocking member 220 is disposed on the
region in which the color filter 230 is not disposed and a
portion of the color filter 230. The light blocking member 220
extends upward and downward along the gate line 121 and the
step-down gate line 123. The light blocking member 220
includes a first light blocking member 220aq that covers the
region in which the first thin film transistor Qh, the second
thin film transistor Ql, and the third thin film transistor Qc are
disposed and a second light blocking member 2205 that
extends along the data line 171.

[0129] An upper passivation layer 1805 may be formed on
the color filter 230 and the light blocking member 220.
[0130] The lower passivation layer 1804, the light blocking
member 220, and the upper passivation layer 18056 have a
plurality of first contact holes 185/ and a plurality of second
contact holes 185/ that expose the wide portion of the first
drain electrode 175/ and the wide portion of the second drain
electrode 1751,

[0131] The pixel electrode including a first sub-pixel elec-
trode 191/ and a second sub-pixel electrode 191/1s formed on
the upper passivation layer 1805. The first sub-pixel electrode
191/ and the second sub-pixel electrode 191/ are separated
from each other with the gate line 121 and the step-down gate
line 123 therebetween and are disposed above and beneath the
pixel area to be adjacent in a column direction. The second
sub-pixel electrode 191/ is higher than the first sub-pixel
electrode 191/ and may be about one to three times the size of
the first sub-pixel electrode 1914.

[0132] The first and second sub-pixel electrodes 191/ and
191/ have almost the same shape as the pixel electrode 191 of
the exemplary embodiment shown in FIG. 3. However, in the
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present exemplary embodiment, the first sub-pixel electrode
191/ further includes an outer stem enclosing the outer por-
tion, and the second sub-pixel electrode 191/ further includes
a transverse portion disposed on the upper and lower portions
and right and left longitudinal portions 19315 disposed on the
right and left sides of the first sub-pixel electrode 191%. The
right and left portions 19315 may prevent capacitive coupling
between the data line 171 and the first sub-pixel electrode
1915.

[0133] Like the above-described exemplary embodiment
of FIG. 3, the transverse stem, the longitudinal stem, and the
minute branches extended therefrom of the first and second
sub-pixel electrodes 191~ and 191/ are referred to as the
liquid crystal direction controllers.

[0134] The first sub-pixel electrode 191/ and the second
sub-pixel electrode 191/ receive a data voltage through the
first contact hole 185/ and the second contact hole 185/ from
the first drain electrode 175/ and the second drain electrode
1751, respectively. The first sub-pixel electrode 191/ and the
second sub-pixel electrode 191/ to which the data voltage is
applied generate an electric field in conjunction with the
common electrode 270 of the common electrode panel 200 to
determine a direction of the liquid crystal molecule of the
liquid crystal layer 3 between the two electrodes 191 and 270.
In the state in which the electric field does not exist, the liquid
crystal molecules of the liquid crystal layer that are aligned
perpendicularly to the surface of the two electrodes are
slanted toward the direction parallel to the surface of the two
electrodes, and the luminance of the light passing through the
liquid crystal layer is changed according to the degree of
tilting and orientation of the liquid crystal molecules.

[0135] The cross-sectional shape of the minute branches of
the present exemplary embodiment, that is, the liquid crystal
direction controller, and the operation of the liquid crystal
molecules of the liquid crystal layer are the same as that of the
above described exemplary embodiments so descriptions
thereof are omitted. For example, the cross-sectional view of
the liquid crystal display taken along line V-V of FIG. 14A
may be the same as the cross-sectional view of FIG. 5, FIG. 6,
FIG.7,FIG. 8,F1G.9,FIG.10,FIG. 11, FIG. 12, and FIG. 13.
However, the color filter 230 disposed in the upper panel 200
in FIG. § may be positioned in the lower panel 100.

[0136] The first sub-pixel electrode 191/ and the common
electrode 270 form the first liquid crystal capacitor Clch
along with the liquid crystal layer 3 interposed therebetween,
and the second sub-pixel electrode 191/ and the common
electrode 270 form the second liquid crystal capacitor Clcl
along with the liquid crystal layer 3 interposed therebetween,
thereby maintaining the voltage after the first and second thin
film transistors Qh and QI are turned off.

[0137] The first and second sub-pixel electrodes 191/ and
191/ overlap the storage electrode 129 and the storage elec-
trode line 125 to form the first and second storage capacitors
Csth and Cstl, and the first and second storage capacitors Csth
and Cstl aid the first and second liquid crystal capacitors Clch
and Clcl to maintain the applied voltage.

[0138] The capacitive electrode 126 and the expansion por-
tion 177¢ of the third drain electrode 175¢ overlap with the
gate insulating layer 140 and the semiconductor layer ther-
ebetween to form a step-down capacitor Cstd. However, the
semiconductor layer disposed between the capacitive elec-
trode 126 and the expansion portion 177¢ of the third drain
electrode 175¢ may be removed.
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[0139] A lower alignment layer 11 is formed on the pixel
electrode 191, and the lower alignment layer 11 may be a
vertical alignment layer.

[0140] Next, a circuit structure and an operation of the
liquid crystal display shown in FIG. 14A and FIG. 14B are
described with reference to FIG. 15.

[0141] The liquid crystal display according to an exem-
plary embodiment of the present invention includes a signal
line that includes a gate line 121, a storage electrode line 125,
a step-down gate line 123, and a data line 171, and a pixel PX
that is connected thereto.

[0142] The pixel PX includes a first sub-pixel PXh, a sec-
ond sub-pixel PXI, and a step-down unit Cd.

[0143] The first sub-pixel PXh includes a first switching
element Qh, a first liquid crystal capacitor Clch, and a first
storage capacitor Csth, and the second sub-pixel PXlincludes
asecond switching element Ql, a second liquid crystal capaci-
tor Clcl, and a second storage capacitor Cstl. The step-down
unit Cd includes a third switching element Qc and a step-
down capacitor Cstd.

[0144] The first and second switching elements Qh and QI
are three-terminal elements such as thin film transistors that
are provided in the lower display panel 100. The control
terminals of the first and second switching elements Qh and
Ql are connected to the gate line 121, and the input terminals
are connected to the data line 171. The output terminals are
connected to the first and second liquid crystal capacitors
Clch and Clcl and the first and second storage capacitors Csth
and Cstl.

[0145] The third switching element Qc is a three-terminal
element such as a thin film transistor that is provided in the
lower display panel 100. The control terminal thereof is con-
nected to the step-down gate line 123, and the input terminal
is connected to the second liquid crystal capacitor Clcl. The
output terminal is connected to the step-down capacitor Cstd.
[0146] The first and second liquid crystal capacitors Clch
and Clcl are formed by overlapping the (a) first and second
sub-pixel electrodes 1914 and 191/ that are connected to the
first and second switching elements Qh and Ql, respectively,
with (b) the common electrode 270 of the upper display panel
200. The first and second storage capacitors Csth and Cstl are
formed by overlapping the storage electrode 129 and the
storage electrode line 125 with the first and second sub-pixel
electrodes 191/ and 191/.

[0147] The step-down capacitor Cstd is connected to the
output terminal of the third switching element Qc and the
storage electrode line 125 and is formed by overlapping the
storage electrode line 125 that is provided in the lower display
panel 100 with the output terminal of the third switching
element Qc with an insulator therebetween.

[0148] An operation of the liquid crystal display of FIG.
14A, FIG. 14B, and FIG. 15 will now be described.

[0149] First, if the gate line 121 is applied with the gate-on
voltage Von, the first and second thin film transistors Qh and
Ql are turned on.

[0150] Accordingly, the data voltage applied to the dataline
171 is equally applied to the first and second subpixel elec-
trodes 191/ and 191/ through the turned-on first and second
switching elements Qh and QIl. The first and second liquid
crystal capacitors Clch and Clcl are charged by a difference
between the common voltage Vcom of the common electrode
270 and the voltage of the first and second subpixel electrodes
191/ and 191/ such that the charging voltage of the first liquid
crystal capacitor Clch is the same as the charging voltage of
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the second liquid crystal capacitor Clcl. Here, the step-down
gate line 123 is applied with the gate-off voltage Voff.
[0151] Next, if the gate line 121 is applied with the gate-off
voltage Voff and simultaneously the step-down gate line 123
is applied with the gate-on voltage Von, the first and second
switching elements Qh and QI connected to the gate line 121
are turned off, and the third switching element Qc is turned
on. Accordingly, the charges of the second subpixel electrode
191/ connected to the output terminal of the second switching
element QI flows in the step-down capacitor Cstd such that the
voltage of the second liquid crystal capacitor Clcl is
decreased.

[0152] In the case in which the liquid crystal display
according to the present exemplary embodiment is driven by
frame inversion, the data line 171 may have a positive data
voltage with respect to the common voltage Vcom in the
present frame, and negative charges are gathered in the step-
down capacitor Cstd after the previous frame is finished. In
the present frame, if the third switching element Qc is turned
on, the positive charges of the second subpixel electrode 191/
flow in the step-down capacitor Cstd through the third switch-
ing element Qc such that positive charges are gathered in the
step-down capacitor Cstd, and the voltage of the second liquid
crystal capacitor Clclis decreased. In the next frame, the third
switching element Qc is turned on in the state in which the
negative charges are charged in the second subpixel electrode
191/ such that the negative charges of the second subpixel
electrode 191/ flow in the step-down capacitor Cstd with the
negative charges gathered in the step-down capacitor Cstd,
and the voltage of the second liquid crystal capacitor Clcl is
decreased.

[0153] As described above, according to the present exem-
plary embodiment, the charging voltage of the second liquid
crystal capacitor Clcl is always lower than the charging volt-
age of the first liquid crystal capacitor Clch regardless of the
polarity of the data voltage. Accordingly, the charging volt-
ages of the first and second liquid crystal capacitors Clch and
Clcl are different such that the lateral view of the liquid crystal
display may be improved.

[0154] Different from the present exemplary embodiment,
the first and second switching elements Qh and QI of the first
and second subpixel electrodes 191/ and 191/ may be applied
with different data voltages obtained from one image infor-
mation signal through different data lines or at different times.
Also, the first sub-pixel electrode 1914 may only be applied
with the data voltage through the switching element, and the
second sub-pixel electrode 191/ may be capacitively con-
nected to the first sub-pixel electrode 1914, thereby receiving
the relatively low voltage. In the case of the several exemplary
embodiments, the third switching element Qc and the step-
down capacitor Cstd may be omitted.

[0155] Next, another exemplary embodiment of the liquid
crystal display shown in FIG. 1 and FIG. 2 are described with
reference to FIG. 16, FIG. 17, FIG. 18, FIG. 19, and FIG. 20.
Like reference numerals designate like elements in the exem-
plary embodiment and previous descriptions are not repeated
below.

[0156] FIG. 16 is a layout view of one pixel of a liquid
crystal display according to another exemplary embodiment
ofthe present invention, and FIG. 17 is a cross-sectional view
of the liquid crystal display of FIG. 16 taken along line
XVII-XVIL. FIG. 18 is a cross-sectional view of the liquid
crystal display of FIG. 16 taken along line X VIII-XVIII, and
FIG. 19 is a cross-sectional view of the liquid crystal display
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of FIG. 16 taken along line X VIII-XVIII showing an arrange-
ment change of liquid crystal molecules with application of
an electric field to the liquid crystal layer. FIG. 20 is an
exemplary cross-sectional view of the liquid crystal display
of FIG. 16 taken along line X VIII-XVIII.

[0157] The liquid crystal display according to an exem-
plary embodiment of the present invention also includes
lower and upper display panels 100 and 200 that face each
other and a liquid crystal layer 3 interposed therebetween.

[0158] First, referring to the lower panel 100, a plurality of
gate lines 121 including gate electrodes 124 are formed on an
insulation substrate 110, and a gate insulating layer 140 is
formed thereon. A plurality of semiconductor islands 154 are
formed on the gate insulating layer 140, and a plurality of
pairs of ohmic contact islands 163 and 165 are formed
thereon. A plurality of data lines 171 including source elec-
trodes 173 and a plurality of drain electrodes 175 are formed
on the ohmic contacts 163 and 165 and the gate insulating
layer 140. The drain electrode 175 includes a bar end portion
enclosed by the source electrode 173 and an expansion 177
having a wide area for connection with other layers. A passi-
vation layer 180 having a plurality of contact holes 185 expos-
ing the expansions 177 of the drain electrode 175 is formed on
the data line 171, the drain electrode 175, the source electrode
173, and the exposed semiconductor 154.

[0159] The gateelectrode 124, the source electrode 173, the
drain electrode 175, and the semiconductor 154 form the thin
film transistor Q.

[0160] Meanwhile, different from the previous exemplary
embodiment, a plurality of concave portions may be formed
on the upper surface of the passivation layer 180.

[0161] A plurality of pixel electrodes 191 are formed on the
passivation layer 180. The overall shape of the pixel electrode
191 is a quadrangle and includes a plurality of cutouts 91, 92,
93, and 94 and a plurality of liquid crystal direction control-
lers 81, 82, 83, and 84. The cutouts 91, 92, 93, and 94 and the
liquid crystal direction controllers 81, 82, 83, and 84 are
substantially symmetrical with respect to a virtual transverse
center line (not shown) substantially bisecting the pixel elec-
trode 191.

[0162] The cutouts 91, 92, 93, and 94 are one kind of the
liquid crystal direction controller. The cutout 91 is formed at
the center portion of the left edge of the pixel electrode 191.
The cutout 92 has a transverse portion and a pair of oblique
portions. The pair of oblique portions forms an angle of about
45° with respect to the gate line 121 and are perpendicular to
each other.

[0163] The cutout 93 and the cutout 94 are disposed on the
upper and lower portions of the pixel electrode 191 with
respect to the transverse center line and are parallel to the
oblique portions of the cutout 92.

[0164] The edge forming the cutouts 92, 93, and 94 may
include notches 90 having a triangular shape. Different from
FIG. 16, the notches 90 may be formed to be concave, may
have different shapes from the triangular shape, and may have
a shape cutting the cutouts 92 and 93.

[0165] Referringto FIG. 18, the width We ofthe cutouts 91,
92,93, and 94 may be from 5 um to 14 um. The liquid crystal
direction controller 81 is disposed between the cutout 91 and
the cutout 92 of the pixel electrode 191 and includes a pair of
oblique portions that extend substantially parallel to the cut-
outs 91 and 92 and a pair of longitudinal portions. A longitu-
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dinal portion extends along the edge of the pixel electrode 191
starting from the oblique portion and forms an obtuse angle
with the oblique portion.

[0166] Theliquid crystal direction controller 82 is disposed
between the cutout 92 and the cutouts 93 and 94 of the pixel
electrode 191 and includes a pair of oblique portions that
extend substantially parallel to the oblique portion of the
cutout 92 and the cutouts 93 and 94, a longitudinal portion
connecting the pair of oblique portions, and a pair of trans-
verse portions. The transverse portions extend along the
upper and lower transverse edges of the pixel electrode 191
starting from the respective ends of the oblique portions and
forms an obtuse angle along with the oblique portion.

[0167] The liquid crystal direction controller 83 and the
liquid crystal direction controller 84 are respectively disposed
on the upper side and on the lower side with respect to the
virtual transverse center line of the pixel electrode 191 and
respectively include a longitudinal portion and a transverse
portion respectively extending along the transverse edges and
the longitudinal edge of the pixel electrode 191.

[0168] Each of the oblique portions of the liquid crystal
direction controllers 81 and 82 according to the present exem-
plary embodiment is divided into a plurality of small portions
by a plurality of gaps 80a and 805. The gap 80a and the gap
8054 cut across the oblique portion of the liquid crystal direc-
tion controllers 81 and 82 thereby dividing them into several
portions. The gap 80a and the gap 804 are alternately dis-
posed with a uniform interval along the oblique portion, and
the extended directions or the length directions of the two
gaps 80a and 805 may be different from each other. For
example, the extending direction of the gap 80a may be
substantially perpendicular to the extending direction of the
gate line 121, and the extending direction of the gap 805 may
be substantially parallel to the extending direction of the gate
line 121. However, the extending directions are not limited
thereto, and the oblique portions of the liquid crystal direction
controllers 81 and 82 may be divided by at least two gaps
extending in at least two different directions.

[0169] The number of the gaps 80a and 805 of the liquid
crystal direction controllers 81 and 82 may be more than the
number of notches 90 formed in the cutouts 92, 93, and 94.

[0170] Also, the oblique portions of the liquid crystal direc-
tion controllers 81 and 82 may include notches such as the
notches 90 of the cutouts 92 and 93 instead of including the
plurality of gaps 80a and 804. That is, the liquid crystal
direction controllers 81 and 82 may not be divided by the gaps
80a and 805 but may include notches 90 that may have a
triangular shape formed in a concave shape or a convex shape.

[0171] Referring to FIG. 16 and FIG. 18, the liquid crystal
direction controllers 81, 82, 83, and 84 of the pixel electrode
191 may be concave along the concave portion of the passi-
vation layer 180. In the cross-sectional structure of the liquid
crystal direction controllers 81, 82, 83, and 84, the angle f
formed by the side surface with the surface of the substrate
110 may be from 10° to 100°. Also, the width Wg of the liquid
crystal direction controllers 81, 82, 83, and 84 may be from 2
um to 6 pum, and the distance Wf between the cutouts 91, 92,
93, and 94 and the liquid crystal direction controllers 81, 82,
83, and 84 may be from 17 pm to 27 pm. As shown in FIG. 16,
the width of the gaps 80a and 805 included in the liquid
crystal direction controllers 81 and 82 may be from 2 pm to 6

pm.
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[0172] On the other hand, the depth of the liquid crystal
direction controllers 81, 82, 83, and 84 of the pixel electrode
191 may be from 0.1 pm to 0.6 pm.

[0173] The pixel electrode 191 is divided into a plurality of
sub-regions by the cutouts 91, 92, 93, and 94 and the liquid
crystal direction controllers 81, 82, 83, and 84. Here, the
number of sub-regions may vary depending on design factors
such as a size of the pixel electrode 191, the length ratio of the
horizontal side to the vertical side of the pixel electrode 191,
the type of characteristics of the liquid crystal layer 3, and the
inclination direction of the cutouts 91, 92, 93, and 94 and the
liquid crystal direction controllers 81, 82, 83, and 84, which
may be changed.

[0174] Further, an alignment layer 11 may be formed onthe
pixel electrode 191.

[0175] Next, referring to the upper panel 200, a light block-
ing member and a color filter may be formed on the insulation
substrate 210, and an overcoat may be formed thereon. The
opposing electrode 270 facing the pixel electrode 191 is
formed on the whole surface of the insulating substrate 210 on
the overcoat, and an alignment layer may be coated thereon.
[0176] The liquid crystal layer 3 between the lower panel
100 and the upper panel 200 may include liquid crystal mol-
ecules 31 having a negative dielectric anisotropy. The liquid
crystal molecules 31 may be oriented such that their major
axes are almost perpendicular to the surfaces of the two
display panels 100 and 200 when no electric field is applied.
However, the liquid crystal molecules 31 positioned near the
liquid crystal direction controllers 81, 82, 83, and 84 of the
pixel electrode 191 may be inclined toward the inside of the
liquid crystal direction controllers 81, 82, 83, and 84 accord-
ing to the inclination of the edge of the concave liquid crystal
direction controllers 81, 82, 83, and 84.

[0177] Also, the liquid crystal molecules 31 may be ini-
tially aligned with a pretilt in the direction substantially per-
pendicular to the extending directions of the cutouts 91, 92,
93, and 94 and the liquid crystal direction controllers 81, 82,
83, and 84 of the pixel electrode 191. In this case, the liquid
crystal layer 3 may further include a polymer determining the
pretilt of the liquid crystal molecules 31 as well as the liquid
crystal molecules 31. For the pretilt of the liquid crystal
molecule 31, the method of forming the pretilt of the liquid
crystal molecules 31 of the above-described exemplary
embodiment of FIG. 3, FIG. 4, FIG. 5, and FIG. 6 may be
used.

[0178] Next, the operation of the liquid crystal display
according to the exemplary embodiment shown in FIG. 16,
FIG.17, and FIG. 18 is described with reference to FIG. 19 as
well as FIG. 16, FIG. 17, and FIG. 18.

[0179] The pixel electrode 191 and the opposing electrode
270 applied with the data voltage and a predetermined volt-
age, respectively, generate the electric field perpendicular to
the surface of the display panels 100 and 200 to the liquid
crystal layer 3. The cutouts 91, 92, 93, and 94 of the pixel
electrode 191 and the liquid crystal direction controllers
81,82, 83, and 84 distort the electric field, thereby establish-
ing a horizontal component of the electric field (with respect
to the display panels 100 and 200) and determines the incli-
nation direction of the liquid crystal molecules 31. The hori-
zontal components of the electric field are approximately
perpendicular to the extending direction of the cutouts 91, 92,
93, and 94 and the liquid crystal direction controllers 81, 82,
83, and 84. The long axes of the liquid crystal molecules 31
tend to orient perpendicular to the direction of the electric
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field such that the inclination directions of the liquid crystal
molecules 31 are in four directions. Accordingly, four
domains having liquid crystal molecules 31 of which the
inclination directions are uniform are formed in the exem-
plary embodiment shown in FIG. 16. The liquid crystal mol-
ecules 31 near the liquid crystal direction controllers 81, 82,
83, and 84 are inclined in the direction of the pretilt due to the
pretilt near the liquid crystal direction controllers 81, 82, 83,
and 84, i.e., the liquid crystal molecules 31 are oriented
toward the convex portion of the liquid crystal direction con-
trollers 81, 82, 83, and 84. The liquid crystal molecules 31
near the cutouts 91,92, 93, and 94 are inclined outwardly with
reference to neighboring cutouts 91, 92, 93, and 94 by the
distorted components of the electric field created by the cut-
outs 91,92, 93, and 94, i.e., the liquid crystal molecules 31 are
oriented away from the cutouts 91, 92, 93, and 94.

[0180] Particularly, the gaps 80a and 805 formed in the
liquid crystal direction controllers 81, 82, 83, and 84 may
control unstable texture that may be generated by a weak
fringe field near the liquid crystal direction controllers 81, 82,
83, and 84 such that the transmittance may be further
increased.

[0181] The pixel electrode 191 and the opposing electrode
270 forming the liquid crystal capacitor Clc maintain the
applied voltage after the switching element Q is turned off
[0182] As the unit of the horizontal period 1H, the gate
signal is sequentially applied to all the gate lines 121, and the
data voltage is applied to all the pixel electrodes 191 to
display one frame of an image.

[0183] Although not shown in the exemplary embodiment
of FIG. 18 and FIG. 19 but shown FI1G. 17, the color filter 230,
the overcoat 250, and the alignment layers 11 and 21 may be
further included.

[0184] As described above, according to the present exem-
plary embodiment, the cutouts 91, 92, 93, and 94 and the
liquid crystal direction controllers 81, 82, 83, and 84 that are
alternately disposed on the pixel electrode 191 may vary the
inclination directions of the liquid crystal molecules 31 of the
liquid crystal layer 3 such that the reference viewing angle of
the liquid crystal display may be increased. Also, the vertical
component of the electric field near the liquid crystal direc-
tion controllers 81, 82, 83, and 84 may be enhanced such that
the response speed of the liquid crystal molecule 31 may be
improved, and the transmittance of the liquid crystal display
may be increased.

[0185] Referring to FIG. 20, the liquid crystal direction
controllers 81, 82, 83, and 84 and the passivation layer 180
thereunder may not be concave but may be convex in the
liquid crystal display of FIG. 16. In this case, the inclination
directions of the liquid crystal molecules 31 at the liquid
crystal direction controller 81, 82, 83, and 84 may be opposite
to the previous exemplary embodiment.

[0186] Also, in the exemplary embodiments shown in FIG.
16,F1G. 17, FIG. 18, F1G. 19, and FIG. 20, an insulating layer
(not shown) for flatness and planarity may be further formed
between the pixel electrode 191 and the alignment layer 11,
and the characteristics and the effects of the insulating layer
188 of the exemplary embodiment of FIG. 7 may be applied
to the insulating layer for the flatness of the present exemplary
embodiment.

[0187] According to an exemplary embodiment of the
present invention, the liquid crystal molecules of the liquid
crystal layer are inclined according to the shape of the pro-
trusions and depressions of the liquid crystal direction con-
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troller of the pixel electrode such that the response speed of
the liquid crystal molecules may be improved and the trans-
mittance of the liquid crystal display may be increased. Also,
the inclined directions of the liquid crystal molecules of the
liquid crystal layer are varied such that the viewing angle may
be increased.

[0188] Also, by setting the width of the liquid crystal direc-
tion controllers of the pixel electrode including the protru-
sions and depressions or the height difference between the
concave portion and the convex portion as in the exemplary
embodiments as described above, the response speed of the
liquid crystal molecules of the liquid crystal layer may be
further improved and the transmittance may be improved.
[0189] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

a switching element disposed on the first substrate;

a pixel electrode connected to the switching element;

an opposing electrode disposed on the second substrate;

and

a liquid crystal layer disposed between the first substrate

and the second substrate and comprising liquid crystal
molecules,

wherein the pixel electrode comprises a plurality of

branches and a plurality of sub-regions having different
length directions of the branches,

the branches are concave downward or convex upward

with respect to a surface of the first substrate, and

at least one of a width of the branches and a width of a

region between the branches ranges from 2 um to 6 pm.

2. The liquid crystal display of claim 1, wherein a step
difference between the branches and the region between the
branches is less than 20% of a cell gap of the liquid crystal
layer.

3. The liquid crystal display of claim 1, wherein a step
difference between the branches and the region between the
branches ranges from 0.1 pm to 0.6 pm.

4. The liquid crystal display of claim 1, wherein an angle
formed by a side surface of the branches with the surface of
the first substrate ranges from 10° to 100°.

5. The liquid crystal display of claim 1, further comprising
a planarization layer disposed on the pixel electrode to pla-
narize the pixel electrode.

6. The liquid crystal display of claim 1, wherein the region
between neighboring branches has a concave downward
shape when the neighboring branches have a convex upward
shape, and the region between neighboring branches has a
convex upward shape when the neighboring branches have a
concave downward shape.

7. The liquid crystal display of claim 1, wherein the oppos-
ing electrode comprises a single plate.

8. The liquid crystal display of claim 7, wherein a surface
of the opposing electrode is substantially flat.

9. The liquid crystal display of claim 1, wherein the liquid
crystal layer is in a vertical alignment mode with respectto a
surface of the first substrate and the second substrate.
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10. The liquid crystal display of claim 1, wherein the liquid
crystal molecules are aligned with a pretilt in the length
direction of the branches.

11. The liquid crystal display of claim 10, wherein the
liquid crystal layer further comprises a polymer to provide the
pretilt to the liquid crystal molecules.

12. The liquid crystal display of claim 10, further compris-
ing an alignment layer disposed on at least one of the pixel
electrode and the opposing electrode; and

a polymer to control the pretilt of the liquid crystal mol-

ecules between the liquid crystal molecules and the
alignment layer.

13. The liquid crystal display of claim 1, wherein the pixel
electrode further comprises a stem forming a boundary
between the plurality of sub-regions, and the branches
obliquely extend from the stem toward an outer boundary of
the pixel electrode.

14. The liquid crystal display of claim 13, wherein the stem
is concave downward or convex upward with respect to the
surface of the first substrate.

15. The liquid crystal display of claim 13, wherein the pixel
electrode comprises a first sub-pixel electrode and a second
sub-pixel electrode, the first sub-pixel electrode and the sec-
ond sub-pixel electrode being configured to receive different
voltages to control directions of the liquid crystal molecules.

16. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

a switching element disposed on the first substrate;

a pixel electrode connected to the switching element;

an opposing electrode disposed on the second substrate;

and

a liquid crystal layer disposed between the first substrate

and the second substrate and comprising liquid crystal
molecules,

wherein the pixel electrode comprises a plurality of

branches and a plurality of sub-regions having different
length directions of the branches,
the branches are concave downward or convex upward
with respect to a surface of the first substrate, and

aregion between the branches neighboring one side of one
of'the branches comprises a slit, or a branch neighboring
one side of one region between the branches comprises
a slit.

17. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

a switching element disposed on the first substrate;

a pixel electrode connected to the switching element;

an opposing electrode disposed on the second substrate;

and

a liquid crystal layer disposed between the first substrate

and the second substrate and comprising liquid crystal
molecules,

wherein the pixel electrode comprises a plurality of

branches and a plurality of sub-regions having different
length directions of the branches,
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the branches are concave downward or convex upward

with respect to a surface of the first substrate, and

the concave downward shape or convex upward shape of

neighboring branches among the plurality of branches
are opposite to each other.

18. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

a switching element disposed on the first substrate;

a pixel electrode connected to the switching element and

configured to receive a data voltage;

an opposing electrode disposed on the second substrate;

and

a liquid crystal layer disposed between the first substrate

and the second substrate and comprising liquid crystal
molecules,

wherein the pixel electrode comprises a cutout and a liquid

crystal direction controller that are alternately disposed,
the cutout and the liquid crystal direction controller divide
the pixel electrode into a plurality of sub-regions,
inclination directions of the liquid crystal molecules are
different according to the plurality of sub-regions when
the pixel electrode receives the data voltage, and
the liquid crystal direction controller is concave downward
or convex upward with respect to a surface of the first
substrate.

19. The liquid crystal display of claim 18, wherein the
liquid crystal direction controller comprises a plurality of
gaps disposed along a length direction of the liquid crystal
direction controller.

20. The liquid crystal display of claim 19, wherein a width
of the gap ranges from 2 um to 6 pm.

21. The liquid crystal display of claim 19, wherein the
plurality of gaps comprises a first gap and a second gap having
different directions, and the first gap and the second gap are
alternately disposed along the length direction of the liquid
crystal direction controller.

22. The liquid crystal display of claim 18, wherein a width
of the cutout ranges from 6 um to 14 pm.

23. The liquid crystal display of claim 18, wherein a width
of the liquid crystal direction controller ranges from 2 um to
6 pm.

24. The liquid crystal display of claim 18, wherein a dis-
tance between the cutout and the liquid crystal direction con-
troller neighboring each other ranges from 17 pm to 27 pm.

25. The liquid crystal display of claim 18, wherein a step
difference between a concave downward portion and a con-
vex upward portion of the liquid crystal direction controller
ranges from 0.1 pum to 0.6 um.

26. The liquid crystal display of claim 18, wherein an angle
formed by a side surface of the liquid crystal direction con-
troller with the surface of the first substrate ranges from 10° to
100°.
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