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LIQUID CRYSTAL DISPLAY, AND A
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0063087,
filed on Jun. 13,2012, the disclosure of which is incorporated
by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play, and a method of driving a liquid crystal display.

DISCUSSION OF THE RELATED ART

[0003] A liquid crystal display typically includes two dis-
play panels including field generating electrodes such as a
pixel electrode and a common electrode, and a liquid crystal
layer interposed therebetween. An electric field is generated
in the liquid crystal layer by applying a voltage to the field
generating electrodes. The electric field determines the direc-
tion of liquid crystal molecules of the liquid crystal layer, and
controls polarization of incident light through the generated
electric field, thus displaying images.

[0004] A vertically aligned (VA) mode liquid crystal dis-
play is a liquid crystal display in which long axes of liquid
crystal molecules are vertically aligned in the absence of an
electric field. A VA mode liquid crystal display may have a
high contrast ratio and a wide standard viewing angle. A
standard viewing angle may refer to a viewing angle or a
luminance reverse critical angle between grays having a con-
trast ratio of 1:10.

[0005] Ina VA mode liquid crystal display, one pixel may
be divided into two subpixels, and different voltages may be
applied to the two subpixels. Applying different voltages to
the two sub pixels results in the transmittance of the two
subpixels being different, which may widen a narrow viewing
angle. However, this may also result in the transmittance of
light being deteriorated in the middle gray level, thus dete-
riorating image quality of the display.

SUMMARY

[0006] Exemplary embodiments of the present invention
provide a liquid crystal display in which there is little or no
change in the transmittance in a predetermined gray level.
Exemplary embodiments further provide a liquid crystal dis-
play having reduced image quality deterioration, and an
improved viewing angle.

[0007] An exemplary embodiment of the present invention
provides a liquid crystal display including a first substrate, a
pixel electrode formed on the first substrate, a second sub-
strate facing the first substrate, and a common electrode
formed on the second substrate. The pixel electrode includes
a first subpixel electrode disposed in a first subpixel region,
and a second subpixel electrode disposed in a second subpixel
region. A first voltage applied to the first subpixel electrode
and a second voltage applied to the second subpixel electrode
are different from each other, and a ratio of the second voltage
to the first voltage is about 0.76 to about 0.80.

[0008] Inanexemplary embodiment, the ratio of the second
voltage to the first voltage is about 0.77 to about 0.79.
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[0009] 1Inanexemplary embodiment, an area of the second
subpixel region is about 1.5 times as large as an area of the
first subpixel region.

[0010] Inan exemplary embodiment, the liquid crystal dis-
play further includes a liquid crystal layer injected between
the first substrate and the second substrate, wherein liquid
crystal molecules of the liquid crystal layer are arranged such
that they are approximately vertical to surfaces of the first
substrate and the second substrate when an electric field is not
formed between the pixel electrode and the common elec-
trode.

[0011] Inan exemplary embodiment, the liquid crystal dis-
play further includes an alignment layer disposed on at least
one of the first substrate and the second substrate, wherein at
least one of the liquid crystal layer and the alignment layer
include a photoreactive material.

[0012] In an exemplary embodiment, the common elec-
trode includes a first cutout having a cross shape disposed in
a region corresponding to the first subpixel electrode.

[0013] In an exemplary embodiment, the first subpixel
electrode includes a second cutout formed along an edge of
the first subpixel electrode.

[0014] In an exemplary embodiment, the second subpixel
electrode includes a plurality of third cutouts, the common
electrode includes a plurality of fourth cutouts disposed in a
region corresponding to the second subpixel electrode, and
the third cutout and the fourth cutout are alternately disposed.
[0015] According to exemplary embodiments of the
present invention, in a liquid crystal display, the change in
transmittance at a predetermined gray level may be smooth,
and periods including no change in transmittance or rapid
changes in transmittance may be reduced or prevented. For
example, deterioration of image quality may be reduced or
prevented, and/or the viewing angle of the display may be
improved by dividing one pixel into two pixel electrodes, and
controlling a ratio of the voltage applied to a second subpixel
electrode (e.g., arelatively low voltage) to the voltage applied
to a first subpixel electrode (e.g., a relatively high voltage) to
about 0.76 to about 0.80, and more specifically, to about 0.77
to about 0.79.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other features of the present inven-
tion will become more apparent by describing in detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0017] FIG. 11is an equivalent circuit diagram of one pixel
ofaliquid crystal display, according to an exemplary embodi-
ment of the present invention.

[0018] FIG. 2is atop plan view of the liquid crystal display
of FIG. 1, according to an exemplary embodiment of the
present invention.

[0019] FIG. 3 is a cross-sectional view taken along line of
the liquid crystal display shown in FIG. 2.

[0020] FIGS. 4 to 6 are top plan views showing basic
regions of a field generating electrode of a liquid crystal
display, according to exemplary embodiments of the present
invention.

[0021] FIG. 7 is an equivalent circuit diagram of one pixel
ofaliquid crystal display, according to an exemplary embodi-
ment of the present invention.

[0022] FIG. 8is atop plan view of the liquid crystal display
of FIG. 7, according to an exemplary embodiment of the
present invention.
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[0023] FIG. 9 is a cross-sectional view taken along line
IX-IX of the liquid crystal display of FI1G. 8.
[0024] FIG. 10 is a graph showing transmittance according
to a gray level in a liquid crystal display, according to exem-
plary embodiments of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0025] Exemplary embodiments of the present invention
will be described more fully hereinafter with reference to the
accompanying drawings. Like reference numerals may refer
to like elements throughout the accompanying drawings.
[0026] FIG.1 is an equivalent circuit diagram for one pixel
ofaliquid crystal display, according to an exemplary embodi-
ment of the present invention.

[0027] Referring to FIG. 1, one pixel PX of the liquid
crystal display includes a gate line GL through which a gate
signal is transferred, a data line DL through which a data
signal is transferred, a plurality of signal lines including a
reference voltage line RL through which a partial reference
voltage is transferred, a first switching element Qa, a second
switching element Qb and a third switching element Qc con-
nected to a plurality of signal lines, a first liquid crystal
capacitor Clea, and a second liquid crystal capacitor Clcb.
[0028] The first switching element Qa and the second
switching element Qb are connected to the gate line GL and
the data line DL, respectively. The third switching element Qc
is connected to an output terminal of the second switching
element Qb and the reference voltage line RL.

[0029] The first switching element Qa and the second
switching element Qb may each be a three terminal element
such as, for example, a thin film transistor. Hereinafter, the
first, second, and third switching elements Qa, Qb, and Qc
may be referred to as first, second, and third thin film transis-
tors Qa, Qb, and Qc, respectively. A control terminal of the
first and second switching elements Qa and Qb is connected
to the gate line GL, an input terminal of the first and second
switching elements Qa and Qb is connected to the data line
DL, an output terminal of the first switching element Qa is
connected to the first liquid crystal capacitor Clea, and the
output terminal of the second switching element Qb is con-
nected to the second liquid crystal capacitor Clcb and the
input terminal of the third switching element Qc.

[0030] The third switching element Qc may also be a three
terminal element such as, for example, a thin film transistor.
The control terminal of the third switching element Qc is
connected to the gate line GL, the input terminal of the third
switching element Qc is connected to the second liquid crys-
tal capacitor Clcb, and the output terminal of the third switch-
ing element Qc is connected to the reference voltage line RL.
[0031] When a gate-on signal is applied to the gate line GL,
the first switching element Qa, the second switching element
Qb, and the third switching element Qc connected to the gate
line GL are turned on. Accordingly, the data voltage applied
to the data line DL is applied to the first subpixel electrode
PEa and the second subpixel electrode PEb through the
turned-on first and second switching elements Qa and Qb. In
this case, the data voltages applied to the first and second
subpixel electrodes PEa and PEb may be charged by the same
value. According to an exemplary embodiment of the present
invention, the voltage applied to the second subpixel elec-
trode PEb becomes a partial voltage through the third switch-
ing element Qc connected to the second switching element
Qb in series. Accordingly, the voltage applied to the second
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subpixel electrode PEb becomes smaller than the voltage
applied to the first subpixel electrode PEa. In this case, the
ratio of the voltage applied to the second subpixel electrode
PEDb to the voltage applied to the first subpixel electrode PEa
may be between about 0.76 and about 0.80, and more specifi-
cally, between about 0.77 and about 0.79. The area of the
second subpixel region where the second subpixel electrode
PEDb is disposed may be larger than the area of the first sub-
pixel region where the first subpixel electrode PEa is dis-
posed. For example, in an exemplary embodiment, the area of
the second subpixel region may be about 1.5 times as large as
the area of the first subpixel region.

[0032] Accordingly, the voltage charged in the first liquid
crystal capacitor Clca and the voltage charged in the second
liquid crystal capacitor Clcb become different from each
other. Since the voltage charged in the first liquid crystal
capacitor Clca and the voltage charged in the second liquid
crystal capacitor Clcb are different from each other, inclina-
tion angles ofliquid crystal molecules in the first subpixel and
the second subpixel become different from each other. As a
result, the luminance of each of the two subpixels becomes
different. Accordingly, in an exemplary embodiment, appro-
priately controlling the voltage charged in the first liquid
crystal capacitor Clca and the voltage charged in the second
liquid crystal capacitor Clcb may allow for a narrow viewing
angle of the liquid crystal display to be widened, and thus,
improved.

[0033] FIG. 2is atop plan view of the liquid crystal display
according to the exemplary embodiment shown in FIG. 1.
FIG. 3 is a cross-sectional view of the liquid crystal display
taken along line of FIG. 2.

[0034] Referring to FIGS. 2 and 3, the liquid crystal display
according to an exemplary embodiment includes a lower
display panel 100 and an upper display panel 200 that face
each other, and a liquid crystal layer 3 interposed between the
two display panels 100 and 200.

[0035] A gate line 121, a reference voltage line 131 and
storage electrodes 135, 136, 138, and 139 are formed on an
insulation substrate 110 made of, for example, transparent
glass or plastic. The gate line 121 extends in a horizontal
direction, or a substantially horizontal direction, and a gate
signal is transferred via the gate line 121. The gate line 121
includes a first gate electrode 1244, a second gate electrode
1245, a third gate electrode 124¢, and a wide end portion
which connects to another layer or an external driving circuit.

[0036] The reference voltage line 131 may extend parallel
to, or substantially parallel to the gate line 121, and may have
an expansion portion 137. The expansion portion 137 is con-
nected to a third drain electrode 175¢.

[0037] The reference voltage line 131 may include first
storage electrodes 135 and 136 surrounding, or substantially
surrounding a first subpixel electrode 191a.

[0038] A second subpixel electrode 1915 may be sur-
rounded by, or substantially surrounded by second storage
electrodes 138 and 139.

[0039] A gateinsulating layer 140 is formed on the gate line
121, the reference voltage line 131, and the storage electrodes
135, 136, 138 and 139.

[0040] A first semiconductor 1544, a second semiconduc-
tor 1545 and a third semiconductor 154¢ are formed on the
gate insulating layer 140. The first, second and third semi-
conductors 154a, 1545 and 154¢ may be made of, for
example, amorphous or crystalline silicon.
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[0041] A plurality of ohmic contacts 1645 are formed on
the first semiconductor 1544, the second semiconductor 1545
and the third semiconductor 154c¢. The ohmic contacts 1645
may be omitted, for example, in an exemplary embodiment
where the first, second and third semiconductors 154a, 1545
and 154¢ are oxide semiconductors.

[0042] Data conductors 171,173a, 173b,173¢, 175a, 175b
and 175¢ including a data line 171, a first source electrode
173a, a second source electrode 1735, a third source electrode
173c, a first drain electrode 1754, a second drain electrode
175b, and a third drain electrode 175¢ are formed on the
ohmic contact and the gate insulating layer 140.

[0043] The second drain electrode 1754 is connected to the
third source electrode 173¢.

[0044] The first gate electrode 124a, the first source elec-
trode 1734, and the first drain electrode 1754 form a first thin
film transistor Qa together with the first semiconductor 154a.
A channel of the first thin film transistor Qa is formed in the
semiconductor portion 154a between the first source elec-
trode 173a and the first drain electrode 175a. Similarly, the
second gate electrode 1245, the second source electrode
173b, and the second drain electrode 1755 form a second thin
film transistor Qb together with the second semiconductor
154b. A channel of the second thin film transistor Qb is
formed in the semiconductor portion 1546 between the sec-
ond source electrode 173 and the second drain electrode
175b. The third gate electrode 124c¢, the third source electrode
173¢, and the third drain electrode 175¢ form a third thin film
transistor Qc together with the third semiconductor 154¢. A
channel of the third thin film transistor Qc is formed in the
semiconductor portion 154¢ between the third source elec-
trode 173¢ and the third drain electrode 175¢.

[0045] A lower passivation layer 180p may be made of an
inorganic insulator such as, for example, silicon nitride or
silicon oxide, and is formed on the data conductors 171,173q,
1736, 173¢, 175a, 1755, and 175¢, and the exposed portions
of the semiconductors 154a, 1545, and 154c¢.

[0046] A color filter 230 is disposed on the lower passiva-
tion layer 180p. The color filter 230 is disposed in regions that
do not include the first thin film transistor Qa, the second thin
film transistor Qb, and the third thin film transistor Qc.

[0047] Alight blocking member may be primarily disposed
in regions that do not include the color filter 230, as well as
regions including a portion of the color filter 230. The light
blocking member may also be referred to as a black matrix,
and prevents or reduces light leakage.

[0048] An upper passivation layer 180¢ is formed on the
color filter 230 and the light blocking member. The upper
passivation layer 180¢ may prevent the color filter 230 and the
light blocking member from being lifted, and may suppress
contamination of the liquid crystal layer 3 by an organic
material such as a solvent flowing from the color filter.

[0049] As a result, defects such as afterimages (e.g., ghost-
ing or bum-in) that may occur when driving an image may be
prevented or reduced.

[0050] A first contact hole 1854 and a second contact hole
1850 through which the first drain electrode 1754 and the
second drain electrode 1755 are exposed are formed in the
lower passivation layer 180p, the light blocking member, and
the upper passivation layer 180g. A third contact hole 185¢
through which the expansion portion 137 of the reference
voltage line 131 and the third drain electrode 175¢ are
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exposed is formed in the lower passivation layer 180p, the
light blocking member, the upper passivation layer 180¢, and
the gate insulating layer 140.

[0051] A pixel electrode 191 including a first subpixel elec-
trode 191 a and a second subpixel electrode 1915, and a
blocking electrode line 88p are formed on the upper passiva-
tion layer 180g. The pixel electrode 191 may be made of a
transparent conductive material such as, for example, indium
tin oxide (ITO) or indium zinc oxide (IZO), or a reflective
metal such as, for example, aluminum, silver, chromium or an
alloy. The pixel electrode 191 includes the first subpixel elec-
trode 191 a and the second subpixel electrode 1915, which are
separated from each other. The gate line 121 and the reference
voltage line 131 are disposed between the first and second
subpixel electrodes 191a and 1915, are disposed on and under
the pixel region, and are adjacent to each other in a column
direction. That is, one pixel region includes the first subpixel
region having the first subpixel electrode 191a and the second
subpixel region having the second subpixel electrode 1915,
and the area of the second subpixel region may be larger than
the area of the first subpixel region. For example, in an exem-
plary embodiment, the area of the second subpixel region
may be about 1.5 times as large as the area of the first subpixel
region.

[0052] The first subpixel electrode 191a and the second
subpixel electrode 1915 receive a data voltage through the
first contact hole 1854 and the second contact hole 1855 from
the first drain electrode 175a and the second drain electrode
1755, respectively. The first subpixel electrode 191a and the
second subpixel electrode 1915 to which the data voltage is
applied generate an electric field in conjunction with the
common electrode 270 of the upper display panel 200. The
electric field determines a direction of the liquid crystal mol-
ecules 31 of the liquid crystal layer 3 between the pixel
electrode 191 and the common electrode 270. The luminance
of light passing through the liquid crystal layer 3 is changed
according to the direction of the liquid crystal molecules 31.

[0053] The blocking electrode line 88p extends parallel to,
or substantially parallel to the data line 171, and includes a
blocking electrode 88 protruding toward the gate line 121. A
portion of the blocking electrode line 88p may cover the third
contact hole 185¢ through which the expansion portion 137 of
the reference voltage line 131 and the third drain electrode
175¢ are exposed, and may electrically connect the expansion
portion 137 of the reference voltage line 131 and the third
drain electrode 175¢.

[0054] A common electrode 270 is formed on an insulation
substrate 210 made of, for example, transparent glass or plas-
tic.

[0055] In an exemplary embodiment of the present inven-
tion, the liquid crystal display may include a light blocking
member and a color filter 230 disposed on the insulation
substrate 210.

[0056] An alignment layer may be formed on the inner
surface of the display panels 100 and 200, and may be, for
example, a vertical alignment layer.

[0057] A polarizer may be provided on the outer surfaces of
the display panels 100 and 200, respectively. Transmissive
axes of the two polarizers may be orthogonal to each other,
and one transmissive axis of the axes may be parallel to, or
substantially parallel to the gate line 121. In an exemplary
embodiment, the polarizer may be disposed on only one outer
surface of the two display panels 100 and 200.
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[0058] The liquid crystal layer 3 has a negative dielectric
anisotropy, and the liquid crystal molecules 31 of the liquid
crystal layer 3 are aligned such that long axes thereof are
vertical to the surfaces of the two display panels 100 and 200
in the absence of an electric field. Therefore, incident light
does not pass through the crossed polarizers, but is blocked in
a state in which there is no electric field.

[0059] At least one of the liquid crystal layer 3 and the
alignment layer may include photoreactive material such as,
for example, reactive mesogen.

[0060] The common electrode 270 includes a first cutout
271 having a cross shape formed in a region corresponding to
the first subpixel electrode 191 a, and the first subpixel elec-
trode 191« includes a second cutout 91 formed along an edge
thereof. The second subpixel electrode 1915 includes a plu-
rality of third cutouts 92, and the common electrode 270
includes a plurality of fourth cutouts 272 formed in a region
corresponding to the second subpixel electrode 19 Ib.

[0061] As described above, the first subpixel electrode
191a and the second subpixel electrode 1915 to which the
data voltage is applied generate an electric field in conjunc-
tion with the common electrode 270 of the upper display
panel 200. As a result, the liquid crystal molecules 31 of the
liquid crystal layer 3, which are vertically aligned with the
surfaces of the pixel electrode 191 and the common electrode
270 in a state in which no electric field is applied, lie in a
horizontal direction with respect to the surfaces of the pixel
electrode 191 and the common electrode 270. The luminance
of light passing through the liquid crystal layer 3 is changed
according to the orientation of the liquid crystal molecules 31.
[0062] FIGS. 4 to 6 are top plan views showing a basic
region of a field generating electrode of the liquid crystal
display, according to exemplary embodiments of the present
invention.

[0063] Referring to the exemplary embodiment shown in
FIG. 4, the first basic region of the field generating electrode
includes the first subpixel electrode 1914, the first cutout 271
of the common electrode 270 facing the first subpixel elec-
trode 191q, and the second cutout 91 of the first subpixel
electrode 191a, which surrounds, or substantially surrounds
the first cutout 271 of the common electrode 270.

[0064] When the liquid crystal display is viewed from
above, the basic region defined by the first cutout 271 of the
common electrode 270 and the edge of the first pixel electrode
191a may be divided into a plurality of small regions Da, Db,
Dc,and Dd. The plurality of small regions Da, Db, Dc, and Dd
may be symmetrical to each other relative to the first cutout
271 of the common electrode 270.

[0065] The first cutout 271 of the common electrode 270
may have a cross shape when viewed in a flat plane form. The
ends of the first cutout 271 protrude beyond the edge of the
corresponding first subpixel electrode 191a.

[0066] The second cutout 91 of the first subpixel electrode
191q is substantially formed in a quadrangle ring shape along
the edge of the first subpixel electrode 191a. The second
cutout 91 is disconnected at portions corresponding to the
ends of the first cutout 271 of the common electrode 270. The
portions at which the second cutout 91 formed in the first
subpixel electrode 191a are disconnected may be utilized as
connection portions of the pixel electrode 191.

[0067] Although the cutout having the cross shape (e.g., the
first cutout 271) is formed on the common electrode 270 in the
exemplary embodiment shown in FIG. 4, the cutout may
instead be formed on the pixel electrode 191. Further, in an
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exemplary embodiment, the cutout having the cross shape
may be formed on both the common electrode 270 and the
pixel electrode 191.

[0068] Referring to the exemplary embodiment shown in
FIG. §, the basic region of the field generating electrode may
be similar to the exemplary embodiment described with ref-
erence to FIG. 4. However, unlike the exemplary embodiment
shown in FIG. 4, the second cutout 91 of the first subpixel
electrode 1914 is formed substantially in a quadrangle ring
shape along the edge of the first subpixel electrode 1914, and
is disconnected at four portions at which the edges of the first
subpixel electrode 191a extending in different directions
meet each other. That is, the second cutout 91 is disconnected
at the corner portions of the first subpixel electrode 191a.
Further, the second cutout 91 of the first subpixel electrode
191a partially overlaps the first cutout 271 of the common
electrode 270.

[0069] When the electric fieldis applied to theliquid crystal
layer 3, the liquid crystal molecules 31 of the liquid crystal
layer 3 are inclined from the four portions at which the edges
of the first subpixel electrode 191a extending in different
directions meet each other. The change in the orientation of
the liquid crystal molecules 31 is caused by a fringe field
generated by the edge of the first subpixel electrode 191a and
the first cutout 271. As a result, the liquid crystal molecules 31
may be inclined in a direction substantially parallel to a direc-
tion toward the center of the first cutout 271 having the cross
shape, and the total number of inclination directions of the
liquid crystal molecules 31 in the basic region of the field
generating electrode may be four. A viewing angle of the
liquid crystal display may be increased by forming a plurality
of inclination directions of the liquid crystal molecules in the
basic region of the liquid crystal display.

[0070] Referring to the exemplary embodiment shown in
FIG. 6, the second basic region of the field generating elec-
trode includes the second subpixel electrode 1915, the third
cutout 92 of the second subpixel electrode 1915, the common
electrode 270 facing the second subpixel electrode 19154, and
the fourth cutout 272 of the common electrode 270.

[0071] Inanexemplary embodiment, the third cutout 92 of
the second subpixel electrode 1915 and the fourth cutout 272
of the common electrode 270 may be alternately disposed.

[0072] The second basic region of the field generating elec-
trode may be divided into a plurality of domains by the edge
of the second subpixel electrode 1915, the third cutout 92 of
the second subpixel electrode 1915, and the fourth cutout 272
of the common electrode 270.

[0073] The number of third cutouts 92 of the second sub-
pixel electrode 1915 and the number of fourth cutouts 272 of
the common electrode 270 may be changed according to
exemplary embodiments of the present invention.

[0074] In an exemplary embodiment, the viewing angle of
the liquid crystal display may be improved by forming
domains of the first basic region formed by the first subpixel
electrode 1914, and the second basic region formed by the
second subpixel electrode 1915, such that the domains are
different from each other.

[0075] The area of the second basic region of the field
generating electrode may be larger than the area of the first
basic region of the field generating electrode. For example,
the area of the second basic region of the field generating
electrode may be about 1.5 times as large as the area of the
first basic region of the field generating electrode.
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[0076] FIG. 7 is an equivalent circuit diagram of one pixel
ofaliquid crystal display, according to an exemplary embodi-
ment of the present invention. FIG. 8 is a top plan view of the
liquid crystal display, according to an exemplary embodiment
of the present invention. FIG. 9is a cross-sectional view taken
along line IX-IX of the liquid crystal display of FIG. 8.
[0077] Referring to FIG. 7, the liquid crystal display
according to an exemplary embodiment includes a signal line
including a gate line 121, a storage electrode line 125, a
voltage drop gate line 123, and a data line 171, and a pixel PX
connected thereto.

[0078] The pixel PX includes first, second, and third
switching elements Qa, Qb and Qc, first and second liquid
crystal capacitors Clca and Clcb, first and second storage
capacitors Csta and Cstb, and a voltage drop capacitor Cstd.
Hereinafter, the first, second, and third switching elements
Qa, Qb, and Qc may be referred to as first, second, and third
thin film transistors Qa, Qb, and Qc, respectively.

[0079] The first and second switching elements Qa and Qb
are connected to the gate line 121 and the data line 171,
respectively, and the third switching element Qc is connected
to the voltage drop gate line 123.

[0080] The first and second switching elements Qa and Qb
may each be a three terminal element such as, for example, a
thin film transistor provided in a lower display panel 100. A
control terminal of the first and second switching elements Qa
and Qb is connected to the gate line 121, an input terminal of
the first and second switching elements Qa and Qb is con-
nected to the data line 171, and output terminals of the first
and second switching elements Qa and Qb are connected to
the first and second liquid crystal capacitors Clca and Clch
and the first and second storage capacitors Csta and Cstb.
[0081] The third switching element Qc may also be a three
terminal element such as, for example, a thin film transistor
provided in the lower display panel 100. A control terminal of
the third switching element Qc is connected to the voltage
drop gate line 123, an input terminal of the third switching
element Qc is connected to the second liquid crystal capacitor
Cleb, and an output terminal of the third switching element
Qc is connected to the voltage drop capacitor Cstd.

[0082] The first and second liquid crystal capacitors Clca
and Clcb are formed by overlapping the first and second
subpixel electrodes 191a and 1915, which are connected to
the first and second switching elements Qa and Qb, respec-
tively, and the common electrode 270 of the upper display
panel 200. The first and the second storage capacitors Csta
and Cstb are formed by overlapping the storage electrode
139, the storage electrode line 125, and the first and the
second subpixel electrodes 191a and 1915.

[0083] The voltage drop 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 and the output terminal of the third
switching element Qc provided in the lower display panel 100
with an insulator interposed therebetween.

[0084] A driving method of theliquid crystal display shown
in FIG. 7 is hereinafter described.

[0085] When a gate-onsignal is applied to the gate line 121,
the first switching element Qa and the second switching ele-
ment Qb connected to the gate line 121 are turned on. Accord-
ingly, the data voltage applied to the data line 171 is applied
to the first subpixel electrode 191a and the second subpixel
electrode 1915 through the turned-on first and second switch-
ing elements Qa and Qb. In this case, intensities of the data
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voltages applied to the first subpixel electrode 1914 and the
second subpixel electrode 1915 are the same as each other,
and thus, the voltages charged in the first and second liquid
crystal capacitors Clca and Clcb are the same as each other.
When a gate-off signal is applied to the gate line 121 and a
gate-on signal is applied to the voltage drop gate line 123, the
first switching element Qa and the second switching element
Qb are turned off, and the third switching element Qc is
turned on. Charges then move from the second subpixel elec-
trode 1915 through the third switching element Qc to the
voltage drop capacitor Cstd. The charge voltage of the second
liquid crystal capacitor Clcb is then lowered and the voltage
drop capacitor Cstd is charged. Since the charge voltage of the
second liquid crystal capacitor Cleb is lowered by the capaci-
tance of the voltage drop capacitor Cstd, the charge voltage of
the second liquid crystal capacitor Clcb becomes lower than
the charge voltage of the first liquid crystal capacitor Clca.
[0086] The ratio of the voltage applied to the second sub-
pixel electrode 1915 to the voltage applied to the first subpixel
electrode 191a may be between about 0.76 and about 0.80,
and more specifically between about 0.77 and about 0.79.
[0087] In this case, the charge voltages of the two liquid
crystal capacitors Clca and Clcb exhibit different gamma
curves, and the gamma curve of one pixel voltage becomes a
curve obtained by synthesizing the curves. The synthetic
gamma curve at a direct viewing angle is set in accordance
with a reference gamma curve that is most suitable at the
direct viewing angle, and the synthetic gamma curve at a
lateral viewing angle is set to be the closest to the reference
gamma curve at the direct viewing angle. The viewing angle
of the liquid crystal display may be improved by changing the
image data as described above.

[0088] The liquid crystal display shown in FIG. 7 will be
described in more detail with reference to FIGS. 8§ and 9.
[0089] Referring to FIGS. 8 and 9, a liquid crystal display
according to an exemplary embodiment includes the lower
display panel 100 and the upper display panel 200 facing each
other, the liquid crystal layer 3 interposed between the two
display panels 100 and 200, and a pair of polarizers attached
to the outer surfaces of the display panels 100 and 200.
[0090] A plurality of gate conductors including a plurality
of gate lines 121, a plurality of voltage drop gate lines 123,
and a plurality of storage electrode lines 125 are formed on
the insulation substrate 110.

[0091] The gate line 121 and the voltage drop gate line 123
extend in a horizontal direction, or a substantially horizontal
direction, and a gate signal is transferred via the gate line 121
and the voltage drop gate line 123. The gate line 121 includes
a first gate electrode 124¢ and a second gate electrode 1245
that protrude upward and downward, and the voltage drop
gate line 123 includes a third gate electrode 124c¢ that pro-
trudes upward. The first gate electrode 124a and the second
gate electrode 1245 are connected to each other and form one
protrusion portion.

[0092] The storage electrode line 125 extends in a horizon-
tal direction, or a substantially horizontal direction, and a
predetermined voltage such as a common voltage Vcom is
transferred via the storage electrode line 125. The storage
electrode line 125 includes a capacitance electrode 126 and a
storage electrode overlapping the pixel electrode 191.
[0093] A gate insulating layer 140 is formed on the gate
conductors 121, 123, and 125.

[0094] A plurality of semiconductors 154a, 1545 and 154¢,
which may be made of, for example, amorphous or crystalline
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silicon, are formed on the gate insulating layer 140. The
semiconductors 154a, 1545 and 154¢ include first and second
semiconductors 154a and 1545 that extend toward the first
and second gate electrodes 124a and 1245 and are connected
to each other, and a third semiconductor 154¢ connected to
the second semiconductor 154b. The third semiconductor
154c extends to form a fourth semiconductor 157.

[0095] A plurality of ohmic contacts 1645 and 167 are
formed on the semiconductors 154a, 1545 and 154¢. For
example, a first ohmic contact is formed on the first semicon-
ductor 154a, and a second ohmic contact 1645 and a third
ohmic contact are formed on the second semiconductor 1545
and the third semiconductor 154¢, respectively. The third
ohmic contact extends to form a fourth ohmic contact 167.
[0096] A data conductor including a plurality of data lines
171, a plurality of first drain electrodes 175a, a plurality of
second drain electrodes 1755, and a plurality of third drain
electrodes 175¢ is formed on the ohmic contacts 1645 and
167.

[0097] The data line 171 transfers a data signal, extends in
a vertical direction, or a substantially vertical direction, and
crosses the gate line 121 and the voltage drop gate line 123.
Each data line 171 includes a first source electrode 173a and
asecond source electrode 1735 extending toward the first gate
electrode 124a and the second gate electrode 1245.

[0098] Thefirstdrainelectrode 1754, the second drain elec-
trode 1755b, and the third drain electrode 175¢ include a wide
end portion and a rod-shaped end portion. The rod-shaped
end portions of the first drain electrode 1754 and the second
drain electrode 1756 are partially surrounded by the first
source electrode 1734 and the second source electrode 1735.
One wide end portion of the second drain electrode 1755
further extends to form a third source electrode 173¢. The
wide end portion 177¢ of the third drain electrode 175¢ over-
laps the capacitance electrode 126 and forms the voltage drop
capacitor Cstd. The rod-shaped end portion is partially sur-
rounded by the third source electrode 173¢.

[0099] The first, second, and third gate electrodes 124a,
1245, and 124c, the first, second, and third source electrodes
173a, 1735, and 173¢, and the first, second, and third drain
electrodes 175a, 1756, and 175¢ form first, second, and third
thin film transistors Qa, Qb, and Qc together with the first,
second, and third semiconductors 154a, 1545, and 154¢. The
channel of the thin film transistors is formed in each of the
semiconductors 154a, 1545, and 154c between each of the
source electrodes 173a, 173b, and 173¢ and each of the drain
electrodes 175a, 1755, and 175¢.

[0100] The semiconductors 1544, 154b, and 154¢ have
substantially the same flat surface shape as the data conduc-
tors 171, 1754, 1755, and 175¢ and the ohmic contacts 1645
and 167, except for a channel region disposed between the
source electrodes 1734, 1735, and 173¢ and the drain elec-
trodes 175a, 1755, and 175¢. That is, a space exists between
the source electrodes 1734, 17356, and 173¢ and the drain
electrodes 175a, 175b, and 175¢, and an exposed portion that
is not covered by the data conductors 171, 1754, 175b, and
175¢ in the semiconductors 154qa, 1545, and 154c.

[0101] A lower passivation layer 180p, which may be made
of an inorganic insulator such as, for example, silicon nitride
or silicon oxide, is formed on the data conductors 171, 1754,
175b, 175¢ and the exposed portion of the semiconductors
154a, 1545, and 154c.

[0102] A color filter 230 is disposed on the lower passiva-
tion layer 180p. The color filter 230 is disposed in regions that
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do not include the first thin film transistor Qa, the second thin
film transistor Qb, and the third thin film transistor Qc.
[0103] Alight blocking member may be primarily disposed
in regions that do not include the color filter 230, as well as
regions including a portion of the color filter 230. The light
blocking member may also be referred to as a black matrix
and may prevent light leakage.

[0104] An upper passivation layer 180¢ is formed on the
color filter 230 and the light blocking member. The upper
passivation layer 1804 may prevent the color filter 230 and the
light blocking member from being lifted, and may suppress
contamination of the liquid crystal layer 3 by an organic
material such as a solvent flowing from the color filter 230,
thereby preventing or reducing defects such as afterimages
(e.g., ghosting or burn-in) that may occur when driving an
image.

[0105] First contact holes 185a and second contact holes
1855 through which the wide end portion of the first drain
electrode 175a and the wide end portion of the second drain
electrode 1755 are exposed are formed in the lower passiva-
tion layer 180p, the light blocking member, and the upper
passivation layer 180g.

[0106] A plurality of pixel electrodes 191 are formed on the
upper passivation layer 180g. Each pixel electrode 191
includes a first subpixel electrode 191 a and a second subpixel
electrode 191 b that are separated from each other by gate
lines 121 and 123 disposed therebetween. For example, each
pixel electrode 191 is disposed on and under the pixel region
with the gate lines 121 and 123 as the center thereof, and are
adjacent to each other in a column direction. That is, one pixel
region includes a first subpixel region including the first sub-
pixel electrode 191a, and a second subpixel region including
the second subpixel electrode 1915.

[0107] The ratio of the voltage applied to the second sub-
pixel electrode 1915 to the voltage applied to the first subpixel
electrode 191a may be between about 0.76 and about 0.80,
and more specifically between about 0.77 and about 0.79.
Further, the area of the second subpixel region where the
second subpixel electrode 1915 is disposed may be larger
than the area of the first subpixel region where the first sub-
pixel electrode 1914 is disposed. More specifically, the area
of the second subpixel region may be about 1.5 times as large
as the area of the first subpixel region.

[0108] The shapes of the first subpixel electrode 191a and
the second subpixel electrode 1915 may be similar to those of
the liquid crystal displays according to the exemplary
embodiments described with reference to FIGS. 2 to 6.

[0109] A common electrode 270 is formed on the insulation
substrate 210.
[0110] The common electrode 270 has a first cutout 271

formed in a region corresponding to the first subpixel elec-
trode 1914, and a plurality of fourth cutouts 272 formed in a
region corresponding to the second subpixel electrode 1915,
[0111] The shapes of the cutouts 271 and 272 of the com-
mon electrode 270 may be similar to those of the liquid crystal
displays according to the exemplary embodiments described
with reference to FIGS. 2 t0 6.

[0112] FIG. 10 is a graph showing transmittance according
to a gray level, according to an experimental example utiliz-
ing exemplary embodiments of the present invention.

[0113] InFIG. 10, transmittance according to the gray level
at a lateral viewing angle is measured, while a difference in
voltage applied to the first subpixel electrode 191a and the
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second subpixel electrode 1915 is changed and compared to
the transmittance (G) according to the gray level at a direct
viewing angle.
[0114] Referring to FIG. 10, when the ratio of the voltage
applied to the second subpixel electrode 1915 to the voltage
applied to the first subpixel electrode 191a is set to about 0.76
to about 0.80, and more specifically, to about 0.77 to about
0.79, according to exemplary embodiments of the present
invention, the transmittance according to the gray level tran-
sitions smoothly, and there are no periods where the trans-
mittance according to the gray level includes either no change
in transmittance, or rapid changes in transmittance. For
example, when the ratio of the voltage applied to the second
subpixel electrode 1915 to the voltage applied to the first
subpixel electrode 191a is set to 0.7 or 0.73, a period exists
where transmittance is hardly changed according to a change
in gray level at about 29 gray, and transmittance is rapidly
increased as the gray level is increased. The gray may not be
accurately displayed in the region where there is little or no
change in transmittance, and colors may not be accurately
displayed or may appear cloudy in regions when the trans-
mittance is rapidly increased according to the gray level.
[0115] Inexemplary embodiments of the present invention,
when the ratio of the voltage applied to the second subpixel
electrode 1915 to the voltage applied to the first subpixel
electrode 191a is set to about 0.76 to about 0.80, and more
specifically, to about 0.77 to about 0.79, transmittance
according to the gray level is smoothly changed (e.g., there
are no periods during which there is no change, or a rapid
change in transmittance according to the gray level). Accord-
ingly, deterioration of image quality may be reduced or pre-
vented.
[0116] Further, as described above, the viewing angle of the
liquid crystal display according to exemplary embodiments
of the present invention may be further widened by forming
domains of the first basic region formed by the first subpixel
electrode 1914, and the second basic region formed by the
second subpixel electrode 1915, such that the domains are
different from each other. As a result, an inclination direction
of liquid crystal molecules of the liquid crystal layer for each
domain may be separately adjusted, and the viewing angle of
the display may be improved.
[0117] While the present invention has been particularly
shown and described with reference to the exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and detail
may be made therein without departing from the spirit and
scope of the present invention as defined by the following
claims.
What is claimed is:
1. A liquid crystal display, comprising:
a first substrate;
apixel electrode formed on the first substrate and compris-
ing a first subpixel electrode disposed in a first subpixel
region, and a second subpixel electrode disposed in a
second subpixel region;
a second substrate facing the first substrate; and
a common electrode formed on the second substrate,
wherein a first voltage applied to the first subpixel elec-
trode and a second voltage applied to the second sub-
pixel electrode are different from each other, and

aratio of the second voltage to the first voltage is about 0.76
to about 0.80.
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2. The liquid crystal display of claim 1, wherein the ratio of
the second voltage to the first voltage is about 0.77 to about
0.79.

3. The liquid crystal display of claim 1, wherein an area of
the second subpixel region is larger than an area of the first
subpixel region.

4. The liquid crystal display of claim 3, wherein the area of
the second subpixel region is about 1.5 times as large as the
area of the first subpixel region.

5. The liquid crystal display of claim 1, further comprising:

a liquid crystal layer disposed between the first substrate

and the second substrate,

wherein liquid crystal molecules of the liquid crystal layer

are substantially vertically aligned with the first sub-
strate and the second substrate while an electric field is
not present between the pixel electrode and the common
electrode.

6. The liquid crystal display ofclaim 5, further comprising:

an alignment layer disposed on at least one of the first

substrate and the second substrate,

wherein at least one of the liquid crystal layer and the

alignment layer comprises a photoreactive material.
7. The liquid crystal display of claim 6, wherein the pho-
toreactive material is a reactive mesogen.
8. The liquid crystal display of claim 1, wherein the com-
mon electrode comprises a first cutout having a cross shape
disposed in a region corresponding to the first subpixel elec-
trode.
9. The liquid crystal display of claim 8, wherein the first
subpixel electrode comprises a second cutout formed along
an edge of the first subpixel electrode.
10. The liquid crystal display of claim 9, wherein the sec-
ond cutout is disconnected at portions of the edge of the first
subpixel electrode in regions corresponding to ends of the
first cutout.
11. The liquid crystal display of claim 9, wherein the sec-
ond cutout is disconnected at corner portions of the edge of
the first subpixel electrode.
12. The liquid crystal display of claim 8, wherein ends of
the first cutout protrude beyond an edge of the first subpixel
electrode.
13. The liquid crystal display of claim 8, wherein the sec-
ond subpixel electrode comprises a plurality of third cutouts,
the common electrode comprises a plurality of fourth cutouts
disposed in a region corresponding to the second subpixel
electrode, and the plurality of third cutouts and the plurality of
fourth cutouts are alternately disposed.
14. A method of driving a liquid crystal display, compris-
ing:
applying a first voltage to a first subpixel electrode dis-
posed on apixel electrode in a first subpixel region; and

applying a second voltage to a second subpixel electrode
disposed on the pixel electrode in a second subpixel
region,

wherein the first voltage and the second voltage are differ-

ent from each other, and a ratio of the second voltage to
the first voltage is about 0.76 to about 0.80.

15. The method of claim 14, wherein the ratio of the second
voltage to the first voltage is about 0.77 to about 0.79.

16. The method of claim 14, wherein an area of the second
subpixel region is larger than an area of the first subpixel
region.
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17. The method of claim 16, wherein the area of the second
subpixel region is about 1.5 times as large as the area of the
first subpixel region.

18. The method of claim 14, wherein the common elec-
trode comprises a first cutout having a cross shape disposed in
a region corresponding to the first subpixel electrode.

19. The method of claim 18, wherein the first subpixel
electrode comprises a second cutout formed along an edge of
the first subpixel electrode.

20. The method of claim 18, wherein the second subpixel
electrode comprises a plurality of third cutouts, the common
electrode comprises a plurality of fourth cutouts disposed ina
region corresponding to the second subpixel electrode, and
the plurality of third cutouts and the plurality of fourth cutouts
are alternately disposed.

® 0% % % %
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