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(57) ABSTRACT

A liquid crystal display includes a first substrate, a gate line,
adata line, first-third power lines located on the first substrate,
first-third sub-pixels, where a switching element of each is
connected to the gate line and the data line, a second substrate,
a common electrode that is formed on the second substrate, a
liquid crystal layer located between the first and second sub-
strates, and a power voltage driver outputting a low voltage
during a first period and a high voltage during a subsequent
second period to the first power line, a constant voltage during
both periods to the second power line, and the high voltage
during the first period and the low voltage during the second
period to the third power line. The first power line, the second
power line and the third power line overlap the first sub-pixel,

........................ 10-2010-0128315 the second sub-pixel, and the third sub-pixel, respectively.
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THIN FILM TRANSISTOR ARRAY PANEL
AND LIQUID CRYSTAL DISPLAY USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2010-0128315 filed in the Korean Intel-
lectual Property Office on Dec. 15, 2010, the disclosure of
which is incorporated by reference herein.

BACKGROUND
[0002] (a) Technical Field
[0003] Embodiments of the present invention relate to a

thin film transistor array panel and a liquid crystal display
using the same.

[0004] (b) Discussion of Related Art

[0005] A liquid crystal display includes two display panels
and a liquid crystal layer disposed therebetween. Field gen-
erating electrodes are located on the display panels such as a
pixel electrode and a common electrode. Voltages are applied
to the field generating electrodes, which generate an electric
field on the liquid crystal layer. The generated field adjusts the
alignment of liquid crystal molecules of the liquid crystal
layer and controls the polarization of incident light to gener-
ate an image on the display.

[0006] A voltage-transmittance curve of the side of the
liquid crystal display is different from a voltage-transmit-
tance curve of the front of the display, such that the visibility
at the side is lower as compared to the visibility at the front.
[0007] A wider viewing angle may be realized when
domains of liquid crystals are present within the liquid crystal
display having different alignment directions. A photoalign-
ment method that controls an alignment direction and align-
ment angle of the liquid crystals can be used to form the
domains. An aperture ratio may be increased and a response
time of'the liquid crystals may be shortened by a pre-tilt angle
that is generated at the time of photoalignment.

[0008] However, a display texture may be visible at the
boundary of the different domains, since the alignment direc-
tions of the liquid crystals are different. The texture reduces
the amount of light transmitted and deteriorates the quality of
images displayed.

SUMMARY

[0009] An exemplary embodiment of the present invention
provides a liquid crystal display including: a first substrate, a
gate line and a data line that are formed on the first substrate,
a first power line to which a first low voltage is applied during
a first period and a first high voltage is applied during a second
period, a second power line to which a constant second volt-
age is applied during the first period and second period, a third
power line to which a third high voltage is applied during the
first period and a third low voltage is applied during the
second period, a first switching element, a second switching
element and a third switching element that are connected to
the gate line and data line, an auxiliary boosting capacitor that
is connected to the first switching element and the first power
line, an auxiliary storage capacitor that is connected to the
second switching element and the second power line, an
auxiliary dropping capacitor that is connected to the third
switching element and the third power line, and a first align-
ment layer that is formed by irradiating light on the first
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substrate in different directions. The first power line, the
second power line and the third power line overlap a texture
that is generated by irradiating light on the first alignment
layer in different directions.

[0010] The first low voltage and the third low voltage may
be the same as each other, and the first high voltage and the
third high voltage may be the same as each other. The second
voltage may be an average value of the first low voltage and
the first high voltage.

[0011] Anaverage voltage of the auxiliary boosting capaci-
tor may be higher than an average voltage of the auxiliary
storage capacitor, and an average voltage of the auxiliary
storage capacitor may be higher than an average voltage of the
auxiliary dropping capacitor.

[0012] The voltage of the auxiliary storage capacitor may
be a fourth voltage during the first period and the second
period, the voltage of the auxiliary boosting capacitor may be
a fifth voltage that is higher than the fourth voltage during the
first period and the fourth voltage during the second period,
and the voltage of the auxiliary dropping capacitor may be a
sixth voltage that is lower than the fourth voltage during the
first period and the fourth voltage during the second period.
The first period and the second period may be repeated sev-
eral times during one frame.

[0013] Theliquid crystal display may further include a first
liquid crystal capacitor that is connected to the first switching
element and the first power line, a second liquid crystal
capacitor that is connected to the second switching element
and the second power line, and a third liquid crystal capacitor
that is connected to the third switching element and the third
power line.

[0014] Theaverage voltage of the first liquid crystal capaci-
tor may be higher than the average voltage of the second
liquid crystal capacitor, and the average voltage of the second
liquid crystal capacitor may be higher than the average volt-
age of the third liquid crystal capacitor.

[0015] The voltage of the second liquid crystal capacitor
may be a seventh voltage during the first period and the
second period, the voltage of the first liquid crystal capacitor
may be an eighth voltage that is higher than the seventh
voltage during the first period and the seventh voltage during
the second period, and the voltage of the third liquid crystal
capacitor may be a ninth voltage that is lower than the seventh
voltage during the first period and the seventh voltage during
the second period. The first period and the second period may
be repeated several times during one frame.

[0016] A ratio of the average voltage of the first liquid
crystal capacitor, the average voltage of the second liquid
crystal capacitor, and the average voltage of the third liquid
crystal capacitor may be 1:0.6 to 0.85:0.4 to 0.7.

[0017] The gate line may include a first sub-gate line and a
second sub-gate line, and the same voltage may be applied to
the first sub-gate line and the second sub-gate line. The first
switching element and the second switching element may be
connected to the first sub-gate line, and the third switching
element may be connected to the second sub-gate line.
[0018] The liquid crystal display may further include a
pixel electrode that includes a first sub-pixel electrode that is
connected to the first switching element, a second sub-pixel
electrode that is connected to the second switching element,
and a third sub-pixel electrode that is connected to the third
switching element, wherein a terminal of a side of the auxil-
iary boosting capacitor may be the first sub-pixel electrode, a
terminal of a side of the auxiliary storage capacitor may be the
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second sub-pixel electrode, and a terminal of a side of the
auxiliary dropping capacitor may be the third sub-pixel elec-
trode.

[0019] An area ratio of the first sub-pixel electrode, the
second sub-pixel electrode and the third sub-pixel electrode
may be 1:1 to 2:1 to 2.

[0020] An exemplary embodiment of the present invention
provides a liquid crystal display including: a first substrate; a
gate line, a data line, a first power line, a second power line
and a third power line that are formed on the first substrate, a
first switching element, a second switching element and a
third switching element that are connected to the gate line and
data line, a pixel electrode that includes a first sub-pixel
electrode that is connected to the first switching element, a
second sub-pixel electrode that is connected to the second
switching element, and a third sub-pixel electrode that is
connected to the third switching element, a first alignment
layer that is formed by irradiating light on the first substrate in
different directions, a second substrate, a common electrode
that is formed on the second substrate, a second alignment
layer that is formed by irradiating light on the second sub-
strate in different directions, and a liquid crystal layer that is
formed between the first substrate and the second substrate. A
first low voltage is applied during a first period and a first high
voltage is applied during a second period to the first power
line, a constant second voltage is applied during the first
period and a second period to the second power line, and a
third high voltage is applied during the first period and a third
low voltage is applied during the second period to the third
power line. The first power line, the second power line, the
third power line and the second alignment layer overlap a
texture that is generated by irradiating light on the first align-
ment layer in different directions.

[0021] The first low voltage and the third low voltage may
be the same as each other, and the first high voltage and the
third high voltage may be the same as each other. The second
voltage may be an average value of the first low voltage and
the first high voltage.

[0022] The average voltage of the first sub-pixel electrode
may be higher than the average voltage of the second sub-
pixel electrode, and the average voltage of the second sub-
pixel electrode may be higher than the average voltage of the
third sub-pixel electrode. A voltage ratio of the first sub-pixel
electrode, the second sub-pixel electrode and the third sub-
pixel electrode may be 1:0.6 to 0.85:0.4 to 0.7. An area ratio
of'the first sub-pixel electrode, the second sub-pixel electrode
and the third sub-pixel electrode may be 1:1 to 2:1 to 2.
[0023] The data line may include a first sub-data line and a
second sub-data line that are connected to each other, the first
sub-data line may be formed adjacent an edge of the pixel
electrode to one side of the edge, and the second sub-data line
may be formed adjacent the edge of the pixel electrode to the
other side of the edge. The data line may include first sub-data
line and a second sub-data line that are connected to each
other and alternately disposed.

[0024] The first sub-pixel electrode, the second sub-pixel
electrode and the third sub-pixel electrode may be divided
into an upper portion and a lower portion, an edge of a side of
the upper portion may overlap the first sub-data line, and an
edge of the other side of the lower portion may overlap the
second sub-data line.

[0025] The first sub-pixel electrode, the second sub-pixel
electrode and the third sub-pixel electrode may be divided
into an upper portion and a lower portion, edges of sides of the
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upper portion of the first and the third sub-pixel electrodes
and the lower portion of the second sub-pixel electrode may
overlap the first sub-data line, and edges of the other sides of
the lower portion of the first and the third sub-pixel electrodes
and the upper portion of the second sub-pixel electrode may
overlap the second sub-data line.

[0026] The first power line may be formed in a direction
that is parallel to the gate line at a central portion of the first
sub-pixel electrode, the second power line may be formed in
a direction that is parallel to the gate line at a central portion
ofthe second sub-pixel electrode, and third power line may be
formed in a direction that is parallel to the gate line at a central
portion of the third sub-pixel electrode.

[0027] An exemplary embodiment of the present invention
provides a thin film transistor array panel including: a first
substrate; a pair of gate lines that is formed on the first sub-
strate; a first power line that is formed on the first substrate
and is disposed at an upper side above the pair of gate lines, a
second power line that is disposed between the pair of gate
lines, and a third power line that is disposed an a lower side
below the pair of gate lines, a data line that is formed on the
first substrate and crosses the pair of gate lines while being
insulated from the gate lines, a first switching element, a
second switching element and a third switching element that
are connected to one of the pair of gate lines and the data line,
and a first sub-pixel electrode, a second sub-pixel electrode
and a third sub-pixel electrode that are connected to the first
switching element, the second switching element and the
third switching element. Rectangular waves that have differ-
ent polarities are applied to the first power line and the third
power line, and a signal having a constant potential is applied
to the second power line.

[0028] Output terminals of the first switching element, the
second switching element and the third switching element
may include an extended part, and the extended part of each of
the first switching element, the second switching element and
the third switching element may overlap the first power line,
the second power line and the third power line.

[0029] The extended parts of the first switching element,
the second switching element and the third switching element
may be electrically connected to the first sub-pixel electrode,
second sub-pixel electrode and third sub-pixel electrode
through contact holes.

[0030] The thin film transistor array panel may further
include a fourth power line that is formed on the first sub-
strate, is an upper side of the first power line, and overlaps at
least a portion of an edge of a side of the first sub-pixel
electrode; and a fifth power line that is formed on the first
substrate, is a lower side of the third power line, and overlaps
at least a portion of an edge of a side of the third sub-pixel
electrode.

[0031] Rectangular waves that have different polarities and
are applied to the first power line and the third power line may
be applied to the fourth power line and the fifth power line.
The fourth power line may be connected to the first power line
and the fifth power line may be connected to the third power
line.

[0032] According to an exemplary embodiment of the
present invention, a liquid crystal display includes a first
substrate, a gate line, a data line, first-third power lines
located on the first substrate, first-third sub-pixels, where a
switching element of each is connected to the gate line and the
data line, a second substrate, a common electrode that is
formed on the second substrate, a liquid crystal layer located
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between the first and second substrates, and a power voltage
driver outputting a low voltage during a first period and a high
voltage during a subsequent second period to the first power
line, a constant voltage during both periods to the second
power line, and the high voltage during the first period and the
low voltage during the second period to the third power line.
The first power line, the second power line and the third power
line overlap the first sub-pixel, the second sub-pixel, and the
third sub-pixel, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is an equivalent circuit diagram for a pixel of
a liquid crystal display according to an exemplary embodi-
ment of the present invention.

[0034] FIG. 2 isan exemplary waveform diagram of signals
that may be applied to a gate line, a first power line, a second
power line and a third power line of FIG. 1.

[0035] FIG. 3 is an exemplary waveform diagram of volt-
ages of a first sub-pixel electrode, a second sub-pixel elec-
trode and a third sub-pixel electrode of FIG. 1.

[0036] FIG. 4 is a layout view of a lower panel of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0037] FIG. 5 is a layout view of a lower panel of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0038] FIG. 6 is a layout view of a lower panel of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0039] FIG. 7 is a layout view of a lower panel of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0040] FIG. 8 is a layout view of a lower panel of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0041] FIG. 9 is a layout view of a lower panel of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0042] FIG. 10 is a graph that illustrates a V-T curve at a
front and a side of a liquid crystal display for a comparison.
[0043] FIG. 11 is a graph that illustrates a V-T curve at a
front and a side of a liquid crystal display according to an
exemplary embodiment of the present invention where areas
of the first-third sub-pixel electrodes are the same and a
voltage ratio of the first-third sub-pixel electrodes is 1:0.8:0.
6.

[0044] FIG. 12 is a graph that illustrates a V-T curve at a
front and a side of a liquid crystal display according to an
exemplary embodiment of the present invention where areas
of the first-third sub-pixel electrodes are the same and a
voltage ratio of the first-third sub-pixel electrodes is 1:0.7:0.
55.

[0045] FIG. 13 is a graph that illustrates a V-T curve at a
front and a side of a liquid crystal display according to an
exemplary embodiment of the present invention where an
area ratio of the first-third sub-pixel electrodes is 1:1.5:1.5
and a voltage ratio of the first-third sub-pixel electrodes is
1:0.7:0.55.

DETAILED DESCRIPTION

[0046] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
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The described embodiments may be modified in various dif-
ferent ways, without departing from the spirit or scope of the
disclosure.

[0047] Inthe drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0048] FIG. 1 is an equivalent circuit diagram of a pixel of
a liquid crystal display according to an exemplary embodi-
ment of the present invention. FIG. 2 is an exemplary wave-
form diagram of signals that may be applied to a gate line, a
first power line, a second power line and third power line of
FIG.1.FIG. 3 is an exemplary waveform diagram of voltages
ofa first sub-pixel electrode, a second sub-pixel electrode and
a third sub-pixel electrode of FIG. 1.

[0049] As shown in FIG. 1, a pixel of the liquid crystal
display includes a gate line GL, a data line DL, a first power
line SLL1, a second power line SL2, a third power line SL.3, a
first switching element Qa, a second switching element Qb,
and a third switching element Qc that are connected to the
gate line GL and the data line DL.

[0050] The pixel further includes an auxiliary boosting
capacitor Csa and a first liquid crystal capacitor Clca that are
connected to the first switching element Qa, an auxiliary
storage capacitor Csb and a second liquid crystal capacitor
Clcb that are connected to the second switching element Qb,
and an auxiliary dropping capacitor Csc and a third liquid
crystal capacitor Clce that are connected to the third switch-
ing element Qc.

[0051] The gate line GL may branch into a first sub-gate
line GLL1 and a second sub-gate line GL.2 so a same gate signal
V, may be applied to the first sub-gate line GL1 and the
second sub-gate line GL2.

[0052] The first switching element Qa, the second switch-
ing element Qb and the third switching element Qc include
three terminals and may be thin film transistors. The first
switching element Qa and the second switching element Qb
may be connected to the first sub-gate line GL1, and the third
switching element Qc may be connected to the second sub-
gate line GL2. Since the same signal is applied to the first
sub-gate line GL1 and the second sub-gate line GL2, the first
to the third switching elements Qa, Qb, Qc are switched by
the same signal. In addition, since the first to the third switch-
ing elements Qa, Qb, and Qc are connected to the data line
DL, the same data signal is applied thereto.

[0053] As shown in FIG. 2, a voltage that swings in a
constant period is applied to the first power line SL.1 and the
third power line SL3, and a constant-shaped voltage is applied
to the second power line SL.2.

[0054] As an example, a first low voltage is applied to the
first power line SL1 during a first period, and a first high
voltage is applied to the first power line SL.1 during a second
period after the first. In the example, a constant second volt-
age is applied to the second power line SL.2 during the first
period and the second period. Also in the example, a third
high voltage is applied during the first period to the third
power line SL.3 and a third low voltage is applied during the
second period to the third power line SL3. In this example, the
first period and the second period are repeated several times
during one frame, such that the voltage that swings is applied
to the first power line SL1 and the third power line SL3.
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[0055] In this example, the first low voltage and the third
low voltage may be the same as each other, and the first high
voltage and the third high voltage may be the same as each
other. In addition, the second voltage may be a value between
the first low voltage and the first high voltage or a middle
value that is an average value of the first low voltage and the
first high voltage.

[0056] A difference between the first low voltage and the
first high voltage is AVc, and a difference between the third
low voltage and the third high voltage is AVe.

[0057] Theauxiliary boosting capacitor Csa is connected to
the first switching element Qa and the first power line SL.1, the
auxiliary storage capacitor Csb is connected to the second
switching element Qb and the second power line SL.2, and the
auxiliary dropping capacitor Csc is connected to the third
switching element Qc and the third power line SL3.

[0058] With reference to FIG. 3, since the constant second
voltage is applied to the second power line SL2, a voltage Vb
ofaterminal (hereinafter, referred to as ‘the second terminal’)
between the auxiliary storage capacitor Csb and the second
switching element Qb has a constant fourth voltage.

[0059] When the first low voltage is applied to the first
power line SL1, a voltage Va of a terminal (hereinafter,
referred to as ‘the first terminal”) between the auxiliary boost-
ing capacitor Csa and the first switching element Qahas a fifth
voltage that is higher than the fourth voltage. When the first
high voltage is applied to the first power line SL1, the voltage
Va of the first terminal has the fourth voltage. Thus, the
voltage Va of the first terminal has a voltage that swings since
it repeatedly alternates between the fifth voltage and the
fourth voltage.

[0060] When the third high voltage is applied to the third
power line SL3, a voltage Vc of a terminal (hereinafter,
referred to as ‘the third terminal”) between the auxiliary drop-
ping capacitor Csc and the third switching element Qc has a
sixth voltage that is lower than the fourth voltage. When the
third low voltage is applied to the third power line SL3, the
voltage Ve of the third terminal has the fourth voltage. Thus,
the voltage Vc of the third terminal has a voltage that swings
since it repeatedly alternates between the sixth voltage and
the fourth voltage.

[0061] A difference between the fourth voltage and the fifth
voltage is AVp, and a difference between the fourth voltage
and the sixth voltage is AVp. The correlation between AVc
and AVp may be represented by Equation 1 below:

Cesa (Equation 1)
AVp=AVes ————————
b Cesa + Cerea + €8S

[0062] where C,, is the capacitance of the auxiliary boost-
ing capacitor Csa, C,., is the capacitance of the first liquid
crystal capacitor Clca, and Cgs is the capacitance between the
control terminal and input terminal of the first switching
element Qa.

[0063] The capacitance C,, of the auxiliary boosting
capacitor Csa and the capacitance C,,, of the first liquid
crystal capacitor Clca are the same as each other, and the
capacitance Cgs between the control terminal and input ter-
minal of the first switching element Qa may be small so as to
be negligible as compared to the capacitance C,,, of the
auxiliary boosting capacitor Csa and the capacitance C ., of
the first liquid crystal capacitor Clca. As an example, AVp
may be 2 of AVc.
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[0064] As shown by the voltage Va of the first terminal in
FIG. 3, the same voltage as the data voltage Vd and a voltage
higher than the data voltage Vd by AVp are applied from the
data line DL, and repeated several times during one frame.
Accordingly, the average value Va avg of the voltage Va of the
first terminal during one frame is higher than the data voltage
Vd by ¥2*AVp, as shown by the following Equation 2.

(Va)avg=Vd+"2AVp

[0065] The voltage Vb of the second terminal is maintained
during one frame as the same voltage as the data voltage Vd.
Accordingly, the average value (Vb)avg of the voltage Vb of
the second terminal during one frame is the same as the data
voltage Vd, as shown by the following Equation 3.

(Equation 2)

(Vb)avg=Vd

[0066] Asshown by the voltage V¢ of the third terminal, the
same voltage as the data voltage Vd and a voltage lower than
the data voltage Vd by AVp are repeated several times during
one frame. Accordingly, the average value (Vc)avg of the
voltage Ve of the third terminal during one frame is lower than
the data voltage Vd by ¥2*AVp, as shown by the following
Equation 4.

(Equation 3)

(Veyavg=Vd-Y2AVp

[0067] Therefore, even though the same data voltage Vd is
supplied from the same data line DL, the voltage Va of the first
terminal, the voltage Vb of the second terminal, and the
voltage Ve of the third terminal become different from each
other through a difference between the voltages that are
applied to the first power line SL1, the second power line SL.2
and the third power line SL3.

[0068] Accordingly, the voltages of the auxiliary boosting
capacitor Csa and the first liquid crystal capacitor Clca swing
in the same manner as the first terminal voltage Va. The
voltages of the auxiliary storage capacitor Csb and the second
liquid crystal capacitor Clcb swing in the same manner as the
second terminal voltage Vb. The voltages of the auxiliary
dropping capacitor Csc and the third liquid crystal capacitor
Clcc swing in the same manner as the third terminal voltage
Ve.

[0069] Therefore, the average voltage of the auxiliary
boosting capacitor Csa is higher than the average voltage of
the auxiliary storage capacitor Csb, and the average voltage of
the auxiliary storage capacitor Csb is higher than the average
voltage of the auxiliary dropping capacitor Csc.

[0070] In addition, the average voltage of the first liquid
crystal capacitor Clca is higher than the average voltage of the
second liquid crystal capacitor Clcb, and the average voltage
of'the second liquid crystal capacitor Clcb may be higher than
the average voltage of the third liquid crystal capacitor Clcc.
In an exemplary embodiment of the invention, a ratio of the
average voltage of the first liquid crystal capacitor Clca, the
average voltage of the second liquid crystal capacitor Clcb,
and the average voltage of the third liquid crystal capacitor
Clcc is 1:0.6 to0 0.85:0.4 t0 0.7.

[0071] The side visibility of the liquid crystal display may
be expanded when a difference occurs between the voltages
that are charged in the first liquid crystal capacitor Clca, the
second liquid crystal capacitor Clcb and the third liquid crys-
tal capacitor Clcc.

[0072] FIG. 4 is a layout view of a lower panel of a liquid
crystal display according to an exemplary embodiment of the
present invention. Referring to FIG. 4, a first sub-gate line
121a, a second sub-gate line 1215, a first power line 131a, a

(Equation 4)
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second power line 1314 and a third power line 131c¢ are
formed on a first substrate (not shown) of the display. The first
substrate may be made of transparent glass or plastic.
[0073] The first sub-gate line 121a and the second sub-gate
line 1215 transmit a gate signal, and may mainly extend in a
horizontal direction. Although not shown in the drawings, a
single gate line branches into the first sub-gate line 1214 and
the second sub-gate line 12154, and the same signal is applied
to the first sub-gate line 121a and the second sub-gate line
1215

[0074] The first sub-gate line 121a includes a first gate
electrode 124a that may protrude upward and a second gate
electrode 1245 that may protrude downward. The second
sub-gate line 1215 includes a third gate electrode 124¢ that
may protrude downward. Since the first gate electrode 124a,
the second gate electrode 1245 and the third gate electrode
124c¢ are connected to the first sub-gate line 121a and the
second sub-gate line 1215 to which the same signal is applied,
the same gate signal is applied thereto.

[0075] A voltage that swings in a constant period is applied
to a first power line 131a and a third power line 131¢, and a
constant-shaped voltage is applied to a second power line
1314

[0076] A first low voltage is applied to the first power line
131a during the first period, and a first high voltage is applied
during the second period. A second constant voltage is
applied during the first period and the second period to the
second power line 1315. A third high voltage is applied during
the first period and a third low voltage is applied during the
second period to the third power line 131c. In this example,
the first period and the second period are repeated several
times during one frame, such that the voltage that swings is
applied to the first power line 131a and the third power line
131c.

[0077] In this example, the first low voltage and the third
low voltage may be the same as each other, and the first high
voltage and the third high voltage may be the same as each
other. In addition, the second voltage may be a value between
the first low voltage and the first high voltage or a middle
value that is an average of the first low voltage and the first
high voltage.

[0078] The first power line 131a may be formed at an upper
side of the lower panel relative to the first gate line 1214 (e.g.,
above line 121a). The second power line 1315 may be formed
between the first gate line 121a and the second gate line 1215.
The third power line 131¢ may be formed at a lower side of the
lower panel relative to the second gate line 1215 (e.g., below
line 1215).

[0079] A gate insulating layer (not shown) may be formed
on the first sub-gate line 121a, the second sub-gate line 1215,
the first power line 1314, the second power line 1315 and the
third power line 131c. A semiconductor island (not shown)
may be formed on the gate insulating layer. The semiconduc-
tor may be disposed on the first, second and third gate elec-
trodes 124a, 1245, and 124c.

[0080] A plurality of data lines (data line) 171, a first source
electrode 173a, a second source electrode 1735, a third source
electrode 173c¢, a first drain electrode 175a, a second drain
electrode 1755b, and a third drain electrode 175¢ are formed on
the semiconductor and gate insulating layer.

[0081] The data line 171 transmits a data signal, may
mainly extend in a vertical direction, and crosses the first and
the second sub-gate lines 121a and 12154.
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[0082] The first source electrode 173a, the second source
electrode 1734 and the third source electrode 173¢ protrude
from the data line 171 and are formed on the first gate elec-
trode 124a, the second gate electrode 1245, the third gate
electrode 124c, respectively. Since the first source electrode
173a, the second source electrode 1735 and the third source
electrode 173¢ protrude from the same data line 171, the same
data voltage is applied thereto. The first source electrode
173a, the second source electrode 1735 and the third source
electrode 173¢ may have a U-shape.

[0083] The first drain electrode 175a is separated from the
first source electrode 173a, and may include a rod end that
faces the first source electrode 173a relative to the first gate
electrode 124a, and an extended part that is extended to
partially overlap the first power line 131a. The rod end may be
partially surrounded by the U-shaped and bent first source
electrode 173a.

[0084] The second drain electrode 1755 is separated from
the second source electrode 1735, and may include a rod end
that faces the second source electrode 1735 relative to the
second gate electrode 124b, and an extended part that is
extended to partially overlap the second power line 1315. The
rod end is partially surrounded by the U-shaped and bent
second source electrode 1735.

[0085] The third drain electrode 175¢ is separated from the
third source electrode 173¢, and may include a rod end that
faces the third source electrode 173¢ based on the third gate
electrode 124¢, and an extended part that is extended to par-
tially overlap the third power line 131¢. The rod end is par-
tially surrounded by the U-shaped and bent third source elec-
trode 173c.

[0086] The first gate electrode 124a, the first source elec-
trode 173a, and the first drain electrode 175a form a first
switching element Qa (see FIG. 1). The second gate electrode
1245, the second source electrode 1735, and the second drain
electrode 1755 form a second switching element Qb (see FIG.
1). The third gate electrode 124c¢, the third source electrode
173¢, and the third drain electrode 175¢ form a third switch-
ing element Qc (see FIG. 1).

[0087] A passivation layer (not shown) may be formed on
the data line 171, the first, second and third source electrodes
173a, 173b, and 173c¢, and the first, second and third drain
electrodes 175a, 1756, and 175¢. The passivation layer may
be made of inorganic insulator or organic insulator. The pas-
sivation layer may have a flat surface. The passivation layer
may have a dual-layer structure in which an inorganic layer is
a lower layer and an organic layer is an upper layer. The
dual-layer structure may ensure insulating characteristics of
the organic layer while preventing the exposed semiconduc-
tor portion from being damaged.

[0088] Inthe passivation layer, a first contact hole 181a that
partially exposes a portion of the first drain electrode 175a, a
second contact hole 1815 that partially exposes a portion of
the second drain electrode 1755, and a third contact hole 181¢
that partially exposes a portion of the third drain electrode
175¢ are formed.

[0089] A pixel electrode 191 that includes first sub-pixel
electrode 191a, a second sub-pixel electrode 1915 and a third
sub-pixel electrode 191¢ is formed on the passivation layer.
The pixel electrode may be formed from a transparent mate-
rial such as ITO (Indium Tin Oxide) or IZO (Indium Zinc
Oxide). The first sub-pixel electrode 191a is connected to the
first drain electrode 175a through the first contact hole 181a,
the second sub-pixel electrode 1915 is connected to the sec-
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ond drain electrode 1755 through the second contact hole
1815, and the third sub-pixel electrode 191¢ is connected to
the third drain electrode 175¢ through the third contact hole
181c.

[0090] Although not shown in the drawings, a common
electrode (not shown) to which a constant voltage is applied is
formed on a second substrate (not shown) that faces a first
substrate (e.g., the lower panel) while being attached thereto,
and a liquid crystal layer (not shown) is foamed between the
first substrate and the second substrate.

[0091] The first sub-pixel electrode 191a, the second sub-
pixel electrode 1915, and the third sub-pixel electrode 191¢
maintain the applied voltage even after the first, second and
third switching elements Qa, Qb, Qc are in an off state by
forming first, second and third liquid crystal capacitors Clca,
Clcb, and Clcc (see FIG. 1) in conjunction with the common
electrode that is formed on the second substrate and the liquid
crystal layer interposed therebetween.

[0092] Inaddition, the first sub-pixel electrode 191a forms
an auxiliary boosting capacitor Csa (see FIG. 1) in conjunc-
tion with the first power lines 131a and the passivation layer
is interposed therebetween so that the voltage of the first
liquid crystal capacitor Clca (see FIG. 1) is increased. The
second sub-pixel electrode 1915 forms an auxiliary storage
capacitor Csb (see FIG. 1) in conjunction with the second
power lines 1315 and the passivation layer is interposed ther-
ebetween so that the voltage of the second liquid crystal
capacitor Clcb (see FIG. 1) is maintained. The third sub-pixel
electrode 191¢ forms an auxiliary dropping capacitor Csc
(FIG. 1) in conjunction with the third power line 131¢ and the
passivation layer is interposed therebetween so that the volt-
age of the third liquid crystal capacitor Clcc (see FIG. 1) is
decreased.

[0093] The alignment layer may be formed on the first and
the second substrates of the liquid crystal display according to
an exemplary embodiment of the present invention. A photo-
alignment that controls alignment direction and alignment
angle of liquid crystals of the liquid crystal layer may be
implemented irradiating the alignment layer. The aperture
ratio and the response speed of liquid crystal may be
increased by the photoalignment method. However, a portion
in which alignment directions of liquid crystals are different
from each other at the boundary of different domains is
present, such that a visible texture may occur at that portion.
[0094] In FIG. 4, the portion B is a region in which the
texture occurs, and luminance in this region is higher as
compared to the other regions. Accordingly, the effect of the
texture may be decreased by covering the corresponding por-
tion. Among them, the vertical line portion that crosses the
center of the first, second and third sub-pixel electrodes 191a,
19154, and 191c¢ does not greatly differ in luminance as com-
pared to the other regions when viewed from the side and
front because the liquid crystal lies at an angle of 0. However,
the horizontal line portion that crosses the center of the first,
second and third sub-pixel electrodes 191a, 1915, and 191¢
may greatly differ in luminance as compared to the other
regions when viewed from the side because the liquid crystal
stands at an angle of 90.

[0095] Therefore, the first power line 131a, the second
power line 1315 and the third power line 131¢ may be formed
so that they cover the horizontal line portion that crosses the
center of the first sub-pixel electrode 1914, the second sub-
pixel electrode 1915, and the third sub-pixel electrode 191c,
thereby preventing the effect by the texture. Rectangular
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waves that have different polarities may be applied to the first
power line 131a and the third power line 131c¢.

[0096] Inaliquid crystal display according to an exemplary
embodiment of the invention, the effect of the texture that
crosses the center of the pixel may be decreased, but the effect
of'the texture that is formed at the edge of the pixel remains as
it is.

[0097] Hereinafter, referring to FIG. 5, a liquid crystal dis-
play according to an exemplary embodiment of the present
invention that may decrease the effect of the texture that is
formed at the edge of the pixel will be described below. FIG.
5 is a layout view of the liquid crystal display.

[0098] Since the structure of the liquid crystal display as
shown in FIG. 5 has many configurations that are similar to
those of the liquid crystal display of FIG. 4, only portions
having differences will be described.

[0099] In the liquid crystal display of FIG. 5, unlike the
display of FIG. 4, the data line 171 is not formed in a straight
line. The data line 171 is formed of a first sub-data line 171a
and a second sub-data line 1715 that are connected to each
other, and the first sub-data line 171a and the second sub-data
line 1715 are disposed on different lines. For example, the
first sub-data line 171a is formed adjacent an edge of the pixel
electrode 191 to the right of the edge, and the second sub-data
line 17156 is formed adjacent the edge of the pixel electrode
191 to the left of the edge.

[0100] The first sub-data line 171a and the second sub-data
line 1715 are connected and may be alternately disposed. For
example, the first sub-data line 171a may be located to the left
of the edge and the second sub-data line 1715 may be located
to the right of the edge.

[0101] The first, second and third sub-pixel electrodes
191a,1915,and 191c are divided into two parts, e.g., an upper
part and a lower part. The edges of the left sides of the upper
parts of the first, second and third sub-pixel electrodes 191a,
19154, and 191c¢ overlap the first sub-data line 171a, and the
edges of the right sides of the lower parts of the first, second
and third sub-pixel electrodes 191a, 1915, and 191¢ overlap
the second sub-data line 1715. Therefore, the effect of the
texture that is formed at the edge of the pixel may be
decreased.

[0102] An exemplary embodiment of the present invention
has been described above where each of the first, second and
third power lines 131a, 1315, and 131¢ cross the center of the
first, second, and third sub-pixel electrodes 191a, 1915, and
191c, and the first and the second sub-data lines 171a and
1715 overlap the edges of the left side of the upper part and the
right side of the lower part of the first, second, and third
sub-pixel electrodes 191a, 1915, and 191c¢. However, the
present invention is not limited thereto, as the texture may
have different forms according to the setting of the alignment
direction of the alignment layers that are formed on the first
substrate and the second substrate. Further, the positions of
the first, second and third power lines and the first and second
sub-data lines may be changed according to the changed
shapes of the texture.

[0103] Hereinafter, referring to FIG. 6, a liquid crystal dis-
play according to an exemplary embodiment of the present
invention will be described in detail. FIG. 6 is alayout view of
a lower panel of the liquid crystal display.

[0104] Since the structure of the liquid crystal display
shown in FIG. 6, has many configurations that are similar to
those of the liquid crystal display of FIG. 5, only portions
having differences will be described.
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[0105] Referring to FIG. 6, the liquid crystal display
includes a fourth power line 1314 and a fifth power line 131e
as compared with the display of FIG. 5. Rectangular waves
that have different polarities and are applied to the first power
line 1314 and the third power line 131¢ may be applied to the
fourth power line 1314 and the fifth power line 131e.

[0106] The fourth power line 1314 and the fifth power line
131e are formed on the same layer as the first to the third
power lines 131a,1315, and 131c¢. The fourth power line 131d
is formed at the upper side of the first power line 131a (e.g.,
above line 131a) and at least partially overlaps the edge of the
upper side of the first sub-pixel electrode 191a. The fifth
power line 131e is formed at the lower side of the third power
line131c¢ (e.g., below line 131¢) and at least partially overlaps
the edge of the lower side of the third sub-pixel electrode
191c.

[0107] Since a first auxiliary power line 132q is formed
between the first power line 131a and the fourth power line
131d, the first power line 1314 and the fourth power line 131d
are connected to each other. The first auxiliary power line
132a may partially overlap the edges of both sides of the first
sub-pixel electrode 191a. Since the fourth power line 1314 is
connected to the first power line 131a, the same signal as the
first power line 131a is applied.

[0108] Since a second auxiliary power line 1325 is formed
between the third power line 131¢ and the fifth power line
131e, the third power line 131¢ and the fifth power line 131e
are connected to each other. The second auxiliary power line
132b may partially overlap the edges of both sides of the
second sub-pixel electrode 191¢. Since the fifth power line
131e is connected to the third power line 131c¢, the same
signal as the third power line 131c¢ is applied.

[0109] The fourth power line 131d is disposed at the edge of
the upper side of one pixel and the fifth power line 131e is
disposed at the edge of the lower side of the pixel with respect
to only one pixel. The fourth power line 1314 is disposed at
the upper boundary of a display region including all pixels
and the fifth power line 131e is disposed at the lower bound-
ary of the display region with respect to the entire liquid
crystal display. Therefore, use of the fourth and fifth power
lines 1314 and 1314 may prevent the occurrence of light
leakage in the boundary region of the pixel.

[0110] Hereinafter, referring to FIG. 7, a liquid crystal dis-
play according to an exemplary embodiment of the present
invention will be described in detail. FIG. 7 is a layout view of
a lower panel of the liquid crystal display.

[0111] The structure of the liquid crystal display of FIG. 7,
has many configurations that are similar to the liquid crystal
display of FIG. 5. However, a region in which the texture
occurs is different from that of the display of FIG. 5. For
example, the liquid crystal display of FIG. 7 includes a plu-
rality of domains, which are formed by a photoalignment
method by irradiating the alignment layer. The domains may
be formed by irradiating light in a plurality of different direc-
tions. A photoreactive chain may be disposed on the surface
ofthe alignment layer to lie according to the direction of light
irradiation by inclining irradiating light towards the vertical
alignment layer.

[0112] The same effect as when the surface of the align-
ment layer is rubbed in a constant direction is ensured by
irradiating light in respect to the surface of the alignment
layer at an inclined angle. For example, since the alignment
direction of the surface of the alignment layer is changed
according to the direction of light irradiation, a plurality of
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domains in which pre-tilt directions of liquid crystal mol-
ecules are different from each other may be formed in a pixel
by performing an exposure while one pixel is divided into a
plurality of regions.

[0113] In the lower panel of the liquid crystal display
according FIGS. 4-6, each of the first sub-pixel electrode
1914, the second sub-pixel electrode 1915, and the third
sub-pixel electrode 191 ¢ is divided into two parts of upper and
lower parts, and light is irradiated in a left side direction to the
portion that corresponds to the upper parts of the first sub-
pixel electrode 191a, the second sub-pixel electrode 1915,
and the third sub-pixel electrode 191c¢. Light is irradiated in a
right direction to the portion that corresponds to the lower
parts of the first sub-pixel electrode 191a, the second sub-
pixel electrode 1915, and the third sub-pixel electrode 191c.
In addition, in the upper panel that corresponds to the lower
panel, each of the first sub-pixel electrode 191a, the second
sub-pixel electrode 1915, and the third sub-pixel electrode
191¢ is divided into two parts of left and right parts, and light
is irradiated in a lower side direction to the portion that
corresponds to the left parts of the first sub-pixel electrode
1914, the second sub-pixel electrode 1915, and the third
sub-pixel electrode 191c¢. Light is irradiated in an upper side
direction to the portion that corresponds to the right parts of
the first sub-pixel electrode 191a, the second sub-pixel elec-
trode 1915, and the third sub-pixel electrode 191c.

[0114] When the plurality of domains are formed by irra-
diating light by the above method, the region in which the
texture occurs is the portion B of FIG. 4 to FIG. 6.

[0115] In the lower panel of the liquid crystal display
according to FIG. 7, like the display of FIG. 5, light is irradi-
ated in a left side direction to the portion that corresponds to
the upper parts of the first sub-pixel electrode 191a, the sec-
ond sub-pixel electrode 1915, and the third sub-pixel elec-
trode 191c¢, and light is irradiated in a right direction to the
portion that corresponds to the lower parts of the first sub-
pixel electrode 191a, the second sub-pixel electrode 1915,
and the third sub-pixel electrode 191c¢. In the upper panel,
unlike the display of FIG. §, light is irradiated in an upper side
direction to the portion that corresponds to the left parts of the
first sub-pixel electrode 191a, the second sub-pixel electrode
1915, and the third sub-pixel electrode 191c¢. Light is irradi-
ated in a lower side direction to the portion that corresponds
to the right parts of the first sub-pixel electrode 191a, the
second sub-pixel electrode 1915, and the third sub-pixel elec-
trode 191c.

[0116] When the plurality of domains are formed by irra-
diating light by the above method, the region in which the
texture occurs is the portion B of FIG. 7.

[0117] The region in which the texture occurs in FIG. 7 is
slightly different from that of the region of FIG. 5. However,
since the region in which the texture occurs at the edges of the
left and right sides of the first sub-pixel electrode 191a, the
second sub-pixel electrode 1914, and the third sub-pixel elec-
trode 191c¢ is the same as that of the display of FIG. 5, the data
line 171 for covering the region is formed in the same manner
as that of the display of FIG. 5.

[0118] Hereinafter, referring to FIG. 8, a liquid crystal dis-
play according to an exemplary embodiment of the present
invention will be described below. FIG. 8 is a layout view of
a lower panel of the liquid crystal display.
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[0119] Since the structure of the liquid crystal display of
FIG. 8, has many configurations that are similar to those of the
liquid crystal display of FIG. 7, portions having differences
will be mainly described.

[0120] In the lower panel of the liquid crystal display of
FIG. 8, light is irradiated in a left side direction to the portions
that correspond to the upper parts of the first sub-pixel elec-
trode 191a and the third sub-pixel electrode 191¢, and the
lower part of the second sub-pixel electrode 1915. Light is
irradiated in a right direction to the portions that correspond to
the lower parts of the first sub-pixel electrode 191a and the
third sub-pixel electrode 191¢, and the upper part of the
second sub-pixel electrode 1915. In the upper panel, light is
irradiated in a lower side direction to the portion that corre-
sponds to the left parts of the first sub-pixel electrode 191a,
the second sub-pixel electrode 1915, and the third sub-pixel
electrode 191¢. Light is irradiated in an upper side direction to
the portion that corresponds to the right parts of the first
sub-pixel electrode 191a, the second sub-pixel electrode
1915, and the third sub-pixel electrode 191c.

[0121] When the plurality of domains are formed by irra-
diating light by the above method, the region in which the
texture occurs is the portion B of FIG. 8.

[0122] The data line 171 is formed of the first sub-data line
171a and the second sub-data line 17154 that are connected to
each other, and the first sub-data line 171a and the second
sub-data line 1715 are disposed on different lines. The first
sub-data line 171a is formed adjacent an edge of the pixel
electrode 191 to the right of the edge, and the second sub-data
line 17154 is formed adjacent the edge of the pixel electrode
191 to the left of the edge.

[0123] The first sub-data line 171a and the second sub-data
line 1715 may be connected to each other and alternately
disposed. The edges of the upper parts of the first and the third
sub-pixel electrodes 191a and the edge of the left side of the
lower part of the second sub-pixel electrode 1915 overlap the
first sub-data line 171a. The edges of the right side of the
lower parts of the first and the third sub-pixel electrodes 191a
and the upper part of the second sub-pixel electrode 1915
overlap the second sub-data line 1715. Therefore, the effect of
the texture may be decreased by forming the data line 171 in
the region in which the texture occurs at the edges of the left
and right sides of the pixel.

[0124] Hereinafter, referring to FIG. 9, a liquid crystal dis-
play according to an exemplary embodiment of the present
invention will be described in detail. FIG. 9 is a layout view of
a lower panel of the liquid crystal display.

[0125] Since the structure of the liquid crystal display of
FIG. 9, has many configurations that are similar to those of the
liquid crystal display of FIG. 8, portions having differences
will be mainly described.

[0126] In the lower panel of the liquid crystal display of
FIG. 9, light is irradiated in a left side direction to the portions
that correspond to the upper parts of the first sub-pixel elec-
trode 191a and the third sub-pixel electrode 191c¢, and the
lower part of the second sub-pixel electrode 1915. Light is
irradiated in a right direction to the portions that correspond to
the lower parts of the first sub-pixel electrode 191a and the
third sub-pixel electrode 191¢, and the upper part of the
second sub-pixel electrode 1915. In the upper panel, light is
irradiated in an upper side direction to the portion that corre-
sponds to the left parts of the first sub-pixel electrode 191a,
the second sub-pixel electrode 1915, and the third sub-pixel
electrode 191c¢. Light is irradiated in a lower side direction to
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the portion that corresponds to the right parts of the first
sub-pixel electrode 191a, the second sub-pixel electrode
19154, and the third sub-pixel electrode 191c.

[0127] When the plurality of domains are formed by irra-
diating light by the above method, the region in which the
texture occurs is the portion B of FIG. 9.

[0128] The dataline 171 is formed of the first sub-data line
171a and the second sub-data line 1715 that are connected to
each other, and the first sub-data line 171a and the second
sub-data line 1715 are disposed on different lines. The first
sub-data line 171a is formed adjacent the edge of the pixel
electrode 191 to the right of the edge, and the second sub-data
line 17156 is formed adjacent the edge of the pixel electrode
191 to the left of the edge.

[0129] The first sub-data line 171a and the second sub-data
line 1715 may be connected to each other and alternately
disposed. The edges of the upper parts of the first and the third
sub-pixel electrodes 191a and 191c¢ and the edge of the left
side of the lower part of the second sub-pixel electrode 1914
overlap the first sub-data line 1714, and the edges of the rights
of'the lower parts of the first and the third sub-pixel electrodes
191a and 191c¢ and the upper part of the second sub-pixel
electrode 1915 overlap the second sub-data line 1715. There-
fore, the effect of the texture may be decreased by forming the
data line 171 in the region in which the texture occurs at the
edges of the left and right sides of the pixel.

[0130] Theregion in which the texture occurs in the display
of FIG. 9 is slightly different from that of the display of FIG.
8. Since the region in which the texture occurs at the edges of
the left and right sides of'the first sub-pixel electrode 1914, the
second sub-pixel electrode 19154, and the third sub-pixel elec-
trode 191c¢ is the same as that of the display of FIG. 8, the data
line 171 for covering the region is formed in the same manner
as that of the display of FIG. 8.

[0131] A liquid crystal display according to at least one
exemplary embodiment of the present invention displays
three grays so that the first, second and third sub-pixel elec-
trodes have different voltages, which may expand the visibil-
ity of the display when viewed from the side.

[0132] A power voltage driver may be provided within or
external to any one of the above described embodiments to
provide the corresponding voltages to the corresponding
power lines. For example, the power voltage driver may pro-
vide the low voltage during the first period and the high
voltage during the second period to the first power line, the
constant voltage during both periods to the second power line,
and the high voltage during the first period and the low volt-
age during the second period to the third power line. The
power driving circuit may provide the alternating high and
low voltages as square wave signals such that the polarity of
the signal applied to the first power line is opposite to that of
the signal applied to the second power line. The power voltage
driver may provide these signals to the power lines continu-
ously during a frame of the display.

[0133] Hereinafter, referring to FIGS. 10 to 13, an optimum
area ratio and voltage ratio of the first, second and third
sub-pixel electrodes of a display according to at least one
embodiment of the invention for improving visibility of the
display when viewed from the side will be described below.
[0134] FIG. 10 is a graph that illustrates a V-T curve at a
front and a side of a regular liquid crystal display. FIG. 11 is
a graph that illustrates a V-T curve at a front and a side of a
liquid crystal display according to an exemplary embodiment
of the present invention where areas of the first and second
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and third sub-pixel electrodes are the same as each other and
a voltage ratio of the first, the second, and the third sub-pixel
electrodes is 1:0.8:0.6. FIG. 12 is a graph that illustrates a V-T
curve at a front and a side of a liquid crystal display according
to an exemplary embodiment of the present invention where
areas of the first and second and third sub-pixel electrodes are
the same as each other and a voltage ratio of the first, the
second, and the third sub-pixel electrodes is 1:0.7:0.55. FIG.
13 is a graph that illustrates a V-T curve at a front and a side
of'aliquid crystal display according to an exemplary embodi-
ment of the present invention where an area ratio of the first,
second, and third sub-pixel electrodes is 1:1.5:1.5 and a volt-
age ratio of the first, the second, and the third sub-pixel
electrodes is 1:0.7:0.55.

[0135] InFIG. 10 to FIG. 13, a horizontal axis represents a
data voltage, a vertical axis represents transmittance, a solid
line represents visibility from the front, and a dotted line
represents visibility from the side.

[0136] In aregular liquid crystal display, as shown in FIG.
10, when a difference between a voltage that represents a high
gray and a voltage that represents a low gray is large, a
bumping occurs at the time the pixel electrode is turned on to
which the voltage representing the low gray is applied.
[0137] However, in a liquid crystal display according to at
least one exemplary embodiment of the present invention, as
shown in FIG. 11 to FIG. 13, the bumping may not be present.
[0138] FIG. 11 to FIG. 13 illustrate representative
examples. For example, in at least one embodiment, the volt-
age ratio of the first, second and third sub-pixel electrodes is
1:0.6 to 0.85:0.4 to 0.7. In addition, in at least one embodi-
ment, the area ratio of the first, second and third sub-pixel
electrodes is 1:1 to 2:1 to 2. If the voltage ratio and the area
ratio are too small, the expansion to visibility is small, and if
the voltage ratio and the area ratio are too large, a bumping
period may be present.

[0139] Having described exemplary embodiments of the
invention, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
disclosure.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate;

a gate line and a data line that are formed on the first
substrate;

a first power line to which a first low voltage is applied
during a first period and a first high voltage is applied
during a second period;

a second power line to which a constant second voltage is
applied during the first period and second period;

a third power line to which a third high voltage is applied
during the first period and a third low voltage is applied
during the second period;

a first switching element, a second switching element and
a third switching element that are connected to the gate
line and data line;

an auxiliary boosting capacitor that is connected to the first
switching element and the first power line;

an auxiliary storage capacitor that is connected to the sec-
ond switching element and the second power line;

an auxiliary dropping capacitor that is connected to the
third switching element and the third power line; and
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a first alignment layer that is formed by irradiating the first
substrate in different directions,

wherein the first power line, the second power line and the
third power line overlap a texture that is generated when
the first alignment layer is irradiated in different direc-
tions.

2. The liquid crystal display of claim 1, wherein

the first low voltage and the third low voltage are the same
as each other,

the first high voltage and the third high voltage are the same
as each other.

3. The liquid crystal display of claim 2, wherein:

the second voltage is an average value of the first low
voltage and the first high voltage.

4. The liquid crystal display of claim 1, wherein:

an average voltage of the auxiliary boosting capacitor is
higher than an average voltage of the auxiliary storage
capacitor,

an average voltage of the auxiliary storage capacitor is
higher than an average voltage of the auxiliary dropping
capacitor.

5. The liquid crystal display of claim 4, wherein:

the voltage of the auxiliary storage capacitor is a fourth
voltage during the first period and the second period,

the voltage of the auxiliary boosting capacitor is a fifth
voltage that is higher than the fourth voltage during the
first period and the fourth voltage during the second
period, and

the voltage of the auxiliary dropping capacitor is a sixth
voltage that is lower than the fourth voltage during the
first period and the fourth voltage during the second
period.

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

a first liquid crystal capacitor that is connected to the first
switching element and the first power line;

a second liquid crystal capacitor that is connected to the
second switching element and the second power line;
and

a third liquid crystal capacitor that is connected to the third
switching element and the third power line.

7. The liquid crystal display of claim 6, wherein:

an average voltage of the first liquid crystal capacitor is
higher than an average voltage of the second liquid crys-
tal capacitor,

the average voltage of the second liquid crystal capacitor is
higher than an average voltage of the third liquid crystal
capacitor.

8. The liquid crystal display of claim 6, wherein:

a voltage of the second liquid crystal capacitor is a seventh
voltage during the first period and the second period,
the voltage of the first liquid crystal capacitor is an eighth
voltage that is higher than the seventh voltage during the
first period and the seventh voltage during the second

period, and

the voltage of the third liquid crystal capacitor is a ninth
voltage that is lower than the seventh voltage during the
first period and the seventh voltage during the second
period.

9. The liquid crystal display of claim 7, wherein:

a ratio of the average voltage of the first liquid crystal
capacitor, the average voltage of the second liquid crys-
tal capacitor, and the average voltage of the third liquid
crystal capacitor is 1:0.6 to 0.85:0.4 t0 0.7.
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10. The liquid crystal display of claim 1, wherein:

the gate line includes a first sub-gate line and a second
sub-gate line, and

the same voltage is applied to the first sub-gate line and the
second sub-gate line.

11. The liquid crystal display of claim 10, wherein:

the first switching element and the second switching ele-
ment are connected to the first sub-gate line, and

the third switching element is connected to the second
sub-gate line.

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

ing:

a pixel electrode that includes a first sub-pixel electrode
that is connected to the first switching element, a second
sub-pixel electrode that is connected to the second
switching element, and a third sub-pixel electrode that is
connected to the third switching element,

wherein a terminal of a side of the auxiliary boosting
capacitor is the first sub-pixel electrode,

a terminal of a side of the auxiliary storage capacitor is the
second sub-pixel electrode, and

a terminal of a side of the auxiliary dropping capacitor is
the third sub-pixel electrode.

13. The liquid crystal display of claim 12, wherein:

an area ratio of the first sub-pixel electrode, the second
sub-pixel electrode and the third sub-pixel electrode is
1:1 to 2:1 to 2.

14. A liquid crystal display, comprising:

a first substrate;

a gate line, a data line, a first power line, a second power
line and a third power line that are formed on the first
substrate;

a first switching element, a second switching element and
a third switching element that are connected to the gate
line and data line;

a pixel electrode that includes a first sub-pixel electrode
that is connected to the first switching element, a second
sub-pixel electrode that is connected to the second
switching element, and a third sub-pixel electrode that is
connected to the third switching element;

a first alignment layer that is formed by irradiating the first
substrate in different directions;

a second substrate;

acommon electrode that is formed on the second substrate;

a second alignment layer that is formed by irradiating the
second substrate in different directions; and

a liquid crystal layer that is formed between the first sub-
strate and the second substrate,

wherein a first low voltage is applied during a first period
and a first high voltage is applied during a second period
to the first power line,

a constant second voltage is applied during the first period
and a second period to the second power line,

a third high voltage is applied during the first period and a
third low voltage is applied during the second period to
the third power line, and

the first power line, the second power line, the third power
line and the second alignment layer overlap a texture that
is generated by irradiating the first alignment layer in
different directions.

15. The liquid crystal display of claim 14, wherein:

the first low voltage and the third low voltage are the same
as each other,
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the first high voltage and the third high voltage are the same
as each other.

16. The liquid crystal display of claim 15, wherein:

the second voltage is an average value of the first low
voltage and the first high voltage.

17. The liquid crystal display of claim 14, wherein:

an average voltage of the first sub-pixel electrode is higher
than an average voltage of the second sub-pixel elec-
trode, and

the average voltage of the second sub-pixel electrode is
higher than an average voltage of the third sub-pixel
electrode.

18. The liquid crystal display of claim 14, wherein:

a voltage ratio of the first sub-pixel electrode, the second
sub-pixel electrode and the third sub-pixel electrode is
1:0.6 t0 0.85:0.4 to 0.7.

19. The liquid crystal display of claim 14, wherein:

an area ratio of the first sub-pixel electrode, the second
sub-pixel electrode and the third sub-pixel electrode is
1:1to 2:1 to 2.

20. The liquid crystal display of claim 14, wherein:

the data line includes a first sub-data line and a second
sub-data line that are connected to each other,

the first sub-data line is formed adjacent an edge of the
pixel electrode to one side of the edge,

the second sub-data line is formed adjacent the edge to the
other side of the edge.

21. The liquid crystal display of claim 20, wherein:

the first sub-pixel electrode, the second sub-pixel electrode
and the third sub-pixel electrode are divided into an
upper portion and a lower portion,

an edge of a side of the upper portion overlaps the first
sub-data line, and

an edge of the other side of the lower portion overlaps the
second sub-data line.

22. The liquid crystal display of claim 20, wherein:

the first sub-pixel electrode, the second sub-pixel electrode
and the third sub-pixel electrode are divided into an
upper portion and a lower portion,

edges of sides of the upper portion of the first and the third
sub-pixel electrodes and the lower portion of the second
sub-pixel electrode overlap the first sub-data line,

edges of the other sides of the lower portion of the first and
the third sub-pixel electrodes and the upper portion of
the second sub-pixel electrode overlap the second sub-
data line.

23. The liquid crystal display of claim 14, wherein:

the first power line is formed in a direction that is parallel to
the gate line at a central portion of the first sub-pixel
electrode,

the second power line is formed in a direction that is par-
allel to the gate line at a central portion of the second
sub-pixel electrode, and

the third power line is formed in a direction that is parallel
to the gate line at a central portion of the third sub-pixel
electrode.

24. A thin film transistor array panel, comprising:

a first substrate;

a pair of gate lines that is formed on the first substrate;

a first power line that is formed on the first substrate and is
disposed at an upper side above the pair of gate lines, a
second power line that is disposed between the pair of
gate lines, and a third power line that is disposed a lower
side below the pair of gate lines;



US 2012/0154700 Al

a data line that is formed on the first substrate, crosses the
pair of gate lines, and is insulated from the gate lines;
a first switching element, a second switching element and
athird switching element that are connected to one of the
pair of gate lines and the data line; and
afirst sub-pixel electrode, a second sub-pixel electrode and
a third sub-pixel electrode that are connected to the first
switching element, the second switching element and
the third switching element,
wherein rectangular waves that have different polarities are
applied to the first power line and the third power line,
and
a signal having a constant potential is applied to the second
power line.
25. The thin film transistor array panel of claim 24,
wherein:
output terminals of the first switching element, the second
switching element and the third switching element
include an extended part, and the extended parts of the
first switching element, the second switching element
and the third switching element overlap the first power
line, the second power line and the third power line,
respectively.
26. The thin film transistor array panel of claim 25,
wherein:
the extended parts of the first switching element, the sec-
ond switching element and the third switching element
are electrically connected to the first sub-pixel electrode,
second sub-pixel electrode and third sub-pixel electrode
through contact holes, respectively.
27. The thin film transistor array panel of claim 24, further
comprising:
a fourth power line that is formed on the first substrate
above the first power line, and overlaps at least a portion
of an edge of a side of the first sub-pixel electrode; and
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a fifth power line that is formed on the first substrate below
the third power line, and overlaps at least a portion of an
edge of a side of the third sub-pixel electrode.

28. The thin film transistor array panel of claim 27,

wherein:

rectangular waves that have different polarities and are
applied to the first power line and the third power line are
applied to the fourth power line and the fifth power line.

29. The thin film transistor array panel of claim 27,

wherein:

the fourth power line is connected to the first power line and
the fifth power line is connected to the third power line.

30. A liquid crystal display, comprising:

a first substrate;

a gate line, a data line, a first power line, a second power
line and a third power line are located on the first sub-
strate;

a pixel electrode that includes a first sub-pixel, a second
sub-pixel, and a third sub-pixel, wherein a switching
element of each sub-pixel is connected to the gate line
and the data line;

a second substrate;

a common electrode that is located on the second substrate;

a liquid crystal layer that is located between the first sub-
strate and the second substrate; and

a power voltage driver configured to output a low voltage
during a first period and a high voltage during a subse-
quent second period to the first power line, configured to
output a constant voltage during both periods to the
second power line, and configured to output the high
voltage during the first period and the low voltage during
the second period to the third power line,

wherein the first power line, the second power line and the
third power line overlap the first sub-pixel, the second
sub-pixel, and the third sub-pixel, respectively.
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