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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
patent application Ser. No. 14/171,431 filed Feb. 3, 2014,
which claims priority to and the benefit of Korean Patent
Application No. 10-2013-001298S5 filed in the Korean Intel-
lectual Property Office on Feb. 3, 2013, the entire contents
of which are incorporated herein by reference.

BACKGROUND
[0002] (a) Technical Field
[0003] The present invention relates to a liquid crystal
display.
[0004] (b) Description of the Related Art
[0005] A liquid crystal display typically includes two

panels with field generating electrodes such as a pixel
electrode and a common electrode and typically includes a
liquid crystal layer interposed between the panels. The liquid
crystal display generates an electric field in a liquid crystal
layer by applying voltage to the field generating electrodes
to control the orientation of liquid crystal molecules of the
liquid crystal layer, thereby controlling polarization of inci-
dent light through the generated electric field and displaying
desired images.

[0006] A vertically aligned (VA) mode liquid crystal dis-
play, wherein long axes of liquid crystal molecules are
substantially vertical to display panels when electric fields
are not applied, may have a relatively large contrast ratio and
a relatively wide standard viewing angle. Herein, the stan-
dard viewing angle means a viewing angle where a contrast
ratio is 1:10 or a luminance reverse critical angle between
grays.

[0007] Ina VA mode liquid crystal display, one pixel may
include two subpixels, and different voltages may be applied
to the two subpixels to make transmittances thereof differ-
ent, so that lateral surface visibility may approximate front
surface visibility.

[0008] Nevertheless, the configuration with two subpixels
and with different voltages applied to the two subpixels may
cause undesirably high luminance of the lateral surface at a
low gray as compared to the front surface, and therefore it
may be difficult to express a precise gray in a low gray
region. In addition, the total luminance supported by the
applied pixel voltage may be undesirably low, and therefore
the driving efficiency of the display device may be undesir-
able.

[0009] In a VA mode liquid crystal display, if the pixel
electrode and a signal line overlap each other, when polarity
of the voltage applied to the signal line is reversed, the
voltage of the pixel electrode may be changed. As a result,
display quality may be undesirable.

[0010] The above information disclosed in this Back-
ground section is for enhancement of understanding of the
background of the invention. The Background section may
contain information that does not belong to the prior art.

SUMMARY

[0011] One or more embodiments of the present invention
may be related to a liquid crystal display that can set lateral
surface visibility to approximate front surface visibility,
provide a suitable grayscale in a low gray region, provide
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satisfactory luminance, and/or prevent an undesirable
change in voltage of a pixel electrode.

[0012] One or more embodiments of the present invention
may be related to a display that that may include a first gate
line configured to transmit a first gate signal. The display
device may further include a first data line crossing the first
gate line in a plan view of the display device and configured
to transmit a first data voltage. The display device may
further include a first switching element electrically con-
nected to the first gate line and the first data line. The display
device may further include a second switching element
electrically connected to the first gate line and the first data
line. The display device may further include a first sub-pixel
electrode electrically connected to the first switching ele-
ment. The display device may further include a second
sub-pixel electrode electrically connected to the second
switching element. The display device may further include
a first reference voltage line configured to transmit a first
reference voltage, a first portion of the first reference voltage
line overlapping a first edge of the first sub-pixel electrode,
a second portion of the first reference voltage line overlap-
ping a second edge of the first sub-pixel electrode, the first
edge of the first sub-pixel electrode being opposite the
second edge of the first sub-pixel electrode. The display
device may further include a third switching element elec-
trically connected to the first gate line, the first sub-pixel
electrode, and the first reference voltage line.

[0013] In one or more embodiments, the display device
may include a second reference voltage line configured to
transmit a second reference voltage, a first portion of the
second reference voltage line overlapping the first edge of
the first sub-pixel electrode and being spaced from the first
portion of the first refernce voltage line, a second portion of
the second reference voltage line overlapping the second
edge of the first sub-pixel electrode and being spaced from
the second portion of the first reference voltage line.
[0014] In one or more embodiments, the display device
may include the following elements: a second gate line
configured to tramsmit a second gate signal; a second data
line crossing both the first gate line and the second gate line
in a plan view of the display device and configued to
transmit a second data voltage; a fourth switching element
electrically connected to the second gate line and the second
data line; a third sub-pixel electrically connected to the
fourth switching element; and a fifth switching element
electrically connected to the second gate line, the third
sub-pixel electrode, and the second reference voltage line,
wherein a third portion of the second reference voltage line
overlaps a first edge of the third sub-pixel electrode, wherein
a fourth portion of the second reference voltage line overlaps
a second edge of the third sub-pixel electrode, and wherein
the first edge of the thrid sub-pixel electrode is opposite the
second edge of the third sub-pixel electrode.

[0015] In one or more embodiments, the display device
may include the following elements: a second data line
crossing the first gate line in a plan view of the display
device and configued to transmit a second data voltage; a
fourth switching element electrically connected to the first
gate line and the second data line; a third sub-pixel electri-
cally connected to the fourth switching element; and a fifth
switching element electrically connected to the first gate
line, the third sub-pixel electrode, and the second reference
voltage line, wherein a third portion of the second reference
voltage line overlaps a first edge of the third sub-pixel
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electrode, wherein a fourth portion of the second reference
voltage line overlaps a second edge of the third sub-pixel
electrode, and wherein the first edge of the thrid sub-pixel
electrode is opposite the second edge of the third sub-pixel
electrode.

[0016] In one or more embodiments, the second portion of
the first reference voltage line and the third portion of the
second reference voltage line are disposed between the first
portion of the first reference voltage line and the fourth
portion of the second reference voltage line, and the second
portion of the first reference voltage line is disposed between
the first portion of the first reference voltage line and the
third portion of the second reference voltage line.

[0017] In one or more embodiments, an overlapping area
of the first reference voltage line and the first sub-pixel
electrode is equal to an overlapping area of the second
reference voltage line and the first sub-pixel electrode.
[0018] In one or more embodiments, an overlapping area
of the first sub-pixel electrode and both the first portion the
first reference voltage line and the second portion of the first
reference voltage line is equal to an overlapping area of the
first sub-pixel electrode and both the first portion the second
reference voltage line and the second portion of the second
reference voltage line.

[0019] In one or more embodiments, each of a third
portion of the first reference voltage line and a third portion
of the second reference voltage line overlaps a first edge of
the second sub-pixel electrode, each of a fourth portion of
the first reference voltage line and a fourth portion of the
second reference voltage line overlaps a second edge of the
second sub-pixel electrode, and the first edge of the second
sub-pixel electrode is opposite the second edge of the second
sub-pixel electrode.

[0020] Inone or more embodiments, the first portion of the
first reference voltage line is connected to the second portion
of the first reference voltage line through a fifth portion of
the first reference voltage line, and the fifth portion of the
first reference voltage line overlaps a central portion of the
first sub-pixel electrode such that the fifth portion of the first
reference voltage line divides the first sub-pixel electrode
into two substantially equal halves in the plan view of the
display device.

[0021] Inone or more embodiments, the first portion of the
second reference voltage line is connected to the second
portion of the second reference voltage line through a fifth
portion of the second reference voltage line, and the fifth
portion of the second reference voltage line overlaps a third
edge of the first sub-pixel electrode.

[0022] In one or more embodiments, the third portion of
the first reference voltage line is connected to the fourth
portion of the first reference voltage line through a sixth
portion of the first reference voltage line, and the sixth
portion of the first reference voltage line overlaps a third
edge of the second sub-pixel electrode.

[0023] Inone or more embodiments, the first portion of the
first reference voltage line is connected to the second portion
of the first reference voltage line through a fifth portion of
the first reference voltage line, and the fifth portion of the
first reference voltage line overlaps a third edge of the first
sub-pixel electrode.

[0024] In one or more embodiments, the first portion of the
second reference voltage line is connected to the second
portion of the second reference voltage line through a fifth
portion of the second reference voltage line, and the fifth
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portion of the second reference voltage line overlaps a fourth
edge of the first sub-pixel electrode.

[0025] In one or more embodiments, each of the first
portion of the first reference voltage line and the first portion
of the second reference voltage line is parallel to the first
data line.

[0026] In one or more embodiments, each of the first
portion of the first reference voltage line and the first portion
of the second reference voltage line is parallel to the first
gate line.

[0027] In one or more embodiments, the display device
may include a first auxilary member electrically connected
to the second reference voltage line through a first contact
hole and overlapping the first sub-pixel electrode, wherein
an overlapping area of the first sub-pixel electrode and the
first reference voltage line is substantially equal to an
overlapping area of the first sub-pixel electrode and both the
second reference voltage line and the first auxiliary member.
[0028] In one or more embodiments, the display device
may include a second auxilary member electrically con-
nected to the second reference voltage line through a second
contact hole and overlapping the second sub-pixel electrode,
wherein an overlapping area of the second sub-pixel elec-
trode and the first reference voltage line is substantially
equal to an overlapping area of the second sub-pixel elec-
trode and both the second reference voltage line and the
second auxiliary member.

[0029] 1In one or more embodiments, the display device
may include the following elements: a common electrode
configured to receive a common voltage; and a liquid crystal
layer disposed between the common electrode and the first
sub-pixel electrode, wherein a polarity of the first reference
voltage with respect to the common voltage in a first frame
is opposite a polarity of the second reference voltage with
respect to the common voltage in the first frame.

[0030] In one or more embodiments, the polarity of the
first reference voltage with respect to the common voltage in
the first frame is different from a polarity of the first
reference voltage with respect to the common voltage in a
second frame.

[0031] In one or more embodiments, the display device
may include the following elements: a common electrode
configured to receive a common voltage; and a liquid crystal
layer disposed between the common electrode and the first
sub-pixel electrode, wherein a polarity of the first reference
voltage with respect to the common voltage is same as a
polarity of the first data voltage with respect to the common
voltage.

[0032] In one or more embodiments, a magnitude differ-
ence between the first reference voltage and the common
voltage is greater than a magnitude difference between the
first data voltage and the common voltage.

[0033] One or more embodiments of the present invention
may be related to a liquid crystal display that may include
the following elements: a first substrate, a first gate line
disposed on the first substrate, a data line disposed on the
first substrate, a first reference voltage line disposed on the
first substrate, including a first horizontal portion and two
first vertical portions connected to the first horizontal por-
tion, and applying a first voltage, a second reference voltage
line disposed on the first substrate, including a second
horizontal portion and two second vertical portions con-
nected to the first horizontal portion, and applying a second
voltage, a first sub-pixel electrode and a second sub-pixel



US 2017/0148398 A1l

electrode disposed in one pixel region, a first switching
element connected to the first gate line, the data line, and the
first sub-pixel electrode, a second switching element con-
nected to the first gate line, the data line, and the second
sub-pixel electrode, and a third switching element connected
to any one of the first gate line, the first reference voltage
line, and the second reference voltage line, and the first
sub-pixel electrode, in which the two first vertical portions
are disposed to be adjacent to both edges of the first
sub-pixel electrode, the two second vertical portions are
disposed to be adjacent to both edges of the first sub-pixel
electrode, and the first vertical portions and the second
vertical portions are spaced apart from each other.

[0034] An overlapping area of the first sub-pixel electrode
and the first vertical portion may be almost the same as the
overlapping area of the first sub-pixel electrode and the
second vertical portion.

[0035] The first reference voltage line may further include
two third vertical portions disposed to be adjacent to both
edges of the second sub-pixel electrode, and the second
reference voltage line may further include two fourth ver-
tical portions disposed to be adjacent to both edges of the
second sub-pixel electrode.

[0036] An overlapping area of the first sub-pixel electrode
and the third vertical portion may be almost the same as the
overlapping area of the second sub-pixel electrode and the
fourth vertical portion.

[0037] The first reference voltage line may include the first
horizontal portion connecting the two first vertical portions,
and the first horizontal portion may be disposed to be
adjacent to a horizontal central portion of the first sub-pixel
electrode, or disposed to be adjacent to an upper edge or a
lower edge of the first sub-pixel electrode.

[0038] The second reference voltage line may include the
second horizontal portion connecting the two second vertical
portions, and the second horizontal portion may be disposed
to be adjacent to the upper edge or the lower edge of the first
sub-pixel electrode, or disposed to be adjacent to the hori-
zontal central portion of the first sub-pixel electrode.
[0039] The first reference voltage line may include the
third horizontal portion connecting the two third vertical
portions, and the third horizontal portion may be disposed to
be adjacent to a horizontal central portion of the second
sub-pixel electrode, or disposed to be adjacent to an upper
edge or a lower edge of the second sub-pixel electrode.
[0040] The second reference voltage line may include the
fourth horizontal portion connecting the two fourth vertical
portions, and the fourth horizontal portion may be disposed
to be adjacent to the upper edge or the lower edge of the
second sub-pixel electrode, or disposed to be adjacent to the
horizontal central portion of the second sub-pixel electrode.
[0041] An overlapping area of the first sub-pixel electrode
and the first horizontal portion may be almost the same as
the overlapping area of the first sub-pixel electrode and the
second horizontal portion, and the overlapping area of the
second sub-pixel electrode and the third horizontal portion
may be almost the same as the overlapping area of the
second sub-pixel electrode and the fourth horizontal portion.
[0042] An overlapping area of the first sub-pixel electrode
and the first horizontal portion may be almost the same as
the overlapping area of the first sub-pixel electrode and the
second horizontal portion.

[0043] A data voltage applied to the data line, and a first
voltage or a second voltage applied to any one of the first
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reference voltage line and the second reference voltage line
connected to the third switching element may have the same
polarity to a common voltage.

[0044] The first voltage or the second voltage may have a
predetermined magnitude and polarity changed for each
frame.

[0045] A voltage difference between the first sub-pixel
electrode and a common electrode may be larger than the
voltage difference between the second sub-pixel electrode
and the common electrode.

[0046] One or more embodiments of the present invention
may be related to a liquid crystal display that may include
the following elements: a first substrate, a first gate line
disposed on the first substrate, a data line disposed on the
first substrate, a first reference voltage line disposed on the
first substrate and applying a first voltage, a second reference
voltage line disposed on the first substrate and applying a
second voltage, a first sub-pixel electrode and a second
sub-pixel electrode disposed in one pixel region, a first
switching element connected to the first gate line, the data
line, and the first sub-pixel electrode, a second switching
element connected to the first gate line, the data line, and the
second sub-pixel electrode, a third switching element con-
nected to any one of the first gate line, the first reference
voltage line, and the second reference voltage line, and the
first sub-pixel electrode, and a first auxiliary member con-
nected to the second reference voltage line and overlapping
the first sub-pixel electrode, in which an overlapping area of
the first sub-pixel electrode and the first reference voltage
line is almost the same as an overlapping area of the first
sub-pixel electrode and the second reference voltage line
and the first auxiliary member.

[0047] The liquid crystal display may further include: a
second auxiliary member connected to the second reference
voltage line and overlapping the second sub-pixel electrode,
in which the overlapping area of the second sub-pixel
electrode and the first reference voltage line may be almost
the same as the overlapping area of the second sub-pixel
electrode and the second reference voltage line and the
second auxiliary member.

[0048] According to embodiments of the present inven-
tion, it is possible to set lateral surface visibility to approxi-
mate front surface visibility, to provide a suitable grayscale
in a low gray region, to prevent luminance from deteriorat-
ing in view of an applied driving voltage, and/or to prevent
an undesirable change in voltage of a pixel electrode that
may be caused by a change in polarity of the voltage applied
to a signal line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1 is an equivalent circuit diagram illustrating
four pixels of a liquid crystal display device (or liquid crystal
display, for conciseness) according to one or more embodi-
ments of the present invention.

[0050] FIG. 2 is a layout view (or plan view) illustrating
a liquid crystal display according to one or more embodi-
ments of the present invention.

[0051] FIG. 3 isa cross-sectional view of the liquid crystal
display taken along line indicated in FIG. 2.

[0052] FIG. 4 is a top plan view illustrating a basic region
of a field generating electrode of a liquid crystal display
according to one or more embodiments of the present
invention.
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[0053] FIG. 5 is a layout view (or plan view) illustrating
configurations of voltage applying lines and pixel electrodes
of a liquid crystal display according to one or more embodi-
ments of the present invention.

[0054] FIG. 6 is a waveform diagram for illustrating
reference voltage values and a voltage of a pixel region
according to one or more embodiments of the present
invention.

[0055] FIG. 7 is a layout view (or plan view) illustrating
a liquid crystal display according to one or more embodi-
ments of the present invention.

[0056] FIG. 8 is a layout view (or plan view) illustrating
a liquid crystal display according to one or more embodi-
ments of the present invention.

[0057] FIG. 9 is a layout view (or plan view) illustrating
a configuration of voltage applying lines and pixel elec-
trodes of a liquid crystal display according to one or more
embodiments of the present invention.

[0058] FIG. 10 is a layout view (or plan view) illustrating
a configuration of voltage applying lines and pixel elec-
trodes of a liquid crystal display according to one or more
embodiments of the present invention.

[0059] FIG. 11 is a layout view (or plan view) illustrating
a liquid crystal display according to one or more embodi-
ments of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0060] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are illustrated. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
[0061] In the drawings, the thickness of layers, films,
panels, regions, etc., may be exaggerated for clarity. Like
reference numerals may designate like elements throughout
the specification. It will be understood that when an element
such as a layer, film, region, or substrate is referred to as
being “on” another element, it can be directly on the other
element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly
on” another element, there are no (intended) intervening
elements (except possible environmental elements, such as
air) present.

[0062] Although the terms first, second, etc. may be used
herein to describe various signals, elements, components,
regions, layers, and/or sections, these signals, elements,
components, regions, layers, and/or sections should not be
limited by these terms. These terms may be used to distin-
guish one signal. element, component, region, layer, or
section from another signal, region, layer or section. Thus,
a first signal, element, component, region, layer, or section
discussed below may be termed a second signal, element,
component, region, layer, or section without departing from
the teachings of the present invention. The description of an
element as a “first” element may not require or imply the
presence of a second element or other elements. The terms
first, second, etc. may also be used herein to differentiate
different categories of elements. For conciseness, the terms
first, second, etc. may represent first-type (or first-category),
second-type (or second-category), etc., respectively.

[0063] In the description, “connected” may mean “elec-
trically connected”.
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[0064] FIG. 1 is an equivalent circuit diagram illustrating
four pixels of a liquid crystal display according to one or
more embodiments of the present invention.

[0065] Referring to FIG. 1, the liquid crystal display
includes a first pixel PX(j, j), a second pixel PX(i, j+1), a
third pixel PX(i+1, j), a fourth pixel PX(i+1, j+1), and a
plurality of signal lines Gn, Gn+1, Dn, Dn+1, Dn+2, C1, and
C2 connected to the pixels.

[0066] The first pixel PX(i, j) and the second pixel PX(i,
j+1) may neighbor each other and may be disposed in a first
pixel row. The third pixel PX(i+1, j) and the fourth pixel
PX(i+1, j+1) may neighbor each other and may be disposed
in a second pixel row. The first pixel PX(i, j) and the third
pixel PX(i+1, j) may neighbor each other and may be
disposed in a first pixel column. The second pixel PX(i, j+1)
and the fourth pixel PX(i+1, j+1) may neighbor each other
and may be disposed in a second pixel column.

[0067] The signal lines Gn, Gn+1, Dn, Dn+1, Dn+2, C1,
and C2 include a plurality of gate lines Gn and Gn+1 for
transferring gate signals (also referred to as “scanning
signals”), a plurality of data lines Dn, Dn+1, and Dn+2 for
transferring data voltages, and a plurality of pairs of refer-
ence voltage lines C1 and C2 for transferring at least a
predetermined reference voltage. The reference voltage lines
C1 and C2 may include a first reference voltage line C1 and
a second reference voltage line C2 for transferring reference
voltages having different polarities. A first reference voltage
and a second reference voltage having a predetermined
magnitude are applied to the first reference voltage line C1
and the second reference voltage line C2, respectively, and
polarities of the first reference voltage and the second
reference voltage may be changed for each frame. In one or
more embodiments, the magnitude of a common voltage
may be about 7.5V, the first reference voltage may have a
value of about 15 V for a first frame and a value of about 0
V for a second frame, and the second reference voltage may
have a value of about 0 V for the first frame and a value of
about 15V for the second frame. The first reference voltage
and the second reference voltage may be larger or smaller
than a maximum value of the data voltages. In one or more
embodiments, a value difference between the first reference
voltage and the common voltage when the first reference
voltage has a positive polarity with respect to the common
voltage may be different from a value difference between the
first reference voltage and the common voltage when the
first reference voltage has a negative polarity with respect to
the common voltage. In one or more embodiments, a value
difference between the second reference voltage and the
common voltage when the second reference voltage has a
positive polarity with respect to the common voltage may be
different from a value difference between the second refer-
ence voltage and the common voltage when the second
reference voltage has a negative polarity with respect to the
common voltage.

[0068] As illustrated in FIG. 1, a pair of reference voltage
lines C1 and C2 associated with the first pixel column may
mirror a pair of reference voltage lines C1 and C2 associated
with the second pixel column.

[0069] The first pixel PX(i, j), which is connected to the
first gate line Gn, the first data line Dn, the first reference
voltage line C1 associated with the first pixel column, and
the second reference voltage line C2 associated with the first
pixel column, may include a first switching element Qa, a
second switching element Qb, a third switching element Qc,
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a first liquid crystal capacitor Clca, a second liquid crystal
capacitor Cleb, a first storage capacitor Cstl, a second
storage capacitor Cst2, a third storage capacitor Cst3, and a
fourth storage capacitor Cst4.

[0070] Each of the first switching element Qa and the
second switching element Qb is connected to both the first
gate line Gn and the first data line Dn. The third switching
element Qc 1is connected to the first gate line Gn, the second
reference voltage line C2 associated with the first pixel
column, and an output terminal of the first switching element
Qa.

[0071] Each of the first switching element Qa and the
second switching element Qb may be a three terminal
element (such as a thin film transistor) that has a control
terminal connected to the first gate line Gn and has an input
terminal connected to the first data line Dn. The output
terminal of the first switching element Qa is connected to the
first liquid crystal capacitor Clca and the output terminal of
the third switching element Qc. The output terminal of the
second switching element Qb is connected to the second
liquid crystal capacitor Clcb.

[0072] The third switching element Q¢ may be a three
terminal element (such as a thin film transistor) that has a
control terminal connected to the first gate line Gn, an input
terminal connected to the second reference voltage line C2,
and an output terminal connected to the first liquid crystal
capacitor Clca.

[0073] The first storage capacitor Cstl is connected to the
output terminal of the first switching element Qa and the first
reference voltage line C1 associated with the first pixel
column. The second storage capacitor Cst2 is connected to
the output terminal of the first switching element Qa and the
second reference voltage line C2 associated with the first
pixel column. The third storage capacitor Cst3 is connected
to the output terminal of the second switching element Qb
and the first reference voltage line C1 associated with the
first pixel column. The fourth storage capacitor Cst4 is
connected to the output terminal of the second switching
element Qb and the second reference voltage line C2 asso-
ciated with the first pixel column.

[0074] The second pixel PX(i, j+1), which is connected to
the first gate line Gn, the second data line Dn+1, the first
reference voltage line C1 associated with the second pixel
column, and the second reference voltage line C2 associated
with the second pixel column, may include a first switching
element Qa, a second switching element Qb, a third switch-
ing element Qc, a first liquid crystal capacitor Clca, a second
liquid crystal capacitor Clcb, a first storage capacitor Cstl,
a second storage capacitor Cst2, a third storage capacitor
Cst3, and a fourth storage capacitor Cstd.

[0075] For the first switching element Qa and the second
switching element Qb of the second pixel PX(i, j+1), the
control terminals are each connected to the first gate line Gn,
and the input terminals are each connected to the second data
line Dn+1.

[0076] For the second pixel PX(i, j+1), the output terminal
of the first switching element Qa is connected to the first
liquid crystal capacitor Clca and the output terminal of the
third switching element Qc; the output terminal of the
second switching element Qb is connected to the second
liquid crystal capacitor Clcb.

[0077] For the third switching element Qc of the second
pixel PX(i, j+1), the control terminal is connected to the first
gate line Gn, the input terminal is connected to the first
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reference voltage line C1 associated with the second pixel
column, and the output terminal is connected to the first
liquid crystal capacitor Clca.

[0078] For the second pixel PX(i, j+1), the first storage
capacitor Cstl is connected to the output terminal of the first
switching element Qa and the second reference voltage line
C2 associated with the second pixel column; the second
storage capacitor Cst2 is connected to the output terminal of
the first switching element Qa and the first reference voltage
line C1 associated with the second pixel column; the third
storage capacitor Cst3 is connected to the output terminal of
the second switching element Qb and the second reference
voltage line C2 associated with the second pixel column; the
fourth storage capacitor Cst4 is connected to the output
terminal of the second switching element Qb and the first
reference voltage line C1 associated with the second pixel
column.

[0079] The third pixel PX(i+1, j), which is connected to
the second gate line Gn+1, the second data line Dn+1, the
first reference voltage line C1 associated with the first pixel
column, and the second reference voltage line C2 associated
with the first pixel column, may include a first switching
element Qa, a second switching element Qb, a third switch-
ing element Qc, a first liquid crystal capacitor Clca, a second
liquid crystal capacitor Clcb, a first storage capacitor Cstl,
a second storage capacitor Cst2, a third storage capacitor
Cst3, and a fourth storage capacitor Cst4.

[0080] For the first switching element Qa and the second
switching element Qb of the third pixel PX(i+1, j), the
control terminals are each connected to the second gate line
Gn+1, and the input terminals are each connected to the
second data line Dn+1.

[0081] For the third pixel PX(i+1, j), the output terminal of
the first switching element Qa is connected to the first liquid
crystal capacitor Clca and the output terminal of the third
switching element Qc; the output terminal of the second
switching element Qb is connected to the second liquid
crystal capacitor Clcb.

[0082] For the third switching element Qc of the third
pixel PX(i+1, j), the control terminal is connected to the
second gate line Gn+1, the input terminal is connected to the
first reference voltage line C1 associated with the first pixel
column, and the output terminal is connected to the first
liquid crystal capacitor Clca.

[0083] For the third pixel PX(i+1, j), the first storage
capacitor Cstl is connected to the output terminal of the first
switching element Qa and the first reference voltage line C1
associated with the first pixel column; the second storage
capacitor Cst2 is connected to the output terminal of the first
switching element Qa and the second reference voltage line
C2 associated with the first pixel column; the third storage
capacitor Cst3 is connected to the output terminal of the
second switching element Qb and the first reference voltage
line C1 associated with the first pixel column; the fourth
storage capacitor Cst4 is connected to the output terminal of
the second switching element Qb and the second reference
voltage line C2 associated with the first pixel column.
[0084] The fourth pixel PX(i+1, j+1), which is connected
to the second gate line Gn+1, the third data line Dn+2, the
first reference voltage line C1 associated with the second
pixel column, and the second reference voltage line C2
associated with the second pixel column, may include a first
switching element Qa, a second switching element Qb, a
third switching element Qc, a first liquid crystal capacitor
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Clca, a second liquid crystal capacitor Clcb, a first storage
capacitor Cstl, a second storage capacitor Cst2, a third
storage capacitor Cst3, and a fourth storage capacitor Cstd.
[0085] For the first switching element Qa and the second
switching element Qb of the fourth pixel PX(i+1, j+1), the
control terminals are each connected to the second gate line
Gn+1, and the input terminals are each connected to the third
data line Dn+2.

[0086] For the fourth pixel PX(i+1, j+1), the output ter-
minal of the first switching element Qa is connected to the
first liquid crystal capacitor Clca and the output terminal of
the third switching element Qc; the output terminal of the
second switching element Qb is connected to the second
liquid crystal capacitor Clcb.

[0087] For the third switching element Qc of the fourth
pixel PX(i+1, j+1), the control terminal is connected to the
second gate line Gn+1, the input terminal is connected to the
second reference voltage line C2 associated with the second
pixel column, and the output terminal is connected to the
first liquid crystal capacitor Clca.

[0088] For the fourth pixel PX(i+1, j+1), the first storage
capacitor Cstl is connected to the output terminal of the first
switching element Qa and the second reference voltage line
C2 associated with the second pixel column; the second
storage capacitor Cst2 is connected to the output terminal of
the first switching element Qa and the first reference voltage
line C1 associated with the second pixel column; the third
storage capacitor Cst3 is connected to the output terminal of
the second switching element Qb and the second reference
voltage line C2 associated with the second pixel column; the
fourth storage capacitor Cstd is connected to the output
terminal of the second switching element Qb and the first
reference voltage line C1 associated with the second pixel
column.

[0089] If a gate-on-signal is applied to the first gate line
Gn, the first switching element Qa, the second switching
element Qb, and the third switching element Qc of each of
the first pixel PX(i, j) and the second pixel PX(i, j+1) are
turned on. Accordingly, the data voltage applied to the first
data line Dn is applied through the turned-on first switching
element Qa and second switching element Qb of the first
pixel PX(i, j) to one terminal of each of the first liquid crystal
capacitor Clca and the second liquid crystal capacitor Clcb
of the first pixel PX(1, j), and the data voltage applied to the
second data line Dn+1 is applied through the turned-on first
switching element Qa and second switching element Qb of
the second pixel PX(i, j+1) to one terminal of each of the
first liquid crystal capacitor Clca and the second liquid
crystal capacitor Clcb of the second pixel PX(i, j+1). As a
result, the first liquid crystal capacitor Clca and the second
liquid crystal capacitor Clcb of the first pixel PX(, j) are
charged by the same data voltage applied through the first
data line Dn, and the first liquid crystal capacitor Clca and
the second liquid crystal capacitor Clcb of the second pixel
PX(i, j+1) are charged by the same data voltage applied
through the second data line Dn+1. Simultaneously, the
previously-mentioned one terminal of the first liquid crystal
capacitor Clca of the first pixel PX(i, j) is connected to the
output terminal of the third switching element Qc of the first
pixel PX(i, j) to boost the charged voltage according to the
second reference voltage applied through the third switching
element Qc from the second reference voltage line C2
associated with the first pixel column. In one or more
embodiments, the second reference voltage applied to the
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second reference voltage line C2 associated with the first
pixel column has the same polarity as the data voltage
applied to the first data line Dn, and may have a magnitude
(or value) that is larger than that of the data voltage applied
to the first data line Dn. Accordingly, the voltage charged in
the first liquid crystal capacitor Clca of the first pixel PX(i,
j) may have a magnitude (or value) that is higher than the
magnitude of the data voltage applied through the first data
line Dn.

[0090] The previously-mentioned one terminal of the first
liquid crystal capacitor Clca of the second pixel PX(i, j+1)
is connected to the output terminal of the third switching
element Qc of the second pixel PX(i, j+1) to boost the
charged voltage according to the first reference voltage
applied through the third switching element Qc from the first
reference voltage line C1 associated with the second pixel
column. In one or more embodiments, the first reference
voltage applied to the first reference voltage line C1 asso-
ciated with the second pixel column has the same polarity as
the data voltage applied to the second data line Dn+1, and
may have a magnitude (or value) that is higher than the
magnitude (or value) of the data voltage applied to the
second data line Dn+1. Accordingly, the voltage charged in
the first liquid crystal capacitor Clca of the second pixel
PX(i, j+1) may have a magnitude (or value) that is higher
than the magnitude of the data voltage applied through the
second data line Dn+1.

[0091] If the gate voltage of the first gate line Gn is
changed into a gate-off voltage, and if the gate voltage of the
second gate line Gn+1 is changed into a gate-on voltage, the
first switching element Qa, the second switching element
Qb, and the third switching element Qc of each of the third
pixel PX(i+1, j) and the fourth pixel PX(i+1, j+1) are turned
on. Accordingly, the data voltage applied to the second data
line Dn+1 is applied through the turned-on first switching
element Qa and second switching element Qb of the third
pixel PX(i+1, j) to one terminal of each of the first liquid
crystal capacitor Clca and the second liquid crystal capacitor
Cleb of the third pixel PX(i+1, j), and the data voltage
applied to the third data line Dn+2 is applied through the
turned-on first switching element Qa and second switching
element Qb of the fourth pixel PX(i+1, j+1) to one terminal
of each of the first liquid crystal capacitor Clca and the
second liquid crystal capacitor Clcb of the fourth pixel
PX(i+1, j+1). As a s result, the first liquid crystal capacitor
Clca and the second liquid crystal capacitor Cleb of the third
pixel PX(i+1, j) are charged by the same data voltage applied
through the second data line Dn+1, and the first liquid
crystal capacitor Clca and the second liquid crystal capacitor
Clcb of the fourth pixel PX(i+1, j+1) are charged by the
same data voltage applied through the third data line Dn+2.
Simultaneously, the previously-mentioned one terminal of
the first liquid crystal capacitor Clca of the third pixel
PX(i+1, j) is connected to the output terminal of the third
switching element Qc of the third pixel PX(i+1, j) to boost
the charged voltage according to the first reference voltage
applied through the third switching element Qc from the first
reference voltage line C1 associated with the first pixel
column. In one or more embodiments, the first reference
voltage applied to the first reference voltage line C1 asso-
ciated with the first pixel column has the same polarity as the
data voltage applied to the second data line Dn+1, and may
have a value that is higher than the value of the data voltage
applied to the second data line Dn+1. Accordingly, the value
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(or magnitude) of the voltage charged in the first liquid
crystal capacitor Clca of the third pixel PX(i+1, j) may have
a value that is higher than that of the data voltage applied
through the second data line Dn+1.

[0092] The previously-mentioned one terminal of the first
liquid crystal capacitor Clca of the fourth pixel PX(i+1, j+1)
is connected to the output terminal of the third switching
element Qc of the fourth pixel PX(i+1, j+1) to boost the
charged voltage according to the second reference voltage
applied through the third switching element Qc to the second
reference voltage line C2 associated with the second pixel
column. In one or more embodiments, the second reference
voltage applied to the second reference voltage line C2
associated with the second pixel column has the same
polarity as the data voltage applied to the third data line
Dn+2, and may have a magnitude (or value) that is higher
than the magnitude of the data voltage applied to the third
data line Dn+2. Accordingly, the magnitude of the voltage
charged in the first liquid crystal capacitor Clca of the fourth
pixel PX(i+1, j+1) 1s larger than the magnitude of the data
voltage applied through the third data line Dn+2.

[0093] For each of the pixels, the voltage charged in the
first liquid crystal capacitor Clca and the voltage charged in
the second liquid crystal capacitor Cleb may become dif-
ferent 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, inclination angles of liquid crystal molecules in the
first sub-pixel may be different from inclination angles of
liquid crystal molecules in the second sub-pixel; accord-
ingly, luminances of two subpixels become different from
each other. In one or more embodiments, the value of the
voltage charged in the first liquid crystal capacitor Clca and
the value of the voltage charged in the second liquid crystal
capacitor Clcb are appropriately adjusted, such that percep-
tion of an image viewed in a lateral surface may approximate
perception of the image viewed in a front surface. Advan-
tageously, the liquid crystal display may provide satisfactory
lateral surface visibility.

[0094] FIG. 2 is a layout view (or plan view) illustrating
the liquid crystal display according to one or more embodi-
ments of the present invention, and FIG. 3 is a cross-
sectional view of the liquid crystal display taken along line
indicated in FIG. 2.

[0095] Referring to FIGS. 2 and 3, the liquid crystal
display includes a lower panel 100, an upper panel 200
overlapping the lower panel 100, and a liquid crystal layer
3 disposed between the two panels 100 and 200.

[0096] The lower panel 100 may include elements
described as follows.

[0097] Gate conductors including a plurality of gate lines
121 and a plurality of reference voltage lines 131a and 1315
are disposed on a first insulating substrate 110.

[0098] The gate line 121 may transfer a gate signal. The
gate line 121 includes a first gate electrode 1244, a second
gate electrode 1245, and a third gate electrode 124c.
[0099] The reference voltage lines 131a and 1314 include
a first reference voltage line 131a for transferring a first
reference voltage and a second reference voltage line 1315
for transferring a second reference voltage.

[0100] Each of'the first reference voltage line 1314 and the
second reference voltage line 1315 may include portions that
are disposed at the left side and the right side along at least
one pixel column that is disposed between two data lines
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171. In one or more embodiments, a portion of the first
reference voltage line 131a is disposed at the left side of a
pixel column, and another portion of the first reference
voltage line 131a is disposed on the right side of the pixel
column. In one or more embodiments, a portion of the
second reference voltage line 1315 is disposed at the left side
of the pixel column, and another portion of the second
reference voltage line 1315 is disposed on the right side of
the pixel column.

[0101] The first reference voltage line 131a has a hori-
zontal portion that is parallel to the gate line 121 and a
vertical portion that is parallel to the data line 171. The
second reference voltage line 1315 has a horizontal portion
that is parallel to the gate line 121 and a vertical portion that
is parallel to the data line 171.

[0102] A gate insulating layer 140 is disposed on the gate
line 121 and the reference voltage lines 131a and 13164.

[0103] A first semiconductor 1544, a second semiconduc-
tor 1545, and a third semiconductor 154¢ are disposed on the
gate insulating layer 140.

[0104] Ohmic contacts 1654, 165¢, and 163¢ are disposed
on the first semiconductor 154a, the second semiconductor
1545, and the third semiconductor 154¢, respectively. The
semiconductors 154a, 1545, and 154¢ may include an oxide
semiconductor. In one or more embodiments, the semicon-
ductors 154a, 1545, and 154¢ include an oxide semiconduc-
tor, and the ohmic contacts may be omitted.

[0105] Data conductors, including the data line 171, a first
source electrode 173qa, a second source electrode 1735, a
third source electrode 173¢, a first drain electrode 1754, a
second drain electrode 175b, and a third drain electrode
175¢, are formed on the ohmic contacts 165a, 163¢, and
165¢ and the gate insulating layer 140. The first drain
electrode 1754 and the third drain electrode 175¢ are con-
nected to each other.

[0106] A passivation layer 180 is disposed on the data
conductors. The passivation layer 180 may include an inor-
ganic insulator and/or an organic insulator.

[0107] A first contact hole 185a (through which a portion
of the first drain electrode 175¢ is exposed) and a second
contact hole 1855 (through which a portion of the second
drain electrode 1756 is exposed) are formed through the
passivation layer 180.

[0108] A first sub-pixel electrode 191a and a second
sub-pixel electrode 1915 are formed on the passivation layer
180.

[0109] The first sub-pixel electrode 191a is physically
electrically connected through the first contact hole 1854 to
the first drain electrode 1754, and the second sub-pixel
electrode 1915 is physically electrically connected through
the second contact hole 1855 to the second drain electrode
1756.

[0110] The first sub-pixel electrode 191a and the second
sub-pixel electrode 1916 are separated (and electrically
insulated) from each other and may be disposed in a same
pixel column extending in a column direction. The gate line
121 may be disposed between the first sub-pixel electrode
191a and the second sub-pixel electrode 1915 in a plan view
of the liquid crystal display. The first sub-pixel electrode
191a and/or the second sub-pixel electrode 1915 may
include a basic electrode illustrated in FIG. 4 and/or may
include one or more modifications of the basic electrode.
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[0111] The area of the second sub-pixel electrode 1915
may be larger than the area of the first sub-pixel electrode
191a.

[0112] The first gate electrode 124a, the first semiconduc-
tor 154aq, the first source electrode 1734, and the first drain
electrode 175a form a first switching element Qa. The
second gate electrode 1245, the second semiconductor 1545,
the second source electrode 173b, and the second drain
electrode 1756 form a second switching element Qb. The
third gate electrode 124c, the third semiconductor 154¢, the
third source electrode 173¢, and the third drain electrode
175¢ form a third switching element Qc.

[0113] The upper panel 200 may include elements
described as follows.

[0114] A light blocking member 220 is disposed on a
second insulating substrate 210. The light blocking member
220 (which is also called a black matrix) may prevent light
leakage. A plurality of color filters 230 is disposed on the
second insulating substrate 210 and may overlap the light
blocking member 220. An overcoat 250 is disposed on the
color filters 230. The overcoat 250 may prevent the color
filters 230 and the light blocking member 220 from being
lifted and may prevent contamination of the liquid crystal
layer 3 caused by an organic material (such as a solvent)
inflowing from the color filter 230, thereby preventing
defects (such as afterimages) that may occur in displayed
images. In one or more embodiments, the overcoat 250 may
be omitted. A common electrode 270 is disposed on the
overcoat 250.

[0115] In one or more embodiments, the light blocking
member 220 and the color filters 230 are disposed on the
upper panel 200. In one or more embodiments, the light
blocking member 220 and the color filter 230 may be
disposed on the lower panel 100. In one or more embodi-
ments, the color filter 230, instead of the passivation layer
180, may be disposed in the lower panel 100.

[0116] The first sub-pixel electrode 191a, the common
electrode 270, and a portion of the liquid crystal layer 3
disposed between the first sub-pixel electrode 191a and the
common electrode 270 may form a first liquid crystal
capacitor Clca. The second sub-pixel electrode 1915, the
common electrode 270, and a portion of the liquid crystal
layer 3 disposed between the second sub-pixel electrode
1915 and the common electrode 270 may form the second
liquid crystal capacitor Clcb.

[0117] An electric field is applied to the liquid crystal layer
3. The electric field is determined by a voltage applied to the
first sub-pixel electrode 191a, a voltage applied to the
second sub-pixel electrode 1915, and a common voltage
applied to the common electrode 270. An orientation of
liquid crystal molecules of the liquid crystal layer 3 is
determined according to the electric field. The luminance of
light transmitted through the liquid crystal layer 3 depends
on the orientation of the liquid crystal molecules.

[0118] The first sub-pixel electrode 191a overlaps a ver-
tical portion of the first reference voltage line 1314 and a
portion of the second reference voltage line 1315 to form a
first storage capacitor Cstl and a second storage capacitor
Cst2, for increasing a voltage storage ability of the first
liquid crystal capacitor Clca. The second sub-pixel electrode
1915 overlaps a vertical portion of the first reference voltage
line 1314 and a portion of the second reference voltage line
1315 to form a third storage capacitor Cst3 and a fourth
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storage capacitor Cstd and increase a voltage storage ability
of the second liquid crystal capacitor Clcb.

[0119] The first sub-pixel electrode 191a overlaps at least
a portion of two first vertical portions 133al of the first
reference voltage line 131a. The two first vertical portions
133al of the first reference voltage line 131a respectively
overlap a left side and a right side of the first sub-pixel
electrode 191a. The two first vertical portions 133¢1 of the
first reference voltage line 131e¢ may have substantially
equal lengths and substantially equal widths. The two first
vertical portions 133al of the first reference voltage line
131a are connected to each other by a first horizontal portion
13241 of the first reference voltage line 131a. The first
horizontal portion 132al of the first reference voltage line
131a overlaps the first sub-pixel electrode 191a.

[0120] The first sub-pixel electrode 191a overlaps at least
a portion of two second vertical portions 133561 of the
second reference voltage line 1315. The two second vertical
portions 13351 of the second reference voltage line 1315
respectively overlap the left side and the right side of the first
sub-pixel electrode 191a. The two second vertical portions
13351 of the second reference voltage line 1315 may have
substantially equal lengths and substantially equal widths.
The two second vertical portions 13361 of the second
reference voltage line 1315 are connected to each other by
a second horizontal portion 13251 of the second reference
voltage line 1315.

[0121] The first vertical portion 13341 of the first refer-
ence voltage line 131a and the second vertical portion 13351
of the second reference voltage line 1315 are spaced apart
from each other. The overlapping area of the first sub-pixel
electrode 191a and the first vertical portion 133a1 of the first
reference voltage line 131a is substantially equal to the
overlapping area of the first sub-pixel electrode 191« and the
second vertical portion 13351 of the second reference volt-
age line 1315.

[0122] The second sub-pixel electrode 1915 overlaps at
least a portion of two third vertical portions 13342 of the first
reference voltage line 131a. The two third vertical portions
13342 of the first reference voltage line 1314 respectively
overlap the left side and the right side of the second
sub-pixel electrode 1915. The two third vertical portions
133a2 of the first reference voltage line 131¢ may have
substantially equal lengths and substantially equal widths.
The two third vertical portions 13342 of the first reference
voltage line 131a are connected to each other by a third
horizontal portion 132a2 of the first reference voltage line
131a. The third horizontal portion 13242 of the first refer-
ence voltage line 131a overlaps the second sub-pixel elec-
trode 1915.

[0123] The second sub-pixel electrode 1915 overlaps at
least a portion of two fourth vertical portions 133562 of the
second reference voltage line 1315. The two fourth vertical
portions 133562 of the second reference voltage line 1315
respectively overlap the left side and the right side of the
second sub-pixel electrode 1915. The two fourth vertical
portions 133562 of the second reference voltage line 1315
may have substantially equal lengths and substantially equal
widths. The two fourth vertical portions 13352 of the second
reference voltage line 1315 are connected to each other by
a fourth horizontal portion 13252 of the second reference
voltage line 1315.

[0124] The third vertical portion 13342 of the first refer-
ence voltage line 131qa and the fourth vertical portion 13352
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of the second reference voltage line 1315 are spaced apart
from each other. The overlapping area of the second sub-
pixel electrode 1915 and the third vertical portion 13342 of
the first reference voltage line 1314 is substantially equal to
the overlapping area of the second sub-pixel electrode 1915
and the fourth vertical portion 13352 of the second reference
voltage line 1315.

[0125] Two vertical portions of the first reference voltage
line 131a are respectively disposed at the left side and the
right side of the first sub-pixel electrode 191qa, and two
vertical portions of the second reference voltage line 1315
are respectively disposed at the left side and the right side of
the first sub-pixel electrode 191a. Accordingly, even if
misalignment occurs at the left side or the right side of the
first sub-pixel electrode 191a, the overlapping areas of the
first sub-pixel electrode 191a and the first vertical portions
13341 of the first reference voltage line 131a¢ may be
substantially constant, and the overlapping areas of the first
sub-pixel electrode 191a and the second vertical portions
13351 of the second reference voltage line 1315 may be
substantially constant.

[0126] Therefore, a potential substantial change in voltage
of the first sub-pixel electrode 191a caused by a substantial
change in overlapping area of the first sub-pixel electrode
191a and either of the first reference voltage line 131a and
the second reference voltage line 1315 may be prevented.
[0127] Analogously, two vertical portions of the first ref-
erence voltage line 131a are respectively disposed at the left
side and the right side of the second sub-pixel electrode
1915, and two vertical portions of the second reference
voltage line 1315 are respectively disposed at the left side
and the right side of the second sub-pixel electrode 1914.
Accordingly, even if misalignment occurs at the left side or
the right side of the second sub-pixel electrode 1915, the
overlapping areas of the second sub-pixel electrode 1915
and the third vertical portions 133a2 of the first reference
voltage line 1314 may be substantially constant, and the
overlapping areas of the second sub-pixel electrode 1915
and the fourth vertical portions 13342 of the second refer-
ence voltage line 13156 may be substantially constant.
[0128] Therefore, a potential change in voltage of the
second sub-pixel electrode 1915 caused by a change in
overlapping area of the second sub-pixel electrode 1915 and
either of the first reference voltage line 131a and the second
reference voltage line 1316 may be prevented.

[0129] In the liquid crystal display, since portions of the
first reference voltage line 131a and portions of the second
reference voltage line 1315 are disposed at the left side and
the right side of each of the sub-pixel electrodes 191a and
1915, even if misalignment occurs at the left side or the right
side of each of the sub-pixel electrodes 191a and 1915, the
overlapping areas of each of the sub-pixel electrodes 191a
and 1915 and each of the first reference voltage line 131a
and the second reference voltage line 1315 may remain
substantially constant.

[0130] Therefore, a potential substantial change in voltage
of the first sub-pixel electrode 191a caused by a substantial
change in overlapping area of the first sub-pixel electrode
191q and the first reference voltage line 131a and the second
reference voltage line 1315 may be prevented.

[0131] In one or more embodiments, the first horizontal
portion 1324l of the first reference voltage line 131a is
disposed at (and overlaps) a substantially central portion of
the first sub-pixel electrode 191¢ and extends in a pixel row
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direction, and the two second horizontal portions 132561 of
the second reference voltage line 1315 are respectively
disposed to at (and respectively partially overlap) upper side
and lower side edges of the first sub-pixel electrode 191a
and extend in the pixel row direction. Herein the terms
“horizontal”, “vertical”, “upper” and “lower” are provided
in view of a standing position of the liquid crystal display.
Accordingly, even if misalignment occurs at the upper side
and the lower side of the first sub-pixel electrode 191a, the
overlapping area of the first sub-pixel electrode 1914 and the
first horizontal portion 132a1 of the first reference voltage
line 131a may remain substantially constant, and the over-
lapping area of the first sub-pixel electrode 191a and the
second horizontal portion 13261 of the second reference
voltage line 1335 may remain substantially constant. In one
or more embodiments, even if misalignment occurs at the
upper side and the lower side of the first sub-pixel electrode
191a, the overlapping area of the first sub-pixel electrode
191a and the first horizontal portion 132al of the first
reference voltage line 131a may be substantially equal to the
overlapping area of the first sub-pixel electrode 191a and the
second horizontal portions 132561 of the second reference
voltage line 1334.

[0132] Analogously, the two third horizontal portions
13242 of the first reference voltage line 131a are respec-
tively disposed at (and respectively partially overlap) the
upper side edge and the lower side edge of the second
sub-pixel electrode 1915 and extend in the pixel row direc-
tion, and the fourth horizontal portion 13252 of the second
reference voltage line 1315 is disposed at a substantially
central portion of the second sub-pixel electrode 1915 and
extends in the pixel row direction. Accordingly, even if
misalignment occurs at the upper side and the lower side of
the second sub-pixel electrode 1915, the overlapping area of
the second sub-pixel electrode 1915 and the third horizontal
portions 13242 of the first reference voltage line 131a may
remain substantially constant, and the overlapping area of
the second sub-pixel electrode 1915 and the fourth horizon-
tal portion 13252 of the second reference voltage line 1335
may remain substantially constant. In one or more embodi-
ments, even if misalignment occurs at the upper side and the
lower side of the second sub-pixel electrode 1915, the
overlapping area of the second sub-pixel electrode 1915 and
the third horizontal portion 13202 of the first reference
voltage line 131a may be substantially equal to the over-
lapping area of the second sub-pixel electrode 1915 and the
fourth horizontal portion 132562 of the second reference
voltage line 1334.

[0133] FIG. 4 is a top plan view illustrating a basic
electrode 191, or basic region of a field generating electrode,
of the liquid crystal display according to one or more
embodiments of the present invention.

[0134] Referring to FIG. 4, an outer shape of the basic
electrode 191 may be substantially quadrangle, and the basic
electrode 191 may include a cross-shaped stem portion that
includes a horizontal stem portion 193 and a vertical stem
portion 192. The basic electrode 191 may include a first
sub-region Da, a second sub-region Db, a third sub-region
Dc, and a fourth sub-region Dd, defined by the horizontal
stem portion 193 and the vertical stem portion 192. The
sub-regions Da-Dd respectively include fine branched por-
tions 194a, 19456, 194¢, and 1944.

[0135] The first fine branched portion 194a extends
obliquely in an upper left direction from the horizontal stem
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portion 193 or the vertical stem portion 192. The second fine
branched portion 1946 extends obliquely in an upper right
direction from the horizontal stem portion 193 or the vertical
stem portion 192. The third fine branched portion 194¢
extends obliquely in a lower left direction from the hori-
zontal stem portion 193 or the vertical stem portion 192. The
fourth fine branched portion 194d extends obliquely in a
lower right direction from the horizontal stem portion 193 or
the vertical stem portion 192.

[0136] Each of the fine branched portions 194a, 1945,
194c, and 1944 may form an angle of approximately 45° or
135° with the gate line 121 or the horizontal stem portion
193. Two fine branch portions of two of sub-regions Da, Db,
Dc, and Dd aligned in a row direction or column direction
may be orthogonal to each other.

[0137] If an electric field is applied to the liquid crystal
layer 3, sides of the fine branched portions 1944, 1945, 194c¢,
and 1944 may form fringe fields. As a result, liquid crystal
molecules 31 may be oriented in directions parallel to length
directions of the fine branched portions 194a, 1945, 194c,
and 1944.

[0138] Since the basic electrode 191 includes four sub-
regions Da-Dd in which length directions of the fine
branched portions 194a, 1945, 194¢, and 1944 are different
from each other, the liquid crystal molecules 31 may be
oriented and aligned in about four directions. Accordingly,
four domains corresponding to four alignment directions of
the liquid crystal molecules 31 may be formed in the liquid
crystal layer 3. In one or more embodiments, since the
alignment directions of the liquid crystal molecules are
diversified, a satisfactory large standard viewing angle may
be provided.

[0139] FIG. 5 is a layout view illustrating configurations
of voltage applying lines and pixel electrodes of the liquid
crystal display according to one or more embodiments of the
present invention.

[0140] Referring to FIG. 5, a horizontal connection line of
each of the first reference voltage line 131¢ and the second
reference voltage line 1316 disposed in a pixel region is
disposed at the central portion of a first sub-pixel electrode
191q, the central portion of a second sub-pixel electrode
1915, or at least one of the upper side and the lower side of
a first sub-pixel electrode 191a or a second sub-pixel elec-
trode 19154. In one or more embodiments, two first reference
voltage lines 131a or two second reference voltage lines
1315 that overlap (and/or are associated with) some adjacent
pixels are electrically connected to each other through a
connecting member 92, each being connected to the con-
necting member 92 through one of two contact holes 186a
and 1865. The connection of two first reference voltage lines
131a or two second reference voltage lines 1315 associated
with adjacent pixels may substantially minimize or prevent
signal delay.

[0141] As described with reference to FIG. 2, the first
sub-pixel electrode 191a overlaps at least a portion of the
two first vertical portions 133a1 of the first reference voltage
line 1314, and the two first vertical portions 1334l of the
first reference voltage line 131a are respectively disposed at
the left side and the right side of the first sub-pixel electrode
191a. The two first vertical portions 133al of the first
reference voltage line 131¢ may have substantially equal
lengths and substantially equal widths. The two first vertical
portions 13341 of the first reference voltage line 131a are
connected to each other by the first horizontal portion 132al
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of the first reference voltage line 131a. The first horizontal
portion 132al of the first reference voltage line 131a over-
laps (a substantially central portion of) the first sub-pixel
electrode 191a.

[0142] The first sub-pixel electrode 191a overlaps at least
a portion of the two second vertical portions 133561 of the
second reference voltage line 1315, and the two second
vertical portions 133561 of the second reference voltage line
1315 are respectively disposed at the left side and the right
side of the first sub-pixel electrode 191a. The two second
vertical portions 13351 of the second reference voltage line
1315 may have substantially equal lengths and substantially
equal widths. The two second vertical portions 13351 of the
second reference voltage line 1315 are connected to each
other by the second horizontal portion 13251 of the second
reference voltage line 1314, The second horizontal portion
13201 of the second reference voltage line 1315 may
overlap an edge of the first sub-pixel electrode 191a and may
be disposed closer to the second sub-pixel electrode 1915
than both the two second vertical portions 13351 of the
second reference voltage line 1315.

[0143] The second sub-pixel electrode 1915 overlaps at
least a portion of two third vertical portions 13342 of the first
reference voltage line 131a. The two third vertical portions
13342 of the first reference voltage line 131a are respec-
tively disposed at the left side and the right side of the
second sub-pixel electrode 1915, The two third vertical
portions 13342 of the first reference voltage line 131a may
have substantially equal lengths and substantially equal
widths. The two third vertical portions 13342 of the first
reference voltage line 131a are connected to each other by
the third horizontal portion 13242 of the first reference
voltage line 131a. The third horizontal portion 13242 of the
first reference voltage line 131a overlaps (an edge of) the
second sub-pixel electrode 1914. The third horizontal por-
tion 13242 of the first reference voltage line 131a may be
disposed closer to the first sub-pixel electrode 191a than
both the two third vertical portions 133a2 of the first
reference voltage line 131a.

[0144] The second sub-pixel electrode 1915 overlaps at
least a portion of two fourth vertical portions 13342 of the
second reference voltage line 1315. The two fourth vertical
portions 133562 of the second reference voltage line 1315 are
respectively disposed at the left side and the right side of the
second sub-pixel electrode 1915. The two fourth vertical
portions 13352 of the second reference voltage line 1315
may have substantially equal lengths and substantially equal
widths. The two fourth vertical portions 13362 of the second
reference voltage line 1314 are connected to each other by
the fourth horizontal portion 13262 of the second reference
voltage line 1315. The fourth horizontal portion 13252 of the
second reference voltage line 1315 may overlap a substan-
tially central portion of the second sub-pixel electrode 1915.
[0145] Two vertical portions of the first reference voltage
line 131a are respectively disposed at the left side and the
right side of the first sub-pixel electrode 191a, and two
vertical portions of the second reference voltage line 1315
are respectively disposed at the left side and the right side of
the first sub-pixel electrode 191a. Accordingly, even if
misalignment occurs at the left side or the right side of the
first sub-pixel electrode 191a, the overlapping areas of the
first sub-pixel electrode 191a and the first vertical portions
13341 of the first reference voltage line 131a may be
substantially constant, and the overlapping areas of the first
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sub-pixel electrode 191a and the second vertical portion
13351 of the second reference voltage line 1315 may be
substantially constant.

[0146] Therefore, the voltage of the first sub-pixel elec-
trode 191a may not affected by a substantial change in
overlapping area of the first sub-pixel electrode 191a and
either of the first reference voltage line 1314 and the second
reference voltage line 1315 and may remain substantially
constant.

[0147] Analogously, two vertical portions of the first ref-
erence voltage line 131a are respectively disposed at the left
side and the right side of the second sub-pixel electrode
1915, and two vertical portions of the second reference
voltage line 1315 are respectively disposed at the left side
and the right side of the second sub-pixel electrode 1914.
Accordingly, even if misalignment occurs at the left side or
the right side of the second sub-pixel electrode 1915, the
overlapping areas of the second sub-pixel electrode 1915
and the third vertical portions 13342 of the first reference
voltage line 131a may be substantially constant, and the
overlapping areas of the second sub-pixel electrode 1915
and the fourth vertical portions 13362 of the second refer-
ence voltage line 1315 may be substantially constant.
[0148] Therefore, the voltage of the second sub-pixel
electrode 1915 may not be affected by a substantial change
in overlapping area of the second sub-pixel electrode 1915
and either of the first reference voltage line 131a and the
second reference voltage line 1315 and may remain sub-
stantially constant.

[0149] If the two reference voltage lines are arranged
according to an opposite-side configuration wherein the first
reference voltage line 131a is disposed at only one of the left
side and the right side of the first sub-pixel electrode 191a
and wherein the second reference voltage line 1315 is
disposed at the other one of the left side and the right side
of the first sub-pixel electrode 191a, in the case where
misalignment occurs at the left side of the first sub-pixel
electrode 191aq, the overlapping area of the first sub-pixel
electrode 191a with the first reference voltage line 131¢ or
the second reference voltage line 1315 disposed at the left
side of the first sub-pixel electrode 191a may become wide,
and the overlapping area of the first sub-pixel electrode 191a
with the reference voltage line disposed at the right side of
the first sub-pixel electrode 191a may become narrow.
According to the aforementioned opposite-side configura-
tion, in the case where misalignment occurs at the right side
of the first sub-pixel electrode 1914, the overlapping area of
the first sub-pixel electrode 191a with the first reference
voltage line 131a or the second reference voltage line 1315
disposed at the right side of the first sub-pixel electrode 191a
may become wide, and the overlapping area of the first
sub-pixel electrode 191a with the reference voltage line
disposed at the left side of the first sub-pixel electrode 1914
may become narrow. As a result, the voltage of the first
sub-pixel electrode 191a may be substantially changed
according to a difference between overlapping areas of the
first sub-pixel electrode 191a with the first reference voltage
line 131a and the second reference voltage line 1314 to
which the first voltage and the second voltage having
different polarities and/or different values are applied. The
case where the first reference voltage line 131a is disposed
at only one of the left side and the right side of the second
sub-pixel electrode 1915 and where the second reference
voltage line 1315 is disposed at the other one of the left side
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and the right side of the second sub-pixel electrode 1915
may produce an analogous result.

[0150] According to one or more embodiments of the
present invention, since portions of the first reference volt-
age line 131a and portions of the second reference voltage
line 1315 are disposed at both the left side and the right side
of each of the sub-pixel electrodes 191a and 1915, even if
misalignment occurs at the left side or the right side of either
of the sub-pixel electrodes 191a and 1915, the overlapping
areas of each of the sub-pixel electrodes 191a and 1915 and
each of the first reference voltage line 131a and the second
reference voltage line 1315 may remain substantially con-
stant.

[0151] Therefore, a substantial change in voltage of either
of the sub-pixel electrode 191a and 1915 caused by a
substantial change in overlapping area of the sub-pixel
electrode and either of the first reference voltage line 131a
and the second reference voltage line 1315 may be pre-
vented.

[0152] In one or more embodiments, the first horizontal
portion 1324l of the first reference voltage line 131a is
disposed at (and overlaps) a substantially central portion of
the first sub-pixel electrode 191a, and the two second
horizontal portions 13251 of the second reference voltage
line 1315 are respectively disposed tat (and respectively
partially overlap) upper side and lower side edges of the first
sub-pixel electrode 191a¢. Herein the terms “horizontal”,
“vertical”, “upper” and “lower” are provided in view of a
standing position of the liquid crystal display. Accordingly,
even if misalignment occurs at the upper side and the lower
side of the first sub-pixel electrode 1914, the overlapping
area of the first sub-pixel electrode 191a and the first
horizontal portion 13241 of the first reference voltage line
131a may remain substantially constant, and the overlapping
area of the first sub-pixel electrode 191a and the second
horizontal portion 13241 of the second reference voltage
line 1335 remain substantially constant.

[0153] Analogously, the two third horizontal portions
13242 of the first reference voltage line 131a are disposed at
(and respectively partially overlap) the upper side edge and
the lower side edge of the second sub-pixel electrode 1915,
and the fourth horizontal portion 132562 of the second
reference voltage line 1315 is disposed at a substantially
central portion of the second sub-pixel electrode 1914.
Accordingly, even if misalignment occurs at the upper side
and the lower side of the second sub-pixel electrode 1915,
the overlapping area of the second sub-pixel electrode 1915
and the third horizontal portion 13242 of the first reference
voltage line 131a may remain substantially constant, and the
overlapping area of the second sub-pixel electrode 1915 and
the fourth horizontal portion 13262 of the second reference
voltage line 1335 remain substantially constant.

[0154] FIG. 6 is a waveform diagram for illustrating
reference voltage values and a voltage of a pixel region
according to one or more embodiments of the present
invention.

[0155] As described with reference to at least FIGS. 2 and
5, each of the sub-pixel electrodes 191a and 1915 overlaps
the first reference voltage line 1314 and the second reference
voltage line 1315, to which the first reference voltage and
the second reference voltage having different polarities are
applied, to form a storage capacitor.

[0156] In one or more embodiments, two vertical portions
of the first reference voltage line 131a are respectively
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disposed at the left side and the right side of the first
sub-pixel electrode 191a, and two vertical portions of the
second reference voltage line 1315 are respectively disposed
at the left side and the right side of the first sub-pixel
electrode 191a. Accordingly, even if misalignment occurs at
the left side or the right side of the first sub-pixel electrode
191q, the overlapping areas of the first sub-pixel electrode
191qa and the first vertical portions 1334l of the first refer-
ence voltage line 131a may be substantially constant, and
the overlapping areas of the first sub-pixel electrode 191a
and the second vertical portions 13351 of the second refer-
ence voltage line 1315 may be substantially constant.

[0157] Therefore, a substantial change in voltage of the
first sub-pixel electrode 191a caused by a substantial change
in overlapping area of the first sub-pixel electrode 191a and
either of the first reference voltage line 131a and the second
reference voltage line 1316 may be prevented.

[0158] Analogously, two vertical portions of the first ref-
erence voltage line 131a are respectively disposed at the left
side and the right side of the second sub-pixel electrode
1915, and two vertical portions of the second reference
voltage line 1315 are respectively disposed at the left side
and the right side of the second sub-pixel electrode 1915.
Accordingly, even if misalignment occurs at the left side or
the right side of the second sub-pixel electrode 1915, the
overlapping areas of the second sub-pixel electrode 1915
and the third vertical portions 13342 of the first reference
voltage line 131a may be substantially constant, and the
overlapping areas of the second sub-pixel electrode 1915
and the fourth vertical portions 13362 of the second refer-
ence voltage line 1315 may be substantially constant.

[0159] Therefore, a substantial change in voltage of the
second sub-pixel electrode 1915 caused by a substantial
change in overlapping area of the second sub-pixel electrode
1915 and either of the first reference voltage line 131a and
the second reference voltage line 1315 may be prevented.

[0160] Referring to FIG. 6, a first reference voltage Vel
applied to the first reference voltage line 131a has a value of
about 15 V during a first frame, a value of about 0 V during
a second frame, and a value of about 15 V during a third
frame. A second reference voltage Vc2 applied to the second
reference voltage line 1315 has a value of about 0 V during
the first frame, a value of about 15 V during the second
frame, and a value of about 0 V during the third frame.

[0161] In one or more embodiments, the polarities and/or
values of the first reference voltage Vel and the second
reference voltage Vc2 may be changed from frame to frame.
In each frame, the polarity and/or value of the first reference
voltage Vcl may be different from the polarity and/or value
of the second reference voltage V2.

[0162] The sub-pixel electrodes 191a and 1915 may over-
lap the first reference voltage line 131a¢ and the second
reference voltage line 1315 according to the configurations
discussed with reference to at least FIGS. 2 and 5. Even if
misalignment occurs in either of the sub-pixel electrodes
191a and 1915, since the area of the overlapping areas of
each of the sub-pixel electrodes 191a and 1915 and each the
first reference voltage line 131a and the second reference
voltage line 1315 may be substantially constant, the mag-
nitude of a voltage Vp charged in each of the sub-pixel
electrodes 191a¢ and 1915 may remain substantially con-
stant, and the corresponding storage capacitance may remain
substantially constant.
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[0163] In one or more embodiments, the liquid crystal
display may adjust the voltage of the first sub-pixel electrode
to be higher than the data voltage by boosting the charged
voltage according to the reference voltage applied through a
reference voltage line. Accordingly, a change in gray in a
low gray region may be gently adjusted, and thus it is
possible to express a precise gray in the low gray region,
provide high luminance, and improve visibility by setting
lateral surface visibility to approximate front surface vis-
ibility.

[0164] FIG. 7 is a layout view (or plan view) illustrating
a liquid crystal display according to one or more embodi-
ments of the present invention.

[0165] The liquid crystal display described with reference
to FIG. 7 may include elements that are analogous to or
identical to elements of the liquid crystal display described
with reference to FIGS. 2 and 3. Detailed description
regarding some of the analogous or identical elements may
be omitted.

[0166] Referring to FIG. 7, in the liquid crystal display, a
first reference voltage line 131¢ includes a first horizontal
portion 13241 that is parallel to (and partially overlaps) a
lower side edge of a first sub-pixel electrode 191a, two first
vertical portions 133a1 respectively extending from the first
horizontal portion 132a1 along (and respectively partially
overlapping) left side and right side edges of the first
sub-pixel electrode 191q, a third horizontal portion 132a2
that is parallel to (and partially overlaps) an upper side edge
of a second sub-pixel electrode 1915, and two third vertical
portions 13342 respectively extending from the third hori-
zontal portion 13242 along (and respectively partially over-
lapping) left side and right side edges of the second sub-
pixel electrode 1914 Herein the terms “horizontal”,
“vertical”, “upper” and “lower” are provided in view of a
standing position of the liquid crystal display.

[0167] The first horizontal portion 13241 that is parallel to
the lower side edge of the first sub-pixel electrode 191a and
the third horizontal portion 13242 that is parallel to the upper
side edge of the second sub-pixel electrode 1915 may be
each connected to a first reference voltage line 131a asso-
ciated with an adjacent pixel to receive the first reference
voltage.

[0168] Analogously, the second reference voltage line
1315 includes a second horizontal portion 132561 that is
parallel to (and partially overlaps) the upper side edge of the
first sub-pixel electrode 191a, two second vertical portions
13351 respectively extending from the second horizontal
portion 13251 along (and respectively partially overlapping)
the left side and right side edges of the first sub-pixel
electrode 191a, a fourth horizontal portion 132562 that is
parallel to (and partially overlaps) the lower side edge of the
second sub-pixel electrode 1915, and two fourth vertical
portions 13352 respectively extending from the fourth hori-
zontal portion 13262 along (and respectively partially over-
lapping) the left side and right side edges of the second
sub-pixel electrode 1915.

[0169] The second horizontal portion 13251 that is parallel
to the upper side edge of the first sub-pixel electrode 191a
and the fourth horizontal portion 13352 that is parallel to the
lower side edge of the second sub-pixel electrode 1915 may
be each connected to a second reference voltage line 1315
associated with an adjacent pixel to receive the second
voltage.
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[0170] The first sub-pixel electrode 191a overlaps at least
a portion of the two first vertical portions 133al of the first
reference voltage line 1314, and the two first vertical por-
tions 1334l of the first reference voltage line 1314 are
respectively disposed at the left side and the right side of the
first sub-pixel electrode 191a. The two first vertical portions
133al of the first reference voltage line 131¢ may have
substantially equal lengths and substantially equal widths.

[0171] The first sub-pixel electrode 191a overlaps at least
a portion of the two second vertical portions 13361 of the
second reference voltage line 1315, and the two second
vertical portions 13351 of the second reference voltage line
1315 are respectively disposed at the left side and the right
side of the first sub-pixel electrode 191a. The two second
vertical portions 13351 of the second reference voltage line
1315 may have substantially equal lengths and substantially
equal widths.

[0172] The second sub-pixel electrode 1915 overlaps at
least a portion of the two third vertical portions 13342 of the
first reference voltage line 131a. The two third vertical
portions 13342 of the first reference voltage line 131a are
respectively disposed at the left side and the right side of the
first sub-pixel electrode 191a. The two third vertical por-
tions 13342 of the first reference voltage line 131a may have
substantially equal lengths and substantially equal widths.

[0173] The second sub-pixel electrode 1915 overlaps at
least a portion of the two fourth vertical portions 13362 of
the second reference voltage line 1315. The two fourth
vertical portions 13362 of the second reference voltage line
1315 are respectively disposed at the left side and the right
side of the first sub-pixel electrode 191a. The two fourth
vertical portions 13352 of the second reference voltage line
1315 may have substantially equal lengths and substantially
equal widths.

[0174] Two vertical portions of the first reference voltage
line 131a are respectively disposed at the left side and the
right side of the first sub-pixel electrode 191a, and two
vertical portions of the second reference voltage line 1315
are respectively disposed at the left side and the right side of
the first sub-pixel electrode 191a. Accordingly, even if
misalignment occurs at the left side or the right side of the
first sub-pixel electrode 191a, the overlapping area of the
first sub-pixel electrode 191a and the first vertical portions
13341 of the first reference voltage line 131a may be
substantially constant, and the overlapping area of the first
sub-pixel electrode 1914 and the second vertical portions
13351 of the second reference voltage line 1316 may be
substantially constant.

[0175] Therefore, a potential substantial change in voltage
of the first sub-pixel electrode 191a caused by a substantial
change in overlapping area of the first sub-pixel electrode
191qa and either of the first reference voltage line 131a and
the second reference voltage line 1315 may be prevented.

[0176] Analogously, two vertical portions of the first ref-
erence voltage line 131a are respectively disposed at the left
side and the right side of the second sub-pixel electrode
1915, and two vertical portions of the second reference
voltage line 1315 are respectively disposed at the left side
and the right side of the second sub-pixel electrode 1915.
Accordingly, even if misalignment occurs at the left side or
the right side of the second sub-pixel electrode 1915, the
overlapping area of the second sub-pixel electrode 1915 and
the third vertical portion 13251 of the first reference voltage
line 131a may be substantially constant, and the overlapping
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area of the second sub-pixel electrode 1914 and the fourth
vertical portion 13362 of the second reference voltage line
1315 may be substantially constant.

[0177] Therefore, a potential substantial change in voltage
of the second sub-pixel electrode 1915 caused by a substan-
tial change in overlapping area of the second sub-pixel
electrode 1915 and either of the first reference voltage line
131a and the second reference voltage line 1315 may be
prevented.

[0178] According to one or more embodiments of the
present invention, since portions of the first reference volt-
age line 131a and portions of the second reference voltage
line 131b are disposed at the left side and the right side of
each of the sub-pixel electrodes 191a and 1915, even if
misalignment occurs at the left side or the right side of each
of the sub-pixel electrodes 191a and 1915, the overlapping
areas of each of the sub-pixel electrodes 191a and 1915 and
each of the first reference voltage line 131a and the second
reference voltage line 1315 may remain substantially con-
stant.

[0179] Therefore, a potential substantial change in voltage
of the first sub-pixel electrode 191a caused by a substantial
change in overlapping area of the first sub-pixel electrode
191a and the first reference voltage line 131a and the second
reference voltage line 1315 may be prevented.

[0180] One or more features and advantages of the liquid
crystal display described with reference to FIGS. 1 to 6 can
be applied to the liquid crystal display described with
reference to FIG. 7.

[0181] FIG. 8 is a layout view (or plan view) illustrating
a liquid crystal display according to one or more embodi-
ments of the present invention.

[0182] The liquid crystal display illustrated in FIG. 8 may
include elements that are analogous to or identical to ele-
ments of the liquid crystal display described with reference
to one or more of FIGS. 2 and 7. Detailed description
regarding some of the analogous or identical elements may
be omitted.

[0183] Referring to FIG. 8, in the liquid crystal display, a
first reference voltage line 131¢ includes a first horizontal
portion 1324l that is parallel to (and partially overlaps) a
lower side edge of a first sub-pixel electrode 191a, two first
vertical portions 133a1 respectively extending from the first
horizontal portion 132al along (and respectively partially
overlapping) left side and right side edges of the first
sub-pixel electrode 191q, a third horizontal portion 13242
that is parallel to (and partially overlaps) an upper side edge
of a second sub-pixel electrode 1915, and two third vertical
portions 13342 respectively extending from the third hori-
zontal portion 13242 along (and respectively partially over-
lapping) left side and right side edges of the second sub-
pixel electrode 1915 Herein the terms “horizontal”,
“vertical”, “upper” and “lower” are provided in view of a
standing position of the liquid crystal display.

[0184] The first horizontal portion 13241 that is parallel to
the lower side edge of the first sub-pixel electrode 191 may
be connected to a first reference voltage line 131a associated
with a pixel disposed at the right side of the first sub-pixel
electrode 1914, and the third horizontal portion 13242 that
is parallel to the upper side edge of the second sub-pixel
electrode 1915 may be connected to the first reference
voltage line 131a associated with the pixel disposed at the
right side of the second sub-pixel electrode 1915 to receive
a first voltage.
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[0185] Analogously, the second reference voltage line
1315 includes a second horizontal portion 132561 that is
parallel to (and partially overlaps) the upper side edge of the
first sub-pixel electrode 191a, two second vertical portions
13351 respectively extending from the second horizontal
portion 13251 along (and respectively partially overlapping)
the left side and right side edges of the first sub-pixel
electrode 191a, a fourth horizontal portion 132562 that is
parallel to (and partially overlaps) the lower side edge of the
second sub-pixel electrode 1915, and two fourth vertical
portions 13352 respectively extending from the fourth hori-
zontal portion 13262 along (and respectively partially over-
lapping) the left side and right side edges of the second
sub-pixel electrode 1915.

[0186] The second horizontal portion 13251 that is parallel
to the upper side edge of the first sub-pixel electrode 191a
may be connected to a second reference voltage line 1315
associated with a pixel disposed at the left side of the first
sub-pixel electrode 1914, and the fourth horizontal portion
13352 that is parallel to the lower side edge of the second
sub-pixel electrode 1915 may be connected to the second
reference voltage line 1315 associated with the pixel dis-
posed at the left side of the second sub-pixel electrode 1915
to receive a second voltage.

[0187] The first sub-pixel electrode 191a overlaps at least
a portion of the two first vertical portions 133a1 of the first
reference voltage line 1314, and the two first vertical por-
tions 1334l of the first reference voltage line 131a are
respectively disposed at the left side and the right side of the
first sub-pixel electrode 191a. The two first vertical portions
133al of the first reference voltage line 131¢ may have
substantially equal lengths and substantially equal widths.
[0188] The first sub-pixel electrode 191a overlaps at least
a portion of the two second vertical portions 13351 of the
second reference voltage line 1315, and the two second
vertical portions 13351 of the second reference voltage line
1315 are respectively disposed at the left side and the right
side of the first sub-pixel electrode 191a. The two second
vertical portions 13351 of the second reference voltage line
1315 may have substantially equal lengths and substantially
equal widths.

[0189] The second sub-pixel electrode 1915 overlaps at
least a portion of the two third vertical portions 13342 of the
first reference voltage line 131a. The two third vertical
portions 13342 of the first reference voltage line 131a are
respectively disposed at the left side and the right side of the
first sub-pixel electrode 191a. The two third vertical por-
tions 13342 of the first reference voltage line 131 may have
substantially equal lengths and substantially equal widths.
[0190] The second sub-pixel electrode 1915 overlaps at
least a portion of the two fourth vertical portions 13342 of
the second reference voltage line 1315. The two fourth
vertical portions 13362 of the second reference voltage line
1315 are respectively disposed at the left side and the right
side of the first sub-pixel electrode 191a. The two fourth
vertical portions 13352 of the second reference voltage line
1315 may have substantially equal lengths and substantially
equal widths.

[0191] Two vertical portions of the first reference voltage
line 131a are respectively disposed at the left side and the
right side of the first sub-pixel electrode 1914, and two
vertical portions of the second reference voltage line 1315
are respectively disposed at the left side and the right side of
the first sub-pixel electrode 191a. Accordingly, even if
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misalignment occurs at the left side or the right side of the
first sub-pixel electrode 191a, the overlapping area of the
first sub-pixel electrode 191a and the first vertical portion
13341 of the first reference voltage line 131a may be
substantially constant, and the overlapping area of the first
sub-pixel electrode 191¢ and the second vertical portion
13351 of the second reference voltage line 1315 may be
substantially constant.

[0192] Therefore, a potential substantial change in voltage
of the first sub-pixel electrode 191a caused by a substantial
change in overlapping area of the first sub-pixel electrode
191¢a and either of the first reference voltage line 131a and
the second reference voltage line 1315 may be prevented.

[0193] Analogously, two vertical portions of the first ref-
erence voltage line 131a are respectively disposed at the left
side and the right side of the second sub-pixel electrode
1915, and two vertical portions of the second reference
voltage line 1315 are respectively disposed at the left side
and the right side of the second sub-pixel electrode 1915.
Accordingly, even if misalignment occurs at the left side or
the right side of the second sub-pixel electrode 1915, the
overlapping area of the second sub-pixel electrode 1915 and
the third vertical portion 13251 of the first reference voltage
line 131a may be substantially constant, and the overlapping
area of the second sub-pixel electrode 1915 and the fourth
vertical portion 13362 of the second reference voltage line
1315 may be substantially constant.

[0194] Therefore, a potential substantial change in voltage
of the second sub-pixel electrode 1915 caused by a substan-
tial change in overlapping area of the second sub-pixel
electrode 1915 and either of the first reference voltage line
131a and the second reference voltage line 1315 may be
prevented.

[0195] According to one or more embodiments of the
present invention, since portions of the first reference volt-
age line 131a and portions of the second reference voltage
line 1315 are disposed at the left side and the right side of
each of the sub-pixel electrodes 191a and 1915, even if
misalignment occurs at the left side or the right side of each
of the sub-pixel electrodes 191a and 1915, the overlapping
areas of each of the sub-pixel electrodes 191a and 1915 and
each of the first reference voltage line 131a and the second
reference voltage line 1315 may remain substantially con-
stant.

[0196] Therefore, a potential substantial change in voltage
of the first sub-pixel electrode 191a caused by a substantial
change in overlapping area of the first sub-pixel electrode
1914 and the first reference voltage line 1314 and the second
reference voltage line 1315 may be prevented.

[0197] One or more features and advantages of the liquid
crystal display(s) described with reference to FIGS. 1 to 6
and FIG. 7 can be applied to the liquid crystal display
described with reference to FIG. 8.

[0198] FIG. 9 is a layout view (or plan view) illustrating
a configuration of voltage applying lines and pixel elec-
trodes of a liquid crystal display (e.g., the liquid crystal
display discussed with reference to FIG. 7 or FIG. §)
according to one or more embodiments of the present
invention. FIG. 10 is a layout view (or plan view) illustrating
a configuration of voltage applying lines and pixel elec-
trodes of a liquid crystal display (e.g., the liquid crystal
display discussed with reference to FIG. 7 or FIG. 8)
according to one or more embodiments of the present
invention.
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[0199] Referring to FIGS. 9 and 10, the first reference
voltage lines 131a overlapping the pixel electrodes 191
disposed in two pixel columns (e.g., pixel electrodes of two
of pixels PX1, PX2, PX3, PXd4, PX5, PX6, PX7, and PX8
disposed in two immediately neighboring pixel columns) are
connected to each other. A horizontal portion (e.g., 132a1) of
a first reference voltage line 131a that overlaps the first
sub-pixel electrode 191a of a pixel electrode 191 may be
connected to a horizontal portion (e.g., 132a2) of the first
reference voltage line 1314 that overlaps the second sub-
pixel electrode 1915 of the pixel electrode 191 through a
second connecting member 93. The second connecting
member 93 may be connected to the two horizontal portions
of the first reference voltage line 131a through two second
contact holes 1874 and 1875, respectively. Additionally or
alternatively, the second reference voltage lines 1315 over-
lapping the pixel electrodes 191 disposed in two pixel
columns (e.g., pixel electrodes of two of pixels PX1 to PX8
disposed in two immediately neighboring pixel columns) are
connected to each other. A horizontal portion (e.g., 13251) of
a second reference voltage line 1315 that overlaps the first
sub-pixel electrode 191a of a pixel electrode 191 may be
connected to a horizontal portion (e.g., 13252) of the second
reference voltage line 1315 that overlaps the second sub-
pixel electrode 1915 of the pixel electrode 191 through a
third connecting member 94. The third connecting member
94 may be connected to the two horizontal portions of the
second reference voltage line 1315 through two third contact
holes 188a and 1885, respectively.

[0200] One pair of second contact holes 187a and 187H
and one second connecting member 93 may be used for
connecting portions of a first reference voltage lines 131a
that overlap two immediately neighboring pixel electrodes
that are disposed in two immediately adjacent pixel col-
umns. One pair of third contact holes 1884 and 1885 and one
third connecting member 94 may be used for connecting
portions of a second reference voltage lines 1315 that
overlap two immediately neighboring pixel electrodes that
are disposed in two immediately adjacent pixel columns.

[0201] FIG. 11 is a layout view (or plan view) illustrating
a liquid crystal display according to one or more embodi-
ments of the present invention.

[0202] The liquid crystal display illustrated in FIG. 11
may include elements that are analogous to or identical to
elements of the liquid crystal display discussed with refer-
ence one or more of FIGS. 2, 7, and 8. Detailed description
regarding some of the analogous or identical elements may
be omitted.

[0203] Referring to FIG. 11, in the liquid crystal display,
a first reference voltage line 131a includes a first portion
131a1 formed to (partially) overlap the left side edge of the
first sub-pixel electrode 191a and to (partially) overlap
substantially a half of each of the upper side and the lower
side of the first sub-pixel electrode 191a; the first reference
voltage line 131¢ may further include a second portion
13142 formed to (partially) overlap the left side edge of the
second sub-pixel electrode 1915 and to (partially) overlap
substantially a half of each of the upper side and the lower
side of the second sub-pixel electrode 1915. The first portion
and the second portion may be connected to each other, the
first portion and the second portion overlapping sub-pixel
electrodes of a same pixel may be connected to each other,
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and the first portion and the second portion overlapping
sub-pixel electrodes of immediately adjacent pixels may be
connected to each other.

[0204] A second reference voltage line 1315 includes a
third portion 131561 formed to (partially) overlap the right
side edge of the first sub-pixel electrode 191a and to
(partially) overlap substantially a half of each of the upper
side and lower side of the first sub-pixel electrode 191a; the
second reference voltage line 1315 may further include a
fourth portion formed to (partially) overlap the right side
edge of the second sub-pixel electrode 1915 and to (par-
tially) overlap substantially a half of each of the upper side
and lower side of the second sub-pixel electrode 1915. The
third portion and the fourth portion may be connected to
each other, and the third portion and the fourth portion
overlapping sub-pixel electrodes of a same pixel may be
connected to each other. As illustrated in FIG. 11, the third
portion 1315 1 and the fourth portion 13152 of the second
reference voltage line 1315 are respectively exposed through
fourth contact holes 1892 and 1894, and the third portion
13151 and the fourth portion 13152 of the second reference
voltage line 1315 exposed through the fourth contact holes
189a and 1896 are connected to each other by a fourth
connecting member 95.

[0205] In one or more embodiments, the liquid crystal
display includes a first auxiliary member 3151 and a second
auxiliary member 3152 respectively connected to the third
portion 13151 and the fourth portion 13152 of the second
reference voltage line 1316 exposed through the fourth
contact holes 189a and 1895.

[0206] The first auxiliary member 31a¢ and the second
auxiliary member 315 are formed of the same layer as the
data line 171, the first auxiliary member 3161 overlaps the
first sub-pixel electrode 191a, and the second auxiliary
member 3152 overlaps the second sub-pixel electrode 1914.
[0207] Each of the first auxiliary member 3151 and the
second auxiliary member 3152 may be disposed to overlap
an edge of a horizontal direction of one of the first sub-pixel
electrode 191a and the second sub-pixel electrode 1915 to
increase or reduce the overlapping area between the first
sub-pixel electrode 191a and the first auxiliary member
3151 and/or the overlapping area between the second sub-
pixel electrode 1915 and the second auxiliary member 3152
when the overlapping area of the second reference voltage
line 1315, the first sub-pixel electrode 1914, and the second
sub-pixel electrode 1915 is reduced or increased according
to misalignment of the first sub-pixel electrode 191a and/or
the second sub-pixel electrode 1915, for preventing a change
in voltage of the first sub-pixel electrode 191a by preventing
a change in overlapping area of the first sub-pixel electrode
191q, a wire to which the first reference voltage is applied,
and a wire to which the second reference voltage is applied.
[0208] In one or more embodiments, the overlapping area
of the first sub-pixel electrode 191a and the first reference
voltage line 131a may be set to be substantially equal to the
overlapping area of the first sub-pixel electrode 191a, the
second reference voltage line 1315, and the first auxiliary
member 3151, for preventing a change in voltage of the first
sub-pixel electrode 191a by preventing a change in over-
lapping area of the first sub-pixel electrode 191a, the wire to
which the first reference voltage is applied, and the wire to
which the second reference voltage is applied. Analogously,
the overlapping area of the second sub-pixel electrode 1915
and the first reference voltage line 131a may be set to be
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substantially equal to the overlapping area of the second
sub-pixel electrode 1915, the second reference voltage line
1315, and the second auxiliary member 3152, for preventing
a change in voltage of the first sub-pixel electrode 191a by
preventing a change in overlapping area of the second
sub-pixel electrode 1915, the wire to which the first refer-
ence voltage is applied, and the wire to which the second
reference voltage is applied.
[0209] One or more features and advantages of one or
more of the liquid crystal displays described with reference
to FIGS. 1 to 6, FIG. 7, and FIG. 8 can be applied to the
liquid crystal display illustrated in FIG. 11.
[0210] Inaliquid crystal display according to one or more
embodiments of the present invention, even if a portion of
the first reference voltage line and the second reference
voltage line is misaligned at the left side and the right side
of each sub-pixel electrode, the overlapping areas of each
sub-pixel electrode and each of the first reference voltage
line and the second reference voltage line may remain
substantially constant. Therefore, there may be no substan-
tial change in voltage of the pixel electrode caused by a
substantial change in overlapping area of the pixel electrode
and either of the first reference voltage line and the second
reference voltage line.
[0211] A liquid crystal display according to one or more
embodiments of the present invention can adjust the voltage
charged to a first sub-pixel electrode to be higher than a data
voltage by applying a reference voltage to the first sub-pixel
electrode. Accordingly, a grayscale in a low gray region can
be suitably adjusted. Advantageously, a suitable grayscale
and luminance in the low gray region may be provided, and
lateral surface visibility may approximate front surface
visibility, such a user of the liquid crystal display may
perceive satisfactory image quality.
[0212] While this invention has been described in connec-
tion with what is presently considered to be practical
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments. The invention is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate;

a first gate line disposed on the first substrate;

a data line disposed on the first substrate;
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a first reference voltage line disposed on the first substrate
and applying a first voltage;

a second reference voltage line disposed on the first
substrate and applying a second voltage;

a first sub-pixel electrode and a second sub-pixel elec-
trode disposed in one pixel region;

a first switching element connected to the first gate line,
the data line, and the first sub-pixel electrode;

a second switching element connected to the first gate
line, the data line, and the second sub-pixel electrode;

a third switching element connected to any one of the first
gate line, the first reference voltage line, and the second
reference voltage line, and the first sub-pixel electrode;
and

a first auxiliary member connected to the second reference
voltage line and overlapping the first sub-pixel elec-
trode,

wherein an overlapping area of the first sub-pixel elec-
trode and the first reference voltage line is almost the
same as the overlapping area of the first sub-pixel
electrode and the second reference voltage line and the
first auxiliary member.

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

ing:

a second auxiliary member connected to the second
reference voltage line and overlapping the second sub-
pixel electrode,

wherein the overlapping area of the second sub-pixel
electrode and the first reference voltage line is almost
the same as the overlapping area of the second sub-
pixel electrode and the second reference voltage line
and the second auxiliary member.

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

a data voltage applied to the data line, and the first voltage
or the second voltage applied to any one of the first
reference voltage line and the second reference voltage
line connected to the third switching element have the
same polarity to a common voltage.

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

the first voltage or the second voltage has a predetermined
magnitude and the polarity changed for each frame.

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

a voltage difference between the first sub-pixel electrode
and a common electrode is larger than the voltage
difference between the second sub-pixel electrode and
the common electrode.
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