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Description
BACKGROUND
FIELD

[0001] The present invention relates to a liquid crystal
display, and more particularly, to a liquid crystal display
that has improved transmittance and visibility.

DISCUSSION OF THE BACKGROUND

[0002] Liquid crystal displays (LCD), may be com-
posed of two display panels with field generating elec-
trodes, such as a pixel electrode and a common elec-
trode, and a liquid crystal layer between the display pan-
els. LCDs display images by generating an electric field
in the liquid crystal layer if voltage is applied to the field
generating electrodes such that the liquid crystal mole-
cules in the liquid crystal layer are aligned to control po-
larization of incident light.

[0003] The conventional liquid crystal displays may in-
clude switching elements connected to the pixel elec-
trodes and multiple signal lines, such as gate lines and
data lines, to apply voltage to the pixel electrodes by con-
trolling the switching elements.

[0004] Further, in the conventional liquid crystal dis-
plays, a vertically aligned mode of liquid crystal display,
in which the long axes of the liquid crystal molecules are
arranged perpendicular to the display panel, without an
electric field has been under the spotlight because of the
large contrast ratio and the wide reference viewing angle.
The reference viewing angle may imply a viewing angle
under a contrast ratio of 1:10 or a luminance reverse limit
angle between grays.

[0005] Amethod of dividing one pixelinto two subpixels
and applying different voltages to the subpixels to provide
adifference in transmittance has been proposed in order
to make the side visibility similar to the front visibility of
the type of liquid crystal display. In this configuration, if
different voltages are applied to the two subpixels
through different data lines, double data driving circuits
may be used. However, such a configuration may face
cost increases in manufacturing.

[0006] A method of connecting the same data line to
the two subpixels and reducing the voltage of one of the
two subpixels by using a specific switching element and
a capacitor has been proposed to solve the problem.
However, the method has a problem of low transmittance
to the same aperture ratio.

[0007] US2007/0064164 and US2006/0023137 dis-
close liquid crystal displays comprising three pixel elec-
trodes per pixel and improving the grey level visibility at
side viewing angles.

SUMMARY

[0008] The present invention has been made in an ef-
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fort to provide a liquid crystal display having advantages
of having high transmittance and improved visibility.
[0009] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by prac-
tice of the invention.

[0010] It is to be understood that both foregoing gen-
eral descriptions and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed. Oth-
er features and aspects will be apparent from the follow-
ing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention, and to-
gether with the description serve to explain the principles
of the invention.

[0012] FIG. 1 is an equivalent circuit diagram of one
pixel aliquid crystal display notaccording to the invention.
[0013] FIG. 2 is a layout view of a lower display panel
of the liquid crystal display not according to the invention.
[0014] FIG. 3is a graph showing voltage of each elec-
trode if the liquid crystal display is activated not according
to the invention.

[0015] FIG. 4 is an equivalent circuit diagram of one
pixel of aliquid crystal display not according the invention.
[0016] FIG. 5is a layout view of a lower display panel
of the liquid crystal display not according to the invention.
[0017] FIG. 6 is a layout view of a lower display panel
of a liquid crystal display not according to the invention.
[0018] FIG.7isacross-sectional view of the liquid crys-
tal display not according to the invention, taken along the
line VII-VII' of FIG. 6.

[0019] FIG.8isacross-sectional view of the liquid crys-
tal display not according to the invention, taken along the
line VIII-VIII' of FIG. 6.

[0020] FIG.9isa cross-sectionalview ofa liquid crystal
display not according to the invention, taken along the
line VIII-VIII' of FIG. 6.

[0021] FIG. 10 is an equivalent circuit diagram of one
pixel of a liquid crystal display not according to the inven-
tion.

[0022] FIG. 11 is alayout view of a lower display panel
of the liquid crystal display not according to of the inven-
tion.

[0023] FIG. 12is a cross-sectional view of a liquid crys-
tal display not according to the invention, taken along the
line XII-XII" of FIG. 11.

[0024] FIG. 13 is an equivalent circuit diagram of one
pixel a liquid crystal display according to an exemplary
embodiment of the invention.

[0025] FIG. 14 is alayout view of a lower display panel
of the liquid crystal display according to an exemplary
embodiment of the invention.
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[0026] FIG. 15 is an equivalent circuit diagram of one
pixelaliquid crystal display not according to the invention.
[0027] FIG. 16 is a graph showing a V-T curve at the
front and the side of a liquid crystal display according to
the related art.

[0028] FIG. 17 is a graph showing a V-T curve at the
front and the side of a liquid crystal display according to
an exemplary embodiment of the invention.

[0029] FIG. 18 is a graph showing a V-T curve at the
front and the side of a liquid crystal display according to
an exemplary embodiment of the invention.

[0030] FIG. 19 is a graph showing a V-T curve at the
front and the side of a liquid crystal display according to
an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0031] The present invention will be described more
fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the inven-
tion are shown. This invention may, however, be embod-
ied in many different forms and should not be construed
as limited to the embodiments set forth herein. Rather,
these exemplary embodiments are provided so that this
disclosure is thorough, and will fully convey the scope of
the invention to those skilled in the art. It will be under-
stood that when an element is referred to as being "on"
or "connected to" or "coupled to" another element, it can
be directly on, directly connected to, or directly coupled
to the other element, or intervening elements may be
present. In contrast, if an element is referred to as being
"directly on" or "directly connected to" or "directly coupled
to" another element, no intervening elements are
present. Throughout the drawings and the detailed de-
scription, unless otherwise described, the same drawing
reference numerals are understood to refer to the same
elements, features, and structures. The relative size and
depiction of these elements may be exaggerated for clar-
ity, illustration, and convenience.

[0032] A liquid crystal display according to a first ex-
emple not according to the presentinvention is described
first with reference to the accompanying drawings.
[0033] FIG. 1 is an equivalent circuit diagram of one
pixel a liquid crystal display according to an exemple not
according to the invention. FIG. 2 is a layout view of a
lower display panel of the liquid crystal display according
to an exemple not according to invention.

[0034] A liquid crystal display according to a first ex-
emple not according to invention, as shown in FIG. 1,
includes a first switching element Qa and a second
switching element Qb, a first liquid crystal capacitor Clca
connected to the first switching element Qa, a second
liquid crystal capacitor Clcb connected to the second
switching element Qb, a third switching element Qc con-
nected to the second switching element Qb, and a third
liquid crystal capacitor Clcc connected to the third switch-
ing element Qc.
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[0035] The liquid crystal display according to the first
exemple may further include a first gate line GLn, a sec-
ond gate line GLn+1, and a data line DL. The first switch-
ing element Qa and the second switching element Qb
may be three terminal elements of a thin film transistor
etc., connected to the first gate line GLn to be switched
by the same signal, and connected to the data line DL to
receive the same data signal. The third switching element
Qc is a three terminal element of a thin film transistor
etc., and is connected to the second gate line GLn+1.
[0036] If gate-on voltage is applied to the first gate line
GLn, the first switching element Qa and the second
switching element Qb are turned on and the same data
signal is applied through the data line DL, such that the
first liquid crystal capacitor Clca and the second liquid
crystal capacitor Clcb are charged with similar or near
identical voltage. Thereafter, if gate-on voltage is applied
to the second gate line GLn+1, which is the next gate
line, the third switching element Qc is turned onand some
of the charged voltage of the second liquid crystal capac-
itor Clcb are discharged to the third liquid crystal capacitor
Clcc. Therefore, a difference in voltage is created be-
tween the first liquid crystal capacitor Clca and the sec-
ond liquid crystal capacitor Clcb. As a result, the side
visibility of the liquid crystal display can be improved.
[0037] In the structure of the liquid crystal display ac-
cording to the first exemple, as shown in FIG. 2, one or
more of first gate lines 121a and second gate lines 121b
are provided on a first substrate (not shown). In an ex-
ample, the first substrate may be made of transparent
glass or plastic.

[0038] The first gate lines 121a and second gate lines
121b may transmit gate signals and may extend trans-
versely. The first gate lines 121a and the second gate
lines 121b may be alternately disposed and gate-on volt-
age may be sequentially applied to the first gate lines
121a and the second gate lines 121b.

[0039] The first gate line 121 a includes one or more
of first gate electrodes 124a and second gate electrodes
124b, which protrude downward. The first gate electrode
124a and the second gate electrode 124b may be con-
nected in one unit, such that they receive the same gate
signal through the first gate line 121a. The second gate
line 121b includes one or more of third gate electrodes
124c protruding upward.

[0040] A gate insulating layer (not shown) may be
formed on the first gate lines 121a and second gate lines
121b. A semiconductor island (not shown) may be
formed on the gate insulating layer. The semiconductor
island may be disposed above the first gate electrode
124a, second gate electrode 124b, and third gate elec-
trode 124c.

[0041] As shown further in FIG. 2, one or more data
lines 171, afirst source electrode 173a, a second source
electrode 173b, a third source electrode 173c, a firstdrain
electrode 175a, a second drain electrode 175b, and a
third drain electrode 175c are formed on the semicon-
ductor and the gate insulating layer.
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[0042] The data line 171 transmits a data signal and
may extend longitudinally to cross the first gate line 121a
and second gate line 121b.

[0043] The first source electrode 173a and the second
source electrode 173b protrude from the data line 171
and may be connected in one unit, such that they receive
the similar or near identical data voltage through the data
line 171. The first source electrode 173a is formed in a
U-shape on the first gate electrode 124a and the second
source electrode 173b is formed in a U-shaped on the
second gate electrode 124b.

[0044] The first drain electrode 175a is spaced apart
from the first source electrode 173a and has a bar-
shaped end, with the first gate electrode 124a there be-
tween, in which the bar-shaped end is partially surround-
ed by the first source electrode 173a bending in a U-
shape.

[0045] The second drain electrode 175b is spaced
apart from the second source electrode 173b and has a
bar-shaped end, with the second gate electrode 124b
there between, in which the bar-shaped end is partially
surrounded by the second source electrode 173b bend-
ing in a U-shape. The other end of the second drain elec-
trode 175b is connected to the third source electrode
173c.

[0046] The third source electrode 173c extends from
the second drain electrode 175b, in a U-shape on the
third gate electrode 124c. The third drain electrode 175¢
is spaced apart from the third source electrode 173c and
has a bar-shaped end, with the third gate electrode 124c¢
there between, in which the bar-shaped end is partially
surrounded by the third source electrode 173c bending
in a U-shape.

[0047] The first source electrode 173a may be formed
inaninverse U-shape, the second source electrode 173b
in a U-shape open to the right, and the third source elec-
trode 173c in a U-shape open to the right. Therefore, it
may be possible to reduce a change in capacitance be-
tween the gate electrodes (first gate electrode 124a, sec-
ond gate electrode 124b, and third gate electrode 124c)
and the source electrodes (first source electrode 173a,
second source electrode 173b, and third source elec-
trode 173c), even if an error occurs in the positions of
the source electrodes (first electrode 173a, second elec-
trode 173b, and third source electrode 173c) due to a
process deviation.

[0048] Inanexample, the first gate electrode 1244, the
first source electrode 173a, and the first drain electrode
175a may constitute the first switching element (Qa in
FIG. 1). The second gate electrode 124b, the second
source electrode 173b, and the second drain electrode
175b may constitute the second switching element (Qb
in FIG. 1). The third gate electrode 124c, the third source
electrode 173c, the third drain electrode 175¢ may con-
stitute the third switching element (Qc in FIG. 1).
[0049] A passivation layer (not shown) is formed on
the data line 171, the first source electrode 173a, second
source electrode 173b, and third source electrode 173c,
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first drain electrode 175a, second drain electrode 175b,
and third drain electrode 175c. The passivation layer may
be made of an inorganic insulator or organic insulator,
with a flat surface. Further, the passivation layer may
have a double layer structure including a lower layer,
which may be an inorganic layer, and an upper layer,
which may be an organic layer, in order to keep the high
insulation of an organic layer, without damaging the ex-
posed portion of the semiconductor.

[0050] A first contact hole 181a exposing a portion of
the firstdrain electrode 175a, a second contact hole 181b
exposing a portion of the second drain electrode 175b,
and a third contact hole 181c exposing a portion of the
third drain electrode 175c are formed on the passivation
layer.

[0051] One ormorefirst subpixel electrodes 191a, sec-
ond subpixel electrodes 191b, and third subpixel elec-
trodes 191c may be made of a transparent electrode ma-
terial, such as an ITO (Indium Tin Oxide) or an IZO (In-
dium Zinc Oxide) on the passivation layer. The first sub-
pixel electrode 191a is connected to the first drain elec-
trode 175athrough thefirst contact hole 181a, the second
subpixel electrode 191b is connected to the second drain
electrode 175b through the second contact hole 181b,
and the third subpixel electrode 191c is connected to the
third drain electrode 175c through the third contact hole
181c.

[0052] Although not shown, a common electrode may
be provided on a second substrate assembled with the
first substrate, and a liquid crystal layer may be provided
between the first substrate and the second substrate.
[0053] The first subpixel electrode 191a and the sec-
ond subpixel electrode 191b together with the common
electrode on the second substrate and the liquid crystal
layer there between respectively constitute first liquid
crystal capacitors (Clcain FIG. 1) and second liquid crys-
tal capacitor (Clcb in FIG. 1). The liquid crystal capacitors
as described here may retain the applied voltage even
after the first and second switching elements Qa and Qb
are turned off

[0054] The third subpixel electrode 191c constitutes a
third liquid crystal capacitor (Clcc in FIG. 1), together with
the common electrode on the second substrate and the
liquid crystal layer there between. Some of the voltage
stored in the second liquid crystal capacitor Clcb may be
discharged to the third liquid crystal capacitor Clcc, such
that a difference in voltage may be created between the
first liquid crystal capacitor Clca and the second liquid
crystal capacitor Clcb.

[0055] Inthis configuration, the third subpixel electrode
191c is formed between the first gate line 121a and the
second gate line 121b. Alightblocking member is formed
on the second substrate, corresponding to the first gate
line 121a, second gate line 121b, first switching element
Qa, second switching element Qb, and third switching
element Qc, and the third subpixel electrode 191c. That
is, the third subpixel electrode 191¢c may reduce the volt-
age of the second subpixel electrode 191b, but may not
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display an image by transmitting light.

[0056] The liquid crystal display according to the first
exemple may further include one or more of storage elec-
trode lines 131 formed on the same layer as the first gate
line 121a and second gate line 121b.

[0057] The storage electrode line 131 receives a ref-
erence voltage and may extend substantially in parallel
with and at a reference distance from the first gate line
121a and second gate line 121b. The storage electrode
line 131 may be positioned between the first gate line
121a of a first pixel and the second gate line 121b of a
second pixel. The storage electrode line 131 may include
a storage electrode 133, which may expand upward or
downward. However, the shape and arrangement of the
storage electrode line 131 and the storage electrodes
133 may be modified in various ways.

[0058] In the conventional technology, the third drain
electrode 175c and the storage electrode 133 may be
configured overlap to function as a capacitor thatreduces
the voltage of the second subpixel electrode 191b. How-
ever, this type of configuration may incur some problem
in that the provided transmittance may be low, and the
semiconductor is positioned between the third drain elec-
trode 175c and the storage electrode 133 to possibly gen-
erate a surface residual image, if the liquid crystal display
is formed through a four-time photolithography. Further,
there may be a problem in that the first gate line 121a
and the third drain electrode 175c¢ overlap, which may
possibly generate parasitic capacity, which may have an
adverse effect on theimage made by the second subpixel
electrode 191b.

[0059] On the contrary the third subpixel electrode
191¢c may be formed such that the third liquid crystal ca-
pacitor (Clcc in FIG. 1) functions as a capacitor to reduce
the voltage of the second subpixel electrode 191b. Ac-
cordingly, it may be possible to further improve the trans-
mittance and reduce the surface residual image, in com-
parison to the related art. In an example, the transmit-
tance may improve as much as 5%, if not more. Further,
the first gate line 121a and the third drain electrode 175c
may be configured so that do not overlap each other. As
aresult, it may be possible to prevent or reduce parasitic
capacitance.

[0060] The first subpixel electrode 191a and second
subpixel electrode 191b constitute a storage capacitor
by overlapping the storage electrode 133, which may
help the first liquid crystal capacitor Clca and second lig-
uid crystal capacitor Clcb retain their voltage.

[0061] The voltage relationship that may be present if
the liquid crystal display of the first exemple is activated
is described hereafter.

[0062] FIG. 3 is a graph showing voltage of each elec-
trode if the liquid crystal display is activated according to
an exemple.

[0063] First, if a first gate signal V_GLn is supplied to
the first gate line 121a, the voltage V_PX1 of the first
subpixel electrode 191a and the voltage V_PX2 of the
second subpixel electrode 191b may be charged to sim-
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ilar or near identical levels. If a second gate signal
V_GLn+1 is supplied to the second gate line 121b, the
voltage V_PX3 of the third subpixel electrode 191¢c may
be increased to similar voltage level V_PX2 of the second
subpixel electrode 191b, and the voltage V_PX2 of the
second subpixel electrode 191b and the voltage V_PX3
of the third subpixel electrode 191 may be decreased to
a voltage level below the voltage V_PX1 of the first sub-
pixel electrode 191a.

[0064] It can be seen that the voltage V_PX2 of the
second subpixel electrode 191 b and the voltage V_PX3
of the third subpixel electrode 191c are close at the point
A, such that it can also be seen that the third subpixel
electrode 191c may reduce the voltage V_PX2 of the
second subpixel electrode 191b, and also display an im-
age. Using the third subpixel electrode 191c to display
an image, without covering it with a light blocking mem-
ber, in the second exemple is described hereafter.
[0065] A liquid crystal display according to the second
exemple notaccording to invention is described hereafter
in detail with reference to FIG. 4 and FIG. 5.

[0066] FIG. 4 is an equivalent circuit diagram of one
pixel of a liquid crystal display not according to the inven-
tion. FIG. 5 is a layout view of a lower display panel of
the liquid crystal display not according to the invention.
[0067] As shown in FIG. 4, the liquid crystal display
according to the second exemple may be similar in struc-
ture as illustrated in the circuit diagram as the liquid crys-
tal display according to the first exemple, and as such
will not described. However, the second exemple has a
difference in the layout view from the first exemple, and
this is described in more detail with reference to FIG. 5.
[0068] In the structure of the liquid crystal display ac-
cording to the second exemple of the invention, one or
more of first gate lines 121 a and second gate lines 121b
are formed on a first substrate (not shown), which may
made of transparent glass or plastic, as shown in FIG. 5.
[0069] The firstgateline 121a and the second gate line
121b transmit gate signals and may extend transversely.
The first gate line 121a and the second gate line 121b
may be alternately disposed and gate-on voltage may be
sequentially applied to the first gate line 121a and the
second gate line 121b.

[0070] Thefirstgateline 121a may include one or more
first gate electrodes 124a and second gate electrodes
124b, which may protrude upward and downward, re-
spectively. Also, the first gate electrode 124a and the
second gate electrode 124b may receive the same gate
signal through the first gate line 121a. The second gate
line 121b may include one or more third gate electrodes
124c, which may protrude therefrom.

[0071] A gate insulating layer (not shown) may be fur-
ther formed on the first gate lines 121a and the second
gate lines 121b. A semiconductorisland (not shown) may
be formed on the gate insulating layer. The semiconduc-
tor island may further be disposed above the first gate
electrode 1244, the second gate electrode 124b, and the
third gate electrode 124c.
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[0072] One or more data lines 171, a first source elec-
trode 173a, a second source electrode 173b, a third
source electrode 173c, a first drain electrode 175a, a
second drain electrode 175b, and a third drain electrode
175c may be formed on the semiconductor and the gate
insulating layer.

[0073] The data line 171 transmits a data signal and
may extend longitudinally, crossing the first gate line
121a and the second gate line 121b.

[0074] The first source electrode 173a protrudes
above the first gate electrode 124a from the data line
171, the second source electrode 173b protrudes above
the second gate electrode 124b from the data line 171.
Further, the first source electrode 173a and the second
source electrode 173b may be connected in one unit,
such thatthey may receive the same data voltage through
the data line 171. The first source electrode 173a is
formed in a U-shape on the first gate electrode 124a and
the second source electrode 173b is formed in a U-shape
on the second gate electrode 124b.

[0075] The first drain electrode 175a is spaced apart
from the first source electrode 173a and has a bar-
shaped end, with the first gate electrode 124a there be-
tween, in which the bar-shaped end is partially surround-
ed by the first source electrode 173a bending in a U-
shape.

[0076] The second drain electrode 175b is spaced
apart from the second source electrode 173b and has a
bar-shaped end, with the second gate electrode 124b
there between, in which the bar-shaped end is partially
surrounded by the second source electrode 173b bend-
ing in a U-shape. The other end of the second drain elec-
trode 175b is connected to the third source electrode
173c.

[0077] The third source electrode 173 extends from
the second drain electrode 175b, in a U-shape on the
third gate electrode 124c. The third drain electrode 175¢
is spaced apart from the third source electrode 173c and
has a bar-shaped end, with the third gate electrode 124c¢
there between, in which the bar-shaped end is partially
surrounded by the third source electrode 173c bending
in a U-shape.

[0078] Inanexample, the first gate electrode 1244, the
first source electrode 173a, and the first drain electrode
175a may constitute the first switching element (Qa in
FIG. 1). The second gate electrode 124b, the second
source electrode 173b, and the second drain electrode
175b may constitute the second switching element (Qb
in FIG. 1). The third gate electrode 124c, the third source
electrode 173c, the third drain electrode 175¢ may con-
stitute the third switching element (Qc in FIG. 1).
[0079] A passivation layer (not shown) may be formed
on various components, including the data line 171, the
first source electrode 173a, the second source electrode
173b, and the third source electrode 173c, the first drain
electrode 175a, the second drain electrode 175b, and
the third drain electrode 175c¢. The passivation layer may
be made of an inorganic insulator or an organic insulator,
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with a flat surface. Further, the passivation layer may
have a double layer structure composed of a lower layer,
which may be an inorganic layer, and an upper layer,
which may be an organic layer, in order to keep the high
insulation of an organic layer and reducing the risk of
damaging the exposed portion of the semiconductor.
[0080] A first contact hole 181a exposing a portion of
the firstdrain electrode 175a, a second contact hole 181b
exposing a portion of the second drain electrode 175b,
and a third contact hole 181c exposing a portion of the
third drain electrode 175c may be formed on the passi-
vation layer.

[0081] One or more first subpixel electrode 191a, sec-
ond subpixel electrodes 191b, and third subpixel elec-
trodes 191c may be made of a transparent electrode ma-
terial, such as an ITO (Indium Tin Oxide) or an IZO (In-
dium Zinc Oxide), and formed on the passivation layer.
The first subpixel electrode 191a is connected to the first
drain electrode 175a through the first contact hole 181a.
The second subpixel electrode 191b is connected to the
second drain electrode 175b through the second contact
hole 181b. The third subpixel electrode 191c is connect-
ed to the third drain electrode 175 through the third con-
tact hole 181c.

[0082] The first subpixel electrode 191a and the sec-
ond subpixel electrode 191b are formed above and under
the first gate line 121a, respectively. Further, the second
subpixel electrode 191b and the third subpixel electrode
191c are formed above and under the second gate line
121b, respectively. Thatis, the second subpixel electrode
191b is formed between the first gate line 121a and the
second gate line 121b. In this configuration, although the
first subpixel electrode 191a, the second subpixel elec-
trode 191b, the third subpixel electrode 191c are shown
having the same size, it is not limited thereto and may
make the size different.

[0083] Although not shown, a common electrode may
be provided on a second substrate. Further, the second
substrate may be assembled with the first substrate and
a liquid crystal layer may be formed between the first
substrate and the second substrate.

[0084] The first subpixel electrode 191a and the sec-
ond subpixel electrode 191b, together with the common
electrode on the second substrate and the liquid crystal
layer there between, may constitute first liquid crystal ca-
pacitors (Clca in FIG. 4) and second liquid crystal capac-
itor (Clcb in FIG. 4). The liquid crystal capacitors as de-
scribed here may retain the applied voltage even after
the first and second switching elements Qa and Qb are
turned off.

[0085] The third subpixel electrode 191a, together with
the common electrode on the second substrate and the
liquid crystal layer there between, may constitute a third
liquid crystal capacitor (Clcc in FIG. 1). Some of the volt-
age stored in the second liquid crystal capacitor Clcb may
be discharged to the third liquid crystal capacitor Clcc,
such that a difference in voltage may be created between
the firstliquid crystal capacitor Clca and the second liquid
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crystal capacitor Clcb. As a result, the voltage level of
the second subpixel electrode 191b and the voltage level
of the third subpixel electrode 191c may be similar.
[0086] The liquid crystal display according to the sec-
ond exemple may further include one or more first elec-
trode line 131a, second electrode line 131b, and third
storage electrode line 131c that are formed on the same
layer as the first gate line 121 a and the second gate line
121b.

[0087] Thefirststorage electrodeline 131a,the second
electrode line 131b, and the third storage electrode line
131cmayreceive reference voltage and may extend sub-
stantially in parallel with and at a reference distance from
the first gate lines 121a and the second gate line 121b.
The storage electrode lines (first storage electrode line
131a, the second storage electrode line 131b, and the
third storage electrode line 131c) may further include ad-
ditional storage electrodes (first storage electrode 133a,
second storage electrode 133b, third storage electrode
133c, and fourth storage electrode 133d,) which expand
therefrom.

[0088] In an example, the first storage electrode line
131a may be formed above the first subpixel electrode
1913, the second storage electrode line 131b may over-
lap the center portion of the second subpixel electrode
191b, and the third storage electrode line 131c may be
formed under the third subpixel electrode 191 c.

[0089] The first storage electrode 133a protrudes from
the first storage electrode line 131a to partially overlap
the left side and right side of the first subpixel electrode
191a.

[0090] The second storage electrode 133b may be
formedin parallel with the first gate line 121a, overlapping
the center portion of the first subpixel electrode 191a.
The second storage electrode 133b connects the first
storage electrode 133a with the first storage electrode
133a, which may be at the left side and the right side of
the first subpixel electrode 191a, respectively.

[0091] The first storage electrode 133a may partially
overlap one of the left side or the right side of the first
subpixel electrode 191a. The second storage electrode
133b is connected to the first storage electrode 133a
formed at any one side.

[0092] Thethird storage electrode 133c protrudes from
the second storage electrode line 131b, partially over-
lapping the left and right sides of the second subpixel
electrode 191b.

[0093] The fourth storage electrode 133d protrudes
from the third storage electrode line 131c, overlapping
the left and right sides of the third subpixel electrode 191
c.

[0094] Alternatively, the third storage electrode 133c
and the fourth storage electrode 133d may respectively
partially overlap only one of the left and right sides of the
second subpixel electrode 191 b and third subpixel elec-
trode 191 c.

[0095] Further, the shape and arrangement of the stor-
age electrode lines (first storage electrode line 131a, sec-
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ond storage electrode line 131b, and third storage elec-
trode line 131c) and the storage electrodes (first storage
electrode 133a, second storage electrode 133b, third
storage electrode 133c, and fourth storage electrode
133d) may be modified in various ways.

[0096] The data voltage applied to the data line 171
may continuously change with time, which influences the
voltage of the first subpixel electrode 191a, the second
subpixel electrode 191b, and the third subpixel electrode
191c. The first storage electrode 133a, the third storage
electrode 133c, and the fourth storage electrode 133d
may partially overlap the subpixel electrodes (first sub-
pixel electrode 191a, second subpixel electrode 191b,
and third subpixel electrode 191c¢,) adjacent to the data
line, such that they can avoid the influence of the voltage.
[0097] In an example, an alignment layer may be
formed on the first substrate and the second substrate
of the liquid crystal layer, and it may be possible to align
light in order to control the alignment direction and the
alignment angle of the liquid crystal by radiating light to
the alignment layers. Although it may be possible to in-
crease the aperture ratio and improve the response
speed of the liquid crystal by means of the light alignment,
the alignment directions of the liquid crystal may be dif-
ferent at the interfaces of difference domains, such that
texture may be generated at the interfaces.

[0098] The portion indicated by B in FIG. 5 is the region
where the texture is generated, in which luminance may
be larger than the other regions. However, it may be pos-
sible to reduce the influence caused by the generation
of texture. In an example, if the liquid crystal is disposed
at an angle of 0 degree at the longitudinal line portion
crossing the center of the subpixel electrodes (first sub-
pixel electrode 191a, the second subpixel electrode
191b, and third subpixel electrode 191c), the longitudinal
line portion may be shown as if a luminance difference
from the other regions is not large, if seen from the sides
and the front. On the contrary, if the liquid crystal is dis-
posed at an angle of 90 degrees at the transverse line
portion crossing the centers of the subpixel electrodes
(first subpixel electrode 191a, the second subpixel elec-
trode 191b, and the third subpixel electrode 191c), the
transverse line portion may be shown as if a luminance
difference from the other regions is large, if seen from
the sides.

[0099] Therefore, it may possible to reduce an influ-
ence of voltage due to texture by forming the second
storage electrode 133b, the second storage electrode
lines 131b to cover the transverse line portion crossing
the centers of the subpixel electrodes (first subpixel elec-
trode 191a, second subpixel electrode 191b, and third
subpixel electrode 191c).

[0100] Unlike the first exemple, a light blocking mem-
ber corresponding to the third pixel electrode 191c is not
formed on the second substrate, in the second exemple .
Thatis, the third subpixel electrode 191c may reduce the
voltage of the second subpixel electrode 191 b, as well
as display an image by transmitting light.
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[0101] Inthe second exemple, the voltages of the sec-
ond subpixel electrode 191b and the third subpixel elec-
trode 191c may be similar or near identical, while the
voltage of the first subpixel electrode 191a may be larger
than the voltage of the second subpixel electrode 191 b
and the third subpixel electrode 191 c. That is, although
one pixel is divided in three subpixels, two subpixels may
have the similar or near identical voltage, such that two
grays may be implemented. In this configuration, the side
visibility is further improved by applying three different
voltages to the three subpixels, and a voltage difference
in the second subpixel electrode 191b and the third sub-
pixel electrode 191cis described hereafter with reference
to the third exemple .

[0102] Aliquid crystal display according to the third ex-
emple not according to invention is described hereafter
in detail with reference to FIG. 6, FIG. 7, FIG. 8, and FIG.
9.

[0103] FIG. 6 is a layout view of a lower display panel
of a liquid crystal display not according to the invention.
FIG. 7 is a cross-sectional view of the liquid crystal display
not according to the invention, taken along the line VII-
VII' of FIG. 6. FIG. 8 is a cross-sectional view of the liquid
crystal display notaccording to the invention, taken along
the line VIII-VIII' of FIG. 6. FIG. 9 is a cross-sectional
view of a liquid crystal display not according to the inven-
tion, taken along the line VIII-VIII’ of FIG. 6.

[0104] A large portion of the configuration of the liquid
crystal display according the third exemple is similar to
the liquid crystal display according to the second exem-
ple, as shown in FIG. 6. Therefore, the detailed descrip-
tion is not provided and discussion will be directed to-
wards the differences.

[0105] Intheliquid crystal display according to the third
exemple, a first subpixel electrode 191a and a second
subpixel electrode 191b may be formed in the same way
as in the liquid crystal display according to the second
exemplary embodiment. One or more fine slits 193 may
be provided in the third subpixel electrode 191 c. It is
possible to make the voltage of the third subpixel elec-
trode 191c lower than the voltage of the second subpixel
electrode 191b by providing the fine slits 193.

[0106] As shown in FIG. 7, a gate insulating layer 140
and a passivation layer 180 are sequentially stacked on
the first substrate 110 and the third subpixel electrode
191c is formed on the passivation layer 180. A common
electrode 270 is formed on the second substrate 210
opposite to the first substrate 110.

[0107] The fine slits 193 may be provided at regular
intervals with various widths. In an example, the width ’a’
of the fine slit located on third subpixel electrode 191¢c
between adjacent fine slits 193 may have a width range
of 1 um to 4 um. Further, the width 'b’ of the fine slit 193
may be in the range of 1 pm to 5 um.

[0108] Further, as shown in FIG. 8, the thickness 'd’ of
the passivation layer 180 under the third subpixel elec-
trode 191c may be larger than the thickness 'c’ of the
passivation layer under the first subpixel electrode 191a
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and the second subpixel electrode 191b. (Please note
thatonly the second subpixel electrode 191bisillustrated
in Fig. 8, since the structure around the first subpixel elec-
trode 191a is the same as that around the second sub-
pixel electrode 191b.) That is, it may be possible to form
the passivation layers 180 to have different thicknesses
inaccordance with the positions. Inan example, the thick-
ness may be adjusted by using a slit mask of a halftone
mask in the process of forming the passivation layers
180, even without using an additional mask.

[0109] It may be possible to further increase the differ-
ence involtage between the third subpixel electrode 191c
and the second subpixel electrode 191b by making the
thickness of the passivation layer 180 irregular such that
the cell gap between the first substrate 110 and the sec-
ond substrate 210 is different in accordance with their
positions, as described above. In this configuration, the
cellgap 'f atthe portion where the third subpixel electrode
191c is formed may be smaller at 0.1 um to 0.5 pwm than
the cell gap 'e’ at the portion where the second subpixel
electrode 191 b is formed.

[0110] As shown in FIG. 9, alignment layers 11a and
21 may be formed on the first substrate 110 and the sec-
ond substrates 210 of the liquid crystal display according
to the third exemple. Also, it may be possible to align light
in order to control the alignment direction and the align-
ment angle of the liquid crystal by radiating light to the
alignment layer.

[0111] The pretilt angle of the alignment layer 11b at
the portion corresponding to the third subpixel electrode
191c may be smaller than the pretilt angle of the align-
mentlayer 11aatthe portion corresponding to the second
subpixel electrode 191b. This difference in pretilt angles
may allow further increases in the voltage difference be-
tween the third subpixel electrode 191¢ and the second
subpixel electrode 191b. In an example, the pretilt angle
of the alignment layer 11b at the portion corresponding
to the third subpixel electrode 191¢c may be smaller at 0.
5 degrees to 2 degrees than the pretilt angle of the align-
mentlayer 11aatthe portion corresponding to the second
subpixel electrode 191b.

[0112] Inthe liquid crystal display according to the third
exemple, a method of providing the fine slits 193 in the
third subpixel electrode 191c, a method of making the
cell gap differentby adjusting the height of the passivation
layers 180 to be different, and a method of providing the
pretilt angle different in light alignment has been de-
scribed in order to making a difference in voltage between
the second subpixel electrode 191 b and the third sub-
pixel electrode 191c. One of the three methods may be
used alone or in conjunction with the one or two of the
other described methods.

[0113] Inthe liquid crystal display according to the third
exemple, three grays may be implemented by making a
difference in voltage between the second subpixel elec-
trode 191 b and the third subpixel electrode 191c such
that the subpixel electrodes (first subpixel electrode
191a, the second subpixel electrode 191b, and the third
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subpixel electrodes 191c) have different voltages. As a
result, the side visibility can be more improved over the
second example having one pixel shown in two grays, if
one pixel is shown with three grays, as in the third exem-
ple.

[0114] Aliquid crystal display according to a fourth ex-
emple not according to invention is described hereafter
in detail with FIG. 10, FIG. 11, and FIG. 12.

[0115] FIG. 10 is an equivalent circuit diagram of one
pixel of a liquid crystal display not according to the inven-
tion. FIG. 11 is a layout view of a lower display panel of
the liquid crystal display not according to the invention.
FIG. 12 is a cross-sectional view of the liquid crystal dis-
play not according to the invention, taken along the line
XI-XII' of FIG. 11.

[0116] A large portion of the configuration of the liquid
crystal display according the fourth exemple is similar to
the liquid crystal display according to the second exem-
ple, as shown in FIG. 10. Therefore, the detailed descrip-
tion is not provided and the discussion will be directed
towards the differences.

[0117] In the liquid crystal display according to the
fourth exemple, the third liquid crystal capacitor Clcc is
not directly connected to the third switching element Qc,
but connected through a transforming capacitor Ct. That
is, the liquid crystal display according to the fourth exem-
ple may further include the transforming capacitor Ct, as
compared with the liquid crystal display according to the
second exemple. The transforming capacitor Ct is con-
nected to the third switching element Qc and the third
liquid crystal capacitor Clcc is connected to the trans-
forming capacitor Ct.

[0118] If gate-on voltage is applied to the first gate line
GLn, the first switching element Qa and the second
switching element Qb are turned on. Also, the same data
signal is applied through the data line DL, such that the
first liquid crystal capacitor Clca and the second liquid
crystal capacitor Clcb are charged with similar or near
identical voltage. Thereafter, if gate-on voltage is applied
to the second gate line GLn+1, which is the next gate
line, the third switching element Qcis turned on and some
of the charged voltage of the second liquid crystal capac-
itor Clcb are discharged to the transforming capacitor Ct
and the third liquid crystal capacitor Clcc. Therefore, a
difference in voltage is created between the first liquid
crystal capacitor Clca and the second liquid crystal ca-
pacitor Clcb. Further, the voltage discharged from the
second liquid crystal capacitor Clcb may be divided to
the transforming capacitor Ct and the third liquid crystal
capacitor Clcc, such that a difference in voltage is created
between the second liquid crystal capacitor Clcb and the
third liquid crystal capacitor Clcc. Accordingly, it may be
possible to improve the side visibility of the liquid crystal
display.

[0119] The structure of the liquid crystal display ac-
cording to the fourth exemple, as shown in FIG. 11, has
a large portion similar to the configuration of the liquid
crystal display according to the second exemple. There-
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fore, the detailed description is not provided and the dis-
cussion will be directed towards the differences.

[0120] In the liquid crystal display according to the
fourth exemple, unlike the second exemple, the third sub-
pixel electrode 191c¢ is not directly connected to the third
drain electrode 175c.

[0121] AsshowninFIG. 12, a gate insulating layer 140
is formed on the first substrate 110 and a third drain elec-
trode 175c is formed on the gate insulating layer 140. A
passivation layer 180 is provided between the third drain
electrode 175c¢ and the third subpixel electrode 191c to
form the transforming capacitor Ct. A common electrode
270 is formed on the second substrate 210 opposite to
the first substrate 110. A liquid crystal layer (not shown)
is formed between the third subpixel electrode 191c and
common electrode 270 to form the third liquid crystal ca-
pacitor Clcc.

[0122] The third drain electrode 175¢c may be formed
to have a size above a reference level to function as the
transforming capacitor Ct. Further, the third drain elec-
trode 175¢ may generally be an opaque electrode, such
that it is possible to reduce the aperture ratio of the third
subpixel electrode 191c.

[0123] Inthis configuration, it may be possible to make
the thickness 'h’ of the passivation layer 180 (at the por-
tion where the third drain electrode 175c and the third
subpixel electrode 191c overlap) smaller than the thick-
ness 'g’ of the passivation layer 180 (at the portion where
the third drain electrode 175c and the third subpixel elec-
trode 191c do not overlap), in order to reduce the size of
the third drain electrode 175¢ and increase the capaci-
tance of the transforming capacitor Ct. That is, it may be
possible to form the passivation layer 180 to have irreg-
ular thickness in accordance with their positions by using
a slit mask or a halftone mask in the process of forming
the passivation layer 180, even without using an addi-
tional mask.

[0124] In the liquid crystal display according to the
fourth exemple, the side visibility may be improved by
creating a difference in voltage levels between the sec-
ond subpixel electrode 191b and the third subpixel elec-
trode 191c. Such a difference in voltage levels may be
provided using the transforming capacitor (Ct in FIG. 11)
such that the first subpixel electrode 191a, the second
subpixel electrode 191b, and the third subpixel electrode
191c have different voltages. As a result, three shades
of grays may be implemented.

[0125] A liquid crystal display according to an exem-
plary embodiment of the invention is described hereafter
in detail with FIG. 13 and FIG. 14.

[0126] FIG. 13 is an equivalent circuit diagram of one
pixel a liquid crystal display according to an exemplary
embodiment of the invention. FIG. 14 is a layout view of
a lower display panel of the liquid crystal display accord-
ing to an exemplary embodiment of the invention.
[0127] A large portion of the configuration of the liquid
crystal display according the exemplary embodiment of
the invention is similar to the liquid crystal display accord-
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ing to the fourth exemple, as shown in FIG. 13. Therefore,
the detailed description is not provided and discussion
will be directed towards the differences.

[0128] In the liquid crystal display according to the ex-
emplary embodiment of the invention, unlike the liquid
crystal display according to the fourth exemple, the sec-
ond gate line is not provided but the first gate line GLn
is provided and connected to a first switching element
Qa and a second switching element Qb. The first gate
line GLn and the second gate line are not discriminated,
such that the first gate line GLn will be described as a
gate line.

[0129] AsshowninFIG. 13, the third switching element
Qc is not connected to a specific gate line, a control ter-
minal N1 is floated, an input terminal N3 is connected to
the second switching element Qb, and an output terminal
N2 is connected to the transforming capacitor Ct. Further,
the transforming capacitor Ct is connected to the third
liquid crystal capacitor Clcc.

[0130] If gate-on voltage is applied to the first gate line
GLn, the first switching element Qa and the second
switching element Qb connected thereto are turned on.
Further, the same data signal may be applied through
the data line DL, such that the first liquid crystal capacitor
Clca and the second liquid crystal capacitor Clcb are
charged with similar or near identical voltages.

[0131] As positive data voltage is applied through the
data line DL, the voltage of the control terminal N1 may
increase while the input terminal N3 of the third switching
element Qc is charged with positive data voltage. Ac-
cordingly, current flows from the input terminal N3 to the
output terminal N2 of the third switching element Qc and
the voltage of the output terminal N2 correspondingly
may increase.

[0132] If gate-off voltage is applied to the first gate line
GLn, the current continues flowing from the input terminal
N3 to the outputterminal N2, untilthe voltage of the output
terminal N2, the voltage of the input terminal N3, and the
voltage of the control terminal N1 become the similar or
near identical in the third switching element Qc. Accord-
ingly, the voltage of the input terminal N3 may decrease
and the voltage of the output terminal N2 may increase.
As a result, the voltage of the second liquid crystal ca-
pacitor Clcb connected to the input terminal N3 of the
third switching element Qc decreases under the positive
data voltage thathas been applied, such thatitdecreases
under the voltage of the first liquid crystal capacitor Clca.
Further, the voltage discharged from the second liquid
crystal capacitor Clcb is divided to the transforming ca-
pacitor Ct and the third liquid crystal capacitor Clcc, such
that a difference in voltage is generated between the sec-
ond liquid crystal capacitor Clcb and the third liquid crystal
capacitor Clcc. Accordingly, it may be possible toimprove
the side visibility of the liquid crystal display.

[0133] The structure of the liquid crystal display ac-
cording to the exemplary embodiment of the invention,
as shown in FIG. 14, has a large portion similar to the
configuration of the liquid crystal display according to the
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fourth exemple; therefore, the detailed description is not
provided and discussion will be directed towards the dif-
ferences.

[0134] In the liquid crystal display according to the ex-
emplary embodiment of the invention, unlike the fourth
exemple, the second gate line is not specifically provided
and but the first gate line 121a is provided.

[0135] The third gate electrode 124cis floated between
the second subpixel electrode 191b and the third subpixel
electrode 191c, without being connected to a specific
gate line.

[0136] Further, similar to the fourth exemple, it is pos-
sible to make the thickness of the passivation layer 180
at the portion where the third drain electrode 175¢ and
the third subpixel electrode 191c overlap smaller than
the other portions.

[0137] In the liquid crystal display according to the ex-
emplary embodiment, it may be possible to improve the
side visibility by making a difference in voltage between
the second subpixel electrode 191b and the third subpixel
electrode 191c. Such a difference may be created using
the third switching element (Qcin FIG. 13) with the control
terminal floating and the transforming capacitor (Ct in
FIG. 13) such that the subpixel electrodes (first subpixel
electrode 191a, second subpixel electrode 191b, and
third subpixel electrode 191c) have different voltages and
three grays are implemented as a result.

[0138] A liquid crystal display according to a fifth ex-
emple not according to invention is described hereafter
in detail with reference to FIG. 15.

[0139] FIG. 15is an equivalent circuit diagram of one
pixel aliquid crystal display notaccording to the invention.
[0140] A liquid crystal display according to the fifth ex-
emple, as shown in FIG. 15, includes a first switching
element Qa and a second switching element Qb, a first
liquid crystal capacitor Clca connected to the first switch-
ing element Qa, a second liquid crystal capacitor Clcb
and a third liquid crystal capacitor Clcc connected to the
second switching element Qb, and a third switching ele-
ment Qc connected to the second switching element Qb.
[0141] Further, a first transforming capacitor Ct1 may
be further formed between the second switching element
Qb and the third liquid crystal capacitor Clcc. Also, a sec-
ond transforming capacitor Ctz connected to the third
switching element may be further formed.

[0142] The liquid crystal display according to the fifth
exemple further includes a first gate line GLn, a second
gate line GLn+1, and a data line DL. The first switching
element Qa and the second switching element Qb may
be three terminal elements of a thin film transistor etc.,
connected to the first gate line GLn to be switched by the
same signal, and connected to the data line DL to receive
the same data signal. The third switching element Qc
may be a three terminal element of a thin film transistor
etc., and connected to the second gate line GLn+1.
[0143] If gate-on voltage is applied to the first gate line
(GLn), the first switching element Qa and the second
switching element Qb are turned on and the same data
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signal is applied through the data line DL, such that the
first liquid crystal capacitor Clca and the second liquid
crystal capacitor Clcb are charged with the similar or near
identical voltage. The third liquid crystal capacitor Clcc
is charged with voltage lower than the first liquid crystal
capacitor Clca and second liquid crystal capacitor Clcb,
due to the first transforming capacitor Ct1.

[0144] Thereafter, if gate-on voltage is applied to the
second gate line GLn+1, which is the next gate line, the
third switching element Qc is turned on and some of the
charged voltage of the second liquid crystal capacitors
Clcb and third liquid crystal capacitor Clcc is discharged
to the second transforming capacitor Ctz. Therefore, the
voltage of the second liquid crystal capacitor Clcb de-
creases under the voltage of the first liquid crystal capac-
itor Clca and the voltage of the third liquid crystal capac-
itor Clcb decreases under the voltage of the second liquid
crystal capacitor Clcb. Accordingly, it may be possible to
improve the side visibility of the liquid crystal display.
[0145] Although the structure of the liquid crystal dis-
play according to the fifth exemple is not shown, it may
include a first substrate, one or more first gate lines and
second gate lines and one or more data lines formed on
the first substrate, a first switching element and a second
switching element connected to the first gate line and the
data line, a first subpixel electrode connected to the first
switching element, a second subpixel electrode and a
third subpixel electrode connected to the second switch-
ing element, a first transforming capacitor formed be-
tween the second switching element and the third sub-
pixel electrode, a third switching element connected to
the second switching element and switched by the sec-
ond gate line, and a second transforming capacitor con-
nected to the third switching element.

[0146] Further, it may further include a second sub-
strate opposite to the first substrate, a common electrode
formed on the second substrate, and a liquid crystal layer
formed between the first substrate and the second sub-
strate.

[0147] In the liquid crystal displays according to the
third to fifth exemples and according to the exemplary
embodiment of the invention, the first subpixel electrode
191a, the second subpixel electrode 191b, and the third
subpixel electrode 191c have different voltages and three
grays may be implemented as aresult, thereby improving
the side visibility.

[0148] Hereinafter, the maximum area ratio and volt-
age ratio of the subpixel electrodes (first subpixel elec-
trode 191a, second subpixel electrode 191b, and third
subpixel electrode 191c) for improving the side visibility
of the liquid crystal displays according to the third to fifth
examples and according to the exemplary embodiment
of the invention are described with reference to FIG. 16,
FIG. 17, FIG. 18, and FIG. 19.

[0149] FIG. 16 is a graph showing a V-T curve at the
front and the side of a liquid crystal display according to
the related art. FIG. 17 is a graph showing a V-T curve
at the front and the side of a liquid crystal display accord-
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ing to an exemplary embodiment of the invention. FIG.
18 is a graph showing a V-T curve at the front and the
side of a liquid crystal display according to an exemplary
embodiment of the invention. FIG. 19 at the front and the
side of a liquid crystal display according to an exemplary
embodiment of the invention.

[0150] In FIG. 16, FIG. 17, FIG. 18 and FIG. 19, the
horizontal axis represents data voltage, the vertical axis
represents transmittance, the solid line represents the
front visibility, and the dotted line represents the side vis-
ibility.

[0151] A liquid crystal display according to the related
art may have a problem in that, as shown in FIG. 16,
bumping may be generated at a time when a pixel elec-
trode where voltage showing a low gray is applied is
turned on, if the difference between the voltage showing
a high gray and the voltage showing a low gray is large
in the method of dividing one pixel in two subpixels and
applying different voltages thereto.

[0152] In the liquid crystal display according to an ex-
emplary embodiment of the invention, as shown in FIG.
17, FIG. 18 and FIG. 19, the section where the bumping
period, as shown in FIG. 16, is removed by dividing one
pixel in three subpixels with different voltages.

[0153] FIG.17,FIG. 18, and FIG. 19 show several typ-
ical experimental examples, in which the voltage ratio of
the first subpixel electrode, second subpixel electrode,
and third subpixel electrode may be 1: 0.6 to 0.85: 0.4
to 0.7. Further, the area ratio of the first subpixel elec-
trode, second subpixel electrode, and third subpixel elec-
trode may be 1: 1 to 2: 1 to 2. While the voltage ratio
and the area ratio may not be limited to the exemplary
ratios provided,

[0154] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from scope of the
invention as defined in the appended claims. Thus, it is
intended that the present invention cover the modifica-
tions and variations of this invention provided within the
scope of the appended claims.

Claims

1. A liquid crystal display having three subpixel elec-
trodes, comprising:

a first substrate;

a second substrate;

a common electrode formed on the second sub-
strate; and

a liquid crystal layer formed between the first
substrate and the second substrate;

a gate line (GLn) and a data line (DL) formed on
the first substrate;

a first gate electrode (124a), a first source elec-
trode (173a), and a first drain electrode (175a)
constituting a first switching element (Qa);
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a second gate electrode (124b), a second
source electrode (173b), and a second drain
electrode (175b) constituting a second switching
element (Qb);

athird gate electrode (124c), a third source elec-
trode (173c), and a third drain electrode (175c)
constituting a third switching element (Qc);

the first switching element (Qa) and the second
switching element (Qb) are formed on the first
substrate and configured to be switched by the
same signal

wherein the first gate electrode (124a) of the first
switching element (Qa) and the second gate
electrode (124b) of the second switching ele-
ment (Qb) are connected to the gate line (GLn),
and the first source electrode (173a) of the first
switching element (Qa) and the second source
electrode (173b) of the second switching ele-
ment (Qb) are connected to the data line (DL),
and the third source electrode (173c) of the third
switching element (Qc) is connected to the sec-
ond drain electrode (175b) of the second switch-
ing element (Qb);

a first subpixel electrode (191a) is connected to
the first drain electrode (175a) of the first switch-
ing element (Qa);

asecond subpixel electrode (191b) is connected
to the second drain electrode (175b) of the sec-
ond switching element (Qb);

a third subpixel electrode (191c) is connected
to the third drain electrode (175c) of the third
switching element (Qc);

characterized in that:

the third gate electrode (124c) is floated be-
tween the second subpixel electrode (191b) and
the third subpixel electrode (191c) without being
connected to a specific gate line (GLn).

The liquid crystal display of claim 1 arranged so that
the voltage of the first subpixel electrode (191a) is
higher than the voltage of the second subpixel elec-
trode (191b), and the voltage of the second subpixel
electrode (191b) is higher than the voltage of the
third subpixel electrode (191c) in response to the
first and second switching elements (Qa, Qb) being
switched by a signal received from the gate line
(GLn).

The liquid crystal display of claim 2, arranged so that
a voltage ratio of the first subpixel electrode (191a)
to the second subpixel electrode (191b) is 1: 0.6 -
0.85, and a voltageratio of the first subpixel electrode
(191a) to the third subpixel electrode (191c)is 1: 0.4
-0.7.

The liquid crystal display of claim 2, wherein an area
ratio of the first subpixel electrode (191a) to the sec-
ond subpixel electrode (191b) is 1: 1 - 2, and an
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area ratio of the first subpixel electrode (191a) to the
third subpixel electrode (191c) is 1:1-2.

Patentanspriiche

1.

Flussigkristallanzeige mit drei Subpixel-Elektroden,
umfassend:

ein erstes Substrat;

ein zweites Substrat;

eine gemeinsame Elektrode, die auf dem zwei-
ten Substrat gebildet ist;

und

eine Flissigkristallschicht, die zwischen dem
ersten Substrat und dem zweiten Substrat ge-
bildet ist;

eine Gate-Leitung (GLn) und eine Datenleitung
(DL), die auf dem ersten Substrat gebildet sind;
eine erste Gate-Elektrode (124a), eine erste
Source-Elektrode (173a) und

eine erste Drain-Elektrode (175a), die ein erstes
Schaltelement (Qa) bilden;

eine zweite Gate-Elektrode (124b), eine zweite
Source-Elektrode (173b) und eine zweite Drain-
Elektrode (175b), die ein zweites Schaltelement
(Qb) bilden;

eine dritte Gate-Elektrode (124c), eine dritte
Source-Elektrode (173c) und

eine dritte Drain-Elektrode (175c), die ein drittes
Schaltelement (Qc) bilden;

wobei das erste Schaltelement (Qa) und das
zweite Schaltelement (Qb) auf dem ersten Sub-
strat gebildet sind und dafiir ausgelegt sind,
durch das gleiche Signal geschaltet zu werden;
wobei die erste Gate-Elektrode (124a) des ers-
ten Schaltelements (Qa) und

die zweite Gate-Elektrode (124b) des zweiten
Schaltelements (Qb) mit der Gate-Leitung (GLn)
verbunden sind, und wobei die erste Source-
Elektrode (173a) des ersten Schaltelements
(Qa) und die zweite Source-Elektrode (173b)
des zweiten Schaltelements (Qb) mit der Daten-
leitung (DL) verbunden sind, und wobei die dritte
Source-Elektrode (173c) des dritten Schaltele-
ments (Qc) mit der zweiten Drain-Elektrode
(175b) des zweiten Schaltelements (Qb) ver-
bunden ist;

wobei eine erste Subpixel-Elektrode (191a) mit
der ersten Drain-Elektrode (175a) des ersten
Schaltelements (Qa) verbunden ist;

wobei eine zweite Subpixel-Elektrode (191b) mit
der zweiten Drain-Elektrode (175b) des zweiten
Schaltelements (Qb) verbunden ist;

wobei eine dritte Subpixel-Elektrode (191c) mit
der dritten Drain-Elektrode (175c) des dritten
Schaltelements (Qc) verbunden ist;

dadurch gekennzeichnet, dass
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sich die dritte Gate-Elektrode (124c) floatend
zwischen der zweiten Subpixel-Elektrode
(191b) und der dritten Subpixel-Elektrode
(191c) befindet, ohne mit einer spezifischen
Gate-Leitung (GLn) verbunden zu sein.

2. Flussigkristallanzeige nach Anspruch 1, derart an-

geordnet, dass die Spannung der ersten Subpixel-
Elektrode (191a) hoher als die Spannung der zwei-
ten Subpixel-Elektrode (191b) istund dass die Span-
nung der zweiten Subpixel-Elektrode (191b) héher
als die Spannung der dritten Subpixel-Elektrode
(191c) ist, wenn die ersten und zweiten Schaltele-
mente (Qa, Qb) durch ein von der Gate-Leitung
(GLn) eingehendes Signal geschaltet werden.

Flussigkristallanzeige nach Anspruch 2, derart an-
geordnet, dass ein Spannungsverhaltnis der ersten
Subpixel-Elektrode (191a) zur zweiten Subpixel-
Elektrode (191b) 1 : 0,6 - 0,85 betragt und ein Span-
nungsverhaltnis der ersten Subpixel-Elekirode
(191a) zur dritten Subpixel-Elektrode (191c) 1: 0,4
- 0,7 betragt.

Flussigkristallanzeige nach Anspruch 2, wobei ein
Flachenverhaltnis der ersten Subpixel-Elektrode
(191a) zur zweiten Subpixel-Elektrode (191b) 1

1 1 - 2 betragt und ein Flachenverhéltnis der ersten
Subpixel-Elektrode (191a) zur dritten Subpixel-Elek-
trode (191¢) 1: 1 - 2 betragt.

Revendications

Un écran a cristaux liquides ayant trois électrodes
de sous-pixel comprenant :

Un premier substrat ;

Un deuxiéme substrat ;

Une électrode ordinaire formée sur le deuxiéme
substrat ; et

Une couche de cristaux liquides formée entre le
premier substrat et le deuxiéme substrat ;
Uneligne de grille (GLn) etune ligne de données
(DL) formée sur le premier substrat ;

Une premiére électrode de grille (124a), une
premiére électrode source (173a) et une pre-
miére électrode déversoir (175a) constituant un
premier élément de commutation (Qa) ;

Une deuxiéme électrode de grille (124b), une
deuxiéme électrode source (173b) et une
deuxiéme électrode déversoir (175b) consti-
tuant un deuxiéeme élément de commutation
(Qb) ;

Une troisiéme électrode de grille (124c), une
troisiéme électrode source (173c) et une troisie-
me électrode déversoir (175c) constituant un
troisiéme élément de commutation (Qc) ;
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Le premier élément de commutation (Qa) et le
deuxiéme élément de commutation (Qb) sont
formés sur le premier substrat et configurés pour
étre commutés par le méme signal,

Ou la premiere électrode de grille (124a) du pre-
mier élément de commutation (Qa) et la deuxié-
me électrode de grille (124b) du deuxieme élé-
ment de commutation (Qb) sont connectées a
la ligne de grille (GLn),

et la premiére électrode source (173a) du pre-
mier élément de commutation (Qa) et la deuxié-
me électrode source (173b) du deuxieme élé-
ment de commutation (Qb) sont connectées a
la ligne de données (DL), et la troisieme élec-
trode source (173c) du troisieme élément de
commutation (Qc) est connectée a la deuxieme
électrode déversoir (175b) du deuxieme élé-
ment de commutation (Qb) ;

Une premiéere électrode de sous-pixel (191a) est
connectée a la premiére électrode déversoir
(175a) du premier élément de commutation
(Qa) ;

Une deuxiéme électrode sous-pixel (191b) est
connectée a la deuxiéme électrode déversoir
(175b) du deuxiéme élément de commutation
(Qb) ;

Une troisieme électrode sous-pixel (191c) est
connectée a la troisieme électrode déversoir
(175c) du troisieme élément de commutation
(Qc) ;

Caractérisé en ce que :

La troisieme électrode de grille (124c) os-
cille entre la deuxiéme électrode sous-pixel
(191b) et la troisieme électrode sous-pixel
(191c) sans étre connectée a une ligne de
grille (GLn) spécifique.

L’écran a cristaux liquides de la revendication 1 dis-
posé de sorte que la tension de la premiére électrode
sous-pixel (191a) soit supérieure a la tension de la
deuxieme électrode sous-pixel (191b) et la tension
de la deuxiéme électrode sous-pixel (191b) soit su-
périeure a la tension de la troisieme électrode sous-
pixel (191c) en réponse au premier et au deuxieme
éléments de commutation (Qa, Qb) étant commutés
par un signal recu a partir de la ligne de grille (GLn).

L’écran a cristaux liquides de la revendication 2, dis-
posé de sorte que le rapport de tension de la pre-
miére électrode sous-pixel (191a) a la deuxieme
électrode sous-pixel (191b) soit 1:0,6 - 0,85, et un
rapport de tension de la premiére électrode sous-
pixel (191a) a la troisieme électrode sous-pixel
(191c) soit 1:0,4 - 0,7.

L’écran a cristaux liquides de la revendication 2, ou
un rapport de section de la premiere électrode sous-
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pixel (191a) a la deuxiéme électrode sous-pixel
(191b) est 1 : 1 - 2, et un rapport de section de la
premiére électrode sous-pixel (191a) a la troisieme
électrode sous-pixel (191c) est1:1 -2.
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