US 20090207115A1

12) Patent Application Publication (o) Pub. No.: US 2009/0207115 Al

a9y United States

KIM

(43) Pub, Date: Aug, 20, 2009

(54) LIQUID CRYSTAL DISPLAY

(75) Inventor: Seok-Woo KIM, Cheonan-si (KR)
Correspondence Address:
H.C. PARK & ASSOCIATES, PLC
8500 LEESBURG PIKE, SUITE 7500
VIENNA, VA 22182 (US)
(73) Assignee: Samsung Electronics Co., Ltd.,
Suwon-Si (KR)

(21) Appl.No:  12/343,671

Publication Classification

(51) Int.CL
G09G 3/36 (2006.01)

(52) Ui Cle covvoeoeeeeeseeeceseeeseseeses oo 345/90
(57) ABSTRACT

A liquid crystal display (LCD) includes a substrate, gate lines
that extend in a first direction, data lines that cross the gate
lines and extend in a second direction, and unit pixels. Each
unit pixel includes a first subpixel electrode connected to an
i gate line by a first switching device, a second subpixel
electrode connected to the i gate line by a second switching
device, and a third switching device including a drain elec-
trode capacitively coupled to the second subpixel electrode
and a source electrode connected to the first subpixel elec-

(22) Filed: Dec. 24, 2008 trode. The third switching device is connected to an (i+1)™
gate line, the first and second subpixel electrodes between the
(30) Foreign Application Priority Data i* gate line and the (i+1)” gate line are arranged in an order
opposite that of the first and second subpixel electrodes
Feb. 14,2008  (KR) wocoovvevervcceecene. 10-2008-0013576  between the (i+I)” gate line and an (i+2)™ gate line.
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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2008-0013576, filed on
Feb. 14, 2008, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD), and more particularly, to an LCD that may have
a minimum defect rate and may be easily repaired.

[0004] 2. Discussion of the Background

[0005] As modern society becomes more dependent on
sophisticated information and communication technology,
the need for larger and thinner displays is growing. In par-
ticular, since conventional cathode ray tubes (CRTs) have
failed to fully satisfy these market needs, the demand for flat
panel displays (FPDs), such as plasma display panels (PDPs),
plasma address liquid crystal display panels (PALCs), liquid
crystal displays (LCDs), and organic light emitting diodes
(OLED:s), 1s increasing dramatically.

[0006] LCDs are one of the most widely used FPDs. An
LCD includes two substrates, on which electrodes are dis-
posed, and a liquid crystal layer disposed between the two
substrates. The alignment of liquid molecules of the liquid
crystal layer is altered when voltages are applied to the elec-
trodes and thus, the amount of light transmitted may be con-
trolled. In this way, the LCD displays a desired image.
[0007] In order to enhance the lateral visibility of an L.CD,
each pixel may be split into two subpixel electrodes, and the
subpixel electrodes may be capacitively coupled to each
other. Then, different voltages may be applied to the subpixel
electrodes.

[0008] A complicated manufacturing process including a
photolithography process and an etching process may be
performed on a thin-film transistor (TFT) array substrate of
the LCD to form gate lines, data lines, and pixel electrodes.
Here, the disposition of each element of the LCD may deter-
mine a defect rate in the manufacturing process.

[0009] Thus, the dispositions of elements, such as the gate
lines, the data lines, and source and drain electrodes of TFTs,
should be optimized in order to reduce the defect rate in the
manufacturing process.

SUMMARY OF THE INVENTION

[0010] The present invention provides a liquid crystal dis-
play (LCD) that may have a minimum defect rate and may be
easily repaired.

[0011] 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 practice of the
invention,

[0012] The present invention discloses an LCD including a
substrate, a plurality of gate lines that extend in a first direc-
tion on the substrate, a plurality of data lines that cross the
gate lines and extend in a second direction, and a plurality of
unit pixels defined by the gate lines and the data lines. Each
unit pixel includes a first subpixel electrode connected to an
i gate line by a first switching device, a second subpixel
electrode connected to the i gate line by a second switching
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device that is adjacent to the first switching device and spaced
apart from the first subpixel electrode, and a third switching
device thatincluding a drain electrode capacitively coupled to
the second subpixel electrode and a source electrode con-
nected to the first subpixel electrode. The third switching
device is connected to an (i+1)” gate line that is adjacent to
the i” gate line. The first and second subpixel electrodes
between the i gate line and the (i+1)™ gate line are arranged
in an order opposite that of the first and second subpixel
electrodes between the (i+1)” gate line and an (i+2)" gate
line.

[0013] The present invention also discloses an LCD includ-
ing a plurality of unit pixels defined by a plurality of gate lines
and a plurality of data lines arranged in a lattice on an insu-
lating substrate. Each unit pixel includes a first subpixel elec-
trode connected to an i” gate line by a first switching device,
asecond subpixel electrode connected to the i gate line by a
second switching device that is adjacent to the first switching
device and spaced apart from the first subpixel electrode, and
a third switching device including a drain electrode capaci-
tively coupled to the second subpixel electrode, a source
electrode connected to the first subpixel electrode, and a gate
electrode connected to an (i+1)” gate line. The unit pixels
include a first unit pixel and second unit pixel. In the first umt
pixel the first and second switching devices are connected to
aj” dataline, and in the second unit pixel the first and second
switching devices are connected to a (j+1)™ dataline. The first
and second subpixel electrodes of the first unit pixel are
arranged in an order opposite that of the first and second
subpixel electrodes of the second unit pixel.

[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0016] FIG. 1 schematically shows a pixel array of a liquid
crystal display (LLCD) according to an exemplary embodi-
ment of the present invention.

[0017] FIG.21isaplan view ofa first display panel included
in the LCD of FIG. 1.

[0018] FIG. 3 is a plan view of a second display panel
included in the LCD of FIG. 1.

[0019] FIG. 4 is a plan view of the LCD of FIG. 1.

[0020] FIG. 5 is a cross-sectional view of the LCD taken
along line V-V' of FIG. 4.

[0021] FIG. 6 is a cross-sectional view of the LCD taken
along line VI-VT' of FIG. 4.

[0022] FIG. 7is an equivalent circuit diagram ofthe LCD of
FIG. 1.
[0023] FIG. 8 shows waveforms of voltages which are

applied to the LCD of FIG. 1.
[0024] FIG.9isaplan view of an LCD according to another
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0025] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
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embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layer and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0026] It will be understood that when an element or layer
is referred to as being “on” or “connected” to another element
or layer, the element or layer can be directly on or directly
connected to another element or layer, or intervening ele-
ments or layers. In contrast, when an element is referred to as
being “directly on” or “directly connected to” another ele-
ment or layer, there are no intervening elements or layers
present. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
[0027] Spatially relative terms, such as “below,” “beneath”,
“lower”, “above”, “upper”, and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures.

[0028] Hereinafter, a liquid crystal display (LCD) accord-
ing to an exemplary embodiment of the present invention will
be described in detail with reference to the attached drawings.
FIG. 1 schematically shows a pixel array of an LCD accord-
ing to an exemplary embodiment of the present invention.

[0029] Referring to FIG. 1, the LCD according to the
present exemplary embodiment includes a plurality of gate
lines G, through G, and a plurality of data lines D, through
D,,, which are arranged in a lattice and define pixels. The
pixels are composed of unit pixels PX. Each unit pixel PX is
partitioned into a first subpixel A and a second subpixel B and
includes first, second, and third switching devices that control
the first subpixel A and the second subpixel B. The first,
second, and third switching devices may be first, second, and
third thin-film transistors (TFTs) Q,, Q,, and Q5.

[0030] The unit pixels PX are regions surrounded by the
gate lines G, through G, and the data lines D, through D,,,
which are arranged in a lattice. Each unit pixel PX is parti-
tioned into two subpixels, that is, the first and second subpix-
els A and B, in order to improve visibility. The first subpixel
A of each unit pixel PX is controlled by the first TFT Q,, and
the second subpixel B thereof is controlled by the second TFT
Q.. In addition, the third TFT Q; is connected to the first
subpixel A or the second subpixel B. The third TFT Q; is
connected to a voltage-up capacitor or a voltage-down
capacitor, which will be described in detail below, in order to
raise or lower the voltages charged in the first subpixel A and
the second subpixel B.

[0031] The same data voltage is applied to the first and
second subpixels A and B of eachunit pixel PX by the first and
second TFTs Q, and Q,, respectively. Then, the voltages of
the first and second subpixels A and B are raised or lowered by
the third TFT Qs, so that different voltages are stored in the
first and second subpixels A and B. The specific operation of
each element will be described below.

[0032] The first and second subpixels A and B between an
i gate line G, and an (i+1)” gate line G, , may be arranged in
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an order that is opposite that of the first and second subpixels
A and B between the (i+1)” gate line G,,, and an (1+2)™ gate
line G;

i+2°

[0033] Ifaunit pixel PX connected to a j* data line D;isa
first unit pixel and a unit pixel PX connected to a (j+1)” data
line D;, , is a second unit pixel, the first and second subpixels
A and B of the first unit pixel may be arranged in the same
order as that the first and second subpixels A and B of the
second unit pixel of the same row of pixels.

[0034] The first and second TFTs Q, and Q, may be dis-
posedon aside of thei™ dataline D, in aunit pixel PX between
the i’ gate line G, and the (i+1)” gate line G,, ,. Additionally,
the first and second TFTs Q, and Q, may be disposed on the
other side of the j* data line D, in a unit pixel PX between the
(+1)™ gate line G,_, and the (i+2)™ gate line G,, ,. That is, the
positionofthe firstand second TF Ts Q, and Q,, which branch
off from a data line, may vary according to pixel line. In
addition, the third switching device, i.e., the third TFT Q;, of
the unit pixel PX connected to the i”” gate line G,, and the first
and second switching devices, i.e., the first and second TFTs
Q, and Q,, of the unit pixel PX connected to the (i+1)” gate
line G,,,, may be switched on or off in response to a gate
voltage received from the same gate line (i.e., the (i+1)” gate
line G,,,).

[0035] FIG. 2 is a plan view of a first display panel 100
included in the LCD of FIG. 1. FIG. 3 is a plan view of a
second display panel 200 included in the LCD of FIG. 1. FIG.
4 is a plan view of the LCD of FIG. 1. FIG. 5 is a cross-
sectional view of the LCD taken along line V-V' of FIG. 4.
FIG. 6 is a cross-sectional view of the LCD taken along line
VI-VT of FIG. 4.

[0036] The first display panel 100 will now be described
with reference to FIG. 2, FIG. 4, FIG. 5, and FIG. 6. Referring
to FIG. 2, FIG. 4, FIG. 5, and FIG. 6, a first insulating
substrate 10 is made of transparent glass or plastic. Ani” gate
line G; extends in a first direction on the first insulating sub-
strate 10. Thei” gateline G, includes a first gate electrode 22a
and a second gate electrode 225. The first gate electrode 22a
and the second gate electrode 226 may extend from regions of
the i” gate line G,. However, the present invention is not
limited thereto. Alternatively, a portion of the i” gate line G,
that has uniform width may function as a first gate electrode
22a and a second gate electrode 22b.

[0037] The first and second gate electrodes 22a and 22k
may be connected to adjacent gate lines. For example, the first
gate electrode 22a may be connected to the i” gate line G,, and
the second gate electrode 225 may be connected to the (i+1)”
gate line G,_,. That is, two gate lines may be used to control
one pixel PX. Thus, two gate lines may be allocated to one
pixel. Alternatively, as in the present exemplary embodiment,
one gate line may be allocated to one pixel, and a gate line of
an adjacent pixel may be used as the second gate line.

[0038] A storage electrode line 28 is disposed on the first
insulating substrate 10 on the same layeras the i gate line G..
The storage electrode line 28 may be disposed in various
ways. A gate insulating film 30, which may be made of silicon
nitride or silicon oxide, is stacked on the i gate line G, and the
storage electrode line 28. In addition, first and second semi-
conductor layers 40a and 405, which may be made of hydro-
genated amorphous silicon, are disposed on the gate insulat-
ing film 30. The first semiconductor layer 40a overlaps the
first gate electrode 224, and the second semiconductor layer
404 overlaps the second gate electrode 225.
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[0039] Datawiring is disposed on the first and second semi-
conductor layers 40a and 405. The data wiring includes a j*
data line D,, a first source electrode 65a, a second source
electrode 655, a first drain electrode 664, a second drain
electrode 665, and a third drain electrode 66¢. The j* data line
D, extends in a second direction. The j* dataline D, and the i
gate line G, may cross each other and thus be arranged in a
lattice on the first insulating substrate 10. In this case, the j*
data line D, and the i gate line G, may cross each other at an
angle of 90 degrees, as shown, or at a different angle.

[0040] The first source electrode 65a may branch off from
the i data line D,, and the first and second drain electrodes
66a and 665 may be adjacent to and spaced apart from the first
source electrode 65a. The first and second drain electrodes
66a and 66 at least partially overlap the first gate electrode
22a. Thus, the first source electrode 65a, the first drain elec-
trode 664, and the first gate electrode 22a form three termi-
nals of the first TFT Q. and the first source electrode 65a, the
second drain electrode 665, and first gate electrode 22« form
three terminals of the second TFT Q.. In the present specifi-
cation, the first source electrode 65q, the first drain electrode
66a, the second drain electrode 665, and the first gate elec-
trode 22a are defined as two switching devices, i.e., the first
and second TFTs Q, and Q,. Alternatively, the first source
electrode 65a, the first drain electrode 664, the second drain
electrode 665, and the first gate electrode 22a may make up a
single switching device that includes a source electrode and
two drain electrodes controlled by a gate electrode.

[0041] The second source electrode 655 extends from the
second semiconductor layer 405 toward a first subpixel elec-
trode 82a. The third drain electrode 66¢ faces the second
source electrode 655 and is spaced apart from the second
source electrode 656. The third drain electrode 66¢ may
extend under a second subpixel electrode 825. The second
source electrode 655 may be connected to the first subpixel
electrode 824 through a contact hole 76¢, and the third drain
electrode 66¢ may overlap the second subpixel electrode 825
to form a capacitor.

[0042] Ohmic contact layers 55, 56a, 565, 56c, and 564
may be made of n+ hydrogenated amorphous silicon, which
may be doped in high concentration, and are disposed
between the first and second semiconductor layers 40a and
405 and the data wiring disposed on the first and second
semiconductor layers 40a and 404.

[0043] The third drain electrode 66¢ overlaps the storage
electrode line 28 and may include a wide extension portion
67. The wide extension portion 67 of the third drain electrode
66¢ partially overlaps the storage electrode line 28 and the
second subpixel electrode 82b4, which will be described
below. The wide extension portion 67 of the third drain elec-
trode 66¢ overlaps the storage electrode line 28 to form a
voltage-down capacitor and thus reduce an absolute value of
a pixel voltage charged in the first subpixel electrode 82a,
which will be described below. The wide extension portion 67
of the third drain electrode 66¢ also overlaps the second
subpixel electrode 826 to form a voltage-up capacitor and
thus increase an absolute value of a pixel voltage charged in
the second subpixel electrode 82b. Therefore, even if the
same grayscale data voltage is applied to the first and second
subpixel electrodes 82a and 826, voltages charged in the first
and second subpixel electrodes 82a and 825 may be adjusted
to have different values, which will be described in more
detail below.
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[0044] The first gate electrode 22a, the first source elec-
trode 65a, and the first drain electrode 66a make up the first
TFT Q,, which uses the first semiconductor layer 40a as its
channel portion. The first gate electrode 22a, the first source
electrode 65a, and the second drain electrode 665 make up the
second TFT Q,, which also uses the first semiconductor layer
40a as its channel portion. In addition, the second gate elec-
trode 224, the second source electrode 655, and the third drain
electrode 66¢ make up the third TFT Q,, which uses the
second semiconductor layer 405 as its channel portion. As
described above, the second gate electrode 225, which is
coupled to the third TFT Q; to drive the same pixel region as
the first and second TFTs Q, and Q,, is connected to the
(i+1)* gate line G,, |, which is adjacent to the i gate line G,
having the first gate electrode 22a connected thereto.

[0045] Thefirstand second TFTs Q, and Q, are adjacent to
each other, and the third TFT Q, faces the first and second
TFTs Q, and Q, and is spaced from the first and second TFTs
Q, and Q, with the first and second subpixel electrodes 82a
and 8254 interposed therebetween.

[0046] In addition, the first, second, and third switching
devices, i.e. TFTs Q,, Q,, and Q,, are connected to the (i+1)™
gate line G, ;. The third TFT Q; is spaced from the first and
second TFTs Q, and Q, in the first direction and connected to
a unit pixel which is adjacent thereto in the second direction.
The first and second TFT's Q, and Q,, which are connected to
the (i+1)” gate line G,,,, and the third TFT Q, may be
arranged in an order opposite that of the first and second TF Ts
Q, and Q,, which are connected to the (i+2)" gate line G
and the third TFT Q.

[0047] A passivation layer 70 may be disposed on the data
wiring. The passivation layer 70 may be made of an inorganic
material, such as silicon nitride, or an organic insulating
material. Alternatively, the passivation layer 70 may include
two or more layers made of both organic and inorganic mate-
rials. A contact hole 765 is formed in the passivation layer 70
to at least partially expose the second drain electrode 665.
[0048] The first and second subpixel electrodes 82a and
8256 may be made of a transparent conductive material, such
as indium tin oxide (ITO) or indium zinc oxide (IZO), and are
disposed on the passivation layer 70.

[0049] The first subpixel electrode 82a is connected to the
first drain electrode 66a through the contact hole 76a and
partially overlaps the storage electrode line 28. The second
subpixel electrode 824 is connected to the second drain elec-
trode 665 through the contact hole 765 and partially overlaps
the storage electrode line 28. In addition, the first and second
subpixel electrodes 82a and 825 are spaced apart from each
other by a first slit 83, and the first slit 83 may overlap the
storage electrode line 28.

[0050] The first slit 83 may cause the formation of a fringe
field and defines domains in which liquid crystals move uni-
formly. An alignment film (not shown) may further be dis-
posedon the first and second subpixel electrodes 824 and 8254.
The alignment film may be, for example, a vertical alignment
film. A portion of the second subpixel electrode 825 may be
indented and tapered. That is, the second subpixel electrode
82h may have an indented portion. The first subpixel elec-
trode 82a may be arranged in the indented portion of the
second subpixel electrode 824.

[0051] While the same data voltage is provided to the first
and second subpixel electrodes 82a and 825, since the second
subpixel electrode 825 is coupled to the voltage-up capacitor,
it is charged with a pixel voltage whose absolute value is

i+23
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higher than that of the provided data voltage. On the other
hand, since the first subpixel electrode 82a is coupled to the
voltage-down capacitor, it is charged with a pixel voltage
having an absolute value that is lower than that of the provided
data voltage. As described above, since the first and second
subpixel electrodes 82a and 825 in the same pixel are charged
with different voltages, the distortion of a gamma curve may
be prevented, and lateral visibility may be enhanced.

[0052] In the present exemplary embodiment, when the
voltage charged in the first subpixel electrode 82a is reduced,
the voltage charged in the second subpixel electrode 82b is
increased. Therefore, the difference between the voltages
charged in the first and second subpixel electrodes 82a¢ and
825 increases. That is, a greater voltage difference can be
obtained when both the voltage-up capacitor and the voltage-
down capacitor are available than when only the voltage-
down capacitor is available, even if the capacitance of each
capacitor is small. When the voltage-up capacitor and the
voltage-down capacitor are available, the size of the third
drain electrode 66¢, which is an electrode of the voltage-up
capacitor and the voltage-down capacitor, may be reduced,
which, in turn, may improve the aperture ratio. In addition,
since the voltage-up capacitor increases voltages, a transmis-
sion rate may be increased.

[0053] Thesecond display panel 200 will now be described
with reference to FIG. 3, FIG. 4, FIG. 5, and FIG. 6. Referring
to FIG. 3, FIG. 4, FIG. 5, and FIG. 6, like the first insulating
substrate 10, a second insulating substrate 90, which is a base
substrate of the second display panel 200, may be made of
transparent glass or plastic. A black matrix 94 is disposed on
the second insulating substrate 90 and overlaps the i gate
line G, and the j* data line D, of'the first display panel 100. In
addition, a color filter 92 is disposed in a region surrounded by
the black matrix 94. The color filter 92 overlaps the first and
second subpixel electrodes 82a and 82b of the first display
panel 100.

[0054] Anovercoat layer 95 is disposed on the black matrix
94 and the color filter 92 to planarize their step heights.
[0055] A common electrode 91 may be made of a transpar-
ent conductive material, such as [TO or [ZO, and is disposed
on the overcoat layer 95. The common electrode 91 is dis-
posed on a whole surface of the second display panel 200 and
includes a second slit 93 in each pixel unit PX. The second slit
93 causes the formation of a fringe field together with the first
slit 83 interposed between the first and second subpixel elec-
trodes 82a and 82b of the first display panel 100 and defines
domains in which liquid crystals move uniformly. In addition,
an alignment film (not shown) may further be disposed on the
common electrode 91. The alignment film may be a vertical
alignment film.

[0056] Referring to FIG. 5 and FIG. 6, a liquid crystal layer
300 including a plurality of liquid crystals 301 is disposed
between the first display panel 100 and the second display
panel 200. When no electric field is generated in the LCD, the
liquid crystals 301 may be, for example, vertically aligned
according to characteristics of the alignment film included in
the LCD. However, when voltages are applied to the first and
second subpixel electrodes 82a and 825 of the first display
panel 100 and the common electrode 91 of the second display
panel 200, an electric field is formed in the liquid crystal layer
300, thereby rotating the liquid crystals 301.

[0057] Inthis case, if the liquid crystals 301 included in the
liquid crystal layer 300 have negative dielectric anisotropy,
they rotate in a direction perpendicular to the electric field. If
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the liquid crystals 301 have positive dielectric anisotropy,
they rotate in a direction parallel to the electric field. The
degree of rotation of the liquid crystals 301 determines the
transmission of light through the liquid crystal layer 300. If a
polarizer (not shown) is attached to an outer side of the first
display panel 100 and/or the second display panel 200, the
overall transmission rate of the LCD may be controlled using
the polarizer.

[0058] As described above, the first slit 83 of the first dis-
play panel 100 and the second slit 93 of the second display
panel 200 create a fringe field in the LCD according to the
present exemplary embodiment. Thus, the rotation of the
liquid crystals 301 caused by the generation of the electric
field has certain directionality in each domain partitioned by
the first and second slits 83 and 93. As a result, visibility may
be enhanced, and texture created by the collision of the liquid
crystals 301 may be prevented. Furthermore, the speed of
rotation ofthe liquid crystals 301, that is, the reaction speed of
the liquid crystals 310 to the electric field, may be increased.
[0059] FIG.7is an equivalent circuit diagram ofthe LCD of
FIG. 1. FIG. 8 shows waveforms of voltages which are
applied to the LCD of FIG. 1. FIG. 7 shows a circuit diagram
of a pixel region located between the i”* gate line G, and the
(i+1)” gate line G,,, as an example. In FIG. 7, reference
character ‘A’ indicates a first subpixel electrode region, and
reference character ‘B’ indicates a second subpixel electrode
region.

[0060] For simplicity, it is assumed that a common voltage
Vcom applied to the storage electrode line 28 and the com-
mon electrode 91 is 5V, that a data voltage of 7'V is applied
during a first frame, and that a data voltage of 3 V is applied
during a second frame. While a data voltage of 7 V is being
applied to the j# data line D, ifa gate-on signal is transmitted
to the i gate line G, the first and second TFTs Q, and Q, are
turned on. Accordingly, the data voltage of 7'V is applied to
the first and second subpixel electrodes 82a and 82b. Since
the first and second TFTs Q, and Q, are connected to the same
data line, i.e., the j” data line D, a voltage applied to a node
P,, which is connected to the first subpixel electrode 82a, is
equal to a voltage applied to a node P,, which is connected to
the second subpixel electrode 82b. That is, while the gate-on
signal is transmitted to the i gate line G,, subpixel voltages
Vpxl and Vpx2 of 7V are provided to the nodes P, and P,,
respectively. Here, a first liquid crystal capacitor Clcl, a first
storage capacitor Cstl, a second liquid crystal capacitor Clc2,
and a second storage capacitor Cst2 are charged with 2V,
which is the difference between the subpixel voltages Vpx1
and Vpx2 and the common voltage Vcom.

[0061] Meanwhile, avoltage of 7V is also applied to a node
that is connected to the node P,. Since inversion driving is
performed on a frame-by-frame basis in the present exem-
plary embodiment, if approximately 3 V is applied to a node
b during a previous frame, a voltage-up capacitor Cup
between the nodes a and b is charged with approximately +4
V, and a voltage-down capacitor Cdown is charged with
approximately +2 V.

[0062] Ifa gate-off voltage is applied to the i gate line G,,
the first and second TFTs Q, and Q, are turned off, and the
subpixel voltages Vpx1 and Vpx2 charged in the first and
second subpixel electrodes 82a and 825, respectively, are
reduced by a first kickback voltage Vkbl.

[0063] Referring to FIG. 8, the voltage of the i” gate line G,
is Vgn and the voltage of the (i+1)* gate line G, | is Vgn+1.
When a first horizontal period 1H passes after the gate-on



US 2009/0207115 A1

voltage is applied to the i gate line G,, the gate-on voltage is
applied to the (i+1)* gate line G,,,, and the third TFT Q,
connected to the (i+1)” gate line G,,,, is turned on. As the
third TFT Q, is turned on, the nodes P, and b are connected to
each other. Thus, a voltage of 7 V is provided to the node b.
Here, since the voltage-up capacitor Cup is charged with
approximately +4 V, the voltage of the node P, instanta-
neously increases. On the other hand, since the voltage-down
capacitor Cdown is charged with approximately +2 V and has
an end connected to the storage electrode line 28, the voltage
of the node b instantaneously drops. Therefore, the subpixel
voltage Vpx2 charged in the second subpixel electrode 825
instantaneously increases (as indicated by reference numeral
Veupl in FIG. 8) because the second subpixel electrode 825
is coupled to the voltage-up capacitor Cup. In addition, the
subpixel voltage Vpx1 charged in the first subpixel electrode
82a instantaneously decreases (as indicated by reference
numeral Vedownl in FIG. 8) because the first subpixel elec-
trode 82a is coupled to the voltage-down capacitor Cdown.
[0064] If the gate-off voltage is applied to the (i+1)™ gate
line G,,,, the subpixel voltage Vpx2 charged in the second
subpixel electrode 825 is slightly reduced by a second kick-
back voltage Vkb12, and the subpixel voltage Vpx1 charged
in the first subpixel electrode 82qa is further reduced by a
second kickback voltage Vkb11. During the first frame, the
first and second subpixel electrodes 82a and 825 sustain the
subpixel voltages Vpx1 and Vpx2 charged therein.

[0065] As described above, even if the same voltage is
applied to the first and second subpixel electrodes 82a and
825 during the first frame, since the subpixel voltage Vpx1 of
the first subpixel electrode 82« is reduced while the subpixel
voltage Vpx2 of the second subpixel electrode 824 is
increased, the second subpixel electrode 825 may be charged
with a higher voltage than the first subpixel electrode 82a.
That s, the absolute value of the voltage charged in the second
liquid crystal capacitor Clc2 and the second storage capacitor
Cst2 of the second subpixel electrode region B may become
higher than that of the voltage charged in the first liquid
crystal capacitor Clcl and the first storage capacitor Cstl of
the first subpixel electrode region A.

[0066] Next, the subpixel voltages Vpx1 and Vpx2 charged
in the first and second subpixel electrodes 82¢ and 825,
respectively, during a second frame will be described. While
a data voltage of 3V is being applied to the i data line D, if
the gate-on signal is transmitted again to the i gate line G,
when the second frame begins, the first and second TFTs Q,
and Q, are turned on. Accordingly, the data voltage 0f3 V is
applied to the first and second subpixel electrodes 82a and
82h. While the gate-on signal is transmitted to the i” gate line
G,, the subpixel voltages Vpx1 and Vpx2 of 3V are provided
to the nodes P, and P,, respectively. Here, the first liquid
crystal capacitor Clcl, the first storage capacitor Cstl, the
second liquid crystal capacitor Clc2, and the second storage
capacitor Cst2 are charged with -2 V, which is the difference
between the subpixel voltages Vpx1 and Vpx2 and the com-
mon voltage Vcom.

[0067] Meanwhile, a voltage of 3 V is also applied to the
node that is connected to the node P,. Since approximately 7
V was applied to the node b during the first frame, the voltage-
up capacitor Cup between the nodes a and b is charged with
approximately -4 V, and the voltage-down capacitor Cdown
is charged with approximately -2 V.

[0068] If the gate-off voltage is applied to the i gate line
G,, the firstand second TFTs Q, and Q, are turned off, and the
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subpixel voltages Vpx1 and Vpx2 charged in the first and
second subpixel electrodes 82a and 825, respectively, are
reduced by a first kickback voltage Vkb2.

[0069] After the first horizontal period 1H, if the gate-on
voltage is applied to the (i+1)” gate line G,, ,, the third TFT
Q, connected to the (i+1)” gate line G,,, is turned on. When
the third TFT Qj is turned on, the nodes P, and b are con-
nected to each other. Thus, a voltage of 3V is provided to the
node b. Here, since the voltage-up capacitor Cup is charged
with approximately -4 V, the voltage of the node P, instan-
taneously drops. On the other hand, since the voltage-down
capacitor Cdown is charged with approximately -2 V and has
an end connected to the storage electrode line 28, the voltage
of the node b instantaneously increases. Therefore, the sub-
pixel voltage Vpx2 charged in the second subpixel electrode
824 instantaneously decreases (as indicated by reference
numeral Veup2 in FI1G. 8) because the second subpixel elec-
trode 82a is coupled to the voltage-up capacitor Cup. In
addition, the subpixel voltage Vpx1 charged in the first sub-
pixel electrode 824 instantaneously increases (as indicated by
reference numeral Vedown2 in FIG. 8) because the first sub-
pixel electrode 826 is coupled to the voltage-down capacitor
Cdown.

[0070] If the gate-off voltage is applied to the (i+1)” gate
line G, ;, the subpixel voltage Vpx1 charged in the first sub-
pixel electrode 82a is reduced by a second kickback voltage
Vkb21, and the subpixel voltage Vpx2 charged in the second
subpixel electrode 825 is further reduced by a second kick-
back voltage Vkb22. During the second frame, the first and
second subpixel electrodes 82a and 825 sustain the subpixel
voltages Vpx1 and Vpx2 charged therein.

[0071] As described above, even if the same voltage is
applied to the first and second subpixel electrodes 82a and
824 during the second frame, since the subpixel voltage Vpx1
of the first subpixel electrode 82a is increased while the
subpixel voltage Vpx2 of the second subpixel electrode 825 is
reduced, the second subpixel electrode 825 may be charged
with alower voltage than the first subpixel electrode 82a. That
is, during the second frame, the absolute value of the voltage
charged in the second liquid crystal capacitor Clc2 and the
second storage capacitor Cst2 of the second subpixel elec-
trode region B may become higher than that of the voltage
charged in the first liquid crystal capacitor Clc1 and the first
storage capacitor Cst1 of the first subpixel electrode region A.

[0072] Hereinafter, an LCD according to another exem-
plary embodiment of the present invention will be described
in detail with reference to FIG. 9. FIG. 9 is a plan view of an
LCD according to another exemplary embodiment of the
present invention. For the simplicity of description, elements
substantially identical to those of the previous exemplary
embodiment are indicated by like reference numerals, and
thus their description will be omitted.

[0073] In the LCD according to the present exemplary
embodiment, a first subpixel electrode 824' is surrounded by
aj” data line D, and a second subpixel electrode 825. A first
drain electrode 66a' and a second source electrode 654' over-
lap a portion of the second subpixel electrode 824 and are
connected to the first subpixel electrode 824"

[0074] Since the first drain electrode 664’ and the second
source electrode 654" are disposed on a different layer than the
first subpixel electrode 824" and thus, are insulated from the
first subpixel electrode 82d', they may partially overlap the
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second subpixel electrode 824'. The first drain electrode 66¢'
and the second source electrode 655' may be parallel to the j*
data line D,.

[0075] The first subpixel electrode 824 is substantially tri-
angular and is surrounded by the second subpixel electrode
824'. The second subpixel electrode 825' may be adjacent to
first and second TFTs Q,' and Q,', and the second subpixel
electrode 824' may be disposed between the first subpixel
electrode 82¢' and an i gate line G,.

[0076] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention with out departing from the spirit or scope
of the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come with in the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display (LCD), comprising:

a substrate;

aplurality of gate lines that extend in a first direction on the

substrate;

aplurality of data lines that cross the gate lines and extend

in a second direction; and

a plurality of unit pixels defined by the gate lines and the

data lines,

wherein each unit pixel comprises:

afirst subpixel electrode connected to an i” gate line by a

first switching device;

asecond subpixel electrode connected to the i” gate line by

a second switching device that is adjacent to the first
switching device, the second subpixel electrode being
spaced apart from the first subpixel electrode; and
athird switching device including a drain electrode capaci-
tively coupled to the second subpixel electrode and a
source electrode connected to the first subpixel elec-
trode, the third switching device being connected to an
(i+1)™ gate line that is adjacent to the i” gate line,
wherein the first subpixel electrode and the second sub-
pixel electrode between the i” gate line and the (i+1)"
gate line are arranged in an order opposite that of the first
subpixel electrode and the second subpixel electrode
between the (i+1)” gate line and an (i+2)" gate line.
2. The LCD of claim 1, wherein the data lines comprise a
first data line to deliver a data voltage to a unit pixel connected
to the i gate line and a second data line to deliver a data
voltage to a unit pixel connected to the (i+1)™ gate line.
3. The LCD of claim 2, wherein the third switching device
of the unit pixel connected to the i* gate line and the first
switching device and the second switching device of the unit
pixel connected to the (i+1)” gate line are switched on or off
in response to a gate voltage received from the (i+1)” gate
line.
4. The LCD of claim 1, wherein a first unit pixel comprises
the first switching device and the second switching device
connected to the i” gate line and the third switching device
connected to the (i+1)™ gate line,
wherein a second unit pixel comprises a first switching
device and a second switching device connected to the
(i+1)" gate line, and

wherein the third switching device of the first unit pixel is
spaced apart from the first switching device and the
second switching device of the second unit pixel, the
second unit pixel being adjacent to the first unit pixel in
the first direction.
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5. The LCD of claim 4, wherein the first switching device,
the second switching device, and the third switching device
connected to the (i+1)” gate line are arranged in an order
opposite that of the first switching device, the second switch-
ing device, and the third switching device connected to the
(i+2)" gate line.

6. The LCD of claim 1, wherein the first switching device
and the second switching device are simultaneously switched
on or off in response to the gate voltage received from the i
gate line.

7. The LCD of claim 1, wherein the source electrode does
not overlap the second subpixel electrode.

8. The LCD of claim 7, wherein the source electrode is
parallel to the data lines.

9. The LCD of claim 7, wherein the second subpixel elec-
trode comprises a tapered, indented portion,

wherein a portion of the first subpixel electrode is arranged

in the indented portion of the second subpixel electrode,
and

wherein another portion of the first subpixel electrode

extends adjacent to the i”” gate line or the (i+1)” gate line
and parallel to the drain electrode of the third switching
device.

10. The LCD of claim 1, wherein the drain electrode is
parallel to the data lines.

11. The LCD of claim 1, further comprising a storage
electrode that overlaps the drain electrode.

12. The LCD of claim 11, wherein the first subpixel elec-
trode and the second subpixel electrode are spaced apart from
each other by a slit, and the storage electrode at least partially
overlaps the slit.

13. The LCD of claim 12, wherein the drain electrode and
the second subpixel electrode form a voltage-up capacitor,
which raises a voltage charged in the second subpixel elec-
trode, and the drain electrode and the storage electrode form
a voltage-down capacitor, which lowers a voltage charged in
the first subpixel electrode.

14. The LCD of claim 1, wherein the third switching device
faces the first switching device and the second switching
device and is spaced apart from the first switching device and
the second switching device with the first subpixel electrode
and the second subpixel electrode disposed therebetween.

15. An LCD comprising a plurality of unit pixels defined by
a plurality of gate lines and a plurality of data lines arranged
in a lattice on an insulating substrate,

wherein each unit pixel comprises:

a first subpixel electrode connected to an i gate line by a

first switching device;

asecond subpixel electrode connected to the i” gate line by

a second switching device that is adjacent to the first
switching device, the second subpixel electrode being
spaced apart from the first subpixel electrode; and

a third switching device comprising a drain electrode

capacitively coupled to the second subpixel electrode, a
source electrode connected to the first subpixel elec-
trode, and a gate electrode connected to an (i+1)” gate
line,

wherein the unit pixels comprise a first unit pixel, in which

the first switching device and the second switching
device of the first unit pixel are connected to the i gate
line and a j* data line, and a second unit pixel, in which
the first switching device and the second switching
device of the second unit pixel are connected to the i+1%
gate line and a (j+1)" data line, and
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wherein the first subpixel electrode and the second sub-
pixel electrode of the first unit pixel are arranged in an
order opposite that of the first subpixel electrode and the
second subpixel electrode of the second unit pixel.

16. The LCD of claim 15, wherein the first unit pixel and
the second unit pixel are adjacent to each other in a direction
in which the data lines extend.

17. The LCD of claim 15, wherein the third switching
device of the first unit pixel and the first switching device and
the second switching device of the second unit pixel are
spaced apart from each other and are switched on or off in
response to a gate voltage received from the (i+1)” gate line.

18. The LCD of claim 16, wherein the first switching
device, the second switching device, and the third switching
device of the first unit pixel are arranged in an order opposite
that ofthe first switching device, the second switching device,
and the third switching device of the second unit pixel.

19. The LCD of claim 16, wherein the i data line applies
a data voltage to the first switching device and the second
switching device connected to the i” gate line, and the (j+1)”
data line applies a data voltage to the first switching device
and the second switching device connected to the (i+1)* gate
line.

20. The LCD of claim 16, wherein the source electrode of
the third switching device does not overlap the second sub-
pixel electrode.
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21. The LCD of claim 18, wherein the second subpixel
electrode comprises a tapered, indented portion,

wherein a portion of the first subpixel electrode is arranged

in the indented portion of the second subpixel electrode,
and

wherein another portion of the first subpixel electrode

extends adjacent to the i? gate line or the (i+1)” gate line
and parallel to the drain electrode of the third switching
device.

22.The LCD of claim 15, wherein the source electrode and
the drain electrode are parallel to the data lines.

23. The LCD of claim 15, further comprising a storage
electrode that overlaps the drain electrode.

24. The LCD of claim 23, wherein the first subpixel elec-
trode and the second subpixel electrode are spaced apart from
each other by a slit, and the storage electrode at least partially
overlaps the slit.

25. The LCD of claim 23, wherein the drain electrode and
the second subpixel electrode form a voltage-up capacitor,
which raises a voltage charged in the second subpixel elec-
trode, and the drain electrode and the storage electrode form
a voltage-down capacitor, which lowers a voltage charged in
the first subpixel electrode.
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