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THIN FILM TRANSISTOR ARRAY PANEL

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority to Korean Patent Applica-
tion No. 2005-0072749, filed on Aug. 9, 2005, in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated by reference herein.

BACKGROUND OF THE INVENTION

(a) Technical Field

The present disclosure relates to a thin film transistor array
panel.

(b) Discussion of the Related Art

A liquid crystal display (LCD) is one of the most widely
used flat panel displays. An LCD includes two panels and a
liquid crystal (LC) layer interposed between the two panels.
The panels contain field generating electrodes such as pixel
electrodes and a common electrode. One such LCD, provides
a plurality of pixel electrodes arranged in a matrix at one
panel and a common electrode covering an entire surface of
the other panel. The LCD displays images by applying volt-
ages to the field-generating electrodes to generate an electri-
cal field in the L.C layer. The electrical field effects the orien-
tation of LC molecules in the LC layer, thereby adjusting the
polarization of incident light.

In a vertical alignment (VA) mode LCD, the long axes of
the LC molecules are perpendicular to the panels in the
absence of an electric field. This type of display has a high
contrast ratio.

A PVA (patterned vertically aligned) mode LCD, which is
really a modified VA mode LCD with cutouts added to the
field generating electrodes, an IPS (in-plane switching) mode
LCD, and a PLS (plane to line switching) mode LCD have
been developed to obtain wider viewing angles.

However, PLS mode and IPS mode LCDs suffer from an
off-pixel defect. Since the common electrode and the pixel
electrodes are formed on the same substrate, they are fre-
quently shorted with each other, causing a pixel to errone-
ously display black.

SUMMARY OF THE INVENTION

According to an exemplary embodiment of the invention,
there is provided a thin film transistor array panel which
includes a substrate, a plurality of gate lines formed on the
substrate, a plurality of common electrodes formed on the
substrate and made of a transparent material, a plurality of
data lines intersecting the gate lines, a plurality of thin film
transistors connected to the data lines and the gate lines, and
a plurality of pixel electrodes connected to the thin film tran-
sistors and overlapping the common electrodes, wherein the
pixel electrodes at least include first and second sub-pixel
electrodes that are separated from each other.

Inan exemplary embodiment of the invention, the thin film
transistors include first and second drain electrodes respec-
tively connected to first and second pixel electrodes. The first
and second sub-pixel electrodes include a plurality of branch
electrodes having a parallel arrangement.

The common electrodes may have a continuous surface
between the branch electrodes. The branch electrodes of the
first and second sub-pixel electrodes may be disposed in
different areas. The first and second sub-pixel electrodes may
be disposed at both sides of the gate lines. The branch elec-
trodes of the first and second sub-pixel electrodes may be
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2

alternatively arranged with each other. The branch electrodes
of the first and second sub-pixel electrodes may be curved
with respect to the gate lines or the data lines, and they may
have an inverse symmetry with the center lines of the com-
mon electrodes parallel to the gate lines.

The thin film transistor array panel may further include a
plurality of common electrode lines connecting the common
electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings, in which:

FIG. 1 is a block diagram of an LCD according to an
exemplary embodiment of the present invention;

FIG. 2 is a circuit diagram of a pixel of an LCD according
to an exemplary embodiment of the present invention;

FIG. 3 is a layout view of a TFT array panel for an LCD
according to an exemplary embodiment of the present inven-
tion;

FIGS. 4,5, and 6 are sectional views of the TFT array panel
shown in FIG. 3 taken along the lines IV-IV, V-V, and VI-VI,
respectively;

FIG. 7 is a layout view of electrodes of the TFT array panel
for the liquid crystal display (LCD) according to another
exemplary embodiment of the present invention;

FIG. 8 is a cross-sectional view taken along line VIII-VIIT
in FIG. 7, which shows both upper and lower panels as well as
lines of electric force between the two panels;

FIG. 9 is a layout view of electrodes illustrating the twist
angle of liquid crystal molecules in another exemplary
embodiment of the present invention;

FIG. 10 is a graph illustrating the variation of the twist
angle of the liquid crystal molecules as a function of the
horizontal position according to another exemplary embodi-
ment of the present invention;

FIG. 11 is a graph illustrating the variation of the twist
angle of the liquid crystal molecules as a function of height
according to another exemplary embodiment of the present
invention;

FIG. 12 illustrates the variation of the tilt angle of the liquid
crystal molecules according to an exemplary embodiment of
the present invention,

FIG. 13 is a graph illustrating the variation of the tilt angle
of the liquid crystal molecules as a function of height accord-
ing to an exemplary embodiment of the present invention;

FIG. 14 is a graph illustrating the variation of the tilt angle
of the liquid crystal molecules as a function of horizontal
position according to an exemplary embodiment of the
present invention;

FIGS. 15 to 18 are layout views of a TFT array panel for an
LCD according to another exemplary embodiment of the
present invention; and

FIGS. 19 to 22 are layout views of a TFT array panel for an
LCD according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the attached
drawings. In the drawings, the thickness of layers, films, and
regions are exaggerated for clarity. Like reference numerals
in the drawings denote like elements.
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When an element such as a layer, film, region, or substrate
is referred to as being “on” another element, it can be directly
on the other element or intervening elements may also be
present. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

A liquid crystal display including a thin film transistor
array panel according to an exemplary embodiment of the
present invention will be described in detail with reference to
FIGS.1 and 2.

FIG. 1 is a block diagram of an LCD according to an
exemplary embodiment ofthe present invention, and FIG. 2 is
a circuit diagram of a pixel of an LCD according to an exem-
plary embodiment of the present invention.

Referring to FIG. 1, an LCD according to an exemplary
embodiment includes a liquid crystal (LC) panel assembly
300, a gate driver 400 and a data driver 500 that are coupled
with the panel assembly 300, a gray voltage generator 800
coupled with the data driver 500, and a signal controller 600
for controlling the above elements.

The panel assembly 300 includes a plurality of signal lines
G,-G,, and D,-D,,, and a plurality of pixels connected to the
signal lines G,-G,, and D, -D,  and arranged substantially in a
matrix. In the structural view shown in FIG. 2, the panel
assembly 300 includes lower and upper panels 100 and 200
facing each other, and an LC layer 3 interposed between the
panels 100 and 200.

The signal lines include a plurality of gate lines G, -G, for
transmitting gate signals (also referred to as “scanning sig-
nals” hereinafter) and a plurality of data lines D,-D,, for
transmitting data signals. The gate lines G,-G,, extend sub-
stantially in a row direction and are substantially parallel to
each other, while the data lines D, -D_, extend substantially in
a column direction and are substantially parallel to each other.

Referring to FIG. 2, each pixel, for example a pixel con-
nected to the i-th gate line G; (i=1, 2, .. ., n) and the j-th data
line D; =1, 2, . . . , m), includes a switching element Q
connected to the signal lines G, and D,, and an L.C capacitor
C,c and a storage capacitor C,; that are connected to the
switching element Q. The storage capacitor C;, may be omit-
ted.

The switching element Q is disposed on the lower panel
100 and has three terminals, i.e., a control terminal connected
to the gate line G,, an input terminal connected to the data line
D, and an output terminal connected to the LC capacitor C,
and the storage capacitor Cg;.

The L.C capacitor C, . includes a pixel electrode 191 and a
common electrode 131, which are disposed on the lower
panel 100 as two terminals. The LC layer 3 is disposed
between the two electrodes 191 and 131, and functions as a
dielectric of the LC capacitor C; ... The pixel electrode 191 is
connected to the switching element Q. The common electrode
131 is wholly formed on the lower panel 100 and is supplied
with a common voltage Vcom.

The storage capacitor Cis an auxiliary capacitor for the
LC capacitor C; . The storage capacitor C; includes the
pixel electrode 191 and the common electrode 131, which is
provided on the lower panel 100 and overlaps the pixel elec-
trode 191 via an insulator.

The pixel electrode 191 includes a first pixel electrode
1911 and a second pixel electrode 1912, which are separated
from each other. The storage capacitor Cg,and the LC capaci-
tor C; . respectively include first and second storage capaci-
tors Cgpy and Cgp» connected in parallel and first and second
LC capacitors C; ~, and C; ~, connected in parallel.

For a color display, each pixel uniquely represents one
primary color (i.e., spatial division) or each pixel sequentially
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4

represents all the primary colors in turn (i.e., temporal divi-
sion) such that a spatial or temporal sum of the primary colors
is recognized as a desired color. An example of a set of the
primary colors include red, green, and blue. FIG. 2 illustrates
an example of the spatial division in which each pixel
includes a color filter 230 representing one of the primary
colors in an area of the upper panel 200 facing the pixel
electrode 191. Alternatively, the color filter 230 is provided on
or under the pixel electrode 191 on the lower panel 100.

One or more polarizers (not shown) are attached to the
panel assembly 300.

Referring to FIG. 1 again, the gray voltage generator 800
generates two sets of pluralities of reference gray voltages
related to the transmittance of the pixels. The reference gray
voltages in one set have a positive polarity with respect to the
common voltage Vcom, while those in the other set have a
negative polarity with respect to the common voltage Vcom.

The gate driver 400 is connected to the gate lines G,-G,, of
the panel assembly 300, and synthesize a gate-on voltage Von
and a gate-off voltage Voff to generate the gate signals for
application to the gate lines G,-G,,.

The data driver 500 is connected to the data lines D,-D,, of
the panel assembly 300 and applies data signals, which are
selected from the gray voltages supplied by the gray voltage
generator 800, to the data lines D;-D,,. However, when the
gray voltage generator 800 generates only some of the refer-
ence gray voltages as opposed to all the gray voltages, the data
driver 500 may divide the reference gray voltages to generate
all the gray voltages and select the data signals among the
gray voltages.

The signal controller 600 controls the gate driver 400, the
data driver 500, etc.

Each of the driving devices 400, 500, 600, and 800 may
include at least one integrated circuit (IC) chip mounted on
the LC panel assembly 300 or on a flexible printed circuit
(FPC) film in a tape carrier package (TCP) type, which are
attached to the panel assembly 300. At least one of the driving
devices 400, 500, 600, and 800 may be integrated into the
panel assembly 300 along with the signal lines G,-G,, and
D,-D,, and the switching element Q. Alternatively, all the
driving devices 400, 500, 600, and 800 may be integrated into
a single IC chip.

The signal controller 600 is supplied with image signals R,
G, and B, and input control signals for controlling the display
thereof such as a vertical synchronization signal Vsync, a
horizontal synchronization signal Hsync, a main clock signal
MCLK, and a data enable signal DE, from an external graph-
ics controller (not shown).

After generating gate control signals CONT1 and data
control signals CONT2 and processing the image signals R,
G, and B to ensure they are suitable for the operation of the
panel assembly 300 on the basis of the input control signals,
the signal controller 600 provides the gate control signals
CONT1 to the gate driver 400, and the modified image data
DAT and the data control signals CONT?2 to the data driver
500.

The gate control signals CONT1 include a scanning start
signal STV for instructing scanning to start, and at least one
clock signal for controlling the output time of the gate-on
voltage Von. The gate control signals CONT1 may further
include an output enable signal OE for defining the duration
of the gate-on voltage Von.

The data control signals CONT2 include a horizontal syn-
chronization start signal STH for notifying a start of data
transmission for image data DAT for a group of pixels, a load
signal LOAD for instructing application of the data voltages
to the data lines D,-D,,, and a data clock signal HCLK. The
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data control signals CONT2 may further include an inversion
signal RVS for reversing the polarity of the data voltages
(with respect to the common voltage Vcom).

The data driver 500 receives a packet of image data DAT
forapixel row from the signal controller 600, and converts the
packet into analog data voltages. The data voltages are
selected from the gray voltages supplied by the gray voltage
generator 800 in response to the data control signals CONT?2
from the signal controller 600.

In response to the gate control signals CONT1 from the
signal controller 600, the gate driver 400 applies the gate-on
voltage Von to the gate line G1-Gn. Because each of the gate
lines G1-Gn is connected to a switching element Q of the
corresponding pixel row, they turn on the switching element
connected thereto. Accordingly, the data voltage applied to
the data lines D1-Dm is supplied to the pixels of one row
through the switching element Q.

The difference between the data voltage and the common
voltage Vcom is represented as a voltage across the LC
capacitor C; ., which is referred to as a pixel voltage. The LC
molecules in the LC capacitor C; - have orientations depend-
ing on the magnitude of the pixel voltage, and the molecular
orientations determine the polarization of light passing
through the LC layer 3. The polarizer(s) converts light polar-
ization into light transmittance such that the pixel has a lumi-
nance represented by a gray of the image signal DAT.

The pixel electrode 191 is connected to the gate line 121
and the data line 171 through the switching element Q. The
pixel electrode 191 is divided into the first and second pixel
electrodes 1911 and 1912. Even if one of the first and second
pixel electrodes 1911 and 1912 is shorted to the common
electrode 131, the other is not shorted to the common elec-
trode 131 and receives the data voltage through the switching
element Q. Accordingly, the off-pixel defect which causes a
pixel to display black may be prevented.

By repeating this procedure by a unit of a horizontal period
(also referred to as “1H” and that is equal to one period of the
horizontal synchronization signal Hsync, the data enable sig-
nal DE, and the gate clock CPV), all gate lines G,-G,, are
sequentially supplied with the gate-on voltage Von, thereby
applying the data signals to all pixels to display an image for
a frame.

When a next frame starts after a previous frame finishes,
the inversion control signal RVS applied to the data driver 500
is controlled such that the polarity of the data signals is
reversed (which is referred to as “frame inversion™). The
inversion control signal RVS may also be controlled such that
the polarity of the data signals flowing in a data line are
periodically reversed during one frame (for example, row
inversion and dot inversion), or the polarity of the data signals
in one packet are reversed (for example, column inversion and
dot inversion).

The LCD panel assembly according to an embodiment of
the present invention will be described in detail with refer-
ence to FIGS. 3 to 6.

FIG. 3 is a layout view of a TFT array panel for an LCD
according to an exemplary embodiment of the present inven-
tion, and FIGS. 4, 5, and 6 are sectional views of the TFT
array panel shown in FIG. 3 taken along the lines IV-IV, V-V,
and VI-VI, respectively.

A plurality of gate lines 121, a plurality of common elec-
trode lines 125, and a plurality of common electrodes 131 are
formed on an insulating substrate 110 made of a material such
as transparent glass.

The gate lines 121 extend substantially in a transverse
direction, are separated from each other, and transmit gate
signals. Each gate line 121 includes a plurality of projections
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6

forming a plurality of gate electrodes 124, and an end portion
129 having a large area for contact with another layer or an
external driving circuit. A gate driving circuit (not shown) for
generating the gate signals may be mounted on a flexible
printed circuit (FPC) film (not shown), which may be
attached to the substrate 110, directly mounted on the sub-
strate 110, or integrated with the substrate 110. The gate lines
121 may be extended to connect to a driving circuit that may
be integrated with the substrate 110.

Each common electrode line 125 extends substantially in
the transverse direction and is supplied with a common volt-
age. The common electrode line 125 is disposed at a center
portion between two adjacent gate lines 121, and is made of
the same layer as the gate lines 121. The common electrode
lines may include at least one expansion to block the leakage
of light.

The common electrodes 131 are connected to the common
electrode line 125 and receive the common voltage. The com-
mon electrodes 131 have a tetragonal shape and are disposed
in a matrix arrangement between the gate lines 121. The
common electrodes 131 may include a transparent material
such as ITO (indium tin oxide) or IZO (indium zinc oxide)
The common electrode lines 125 may be made of the same
layer as the common electrodes 131.

The gate lines 121 and the common electrode lines 125
may be made of ametal or a metal alloy of Al, Ag, Cu, Mo, Cr,
Ti, or Ta. . The gate lines 121 may have a multi-layered
structure including two layers having different physical char-
acteristics. One of the two layers may be made of a low
resistance metal or metal alloy such as Al, Ag, or Cu for
reducing signal delay or voltage drop in the gate lines 121.
The other layer may be made of a material containing a metal
or metal alloy of Mo, Cr, Ta, or Ti, which has favorable
physical, chemical, and electrical contact characteristics with
other materials such as indium tin oxide (ITO) or indium zinc
oxide (IZO). Examples include a lower Cr layer and an upper
Al—Nd alloy layer, and a lower Al layer and an upper Mo
layer. However, the gate lines 121 may be made of various
other metals or conductive materials.

In addition, the lateral sides of the gate lines 121 and the
common electrode lines 125 are inclined at an angle relative
to a surface of the substrate, and the inclination angle thereof
ranges between about 30 and 80 degrees.

A gate insulating layer 140 preferably made of silicon
nitride (SiN,) is formed on the gate lines 121, the common
electrode lines 125, and the common electrodes 131. The gate
insulating layer 140 prevents the gate lines 121 and the com-
mon electrodes 131 from shorting with each other, or to other
layers applied later.

In an exemplary embodiment of the invention, a plurality
of semiconductors 154 made of hydrogenated amorphous
silicon (abbreviated to “a-Si”) or polysilicon are formed on
the gate insulating layer 140. Each of the plurality of semi-
conductors 154 is disposed on the gate electrodes 124 and
may have a plurality of extensions extended out toward the
gate lines 121.

A plurality of ohmic contact islands 163 and 165 that are
preferably made of silicide or n+ hydrogenated a-Si heavily
doped with an N-type impurity such as phosphorous are
formed on the semiconductors 154. The ohmic contact
islands 163 and 165 are located in pairs on the semiconduc-
tors 154.

The lateral sides of the semiconductors 154 and the ohmic
contactislands 163 and 165 are inclined at an angle relative to
a surface of the substrate, and the inclination angles thereof
are in a range between about 30 and 80 degrees.
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A plurality of data lines 171 and a plurality of drain elec-
trodes 175 separated from the data lines 171 are formed on the
ohmic contact islands 163 and 165 and the gate insulating
layer 140.

The data lines 171 for transmitting data voltages extend
substantially in a longitudinal direction and cross the gate
lines 121 at right angles. The data lines 171 also intersect the
common electrode lines 125 such that each data line 171 is
disposed between the common electrodes 131. Each data line
171 includes an end portion 179 having a large area for
contact with another layer or an external device. Each data
line 171 includes a plurality of source electrodes 173 project-
ing toward the drain electrodes 175. A data driving circuit (not
shown) for generating the data signals may be mounted on an
FPC film (not shown), which may be attached to the substrate
110, directly mounted on the substrate 110, or integrated with
the substrate 110. The data lines 171 may be extended to
connect to a driving circuit that may be integrated with the
substrate 110.

The drain electrodes 175 are separated from the data lines
171 and disposed opposite the source electrodes 173 with
respect to the gate electrodes 124. Each drain electrode 175
includes first and second drain electrodes 1754 and 1755 that
are separated from each other.

A gate electrode 124, a source electrode 173, and a drain
electrode 175 along with a semiconductor 154 form a TFT
having a channel formed in the semiconductors 154 disposed
between the source electrode 173 and the drain electrode 175.

The data lines 171 and the drain electrodes 175 may be
made of a refractory metal such as Cr, Mo, Ti, Ta, or alloys
thereof. However, the data lines 171 and the drain electrodes
may also have a multilayered structure including a low-resis-
tive layer (not shown) and a contact layer (not shown). An
example is a lower Mo (Mo alloy) layer, an intermediate Al
(Al alloy) layer, and an upper Mo (Mo alloy) layer. However,
the data lines 171 and the drain electrodes 175 may be made
of various other metals or conductive materials.

The ohmic contacts 163 and 165 are interposed between
the underlying semiconductors 154 and the overlying data
lines 171 and the overlying drain electrodes 175 thereon, and
reduce the contact resistance therebetween. The extensions of
the semiconductors 154 are used to smooth the profile of the
surface, thereby preventing disconnection of the data lines
171. The semiconductors 154 include some exposed portions
that are not covered by the data lines 171 and the drain
electrodes 175, where such portions are located between the
source electrodes 173 and the drain electrodes 175.

The data lines 171 and the drain electrodes 175 have
tapered lateral sides, and the inclination angles thereof range
between about 30 and 80 degrees.

A passivation layer 180 is formed on the data lines 171, the
drain electrodes 175, and the exposed portions of the semi-
conductors 154. The passivation layer 180 may be made ofan
inorganic insulator containing silicon nitride or silicon oxide,
a photosensitive organic material having a favorable flatness
characteristic, or a low dielectric insulating material having a
dielectric constant lower than 4.0 such as a-Si:C:O and a-Si:
O:F formed by plasma enhanced chemical vapor deposition
(PECVD). The passivation layer 180 may include a lower film
of an inorganic insulator and an upper film of an organic
insulator such that it takes the insulating characteristics of the
organic insulator while preventing the exposed portions of the
semiconductors 154 from being damaged by the organic insu-
lator.

The passivation layer 180 has a plurality of contact holes
182 and 185 exposing the end portions 179 of the data lines
171 and the first and second drain electrodes 175q and 1755,
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respectively. The passivation layer 180 and the gate insulating
layer 140 have a plurality of contact holes 181 exposing the
end portions 129 of the gate lines 121.

A plurality of pixel electrodes 191, a plurality of contact
assistants 81 and 82, and a plurality of overpasses 83, which
are preferably made ofa transparent conductor such as ITO or
170, are formed on the passivation layer 180.

The pixel electrodes 191 extend substantially in the longi-
tudinal direction and overlap the common electrodes 131.
The pixel electrodes 191 include a first sub-pixel electrode
1914 and a second sub-pixel electrode 1915, which are sepa-
rated from each other.

The first sub-pixel electrode 191¢ and the second sub-pixel
electrode 1915 are respectively disposed in the left and the
right sides of the region enclosed by the gate lines 121 and the
data lines 171.

The first sub-pixel electrode 191a includes a plurality of
upper and lower branch electrodes 19141 and 19142 that are
parallel to each other and curved at the center portions with a
predetermined angle, and a plurality of upper and lower con-
nections 192a1 and 19242 for respectively connecting to
upper and lower branch electrodes 191a1 and 19102. Each of
theupperand lower branch electrodes 191a1 and 19142 of the
pixel electrodes 191 substantially has inversion symmetry
with respect to a center line of the common electrodes 131
parallel to the gate lines 121, and the upper and lower con-
nections 192a1 and 19242 are disposed closely to the neigh-
boring gate lines 121. In addition, the first sub-pixel electrode
191 a includes a plurality of right branch electrodes 19143
and 191a4 that are parallel to the upper and lower branch
electrodes 191a1 and 19142 and connected to the right exter-
nal of the upper and lower branch electrodes 191a1 and
19142. The right branch electrodes 191a3 and 19144 are
shorter than the upper and lower branch electrodes 191al and
19142 and are connected to the upper and lower branch elec-
trodes 191a1 and 19142 through a connection overlapping the
common electrode lines 125.

The second sub-pixel electrode 1915 include a plurality of
upper and lower branch electrodes 19151 and 19152 that are
parallel to each other and are curved at the center portions
with a predetermined angle, and a plurality of upper and lower
connections 19251 and 19252 for respectively connecting to
upper and lower branch electrodes 191a1 and 19142. Each of
theupperand lower branch electrodes 19151 and 191562 of the
second sub-pixel electrodes 1915 substantially have inver-
sion symmetry with respect to a center line of the common
electrodes 131 that are parallel to the gate lines 121, and the
upper and lower connections 19251 and 19242 are disposed
closely to the neighboring gate lines 121. In addition, the
second sub-pixel electrodes 1915 include a plurality of left
branch electrodes 19153 and 19154 that are parallel to the
upper and lower branch electrodes 19151 and 19152 and
connected to the left external of the upper and lower branch
electrodes 19151 and 19152. The left branch electrodes
19153 and 19154 are shorter than the upper and lower branch
electrodes 19151 and 19152, and are connected to the upper
and lower branch electrodes 19151 and 19152 through the
upper and lower connections 19251 and 19252.

The branch electrodes 191al, 19142, 1915, and 19152 of
the pixel electrodes 191 are curved at the center portions
parallel to the gate lines 121 with a predetermined angle &S
with respect to the data lines 171. Each of the upper branches
19142 and 19152 obliquely extend approximately from a
lower left portion of the pixel electrode 191 to approximately
an upper right portion of the pixel electrodes 191, and each of
the lower branches 191a1 and 19156 1 obliquely extend
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approximately from a upper left portion of the pixel electrode
191 to approximately a lower right portion of the pixel elec-
trode 191.

The vertical direction is indicated by “R” and the extended
direction of the upper branch electrodes 19142 and 19152 is
indicated by “S”.

The first and second sub-pixel electrodes 191a and 1915
are respectively physically and electrically connected to the
first and second drain electrodes 175a and 1755 through the
contact holes 1854 and 1855 such that the first and second
pixel electrodes 191a and 1914 receive the data voltages from
the first and second drain electrodes 1754 and 1756.

Because the pixel electrodes 191 are subdivided into the
first and second sub-pixel electrodes 191a and 1915 that
respectively receive the data voltages from the drain elec-
trodes 175a and 1755, even though the first and second sub-
pixel electrodes 191a and 1915 are connected to the switching
element Q, the first and second sub-pixel electrodes 191¢ and
1915 are electrically disconnected from each other. Accord-
ingly, two regions A and A' in which the first and second
sub-pixel electrodes 191a and 1915 are respectively disposed
receive the same data voltage, but are independently driven.
Therefore, even if one of the first and second sub-pixel elec-
trodes 1912 and 1914 is shorted to the common electrode 131,
the other is not shorted to the common electrode 131 and
receives the data voltage through the switching element Q.
Accordingly, the pixel in which the short is generated dis-
plays the image and the off-pixel defect which causes a black
pixel may be prevented.

The pixel electrodes 191 are supplied with the data volt-
ages to generate electrical fields in cooperation with the com-
mon electrodes 131. The common electrodes 131 determine
the orientations of liquid crystal molecules in the liquid crys-
tal layer to adjust polarization of incident light.

A pixel electrode 191 and the common electrode 131 form
a liquid crystal capacitor C, ., which stores applied voltages
after turn-off of the TFT. An additional capacitor called a
“storage capacitor” C, that is connected in parallel to the
liquid crystal capacitor is provided for enhancing the voltage
storing capacity. The storage capacitors Care implemented
by overlapping the pixel electrodes 191 with the common
electrodes 131 via the gate insulating layer 140 and the pas-
sivation layer 180.

The contact assistants 81 and 82 are connected to the end
portions 129 of the gate lines 121 and the end portions 179 of
the data lines 171 through the contact holes 181 and 182,
respectively. The contact assistants 81 and 82 protect the end
portions 129 and 179 and aid in the adhesion of the end
portions 129 and 179 and external devices.

FIG. 7 is a layout view of electrodes of an LCD according
1o the exemplary embodiment of the present invention, and
FIG. 81is a cross-sectional view taken along the line VIII-VIII
in FIG. 7, which illustrates both upper and lower panels as
well as lines of electric force between the panels.

A common electrode 131 made of a transparent planar
conductive material is formed on the inner surface of a lower
substrate 110 made of a transparent insulating material such
as glass or quartz. The common electrode 131 is covered with
a gate insulating layer 140 and a passivation layer 180, and a
plurality of narrow linear (pixel) electrodes 191 (branch elec-
trodes). The pixel electrodes 191 are parallel to each other,
elongated in a vertical direction, and are formed on the pas-
sivation layer 180. The pixel electrodes 191 may be transpar-
ent or opaque. The width of the pixel electrodes 191 is equal
to or less than the distance between adjacent boundary lines of
the two adjacent pixel electrodes 191. An aligning layer 11
made of polyimide is coated over the entire surface. The
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aligning layer 11 may be rubbed or not, and may be homo-
geneous. A polarizing plate or an analyzer 12 is attached to the
outer surface of the lower substrate 110.

A color filter 230 is formed on the inner surface of an upper
substrate 210, which is opposite the lower substrate 110 and
is also made of a transparent insulating material, and an
aligning layer 21 with a polyimide coating. The aligning film
21 may be homogeneous. A polarizing plate or an analyzer 22
is attached to the outer surface of the upper substrate 210.

A liquid crystal layer 3 having a positive optical anisotropy
is interposed between the aligning films 11 and 21 on the
substrates 110 and 210. Accordingly, liquid crystalmolecules
of the liquid crystal layer 3 are aligned nearly parallel to the
direction of the pixel electrodes 191 according to the rubbing
direction of the aligning film 11 under no electrical field with
the angle @S (referring to F1G. 3). When applying an electri-
cal field, the liquid crystal molecules of the liquid crystal
layer 3 are aligned nearly perpendicular to the direction of the
pixel electrodes 191 according to the electrical field to adjust
polarization of incident light.

The light source for the liquid crystal display may be either
abacklight unit (not shown) located under the lower substrate
110 or external natural light that may enter the LCD through
the upper substrate 210. In the case of a reflective type of LCD
using natural light, a polarizing plate 12 attached to the lower
substrate 110 may not be required, and the pixel electrodes
191 and the common electrodes 131 may be made of an
opaque material having a high reflectance such as aluminum.
In addition, the lower substrate 110 may be opaque.

When voltages are applied to the electrodes 191 and 131,
the electrical field shown in FIG. 8 is generated due to the
potential difference between the electrodes 191 and 270. In
FIG. 8, dotted lines indicate the electrical lines of force.

As shown in FIG. 8, the shape of the electrical field is
symmetrical with respect to a vertical central line C (the line
C corresponds to a plane) of'a narrow region NR on the pixel
electrodes 191 and a vertical central line B (the line B also
corresponds to a plane) of a wide region WR between the
pixel electrodes 191. The lines of electrical field have a semi-
elliptical or parabolic shape (hereinafter, the shape of the
electrical lines of force is referred as parabolic for simplicity)
and is generated in a region between the central line C of the
narrow region NR and the central line B of the wide region
WR. The vertices of the electrical lines of force are in a
boundary line A (the line A corresponds to a surface) between
the narrow region NR and the wide region WR.

Lines tangent to the electrical lines of force on the bound-
ary line A between the narrow region NR and the wide region
WR are substantially parallel to the substrate 110, and those at
central points of the narrow region NR and the wide region
WR are substantially perpendicular to the substrates 110 and
210. In addition, the center of the parabolas and the vertical
vertex of the parabolas are positioned on the boundary line A
between the narrow region NR and the wide region WR, and
two horizontal vertices are positioned in the wide region WR
and the narrow region NR, respectively. The parabolas are
asymmetrical with respect to the boundary line A since the
horizontal vertex positioned in the narrow region NR is closer
to the center of the parabola than the horizontal vertex posi-
tioned in the wide region WR. In addition, the density of the
electrical lines of force varies based on position, and thus the
field strength also varies in proportion to the density of the
electrical lines of force. Accordingly, the field strength is the
largest on the boundary line A-A of FIG. 22 between the
narrow region NR and the wide region WR. The field strength



US 7,495,715 B2

11
decreases toward the central lines C-C and B-B of the broad
and the narrow regions BR and NR and towards the upper
substrate 210.

The two aligning films 11 and 21 are rubbed or exposed to
ultraviolet light, and the liquid crystal molecules are aligned
in one horizontal direction. The liquid crystal molecules may
have some pre-tilt angle with respect to the substrates 110 and
210, but are aligned substantially parallel to the substrates
110 and 210. When viewed on a plane parallel to the sub-
strates 110 and 210, the liquid crystal molecules are arranged
to have a predetermined angle with respect to the directions
parallel and perpendicular to the pixel electrodes 191. The
polarizing directions of the polarizing plates 12 and 22 are
perpendicular to each other, and the polarizing direction of
the polarizer 12 almost coincides with the rubbing direction.
The liquid crystal material inserted between the two aligning
films 11 and 21 is a nematic liquid crystal material having
positive dielectric anisotropy.

When a voltage applied to the pixel electrodes 191 is higher
than that applied to the common electrode 131, the liquid
crystal molecules 310 are re-arranged such that the forces due
to the electrical field are balanced with each other. The forces
depend on the direction and strength of the electrical field and
an elastic restoring force due to the aligning treatment.

Referring to FIGS. 3-4, a direction perpendicular to the
substrates is a z direction, a direction perpendicular to the
substrates and to the direction of the pixel electrodes 191 is an
x direction, and a direction parallel to the direction of the pixel
electrodes 191 1s a y direction. The direction from left to right
in FIG. 3 is the positive x direction, the direction upward
along the pixel electrodes 191 in FIG. 3 is the positive y
direction, and the direction from the lower substrate 110 to the
upper substrate 210 in FIG. 4 is the positive z direction.

The variation of twist angle, which is defined by the angle
made by the projection of the vertical axis of a liquid crystal
molecule 310 with the x-axis or the initially aligned direction
onthe x-y plane parallel to the substrate 10, is described with
reference to FIGS. 9 to 11.

FIG. 9 is a layout view of electrodes illustrating the twist
angle of liquid crystal molecules in an exemplary embodi-
ment of the present invention. FIG. 10 is a graph illustrating
the variation of the twist angle of the liquid crystal molecules
as a function of the horizontal position according to an exem-
plary embodiment of the present invention. FIG. 11 is a graph
illustrating the variation of the twist angle of the liquid crystal
molecules as a function of height according to an exemplary
embodiment of the present invention.

As shown in FIG. 9, the rubbing direction is indicated by

-
R, an x-y plane component of the electrical field is indicated

-
by B,

and the polarizing direction or the optical axis of the
polarizing plate 12 is indicated by P The angle made by the

-
rubbing direction R with the x-axis is represented by @R, and
the angle made by the vertical axis of the liquid crystal mol-
ecule with the x-axis is represented by @LC. The angle &P
made by the optical axis of the polarizing plate 12 with the
x-axis is equal to IR since the optical axis of the polarizing

plate 12 is parallel to the rubbing direction E The x-y plane

component Exy of the electrical field is in the positive X
direction from the boundary line A to the central line B of the
wide region WR, and in the negative x direction from the
central line B of the wide region WR to the next boundary line
D.
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The strength of the electrical field component Exy is larg-
est on the boundary lines A and D, and becomes smaller
toward the central line B-B where the strength of the electrical

field component Exy is zero.

The magnitude of the elastic restoring force generated by
the rubbing process is substantially constant on the x-y plane
regardless of position.

As illustrated in FIG. 10, the vertical axis of the liquid
crystal molecule or the molecular axis on the boundary lines
A and D is substantially parallel to the electrical field com-

—_
ponent E,,, and makes a large angle with respect to the

rubbing direction E since the liquid crystal molecules may be
arranged to balance the two forces. However, the closer the
central lines C and B of the regions NR and WR are, the
smaller the angle |OR-@LC | that the molecular axis makes

with the rubbing direction E, The molecular axis on the

central lines B and C is in the rubbing direction E The angle
made by the optical axis of the polarizing plate 12 with the
molecular axis has the same distribution as above since the
optical axis of the polarizing plate 12 is parallel to the rubbing

direction E, and this angle is closely related to the transmit-
tance of the incident light.

Various shapes of electrical fields may be generated by
varying the ratio of the widths of the narrow region NR and
the wide region WR. Although the narrow region NR on the
pixel electrodes 191 cannot be used as the display region
when the pixel electrodes 191 are opaque, it may be used as
the display region when the pixel electrodes 191 are transpar-
ent.

The x-y plane component of the electrical field Exy
becomes smaller along the z-axis from the lower aligning film
11 to the upper aligning film 21. The elastic restoring force
generated by the aligning treatment is greatest on the surfaces
of the aligning films 11 and 21, and is reduced toward the
center of the liquid crystal layer between the aligning films 11
and 21.

FIG. 11 illustrates the twist angle made by the molecular
axis with the x-axis from the lower aligning film 11 to the
upper aligning film 21 along the z-axis. In FIG. 11, the hori-
zontal axis indicates the height from the lower aligning film
11, and the vertical axis represents the twist angle, where d is
the cell gap between the two aligning films 11 and 21.

As illustrated in FIG. 11, the twist angle on the surfaces of
the aligning films 11 and 21 is large since the aligning force of
the aligning films 11 and 21 is great. The twist angle becomes
small toward the center of the liquid crystal layer, and the
molecular axis at the center of the liquid crystal layer is
substantially in the direction of the electrical field component

E . The molecular axis on the aligning films 11 and 21 is

arranged in the rubbing direction R.

The difference of the twist angle between the adjacent
liquid crystal molecules is known in the art as twist. The twist
corresponds to the slope of the curve in FIG. 24, The twist is
large near the surfaces of the aligning films 11 and 21, and
decreases toward the center of the liquid crystal layer.

FIGS. 12 and 14 illustrate the variation of the tilt angle that
the molecular axis makes with the x-axis or the initially
aligned direction ona plane perpendicular to the substrate, for
example, a z-x plane.

FIG. 12 illustrates the tilt angle of the liquid crystal mol-
ecules according to an exemplary embodiment of the present
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invention. FIG. 13 is a graph illustrating the variation of the
tiltangle of the liquid crystal molecules as a function ofheight
according to an exemplary embodiment of the present inven-
tion. FIG. 14 is a graph illustrating the variation of the tilt
angle of the liquid crystal molecules as a function of horizon-
tal position according to an exemplary embodiment of the
present invention.

FIG. 12 illustrates only the substrates 110 and 210 for the
purpose of simplifying explanation. In F1G. 12, the z-x plane

component of the E indicating the rubbing direction in FIG.

9 is represented by sz and the z-x plane component of the
—

electrical field is represented by E . The angle made by the

field component E)ZX with the x-axis is indicated by OE and
the tilt angle made by the molecular axis with the x-axis is

— —
indicated by OL.C. R . is in the x direction since the vector R
exists on the x-y plane assuming a pre-tilt angle is ignored.

The magnitude of the field component EU and the angle
OE become smaller as one moves from the lower substrate
110 towards the upper substrate 210.

An elastic restoring force caused by the aligning treatment
1s larger on the surfaces of the two substrates 110 and 210, and
becomes smaller toward the center of the liquid crystal layer.

The liquid crystal molecules may be arranged to balance
the two forces. As illustrated in FIG. 13, the molecular axis on
the surfaces of the substrates 110 and 210 is arranged sub-
stantially parallel to the x-axis since the aligning force is
strongest there. Since the force due to the electrical field
becomes relatively stronger compared with the aligning force
from the substrates 110 and 210, the magnitude of the tilt
angle 0, increases continuously. The vertex of the curve is
formed at a point near the lower substrate 110.

=

The angle OF that the field component E ,, makes with the
x-axis is almost zero on the boundary lines A and D, and
becomes larger toward the central line B-B. The magnitude of

the field component E _, is greatest on the boundary lines A
and D, and it is reduced toward the central line B-B.

The magnitude of the elastic restoring force from the align-
ing treatment is constant on the x-axis regardless of position.

Accordingly, as illustrated in FIG. 14, the tilt angle of the
liquid crystal molecule is almost zero on the boundary lines A
and D, and decreases toward the central lines C and B. There-
fore, the tilt angle of the liquid crystal molecules has a similar

distribution to the angle 6E made by the field component E)ZX
with the x-axis, although the tilt angle varies more smoothly
than the angle OE.

When voltages are applied to the two electrodes 191 and
131, the liquid crystal molecules are re-arranged, creating the
twistangleand the tilt angle. The transmittance of the incident
light varies due to the variation of the twist angle and the tilt
angle. On the boundary lines A and D, there is little variation
in the tilt angle along the z-axis, but the twist angle varies a
large amount. On the central lines B and C, there is little
variation in the twist angle along the z-axis, and there is little
variation in the tilt angle. Accordingly, both the twist angle
and the tilt angle vary in the region between the boundary
lines A and D and the central lines B and C. As a result, a
transmittance curve as a function of position has a similar
shape to the electrical lines of force.

As shown in FIG. 3, the liquid crystal molecules 310
respectively corresponding to the upper and lower branches
19101, 1915 1, 19142, and 19152 of the first and second
sub-pixel electrodes 191a and 1915 are aligned with an initial
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twist angle @S with respect to the upper and lower branches
19141, 19156 1, 19142, and 19152 of the first and second
sub-pixel electrodes 191a and 1915.

The initial twist angle @S is defined by the angle between
the rubbing direction R and the vertical direction S of the
upper or the lower branches of the branch electrodes 191a.
The initial twist angle @S is in the range of about 0-10
degrees.

The liquid crystal molecules 310 corresponding to the
upper branches 19142 and 19152 of the first and second
sub-pixel electrodes 191a and 1915 are rotated in a counter-
clockwise direction by the initial twist angle @S after the
application of a voltage. The liquid crystal molecules 310
corresponding to the lower branches 191a1 and 1915 1 of the
first and second sub-pixel electrodes 191a and 1915 are
rotated in the clockwise direction by the initial twist angle &S
after the application of the voltage. Accordingly, since two
domains of liquid crystal molecules with different rotation
directions are made, the lateral visibility and viewing angle
are improved.

The liquid crystal layer 3 may have a negative optical
anisotropy. Because the liquid crystal molecules are verti-
cally realigned with respect to the direction of the electric
field formed between the pixel electrodes 191 and the com-
mon electrodes 131, the liquid crystal molecules are verti-
cally twisted with respect to the vertical direction of the upper
and lower branches 191a 1, 19151, 19142, and 19152 of the
pixel electrodes 191. The liquid crystal molecules have an
initial twist angle @S to determine the twist direction of the
liquid crystal molecules.

FIGS. 15to 18 are layout views of a TFT array panel for an
LCD according to an exemplary embodiment of the present
invention.

A plurality of gate lines 121 including gate electrodes 124
and end portions 129, a plurality of common electrodes 131,
and a plurality of common electrode lines 125 for connecting
the common electrodes 131 are formed on a substrate 110,
and a gate insulating layer 140, a plurality of semiconductors
154, and a plurality of ohmic contact islands 163 and 165 are
formed thereon. A plurality of data lines 171 including source
electrodes 173 and end portions 179 and a plurality of drain
electrodes 175 are formed on the ohmic contact islands 163
and 165, and a passivation layer 180 is formed thereon. A
plurality of contact holes 181, 182, and 185 are provided at
the passivation layer 180 and the gate insulating layer 140. A
plurality of pixel electrodes 191 and a plurality of contact
assistants 81 and 82 are formed on the passivation layer 180.

In a thin film transistor array panel according to an exem-
plary embodiment of the invention shown in FIG. 15, the
pixel electrodes 191 include a first sub-pixel electrode 191¢
and a second sub-pixel electrode 1914 that are extended in a
transverse direction and are separated from each other.

Most of the first and second sub-pixel electrodes 191¢ and
1914 are respectively disposed in the lower and upper por-
tions bisecting the area enclosed by the gate lines 121 and the
data lines 171 with the common electrode lines 125.

Each first sub-pixel electrode 191¢ that is connected to a
first drain electrode 175¢ through a contact hole 185¢
includes a plurality of lower branch electrodes 191c 1. The
lower branch electrodes 191¢1 are set with a predetermined
angle @S with respect to the gate lines 121. The connections
192¢ for connecting the lower branch electrodes 191¢ 1 are
disposed adjacent to the right data lines 171.

Each second sub-pixel electrode 1914 that is connected to
a second drain electrode 1754 through a contact hole 185d
includes a plurality of upper branch electrodes 1914 1. The
upper branch electrodes 191d 1 are set to a predetermined
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angle @S with respect to the gate lines 121. The branch
electrodes 191¢ 1 have a symmetric structure with respect to
the common electrode line 125. The first and second connec-
tions 19241 and 19252 connect the upper branch electrodes
1914 1 and are respectively disposed adjacent to data lines
171. The first connection 19241 includes transverse and ver-
tical extensions that are extended according to the gate line
121 and the data line 171. The transverse extension is
extended under the second drain electrode 1754 and is paral-
lel to the lower branch electrodes 191¢1. Portions of the first
and second connections 192¢1 and 192¢2 that respectively
overlap the first and second drain electrodes 175¢ and 1754
are enlarged.

In a thin film transistor array panel according to an exem-
plary embodiment of the invention as shown in FIGS. 16 and
17, the pixel electrodes 191 include a first sub-pixel electrode
191e and a second sub-pixel electrode 191f'that are extended
in a transverse direction and are separated from each other.

The first and second sub-pixel electrodes 191e and 191/ are
respectively disposed in the lower and upper portions bisect-
ing the area enclosed by the gate lines 121 and the data lines
171 with the common electrode lines 125.

Each first sub-pixel electrode 191e that is connected to a
first drain electrode 175e¢ through a contact hole 185¢
includes a plurality of lower branch electrodes 191e1 that are
set to a predetermined angle @S with respect to the gate lines
121. The first and second connections 192¢1 and 192¢2 con-
nect the side ends of the lower branch electrodes 191el and
are respectively disposed adjacent to both data lines 171.

Bach second sub-pixel electrode 191/that is connected to a
second drain electrode 175/ through a contact hole 185f
includes a plurality of upper branch electrodes 1911 that are
set to a predetermined angle @S with respect to the gate lines
121. The lower branch electrodes 191el have a symmetric
structure with respect to the common electrode line 125. The
first and second connections 19241 and 19252 respectively
connect the right and left ends of the upper branch electrodes
19141 and are respectively disposed adjacent to both data
lines 171.

The second drain electrode 175/ includes transverse and
vertical extensions 175f'1 and 17572 extended according to
the gate line 121 and the data line 171, and the end portion of
the vertical extension 17572 is connected to the second con-
nection 192/2 through a contact hole 185/

As shown in FIG. 16, the vertical extension 17572 of the
second drain electrode 175/ adjacent to the data line 171
overlaps with the second connection 192¢2 of the first sub-
pixel electrode 191e, but the vertical extension 1752 of the
second drain electrode 175/ adjacent to the data line 171 does
not overlap the second connection 192¢2 of the first sub-pixel
electrode 191e.

As shown in FIG. 18, in an exemplary embodiment accord-
ing to the present invention, the first and second sub-pixel
electrodes 191¢g and 191/ are divided by the center portion of
the gate lines 121, and are respectively disposed in the upper
and lower sides of the area enclosed by the gate lines 121 and
the data lines 171. The gate lines 121 are disposed in the
center portion between the first and second sub-pixel elec-
trodes 191g and 191/, and first and second drain electrodes
175g and 175¢g are disposed in the upper and lower sides of the
gate electrode 124.

The common electrodes 131 include lower and upper com-
mon electrodes 131g and 131/ respectively disposed in the
upper and lower sides of the gate lines 121, and the common
electrode lines 125 include an upper common electrode line
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1252 connecting the upper common electrodes 131/ and a
lower common electrode line 1251 connecting the lower
common electrodes 131g.

Each first sub-pixel electrode 191g that is connected to a
first drain electrode 175g through a contact hole 185g
includes a plurality of lower branch electrodes 191g1 that are
set to a predetermined angle @S with respect to the gate lines
121.The first and second connections 192g1 and 192g2 con-
nect the side ends of the lower branch electrodes 191¢1 and
are respectively disposed adjacent to both data lines 171.

Each second sub-pixel electrodes 191/ that is connected to
a second drain electrode 175¢ through a contact hole 185/
includes a plurality of upper branch electrodes 191/1 that are
set to a predetermined angle @S with respect to the gate lines
121. The lower branch electrodes 191g1 have a symmetric
structure with respect to the gate line 121 first and second
connections 192/1 and 192/2 respectively connect the side
ends of the upper branch electrodes 19141 and are respec-
tively disposed adjacent to both data lines 171.

FIGS. 19 to 22 are layout views of a TFT array panel for an
LCD according to an exemplary embodiment of the present
invention.

A plurality of gate lines 121 including gate electrodes 124
and end portions 129, a plurality of common electrodes 131,
and a plurality of common electrode lines 125 for connecting
the common electrodes 131 are formed on a substrate 110,
and a gate insulating layer 140, a plurality of semiconductors
154, and a plurality of ohmic contact islands 163 and 165 are
formed thereon. A plurality of data lines 171 including source
electrodes 173 and end portions 179 and a plurality of drain
electrodes 175 are formed on the chmic contact islands 163
and 165, and a passivation layer 180 is formed thereon. A
plurality of contact holes 181, 182, and 185 are provided on
the passivation layer 180 and the gate insulating layer 140. A
plurality of pixel electrodes 191 and a plurality of contact
assistants 81 and 82 are formed on the passivation layer 180.

As shown in FIG. 19, first and second sub-pixel electrodes
191/ and 191% that are separated from each other have a
symmetric structure with respect to the common electrode
line 125 bisecting the area enclosed by the gate line 121 and
the data line 171.

Each first sub-pixel electrode 191; that is connected to a
first drain electrode 1755 through a contact hole 185; includes
a plurality of lower and upper branch electrodes 9111 and
191;2 that are set to a predetermined angle @S with respect to
the gate lines 121. The lower and upper branch electrodes
have a symmetric structure with respect to the common elec-
trodeline 125. The connections 192/ connect the left side ends
of the lower and upper branch electrodes 191/1 and 19152 and
are respectively disposed adjacent the left data line 171.

Each first sub-pixel electrode 191k that is connected to a
second drain electrode 175k through a contact hole 1854
includes a plurality of lower and upper branch electrodes
19141 and 19142 that are set to a predetermined angle @S
with respect to the gate lines 121. The lower and upper branch
electrodes 19141 and 19142 have a symmetric structure with
respect to the common electrode line 125. The connections
192/ connect the right side ends of the lower and upper branch
electrodes 19141 and 19142 and are respectively disposed
adjacent to the right data line 171.

However, the thin film transistor array panel includes first
and second assistants 172/ and 172k. The first assistant 172/
overlaps the connection 192% of the second sub-pixel elec-
trode 191%, and is connected to the end portions of the upper
and lower branch electrodes 1911 and 1912 of the first
sub-pixel electrode 191 through a contact hole 186;. The first
assistant 172 has a plurality of protrusions connected to the
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upper and lower branch electrodes 1911 and 191;2 of the first
sub-pixel electrode 191), and are extended from the first assis-
tant 172;.

The second assistant 172k overlaps the connection 192 of
the first sub-pixel electrode 191/, and is connected to the end
portions of the upper and lower branch electrodes 19141 and
19142 of the second sub-pixel electrode 191% through a con-
tact hole 1864. The second assistant 172k has a plurality of
protrusions connected to the upper and lower branch elec-
trodes 19141 and 19142 of the second sub-pixel electrode
191% and are extended from the second assistant 172k.

As shown in FIG. 21, in a thin film transistor array panel
according to an exemplary embodiment of the invention,
pixel electrodes 191 extend substantially in a vertical direc-
tion with inversion symmetry with respect to the common
electrode lines 125, and include a first sub-pixel electrode
191p and a second sub-pixel electrode 191 that are separated
from each other.

The first sub-pixel electrode 191p includes a plurality of
upper and lower branch electrodes 191p1 and 191p2 that are
curved at the center portions with a predetermined angle. The
upper and lower branch electrodes 191p1 and 191p2 have
inversion symmetry with respect to a center line of the com-
mon electrodes 131. The common electrodes 131 are parallel
to the gate lines 121. The upper connections 192p are for
respectively connecting the upper portion of the upper and
lower branch electrodes 191p1 and 191p2 and are disposed
closely to theupper gate line 121. The first sub-pixel electrode
191p includes a plurality of right branch electrodes 191p3 and
191p4 that are parallel to the upper and lower branch elec-
trodes 191p1 and 191p2. The plurality of right branch elec-
trodes 191p3 and 191p4 are connected to the right external
part of the upper and lower branch electrodes 191p1 and
191p2. A plurality of left branch electrodes 191p5 are parallel
to the upper branch electrodes 191p2 and are connected to the
left external part of the upper branch electrodes 191p2.

The second sub-pixel electrode 191¢ includes a plurality of
upper and lower branch electrodes 19141 and 19142 that are
curved at the center portions with a predetermined angle. and
the upper and lower branch electrodes have inversion sym-
metry with respect to a center line of the common electrodes
131. The common electrodes are parallel to the gate lines 121.
The lower connections 192¢ are for respectively connecting
the lower portion of the upper and lower branch electrodes
19141 and 19142 and are disposed close to the lower gate line
121. The second sub-pixel electrode 191¢ includes a plurality
of left branch electrodes 19143 that are parallel to the lower
branch electrodes 19141 and are connected to the left external
part of the lower branch electrodes 191¢1.

The thin film transistor array panel includes first and sec-
ond assistants 172p and 172¢q as shown in FIG. 22. The first
assistant 172p is disposed close to the connection 1924 of the
second sub-pixel electrode 191¢, and is connected to the end
portions of the lower branch electrodes 191p1 of the first
sub-pixel electrode 191p through a contact hole 185p and a
first drain electrode 175p.

The second assistant 172¢ overlaps the connection 192p of
the first sub-pixel electrode 191p and is connected to the end
portions of the upper branch electrodes 191¢2 of the second
sub-pixel electrode 191¢ through a contact hole 186¢. The
second assistant 172¢ has a plurality of protrusions connected
to the upper branch electrodes 19142 of the second sub-pixel
electrode 191¢ and are extended from the second assistance
1724.
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In the thin film transistor array panels shown in FIGS. 19 to
22, even if one of the first and second sub-pixel electrodes
1914, 191%, 191p, and 1914 is shorted to the common elec-
trodes 131, the other is normally driven. The sub-pixel elec-
trode that is shorted to the common electrode 131 is supplied
with the common voltage, so the shorted sub-pixel electrode
is operated as the common electrode 131. Accordingly, a
liquid crystal display of an in-plane switching mode in which
the common electrodes and the pixel electrodes are alterna-
tively arranged is formed. In this structure, even if the shorted
sub-pixel electrode is not repaired, transmittance of 80 per-
cent may be achieved in comparison with that of normal
pixels such that off-pixel defects are removed.

While the present invention has been described in detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and substi-
tutions can be made thereto without departing from the spirit
and scope of the present invention as set forth in the appended
claims.

What is claimed is:

1. A thin film transistor array panel comprising:

a substrate;

a plurality of gate lines formed on the substrate;

a plurality of common electrodes formed on the substrate

and made of transparent material;

a plurality of data lines intersecting the gate lines;

a plurality of thin film transistors connected to the data

lines and the gate lines; and
a plurality of pixel electrodes connected to the thin film
transistors and overlapping the common electrodes,

wherein the pixel electrodes include a first sub-pixel elec-
trode separated a distance from a second sub-pixel elec-
trode.

2. The thin film transistor array panel of claim 1, wherein
the thin film transistors comprise a first drain electrode con-
nected to the first pixel electrode and a second drain electrode
connected to the second pixel electrode.

3. The thin film transistor array panel of claim 1, wherein
the first and second sub-pixel electrodes comprise a plurality
of branch electrodes having a parallel arrangement.

4. The thin film transistor array panel of claim 3, wherein
the common electrodes have a continuous surface between
the branch electrodes.

5. The thin film transistor array panel of claim 3, wherein
the branch electrodes of the first and second sub-pixel elec-
trodes are disposed in different areas.

6. The thin film transistor array panel of claim 5, wherein
the first and second sub-pixel electrodes are disposed on both
sides of the gate lines.

7. The thin film transistor array panel of claim 3, wherein
the branch electrodes of the first sub-pixel electrode are alter-
natively arranged with the branch electrodes of the second
sub-pixel electrode.

8. The thin film transistor array panel of claim 3, wherein
the branch electrodes of the first and second sub-pixel elec-
trodes are curved with respect to the gate lines or the data
lines.

9. The thin film transistor array panel of claim 8, wherein
the branch electrodes of the first and second sub-pixel elec-
trodes have inversion symmetry with respect to center lines of
the common electrodes and are parallel to the gate lines.

10. The thin film transistor array panel of claim 3, further
comprising a plurality of common electrode lines connecting
the common electrodes.

[ I R



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

L5
H AT SO
S\EREERR

BEG®)

—MRBERE , SEER S MIMREEREER L, SN H BRI
FEER L HBEAM B R, SR BELEMRER 2 NERBMEE
BEIBEL MR S MR ENERIEREREEHA S L BRE
B, GRENEBEESE-FHERENET —EEBNE - FHEBN,

BEREERIIER
US7495715
US11/481780

ZEdaTHAatt

SAMSUNG ELECTRONICS CO.

SAMSUNG ELECTRONICS CO.

LYU JAE JIN
CHANG HAK SUN
YOO SEUNG HOO
KIM HYUN WUK
DO HEE WOOK

, LTD.

, LTD.

UM YOON-{UMLAUT OVER (S)}UNG

LYU JAE-JIN
CHANG HAK-SUN
YOO SEUNG-HOO
KIM HYUN-WUK
DO HEE-WOOK
KIM YEON-JU

GO02F1/136

patsnap

2009-02-24

2006-07-06

GO02F1/134363 G09G3/3648 G02F2001/134372 G09G2300/0443 G09G2300/0809 G09G2320/028

G09G2330/10

1020050072749 2005-08-09 KR

US20070035675A1

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/d7aaedcc-b39b-4137-9c6f-5bc3469b9b9a
https://worldwide.espacenet.com/patent/search/family/037721683/publication/US7495715B2?q=US7495715B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7495715.PN.&OS=PN/7495715&RS=PN/7495715

