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(57) ABSTRACT

A liquid crystal display is disclosed. The liquid crystal dis-
play includes a data line arranged ina column direction, a first
pixel electrode that is positioned on the left side of the data
line on a first line, a second pixel electrode that is positioned
onthe right side ofthe data line ina second line underlying the
first line, a first gate line that is arranged between the first line

(73)  Assignee: LG DISPLAY CO., LTD., Seoul and the second line in a line direction perpendicular to the
(KR) column direction, a second gate line that is arranged between
the first line and the second line in the line direction, the
second gate line underlying the first gate line, a first thin film
(21) Appl. No.: 12/292,696 transistor that is positioned on the left side of the data line on
the first line to supply a first data voltage received from the
) data line to the first pixel electrode in response to a gate pulse
(22) Filed: Nov. 24, 2008 received from the first gate line, and a second thin film tran-
sistor that is positioned on the right side of the data line on the
first line, crosses the first gate line to be connected to the
(30) Foreign Application Priority Data second pixel electrode, and supplies a second data voltage
received from the data line to the second pixel electrode in
May 23,2008  (KR) .o 10-2008-0048295 response to a gate pulse received from the second gate line.
10
Veom D1 Veom 02
R 8 B
PIX1 P1X2
LINE# -+ (+)
TP TFT2 | [
L L N
a1 1 T
A2
G2
P1X3 P1X4
LINEs#2 (- )
TFT3 | TFT4
[ i ey
- | T —
G3 A7
G4
LINE#3 CP
1




Patent Application Publication  Nov. 26,2009 Sheet 1 of 8 US 2009/0290081 A1

FIG. 1
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FIG. 3
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FIG. 5
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LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korea Patent
Application No. 10-2008-0048295 filed on May 23, 2008,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] An exemplary embodiment of the invention relates
to a liquid crystal display.

[0004] 2. Discussion of the Related Art

[0005] Active matrix type liquid crystal displays display a
moving picture using a thin film transistor (TFT) as a switch-
ing element. The active matrix type liquid crystal displays
have been implemented televisions as well as display devices
in portable devices, such as office equipment and computers,
because of the thin profile of the active matrix type liquid
crystal displays. Accordingly, cathode ray tubes (CRT) are
being replaced by active matrix type liquid crystal displays.
[0006] The active matrix type liquid crystal display
includes data lines and gate lines crossing each other, and
liquid crystal cells arranged at crossings of the data lines and
the gate lines in a matrix format. A thin film transistor (TFT)
is formed at each crossing of the data lines and the gate lines.
[0007] The liquid crystal display periodically inverts a
polarity of a data voltage and supplies the inverted data volt-
age so as to reduce the degradation of liquid crystals. As
above, a method for driving the liquid crystal display while
the polarity of the data voltage is inverted is called an inver-
sion system. Examples of the inversion system include a line
inversion system, a column inversion system, and a dot inver-
sion system.

[0008] In the line inversion system, the polarity of the data
voltage is inverted every 1 line and is inverted every 1 frame
period. In the line inversion system, because the adjacent
liquid crystal cells in a line direction are different from each
other in the data charge amount, a stripped pattern (i.e., a
horizontal stripped pattern) may appear in the line direction.
[0009] In the column inversion system, the polarity of the
data voltage is inverted every 1 column and is inverted every
1 frame period. In the column inversion system, because the
adjacent liquid crystal cells in a column direction are different
from each other in the data charge amount, a stripped pattern
(i.e., a vertical stripped pattern) may appear in the column
direction.

[0010] In the dot inversion system, the polarity of the data
voltage supplied to the adjacent liquid crystal cells in the line
direction is inverted, and the polarity of the data voltage
supplied to the adjacent liquid crystal cells in the column
direction is inverted. Further, the polarity of the data voltage
is inverted every 1 frame period. Because flickers generated
between adjacent pixels in vertical and horizontal directions
offset each other in the dot inversion system, the dot inversion
system can provide more excellent image quality than the line
and column inversion systems. However, because the polarity
of the data voltage supplied to the data lines has to be inverted
in the vertical and horizontal directions in the dot inversion
system, the change amount of the data voltage (i.e., a fre-
quency of a data signal) in the dot inversion system is larger
than the line and column inversion systems. Therefore, power
consumption of a data drive circuit increase, and also the
amount of heat generated in the data drive circuit increases.
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[0011] Recently, as shown in FIG. 1, an inversion system in
which data voltages received from one data line are alter-
nately supplied to adjacent liquid crystal cells in a line direc-
tion has been proposed. Because a charge path of the data
voltages is similar to a Z-shape, the inversion system is called
a Z-shaped inversion system. In the Z-shaped inversion sys-
tem, thin film transistors are formed on left and right sides of
each data line, and a pixel electrode of a liquid crystal cell is
connected to each thin film transistor.

[0012] In the Z-shaped inversion system, when a first gate
pulse is applied to a first gate line G1, a first TFT T1 is turned
on and the data voltage received from a first data line D1 1s
supplied to a first pixel electrode PIX1 positioned on the left
side of the first data line D1. Sequentially, when a second gate
pulse is applied to a second gate line G2, a second TFT T2 is
turned on and the data voltage received from the first data line
D1 is supplied to a second pixel electrode PIX2 positioned on
the right side of the first data line D1. In the same way, when
third and fourth gate pulses are sequentially applied to third
and fourth gate lines G3 and G4, third and fourth TFTs T3 and
T4 are turned on. Then, after the data voltage is supplied to a
third pixel electrode PIX3, the data voltage is supplied to a
fourth pixel electrode PIX4.

[0013] In the Z-shaped inversion system, the number of
data lines can be reduced by half| and a frequency of the data
voltage can be reduced. However, because the two gate lines
are formed between the adjacent pixel electrodes in a column
direction, the previously charged data voltage may be
changed. For example, when a gate high voltage of the gate
pulse is applied to the second gate line G2 in a state where the
first pixel electrode PIX1 has been already charged to the data
voltage, a voltage level of the first pixel electrode PIX1 may
be changed by the coupling between the first pixel electrode
PIX1 and the second gate line G2. This reason is that the gate
high voltage changes a voltage of a storage capacitor for
holding a voltage of the first pixel electrode PIX1 by a short
distance Al between the first pixel electrode PIX1 and the
second gate line G2. If the distance A1 between the first pixel
electrode PIX1 and the second gate line G2 increases, the
coupling may be reduced, but an aperture ratio may be
reduced.

[0014] Further, in the Z-shaped inversion system, because
the data voltage charged to the liquid crystal cells of one of an
R column, a G column, and a B column is different from the
data voltage charged to the liquid crystal cells of the other
columns depending on a polarity of the data voltage and the
charge order of the data voltage, any one color may be seen
more remarkably than the other colors on the display image.

SUMMARY OF THE INVENTION

[0015] An exemplary embodiment of the invention pro-
vides a liquid crystal display capable of securing a sufficient
aperture ratio and improving the display quality without
changing a voltage of a storage capacitor.

[0016] Additional features and advantages of the exem-
plary embodiments 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 exem-
plary embodiments of the invention. The objectives and other
advantages of the exemplary embodiments of the invention
will be realized and attained by the structure particularly
pointed out in the written description and claims hereof as
well as the appended drawings.
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[0017] 1In one aspect, a liquid crystal display comprises a
data line that is arranged in a column direction to receive a
data voltage, a first pixel electrode that is positioned on the
left side of the data line on a first line, a second pixel electrode
that is positioned on the right side of the data line in a second
line underlying the first line, a first gate line that is arranged
between the first line and the second line in a line direction
perpendicular to the column direction, a second gate line that
is arranged between the first line and the second line in the
line direction, the second gate line underlying the first gate
line, a first thin film transistor that is positioned on the left side
of the data line on the first line to supply a first data voltage
received from the data line to the first pixel electrode in
response to a gate pulse received from the first gate line, and
asecond thin film transistor that is positioned on the right side
of the data line on the first line, crosses the first gate line to be
connected to the second pixel electrode, and supplies a sec-
ond data voltage received from the data line to the second
pixel electrode in response to a gate pulse received from the
second gate line.

[0018] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] 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. In
the drawings:

[0020] FIG. 1 shows a liquid crystal display driven in a
related art Z-shaped inversion system;

[0021] FIG. 2 is a block diagram of a liquid crystal display
according to an exemplary embodiment of the invention;
[0022] FIG. 3 is an equivalent circuit diagram showing a
structure of a liquid crystal display panel, a polarity of a data
voltage, and a charge path;

[0023] FIG. 4 is a waveform diagram illustrating the data
voltage shown in FIG. 3 and a gate pulse;

[0024] FIG. 5 is another equivalent circuit diagram show-
ing a structure of a liquid crystal display panel, a polarity of a
data voltage, and a charge path;

[0025] FIG. 6 is a waveform diagram illustrating the data
voltage shown in FIG. 5 and a gate pulse;

[0026] FIG. 7 is a plane view showing a lower glass sub-
strate of the liquid crystal display panel according to the
exemplary embodiment of the invention; and

[0027] FIG. 8 is a cross-sectional view of a storage capaci-
tor and a thin film transistor taken along line I-I' of FIG. 7.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] Reference will now be made in detail embodiments
of the invention examples of which are illustrated in the
accompanying drawings.

[0029] As shown in FIG. 2, a liquid crystal display accord-
ing to an exemplary embodiment of the invention includes a
liquid crystal display panel 10, a timing controller 11, a data
drive circuit 12, and a gate drive circuit 13.

[0030] The liquid crystal display panel 10 includes an
upper glass substrate, a lower glass substrate, and a liquid
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crystal layer between the upper and lower glass substrates.
The lower glass substrate of the liquid crystal display panel 10
includes data lines D1 to Dm in a column direction and gate
lines G1 to Gn in a line direction that cross the data lines D1
to Dm. The lower glass substrate further includes common
lines positioned between the data lines D1 to Dm in a direc-
tion parallel to the data lines D1 to Dm, and a storage elec-
trode electrically connected to the common lines to receive a
common voltage Vcom. The common lines are connected to
a common voltage source generating the common voltage
Vcom. The common line and the storage electrode are shown
in FIGS. 7 and 8. The gate lines G1 to Gn, as shown in FIGS.
3 and 5, are formed in a structure in which the odd-numbered
gate lines and the even-numbered gate lines adjacent to the
odd-numbered gate lines are formed in pairs between adja-
cent pixel electrodes 1 in the column direction. Liquid crystal
cells Clc are arranged on a pixel array of the liquid crystal
display panel 10 in a matrix format at crossings of the data
lines D1 to Dm and the gate lines G1 to Gn. The lower glass
substrate further includes a thin film transistor formed at each
crossing of the data lines D1 to Dm and the gate lines G1 to
Gn, the pixel electrode 1 of the liquid crystal cell Cle con-
nected to the thin film transistor one to one, and a storage
capacitor Cst, and the like. The upper glass substrate of the
liquid crystal display panel 10 includes a black matrix, a color
filter, and a common electrode 2.

[0031] The common electrode 2 is formed on the upper
glass substrate in a vertical electric drive manner, such as a
twisted nematic (TN) mode and a vertical alignment (VA)
mode. The common electrode 2 and the pixel electrode 1 are
formed on the lower glass substrate in a horizontal electric
drive manner, such as an in-plane switching (IPS) mode and
a fringe field switching (FFS) mode. Polarizing plates each
having optical axes that cross at a right angle are attached
respectively to the upper and lower glass substrates. Align-
ment layers for setting a pre-tilt angle of the liquid crystal in
an interface contacting the liquid crystal are respectively
formed on the upper and lower glass substrates.

[0032] A structure of each of the data line, the gate line, the
pixel electrode 1, and the thin film transistor on the lower
glass substrate is shown in FIGS. 3 and 5. Although FIGS. 3
and 5 show the structure to which the vertical electric drive
manner is applied, the exemplary embodiment of the inven-
tion is not limited thereto. The exemplary embodiment of the
invention may be applied to any liquid crystal mode.

[0033] The timing controller 11 rearranges digital video
data RGB in the charge order of a data voltage in the liquid
crystal display panel 10 as shown in FIGS. 3 to 6, and then
supplies the rearranged digital video data RGB to the data
drive circuit 12. The timing controller 11 receives a timing
signal such as a data enable signal DE and a dot clock signal
CLK, and generates a data timing control signal for control-
ling operation timing of the data drive circuit 12 and a gate
timing control signal for controlling operation timing of the
gate drive circuit 13.

[0034] The data timing control signal includes a source
start pulse SSP, a source sampling clock signal SSC, a source
output enable signal SOE, a polarity control signal POL, and
the like. The source start pulse SSP indicates a start pixel in 1
horizontal line to which data will be displayed. If the data
transmission between the timing controller 11 and the data
drive circuit 12 is performed using mini low-voltage differ-
ential signaling (LVDS), the digital video data RGB and mini
LVDS clock are transmitted to the data drive circuit 12. When
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the data is transmitted using the mini LVDS, the timing con-
troller 11 does not need to generate a separate source start
pulse because a pulse following a reset pulse of the mini
LVDS clock serves as a source start pulse. The source sam-
pling clock signal SSC controls a data latch operation inside
the data drive circuit 12 based on a rising or falling edge. The
source output enable signal SOE controls an output of the data
drive circuit 12. A logic state of the polarity control signal
POL is inverted every 1 horizontal period or 2 horizontal
periods, and a phase of the polarity control signal POL is
inverted every N frame periods, where N is a positive integer.

[0035] The gate timing control signal includes a gate start
pulse GSP, a gate shift clock signal GSC, a gate output enable
signal GOE, and the like. The gate start pulse GSP indicates
ascan start line of a scan operation during 1 vertical petiod in
which one screen is displayed. The gate shift clock signal
GSC is a timing control signal that is input to a shift resistor
installed in the gate drive circuit 13 to sequentially shift the
gate start pulse GSP, and has a pulse width corresponding to
a turned-on period of the thin film transistor. The gate output
enable signal GOE controls an output of the gate drive circuit
13.

[0036] The data drive circuit 12 latches the digital video
data RGB under the control of the timing controller 11 and
converts the digital video data RGB into positive and negative
gamma compensation voltages to generate positive and nega-
tive data voltages. The positive and negative data voltages are
supplied to the data lines D1 to Dm. The data drive circuit 12
inverts a polarity of the data voltage in response to the polarity
control signal POL. The data drive circuit 12 time-divides
R-data voltage of the odd-numbered pixels and G-data volt-
age of the odd-numbered pixels to supply the R-data voltage
and the G-data voltage to the odd-numbered data lines D1,
D3, ... and Dm-1 during one-half horizontal period. Further,
the data drive circuit 12 time-divides B-data voltage of the
odd-numbered pixels and R-data voltage of the even-num-
bered pixels to supply the B-data voltage and the R-data

voltage to the even-numbered data lines D2, D4, . .., and Dm
during one-half horizontal period.
[0037] The gate drive circuit 13 includes a shift resistor, a

level shifter for converting an output signal of the shift resis-
tor into a signal having a swing width suitable for a TFT drive
of the liquid crystal cell Cle, an output buffer, and the like to
sequentially supply the gate pulses to the gate lines G1 to Gn.
A gate high voltage of the gate pulse is supplied to the gate
lines G1 to Gn during one-half horizontal period so as to be
synchronized with the data voltage.

[0038] FIG. 3 is an equivalent circuit diagram showing a
structure of the lower glass substrate of the liquid crystal
display panel 10, the polarity of the data voltage, and a charge
path. The structure of the lower glass substrate shown in FIG.
3 shows not the whole of the pixel array but the pixel array
formed on first to third lines LINE#1 to LINE#3 in an area of
the odd-numbered pixel.

[0039] AsshowninFIG. 3, pixel electrodes PIX1 and PIX3
of R-liquid crystal cells are formed on R-column on the left
side of a first data line D1 in a column direction, and pixel
electrodes PIX2 and PIX4 of G-liquid crystal cells are formed
on G-column on the right side of the first data line D1 in the
column direction.

[0040] The first data line D1 is connected to the pixel elec-
trodes PIX1 and PIX3 on the R-column via thin film transis-
tors TF'T1 and TFT3 on the R-column, and is connected to the
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pixel electrodes PTX2 and P1X4 on the G-column via thin film
transistors TFT2 and TFT4 on the G-column.

[0041] Common lines COM for supplying the common
voltage Vecom to the storage electrode are formed parallel to
the data lines D1 to Dm on the outermost left side and the
outermost right side of the pixel array. The common lines
COM are formed between the adjacent pixel electrodes posi-
tioned between the adjacent data lines in a direction parallel to
the data lines D1 to Dm. The common lines COM are formed
between the R-column and the G-column in an area of the
even-numbered pixel in a direction parallel to the data lines
D1 to Dm. The storage electrode and the common lines COM
are spaced apart from each other at a predetermined interval,
for example, at an interval of k lines, where k is a natural
number equal to larger than 4. The storage electrode and the
common lines COM are electrically connected to each other
through a contact hole passing through an insulating layer.

[0042] The first gate line G1 is formed between first and
second lines LINE#1 and LINE#2 in a line direction perpen-
dicular to the column direction and is connected to a gate
electrode of the first thin film transistor TFT1. The second
gate line G2 is formed between the first and second lines
LINE#1 and LINE#2 in the line direction and is connected to
a gate electrode of the second thin film transistor TFT2. The
second gate line G2 underlying the first gate line G1 crosses
the first gate line G1 to be connected to the gate electrode of
the second thin film transistor TFT2. Accordingly, because a
distance A2 between the second gate line G2 and the first pixel
electrode PIX1 increases as compared with the related art
distance Al (i.e., A2>Al), electrical coupling is scarcely gen-
erated between the second gate line G2 and the first pixel
electrode PIX1. It is advantageous that the distance A2 is 20
pm to 40 pm in consideration of a gate high voltage equal to
or higher than 20V so that the electrical coupling is scarcely
generated between the second gate line G2 and the first pixel
electrode PIX1.

[0043] Third and fourth gate lines G3 and G4 are formed
betweena second line LINE#2 and a third line LINE#3 under-
lying the second line LINE#2 in the line direction. The third
gate line G3 is connected to a gate electrode of a fourth thin
film transistor TFT4. The fourth gate line G4 underlying the
third gate line G3 crosses the third gate line G3 to be con-
nected to a gate electrode of a third thin film transistor TFT3.
Accordingly, because a distance A2 between the fourth gate
line G4 and the fourth pixel electrode PIX4 increases as
compared with the related art distance Al (i.e., A2>A1), elec-
trical coupling is scarcely generated between the fourth gate
line G4 and the fourth pixel electrode PIX4. It is advanta-
geous that the distance A2 is 20 pm to 40 pm.

[0044] A voltage charge path CP (i.e., the charge order of
the data voltage) of the liquid crystal cells of the R-column
and the liquid crystal cells of the G-column to which the
R-data voltage and the G-data voltage are alternately supplied
through the first data line D1 is determined by supply order of
the gate pulses to the first to fourth gate lines G1 to G4 and the
first to fourth thin film transistors TFT1 to TFT4 that are
sequentially turned on by the gate pulses. The charge order of
the liquid crystal cells of the R-column and the liquid crystal
cells of the G-column in the odd-numbered frame will be
described later.

[0045] As shown in FIGS. 3 and 4, the gate pulses are
sequentially applied to the gate lines G1 to G4, and different
data voltages having the same polarity are respectively
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applied to the data lines D1 and D2 during 1 horizontal
period. Polarities of the data voltages are inverted every 1
horizontal period.

[0046] A first gate pulse is applied to the first gate line G1,
and the first thin film transistor TFT1 is turned on by the first
gate pulse. Hence, positive R-data voltage received from the
first data line D1 is supplied to the first pixel electrode PIX1
positioned on the left side of the first data line D1 on the first
line LINE#1. Next, a second gate pulse is applied to the
second gate line G2. Because the distance A2 between the first
pixel electrode PIX1 and the second gate line G2 is long, a
voltage of the storage capacitor Cst connected to the first pixel
electrode PIX1, that has been already charged to the data
voltage, is scarcely affected by the gate high voltage of the
second gate pulse and does not change. The second thin film
transistor TFT2 is turned on by the second gate pulse. Hence,
positive G-data voltage received from the first data line D1 is
supplied to the second pixel electrode PIX2 positioned on the
right side of the first data line D1 on the first line LINE#1.
[0047] Sequential to the second gate pulse, a third gate
pulse is applied to the third gate line G3, and the fourth thin
film transistor TFT4 is turned on by the third gate pulse.
Hence, negative G-data voltage received from the first data
line D1 is supplied to the fourth pixel electrode PIX4 posi-
tioned on the right side of the first data line D1 on the second
line LINE#2. Next, a fourth gate pulse is applied to the fourth
gate line G4. Because the distance A2 between the fourth
pixel electrode PIX4 and the fourth gate line G4 is long, a
voltage of the storage capacitor Cst connected to the fourth
pixel electrode PIX4, that has been already charged to the data
voltage, is scarcely affected by the gate high voltage of the
fourth gate pulse and does not change. The third thin film
transistor TFT3 1s turned on by the fourth gate pulse. Hence,
negative R-data voltage received from the first data line D1 is
supplied to the third pixel electrode PIX3 positioned on the
left side of the first data line D1 on the second line LINE#2.
[0048] A polarity of the data voltage in even-numbered
frames is inverted to a polarity opposite a polarity of the data
voltage in odd-numbered frames.

[0049] As above, the liquid crystal display according to the
exemplary embodiment of the invention reduces the electrical
coupling between the pixel electrode and the gate line by
lengthening the distance A2 between the pixel electrode and
the gate line and minimizes a change in the voltage to which
the liquid crystal cell is charged, thereby improving the dis-
play quality. Furthermore, in the Z-shaped inversion system,
when the polarity of the data voltage is inverted every 2 dots
(2 liquid crystal cells) in the line direction and is inverted
every 1 dotin the column direction, color distortion, in which
any one colorof a display image is more remarkably seen than
the other colors, may appear. However, the liquid crystal
display according to the exemplary embodiment of the inven-
tion changes the charge order of the data voltage, thereby
reducing the color distortion. For example, as shown in FIG.
4, during a horizontal period, the first pixel electrode PIX1 is
charged to the positive R-data voltage, and then the positive
G-data voltage is supplied to the second pixel electrode PIX2.
Because the first pixel electrode PIX1 is charged to the posi-
tive R-data voltage from the negative data voltage that has
been already charged, the charge amount of first pixel elec-
trode PIX1 is less than the charge amount of second pixel
electrode PIX2 during the 1 horizontal period. During a next
horizontal period, the fourth pixel electrode PIX4 is charged
to the negative G-data voltage, and then the negative R-data
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voltage is supplied to the third pixel electrode PIX3. Because
the fourth pixel electrode PIX4 is charged to the negative
G-data voltage from the positive data voltage that has been
already charged, the charge amount of fourth pixel electrode
PIX4 is less than the charge amount of third pixel electrode
PIX3 during the next 1 horizontal period. Accordingly,
because an average voltage of the R-liquid crystal cells and an
average voltage of the G-liquid crystal cells are substantially
equal to each other on the first and second lines LINE#1 and
LINE#2, any one color of the display image is not remarkably
seen. In FIG. 4, “W” indicates a voltage level of the pixel
electrode whose the charge amount is small, and “S” indicates
avoltage level of the pixel electrode whose the charge amount
is relatively large.

[0050] FIGS. 5 and 6 show a polarity of the data voltage and
a charge path of the data voltage. The structure of the lower
glass substrate of the liquid crystal display panel 10 in an
odd-numbered line, namely, the first line LINE#1 is substan-
tially the same as that in the first line LINE#1 shown in FIG.
3. In an even-numbered line LINE#2, unlike the structure
shown in FIG. 3, the third gate line G3 is formed between the
second and third lines LINE#2 and LINE#3 in the line direc-
tion and is connected to the gate electrode of the third thin film
transistor TFT3 on the left side of the first data line D1. The
fourth gate line G4 underlying the third gate line G3 is formed
between the second and third lines LINE#2 and LINE#3 and
crosses the third gate line G3 to be connected to the gate
electrode of the fourth thin film transistor TFT4 on the right
side of the first data line D1.

[0051] Asshownin FIGS. 5 and 6, the gate pulses synchro-
nized with the data voltage are sequentially applied to the gate
lines G1 to G4, and the data voltages whose polarities are
inverted every one-half horizontal period are respectively
applied to the data lines D1 and D2. A first gate pulse is
applied to the first gate line G1, and the first thin film transis-
tor TFT1 is turned on by the first gate pulse. Hence, positive
R-data voltage received from the first data line D1 is supplied
to the first pixel electrode PIX1 positioned on the left side of
the first data line D1 on the first line LINE#1. Next, a second
gate pulse is applied to the second gate line G2. Because the
distance A2 between the first pixel electrode PIX1 and the
second gate line G2 is long, a voltage of the storage capacitor
Cst connected to the first pixel electrode PIX1, that has been
already charged to the data voltage, is scarcely affected by the
gate high voltage of the second gate pulse and does not
change. The second thin film transistor TFT?2 is turned on by
the second gate pulse. Hence, negative G-data voltage
received from the first data line D1 is supplied to the second
pixel electrode PIX2 positioned on the right side of the first
data line D1 on the first line LINE#1.

[0052] Sequential to the second gate pulse, a third gate
pulse is applied to the third gate line G3, and the third thin film
transistor TFT3 is turned on by the third gate pulse. Hence,
negative R-data voltage received from the first data line D1 is
supplied to the third pixel electrode PIX3 positioned on the
left side of the first data line D1 on the second line LINE#2.
Next, a fourth gate pulse is applied to the fourth gate line G4.
Because the distance A2 between the third pixel electrode
PIX3 and the fourth gate line G4 is long, a voltage of the
storage capacitor Cst connected to the third pixel electrode
PIX3, that has been already charged to the data voltage, is
scarcely affected by the gate high voltage of the fourth gate
pulse and does not change. The fourth thin film transistor
TFT4 is turned on by the fourth gate pulse. Hence, positive
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G-data voltage received from the first data line D1 is supplied
to the fourth pixel electrode PIX4 positioned on the right side
of the first data line D1 on the second line LINE#2.

[0053] FIGS. 7 and 8 are a plane view and a cross-sectional
view showing in detail the lower glass substrate of the liquid
crystal display panel 10 shown in FIG. 3, respectively.

[0054] As shown in FIGS. 7 and 8, in the exemplary
embodiment of the invention, a gate metal is formed on the
lower glass substrate GLS using a deposition method such as
sputtering. The gate metal is patterned using a photolithog-
raphy process to form the gate lines G1 to G4, the gate
electrodes G of the thin film transistors connected to the gate
lines G1 to G4, a storage electrode ST, and gate metal patterns
(not shown) including a lower electrode of a gate pad. The
storage electrode ST overlaps 3 edges of the pixel electrode
including a left edge, a right edge, and a bottom end edge of
the pixel electrode, and overlaps the underlying gate lines G2
and G4 in each gate line pair (i.e., the gate line pairs G1 and
G2 and G3 and G4). The storage electrode ST overlaps the
common line COM with gate insulating layers to be described
later interposed therebetween, and is connected to the com-
mon line COM through the contact hole to receive the com-
mon voltage from the common line COM. The lower elec-
trode of the gate pad is formed at ends of the gate lines G1 to
G4 and is connected to an upper electrode of the gate pad. The
gate metal may include aluminum (Al)-based metal including
Al, aluminum/neodymium (Al/Nd).

[0055] First and second gate insulating layers GI1 and GI2
are sequentially deposited on the lower glass substrate and the
gate metal patterns using an inorganic insulating material
such as Si0,, SiNx to cover the gate metal patterns. Then, first
contact holes passing through the first and second gate insu-
lating layers GI1 and GI2 are formed using the photolithog-
raphy process. The first contact holes are spaced apart from
each other at a predetermined distance to expose the storage
electrodes ST at the predetermined distance. Subsequently,
an active semiconductor pattern ACT including an active
layer and an ohmic contact layer is formed on the second gate
insulating layer GI2 using the photolithography process. Fur-
ther, source/drain metal patterns including the data lines D1
and D2, a source electrode S and a drain electrode D of the
thin film transistor connected to the data lines D1 and D2, the
common line COM connected to the storage electrode ST
through the first contact hole, a lower electrode of a common
line pad connected to an end of the common line COM, and a
lower electrode of the data pad (not shown) are formed on the
active semiconductor pattern ACT using the photolithogra-
phy process. As described above, the first contact holes are
spaced apart from each other at an interval of k lines to
connect the storage electrode ST to the common line COM,
wherek is a natural number equal to or larger than 4. The drain
electrodes are connected to the pixel electrodes PIX1 to PIX4,
and some of the drain electrodes cross the gate lines and are
patterned in the form of boots so as to be connected to the
pixel electrodes PIX1 to PIX4. The active layer of the active
semiconductor pattern ACT is formed of non-doped amor-
phous silicon, and the ohmic contact layer of the active semi-
conductor pattern ACT is formed of amorphous silicon doped
with N-type or P-type impurity. The lower electrode of the
data pad is formed at ends of the data lines D1 and D2 and is
connected to the upper electrode of the data pad. The source/
drain metal patterns may be formed of metal such as molyb-
denum (Mo) and copper (Cu).
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[0056] Subsequently, a protective layer PASSI formed of an
inorganic or organic insulating material is formed on the
lower glass substrate and the source/drain metal patterns to
cover the source/drain metal patterns. A second contact hole
that passes through the protective layer PASSI to expose the
drain electrode D, a third contact hole that passes through the
protective layer PASSI to expose the lower electrode of the
data pad, a fourth contact hole that passes through the pro-
tective layer PASSI and the gate insulating layers GI1 and G12
to expose the lower electrode of the gate pad, and a fifth
contact hole that passes through the protective layer PASSI to
expose the lower electrode of the common line pad are
formed using the photolithography process.

[0057] Subsequently, a transparent conductive layer
selected from indium tin oxide (ITO), tin oxide (TO), indium
tin zinc oxide (ITZ0), and indium zinc oxide (IZO) is depos-
ited on the protective layer PASSI using a deposition method
such as sputtering, and then is patterned using the photoli-
thography process to form transparent conductive layer pat-
terns. The transparent conductive layer patterns are con-
nected to the drain electrode D through the second contact
hole. The transparent conductive layer patterns include the
pixel electrodes PIX1 to PIX4 overlapping the gate line and
the storage electrode ST, the upper electrode of the data pad
connected to the lower electrode of the data pad through the
third contact hole, the upper electrode of the gate pad con-
nected to the lower electrode of the gate pad through the
fourth contact hole, and the upper electrode of the common
line pad connected to the lower electrode of the common line
pad through the fifth contact hole. The upper electrode of the
data pad is connected to an output pad of a source driver IC
constituting the data drive circuit 12 to transmit the data
voltage to the data lines D1 and D2 through the lower elec-
trode of the data pad. The upper electrode of the gate pad is
connected to an output pad of a gate driver IC constituting the
gate drive circuit 13 to transmit the gate pulses to the gate
lines G1 to G4 through the lower electrode of the gate pad.
The upper electrode of the common line pad transmits the
common voltage Vcom received from a common voltage
source to the common line COM through the lower electrode
of the common line pad.

[0058] The storage capacitor Cst includes the pixel elec-
trodes PIX1 to PIX4 and the storage electrode ST that overlap
each other with an inorganic or organic insulating layer inter-
posed therebetween. The storage capacitor Cst is formed
between the pixel electrodes PIX1 to PIX4 and the gate lines
that overlap each other with an inorganic or organic insulating
layer interposed therebetween. Because the storage capacitor
Cst is formed along 4 sides of each of the pixel electrodes
PIX1 to PIX4, a capacitance of the storage capacitor Cst
greatly increases. Hence, the storage capacitor Cst can be
stably charged to the data voltage.

[0059] Itis easy to repair the defective liquid crystal cell as
adark defect cell in arepair process because of a portion of the
storage capacitor Cst overlapping the gate line. For example,
it is assumed that the liquid crystal display is driven in a
normally white mode in which the lower a voltage of the
liquid crystal cell is, the higher a transmittance of the liquid
crystal cell is. If the data voltage is not supplied to the third
pixel electrode PIX3 because of the defective third thin film
transistor TFT3, bright defect occurs in the third liquid crystal
cell including the third pixel electrode PIX3 in an inspection
process. In this case, the drain electrode D of the third thin
film transistor TFT3 is cut along cut line CUT-CUT using a
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laser beam in a repair process to open a current path between
the third thin film transistor TEFT3 and the third pixel electrode
PIX3. Subsequently, in the storage capacitor Cst, an upper
end of the third thin film transistor TFT3 overlapping the
second gate line G2, the protective layer PASST underlying
the third thin film transistor TFT3, and the gate insulating
layers GI1 and GI2 are melted using a laser beam to electri-
cally connectan upper end of the third pixel electrode PIX3 to
a portion of the second gate line G2 overlapping the third
pixel electrode PIX3. As a result, a gate low voltage of about
-5V is applied to the third pixel electrode PIX3 through the
second gate line G2, and the common voltage of about 5V is
applied to the common electrode 2 of the upper glass substrate
opposite the third pixel electrode PIX3. Hence, about 10V is
applied to the third liquid crystal cell, and thus the third liquid
crystal cell is repaired as a dark defect cell representing a
black gray level. The gate low voltage is a voltage supplied to
the gate lines G1 to G4 during a non-scanning period and is
lower than a turn-on voltage ofthe TFT. The gate high voltage
is a voltage of the gate pulse supplied to the gate lines G1 to
G4 during scan time, namely, one-half horizontal period and
is equal to or higher than the turn-on voltage of the TFT.
[0060] The liquid crystal display according to the exem-
plary embodiment does not change the voltage of the storage
capacitor and can sufficiently secure the aperture ratio in the
Z-shaped inversion system, in which the data voltages are
alternately charged in zigzag, without a reduction in the aper-
ture ratio by increasing the distance between the pixel elec-
trode and the gate line, thereby improving the display quality.
[0061] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that
embodiments of the invention cover the modifications and
variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display comprising:

adataline that is arranged in a column direction to receive
a data voltage;

afirst pixel electrode that is positioned on the left side of the
data line on a first line;

a second pixel electrode that is positioned on the right side
of the data line in a second line underlying the first line;

afirst gate line that is arranged between the first line and the
second line in a line direction perpendicular to the col-
umn direction;

asecond gate line that is arranged between the first line and
the second line in the line direction, the second gate line
underlying the first gate line;

a first thin film transistor that is positioned on the left side
of the data line on the first line to supply a first data
voltage received from the data line to the first pixel
electrode in response to a gate pulse received from the
first gate line; and

a second thin film transistor that is positioned on the right
side of the data line on the first line, crosses the first gate
line to be connected to the second pixel electrode, and
supplies a second data voltage received from the data
line to the second pixel electrode in response to a gate
pulse received from the second gate line.
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2. The liquid crystal display of claim 1, further comprising:

a third gate line that is arranged between the second line
and a third line underlying the second line in the line
direction;

a fourth gate line that is arranged between the second line
and the third line in the line direction, the fourth gate line
underlying the third gate line;

a third pixel electrode that is positioned on the left side of
the data line on the second line;

a fourth pixel electrode that is positioned on the right side
of the data line on the second line;

a third thin film transistor that is positioned on the left side
of the data line on the second line, crosses the third gate
line to be connected to the third pixel electrode, and
supplies a fourth data voltage received from the data line
to the third pixel electrode in response to a gate pulse
received from the fourth gate line; and

a fourth thin film transistor that is positioned on the right
side of the data line on the second line to supply a third
data voltage received from the data line to the fourth
pixel electrode in response to a gate pulse received from
the third gate line.

3. The liquid crystal display of claim 2, further comprising:

a storage electrode that overlaps a left edge, a right edge,
and a bottom end edge of each of the first to fourth pixel
electrodes with an insulating layer interposed between
the storage electrode and each pixel electrode; and

a common line that is arranged in the column direction to
supply a common voltage to the storage electrode.

4. The liquid crystal display of claim 3, further comprising
a storage capacitor that is connected to each of the first to
fourth pixel electrodes to hold a voltage of each pixel elec-
trode,

wherein the storage capacitor includes a first storage
capacitor including the 3 edges of each pixel electrode
and the storage electrode that overlap each other with an
insulating layer interposed between the storage elec-
trode and each pixel electrode, and a second storage
capacitor including a top end edge of each pixel elec-
trode and the gate lines that overlap each other with the
insulating layer interposed between the gate lines and
each pixel electrode.

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

a third gate line that is arranged between the second line
and a third line underlying the second line in the line
direction;

a fourth gate line that is arranged between the second line
and the third line in the line direction, the fourth gate line
underlying the third gate line;

a third pixel electrode that is positioned on the left side of
the data line on the second line;

a fourth pixel electrode that is positioned on the right side
of the data line on the second line;

a third thin film transistor that is positioned on the left side
of the data line on the second line to supply a third data
voltage received from the data line to the third pixel
electrode in response to a gate pulse received from the
third gate line; and

a fourth thin film transistor that is positioned on the right
side of the data line on the second line, crosses the third
gate line to be connected to the fourth pixel electrode,
and supplies a fourth data voltage received from the data
line to the fourth pixel electrode in response to a gate
pulse received from the fourth gate line.
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7
6. The liquid crystal display ofclaim 5, further comprising: wherein the storage capacitor includes a first storage
a storage electrode that overlaps a left edge, a right edge, capacitor including the 3 edges of each pixel electrode
and a bottom end edge of each the first to fourth pixel and the storage electrode that overlap each other with an
electrodes with an insulating layer interposed between insulating layer interposed between the storage elec-
the storage electrode and each pixel electrode; and trode and each pixel electrode, and a second storage
a common line that is arranged in the column direction to capacitor including a top end edge of each pixel elec-
supply a common voltage to the storage electrode. trode and the gate lines that overlap each other with the
7. The liquid crystal display of claim 6, further comprising insulating layer interposed between the gate lines and
a storage capacitor that is connected to each of the first to each pixel electrode.

fourth pixel electrodes to hold a voltage of each pixel elec-

trode, ok k&



L REBH(E) RS TE
NIF(2E)E US20090290081A1
RS US12/292696

HRBEERRAGE) FEERERAT

BRiE (TR A(F) LG DISPLAY CO. , LTD.

LFERE(ERD)AGE) LG DISPLAY CO., LTD.

FRI& B A

RHA

IPCH &

CPCH %S

L5
H M2 TF S0k
S\EREERR

BEG®)

NFT—HERETR. BRRETHS
BT ELBELNENNE —GRER , CTHELNAENNE K
RERFE-LKTHNE-L , EEETIAANLAE LAEESE %
ME Lz RAWE -tk , mEESE —LME Lz BrE iRk
KHmE, BE-HHRA TENE ML  E-FREEE UTE-%
EFRBIRENEN , SURMNBIRLRENE - BREERHSFE &%
AR, WaRIT M — iR iR BT |, BT E &% ENE
REN AN E SRR A E 21T 5 — MR AUE 558 — il & cond
SREBR , WA T ME SRR MHREK T | FMNBIEL K 5
“HEREREAE —GEEBIN. “

CHO SUKHO
KIM BUMSIK

CHO, SUKHO
KIM, BUMSIK

GO02F1/1368 G02F1/1343

patsnap

2009-11-26

2008-11-24

GO02F1/136286 G02F1/1368 G09G3/3614 G09G2300/0465 G09G2300/0426 G09G2300/0447 GO9G3

/3648
1020080048295 2008-05-23 KR
uS8400383

Espacenet USPTO

Vcom

mIFEmENBEL LT

=

LINE#1

PIX1
)

D1

(2

—cp

D2

=4

G2

LINE#2

[ [
T | T T
122 [
PIX3 PIX4
) ©)
TFT3 | TFT4
[ [
T | T T

G3

LINE#3



https://share-analytics.zhihuiya.com/view/2ed94c21-f01d-4763-98a0-ff881a1e164c
https://worldwide.espacenet.com/patent/search/family/041341830/publication/US2009290081A1?q=US2009290081A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090290081%22.PGNR.&OS=DN/20090290081&RS=DN/20090290081

