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LIQUID CRYSTAL DISPLAY AND
PRE-CHARGING METHOD THEREOF

[0001] The present application is divisional of co-pending
U.S. patent application Ser. No. 11/023,341 filed Dec. 29,
2004, which claims priority on Korean Patent Application
No. 10-2004-0030338 filed in the Republic of Korea on Apr.
30, 2004, the entire contents of each are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display, and
more particularly to a liquid crystal display and a pre-charg-
ing method thereof wherein data lines can be pre-charged to
simplify a circuit configuration.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (LCD) controls
light transmittance of a liquid crystal in accordance with a
video signal to thereby display a picture. The LCD includes a
liquid crystal display panel having liquid crystal cells
arranged in an active matrix type, and a driving circuit for
driving the liquid crystal display panel. The liquid crystal
display panel includes a plurality of thin film transistors as
switching devices for making an active driving of each liquid
crystal cell.

[0006] The thin film transistor is classified into an amor-
phous thin film transistor using amorphous silicon and a
polycrystalline thin film transistor using polycrystalline sili-
con. Herein, the polycrystalline thin film transistor employs
polycrystalline silicon having about hundred times faster
electric charge mobility than amorphous silicon such that the
driving circuit can be built in the liquid crystal display panel.
[0007] Asshown inFIG. 1, aliquid crystal display panel 18
employing such polycrystalline thin film transistors includes
a pixel matrix 16 for displaying a picture, and a plurality of
demultiplexers 14 for making a time division of data lines DL
of the pixel matrix 16 to supply video signals from an external
data driving integrated circuit (D-IC) 10 thereto. Further, the
liquid crystal display panel 18 includes a static electricity
proof (electro-static discharge ESD) circuit 12 connected to a
plurality of video lines VL supplied with video signals from
the data D-IC 10 to prevent static electricity.

[0008] The pixel matrix 16 includes a liquid crystal cell and
a thin film transistor for independently driving the liquid
crystal cell for each area defined by the gate lines GL and the
data lines DL. The gate lines GL are sequentially driven by a
gate D-IC (not shown). The data lines DL charge video sig-
nals supplied, via the demultiplexers 14, from the data D-IC
10 every horizontal period when the gate lines GL are driven.
The liquid crystal cell reacts a liquid crystal having a dielec-
tric anisotropy by the charged video signals to control light
transmittance, thereby implementing a gray level scale. The
liquid crystal cell consists of a pixel electrode connected to
the corresponding thin film transistor, and a common elec-
trode opposed to the pixel electrode with the liquid crystal
therebetween to supply a reference voltage, that is,a common
voltage Vcom.

[0009] The plurality of demultiplexers 14 divide the data
lines DL into a plurality of blocks for their driving. For
instance, each of the demultiplexers 14 makes a time-divi-
sional driving of each three data lines DL. Each of the demul-
tiplexers 14 includes first to third sampling switches SW1 to
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SW3 for sequentially applying video signals supplied, via the
video lines VL, from the data D-IC 10 to three data lines DL
in response to first to third control signals MIX to MUX3
inputted from the exterior thereof.

[0010] More specifically, the first to third sampling
switches SW1 to SW3 of the demultiplexer 14 are sequen-
tially driven with the first to third control signals MUX1 to
MUX3 in a video signal charge interval T2 of a time interval
when one gate line GL is turned on as shown in FIG. 2, and
applies video signals inputted via the video lines VL to the
corresponding data lines DL. Further, the first to third sam-
pling switches SW1 to SW3 of the demultiplexer 14 are
turned on at the same time in response to a pre-charge control
signal PS included in the first to third control signals MUX1
to MUX3 in a pre-charge interval T1 prior to the charge
interval T2 of the video signals of the turn-on interval of the
gate line GL. The turned-on first to third sampling switches
SW1 to SW3 pre-charge the data lines DL by a pre-charge
voltage supplied, via the video lines VL, from the data D-IC
10. The pre-charged data lines DL rapidly charge video sig-
nals supplied in the charge interval T2, thereby shortening a
charge time of the video signals.

[0011] The ESD circuit 12 includes first and second diodes
D1 and D2 connected, in series, between the first and second
power lines PL.1 and PL.2. A nodebetween the first and second
diodes D1 and D2 is connected to the video line VL. Herein,
the first and second diodes D1 and D2 consist of a plurality of
thin film transistors. More specifically, when a voltage higher
than a first supply voltage Vposi is inputted via the video line
VL due to static electricity, the first diode D1 is turned on to
thereby discharge the inputted voltage into the first power line
PL1. On the other hand, when a voltage lower than a second
supply voltage Vnega is inputted due to static electricity, the
second diode D2 is turned on to thereby discharge the input-
ted voltage into the second power line PL2. Thus, it becomes
possible to prevent the static electricity from being flown, via
the video lines VL, within the liquid crystal display panel 18.
Further, when video signals having a value between the first
and second supply voltages Vposi and Vnega are supplied via
the video lines DL, the first and second diodes D1 and D2 of
the ESD circuit 12 are turned off to make no impact on the
video signals. For instance, 10V/-8V or 10V/0V is used as
the first and second supply voltages Vposi and Vnega, and a
voltage in the range of 1V to 9V is applied as a video signal
via the video lines VL.

[0012] The conventional polycrystalline-type LCD having
the above-mentioned structure pre-charges the data lines DL
using a pre-charge voltage supplied from the data D-IC 10
mounted onto the exterior side of the liquid crystal display
panel 18. In this case, a design of the data D-IC 10 under
consideration of the pre-charging becomes complicated. Fur-
thermore, a strategy of configuring a separate pre-charge
circuit within the liquid crystal display panel has been sug-
gested, but it brings about a complicated circuit configuration
of the liquid crystal display panel.

SUMMARY OF THE INVENTION

[0013] Accordingly, it is an object of the present invention
to provide a liquid crystal display and a pre-charging method
thereof wherein data lines can be pre-charged to simplify a
circuit configuration.

[0014] In order to achieve these and other objects of the
invention, a liquid crystal display device according to one
aspect of the present invention includes a liquid crystal dis-
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play panel including a pixel matrix for displaying a picture; a
data driving circuit for applying video signals to the liquid
crystal display panel; a static electricity proof circuit, being
built in the liquid crystal display panel and connected to a
plurality of video lines receiving the video signals from the
data driving circuit, for supplying a pre-charge voltage in a
pre-charge interval while shutting off static electricity in the
remaining interval; and a plurality of demultiplexers, being
built in the liquid crystal display panel, for pre-charging the
pre-charge voltage supplied via the video lines into the data
lines of the pixel matrix in the pre-charge interval while
making a time-divisional driving of the data lines to apply
video signals via the video lines in a charge interval of the
video signals.

[0015] A liquid crystal display device according to another
aspect of the present invention includes a liquid crystal dis-
play panel including a pixel matrix for displaying a picture; a
data driving circuit for applying video signals to the liquid
crystal display panel; a plurality of demultiplexers, being
built in the liquid crystal display panel, for floating data lines
of the pixel matrix in a pre-charge interval while making a
time division of data lines to apply video signals via video
lines in a charge interval of the video signals; and a static
electricity proof circuit for pre-charging a pre-charge voltage
into the floated data lines in the pre-charge interval while
shutting off static electricity in the remaining interval.
[0016] A method of pre-charging a liquid crystal display
device according to still another aspect of the present inven-
tion includes the steps of floating video lines receiving video
signals in a pre-charge interval; supplying a pre-charge volt-
age to the video lines floated via a static electricity proof
circuit connected to the video lines; and pre-charging the
pre-charge voltage on the video line via a demultiplexer for
making a time-divisional driving of the data lines in a video
charge interval.

[0017] A method of pre-charging a liquid crystal display
device according to still another aspect of the present inven-
tion includes the steps of floating data lines in a pre-charge
interval using a demultiplexer for making a time-divisional
driving of the data lines in a video charge interval; and pre-
charging a pre-charge voltage into the data lines floated via a
static electricity proof circuit connected to the video lines.

[0018] These and other objects of the present application
will become more readily apparent from the detailed descrip-
tion given hereinafter. However, it should be understood that
the detailed description and specific examples, while indicat-
ing preferred embodiments of the invention, are given by way
of illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and other objects of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0020] FIG.11isa block circuit diagram showing a configu-
ration of a polycrystalline-type liquid crystal display accord-
ing to a related art;

[0021] FIG. 2 is a driving waveform diagram of the liquid
crystal display panel shown in FIG. 1,
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[0022] FIG. 3isa block circuit diagram showing a configu-
ration of a polycrystalline-type liquid crystal display accord-
ing to a first embodiment of the present invention;

[0023] FIG. 4 is a driving waveform diagram of the liquid
crystal display panel shown in FIG. 3;

[0024] FIG. 5isa block circuit diagram showing a configu-
ration of a polycrystalline-type liquid crystal display accord-
ing to a second embodiment of the present invention; and
[0025] FIG. 6 is a driving waveform diagram of the liquid
crystal display panel shown in FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0027] Hereinafter, the preferred embodiments of the
present invention will be described in detail with reference to
FIGS. 3 to 6.

[0028] FIG. 3 shows a polycrystalline-type liquid crystal
display according to a first embodiment of the present inven-
tion, and FIG. 4 is a driving waveform diagram of the liquid
crystal display panel shown in FIG. 3.

[0029] Referring to FIG. 3, the liquid crystal display (LCD)
includes a liquid crystal display panel 28 employing a plural-
ity of polycrystalline thin film transistors, and a data D-1C 20
for applying video signals to the liquid crystal display panel
28.

[0030] The liquid crystal display panel 28 includes a pixel
matrix 26 for displaying apicture, a plurality of demultiplexer
24 for making a time division of data lines DL of the pixel
matrix 26 to supply video signals from the data D-IC 20
thereto, and a static electricity proof (ESD) circuit 22 con-
nected to a plurality of video lines VL supplied with video
signals from the data D-IC 20 to prevent static electricity and
make a pre-charge.

[0031] The pixel matrix 20 includes a liquid crystal cell and
a thin film transistor for independently driving the liquid
crystal cell for each area defined by the gate lines GL and the
data lines DL. The gate lines GL are sequentially driven by a
gate D-IC (not shown). The data lines DL charge video sig-
nals supplied, via the demultiplexer 24, from the data D-IC 20
every horizontal period when the gate lines GL are driven.
Bach thin film transistor charges a video signal from the
corresponding data line DL into the liquid crystal cell in
response to a scanning signal from the corresponding gate
line GL. The liquid crystal cell reacts a liquid crystal having
adielectric anisotropy by the charged video signals to control
light transmittance, thereby implementing a gray level scale.
The liquid crystal cell includes a pixel electrode connected to
the corresponding thin film transistor, and a common elec-
trode opposed to the pixel electrode with the liquid crystal
therebetween to supply a reference voltage, that is,a common
voltage Vcom.

[0032] The plurality of demultiplexers 24 divide the data
lines DL into a plurality of blocks for their driving. For
instance, each of the demultiplexers 24 makes a time-divi-
sional driving of each three data lines DL. Each of the demul-
tiplexers 24 includes first to third sampling switches SW1 to
SW3 for sequentially applying video signals supplied, via the
video lines VL, from the data D-IC 20 to the three data lines
DL in response to first to third control signals MUX1 to
MUX3 inputted from the exterior thereof.
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[0033] More specifically, the first to third sampling
switches SW1 to SW3 of the demultiplexer 24 are sequen-
tially driven with the first to third control signals MUX1 to
MUX3 in a video signal charge interval T2 of a time interval
when one gate line GL is turned on as shown in FIG. 4, and
applies video signals inputted via the video lines VL to the
corresponding data lines DL. Further, the first to third sam-
pling switches SW1 to SW3 of the demultiplexer 24 are
turned on at the same time in response to a pre-charge control
signal PS included in the first to third control signals MUX1
to MUX3 in a pre-charge interval T1 prior to the charge
interval T2 of the video signals of the turn-on interval of the
gate line GL. The turned-on first to third sampling switches
SW1 to SW3 pre-charge the data lines DL by a pre-charge
voltage (Vps) supplied from the ESD circuit 22. As a result,
the pre-charged data lines DL rapidly charge video signals
supplied in the charge interval T2, thereby shortening a
charge time of the video signals.

[0034] The ESD circuit 22 includes first and second diodes
D1 and D2 connected, in series, between first and second
power lines PL1 and PL2. For each video line VL, a node
between the first and second diodes D1 and D2 is connected
to the video line VL. Herein, the first and second diodes D1
and D2 include a plurality of thin film transistors.

[0035] According to the present invention, the ESD circuit
22 supplies a pre-charge voltage (Vps) to the video lines VL
in the pre-charge interval T1 while playing a role to shut off
static electricity in the remaining interval. More specifically,
the data D-IC 20 floats the video lines VL in the pre-charge
interval T1. During the pre-charge interval T1, the first and
second power lines PL1 and PL2 supply the pre-charge volt-
age Vpc that is lower than a first supply voltage Vposi and
higher than a second supply voltage Vnega. In other words,
the first and second supply voltages Vposi and Vnega respec-
tively provided by the power lines PL.1 and P12 are at certain
levels (L1 and 1.2 in FIG. 4) prior to the pre-charge interval
T1. Then during the pre-charge interval T1, the levels of
Vposi and Vnega are changed to lower and higher levels
respectively, wherein such changed levels function as the
pre-charge voltage Vpc. After the pre-charge interval T1, such
as during the charge interval T2, the levels of Vposi and
Vnega are changed back to the previous levels [.1 and 1.2 as
shown in FIG. 4.

[0036] If the pre-charge voltage Vpc is supplied, then the
first and second diodes D1 and D2 are turned on to thereby
pre-charge the floated video lines VL into the pre-charge
voltage Vpc. The pre-charge voltage Vpc on the video line VL
is pre-charged, via the demultiplexer 24 in which all of the
first to third sampling switches SW1 to SW3 are turned on by
the pre-charge control signal PS, into the data line DL. For
instance, 10V/-8V or 10V/0V is used as the first and second
supply voltages Vposi and Vnega, and a common voltage of
5V referenced upon driving of the liquid crystal cell may be
applied as the pre-charge voltage Vpc.

[0037] The first and second power lines PL1 and PL2 are
supplied with the original levels of the first and second supply
voltages Vposi and Vnega, respectively, in the remaining
interval other than the pre-charge interval T1. In this case, if
avoltage higher than the first supply voltage Vposiis inputted
via the video line VL due to static electricity, then the first
diode D1 is turned on to discharge the inputted voltage into
the first power line PL1. On the other hand, if a voltage lower
than the second supply voltage Vnega is inputted via the video
line VL due to static electricity, then the second diode D2 is
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turned on to discharge the inputted voltage into the second
power line PL2. Thus, it becomes possible to prevent static
electricity from being inputted, via the video line VL, into the
interior of the liquid crystal display panel 28. Further, if a
video signal having a value between the first and second
supply voltages Vposi and Vnega is supplied via the video
line VL in the charge interval T2 of the video signal, then the
first and second diodes D1 and D2 of the ESD circuit 22 are
turned off and thus do not affect or influence the video signal.
As an example, a voltage in the range of 1V to 9V may be
applied as the video signal.

[0038] As mentioned above, the LCD according to the first
embodiment of the present invention pre-charges the data line
DL using the ESD circuit 22 built in the liquid crystal display
panel 28, thereby simplifying a circuit configuration of the
data D-IC 20 and the interior of the liquid crystal display
panel 28.

[0039] FIG. 5 shows a polycrystalline-type liquid crystal
display according to a second embodiment of the present
invention, and FIG. 6 is a driving waveform diagram of the
liquid crystal display panel shown in FIG. 5.

[0040] Referring to FIG. 5, the liquid crystal display (LCD)
includes a liquid crystal display panel 38 employing a plural-
ity of polycrystalline thin film transistors, and a data D-IC 30
for applying video signals to the liquid crystal display panel
38.

[0041] The liquid crystal display panel 38 includes a pixel
matrix 36 (active area) for displaying a picture, a plurality of
demultiplexer 34 for making a time division of data lines DL
of the pixel matrix 36 to supply video signals from the data
D-IC 30 thereto, and an ESD circuit 32 connected to a lower
side of each data line DL to prevent static electricity and make
a pre-charge. That is, the demultiplexers 34 and the ESD
circuit 32 are located at opposite sides of the pixel matrix 36.
[0042] The pixel matrix 36 includes a liquid crystal cell and
a thin film transistor for independently driving the liquid
crystal cell for each area defined by the gate lines GL and the
data lines DL. The gate lines GL are sequentially driven by a
gate D-IC (not shown). The data lines DL charge video sig-
nals supplied, via the demultiplexer 34, from the data D-IC 30
every horizontal period when the gate lines GL are driven.
Each thin film transistor charges a video signal from the
corresponding data line DL into the liquid crystal cell in
response to a scanning signal from the corresponding gate
line GL. The liquid crystal cell reacts a liquid crystal having
dielectric anisotropy by the charged video signals to control
light transmittance, thereby implementing a gray level scale.
Each liquid crystal cell includes a pixel electrode connected
to the corresponding thin film transistor, and a common elec-
trode opposed to the pixel electrode with the liquid crystal
therebetween to supply a reference voltage, that is,a common
voltage Vcom.

[0043] The plurality of demultiplexers 34 divide the data
lines DL into a plurality of blocks for their driving. For
instance, each of the demultiplexers 34 makes a time-divi-
sional driving of each three data lines DL. Each of the demul-
tiplexers 34 includes first to third sampling switches SW1 to
SW3 for sequentially applying video signals supplied, via the
video lines VL, from the data D-IC 30 to the three data lines
DL in response to first to third control signals MUX1 to
MUX3 inputted from the exterior thereof.

[0044] More specifically, the first to third sampling
switches SW1 to SW3 of the demultiplexer 34 are sequen-
tially driven with the first to third control signals MUX1 to
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MUX3 in a video signal charge interval T2 of a time interval
when one gate line GL is turned on as shown in FIG. 6, and
applies video signals inputted via the video lines VL to the
corresponding data lines DL.

[0045] Further, the demultiplexer 34 is turned off in a pre-
charge interval T1 prior to the charge interval T2 of the video
signals of the turn-on interval of the gate line GL to thereby
float the data lines DL. Then a pre-charge voltage Vpc sup-
plied via the ESD circuit 32 connected to the lower side
thereof is pre-charged into the floated data lines DL.

[0046] The pre-charged data lines DL then rapidly charge
video signals supplied in the charge interval T2, thereby
shortening a charge time of the video signals.

[0047] The ESD circuit 32 includes first and second diodes
D1 and D2 connected, in series, between first and second
power lines PL1 and PL2. Each node between the first and
second diodes D1 and D2 is connected to the corresponding
data line DL, the switch SW2 or the switch SW3. Herein, the
first and second diodes D1 and D2 can include a plurality of
thin film transistors. The ESD circuit 32 supplies the pre-
charge voltage Vpc to the video lines VL in the pre-charge
interval T1 while playing a role to shut off static electricity in
the remaining interval.

[0048] More specifically, the demultiplexer 34 floats the
data lines DL in the pre-charge interval T1 by being turned
off, and the first and second power lines PL1 and P12 respec-
tively supply a pre-charge voltage Vpc lower than a first
supply voltage Vposi and higher than a second supply voltage
Vnega. That is, the first and second supply voltages Vposiand
Vnega (at levels L3 and [4) supplied respectively on the first
and second power lines PL.1 and P12 decrease and increase,
respectively, to provide the pre-charge voltage Vpc during the
pre-charge interval T1 as shown in FIG. 6. If the pre-charge
voltage Vpe is supplied, then the first and second diodes D1
and D2 of the ESD circuit 32 are turned on to thereby pre-
charge each of the floated data lines DL into the pre-charge
voltage Vpc. For instance, 10V/-8V or 10V/0V is used as the
first and second supply voltages Vposi and Vnega, and a
common voltage of 5V referenced upon driving of the liquid
crystal cell is applied as the pre-charge voltage Vpc.

[0049] The first and second power lines PL1 and PL2 sup-
ply the first and second supply voltages Vposi and Vnega at
levels .3 and L4, respectively, in the remaining interval other
than the pre-charge interval T1. In this case, if a voltage higher
than the first supply voltage Vposi (1.3) is inputted via the data
line DL due to static electricity, then the first diode DI is
turned on to discharge the inputted voltage into the first power
line PL1. On the other hand, if a voltage lower than the second
supply voltage Vnega (1.4) is inputted via the data line DL due
to static electricity, then the second diode D2 is turned on to
discharge the inputted voltage into the second power line
PL2. Thus, it becomes possible to prevent static electricity
from being inputted, via the video lines VL, into the interior of
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the liquid crystal display panel 38. Further, if a video signal
having a value between the first and second supply voltages
Vposi and Vnega (I3 and [4) is supplied via the video line
VL in the charge interval T2 of the video signal, then the first
and second diodes D1 and D2 of the ESD circuit 32 are turned
off and thus do not affect or influence the video signal. As an
example, a voltage in the range of 1V to 9V may be applied as
the video signal.

[0050] As mentioned above, the LCD according to the sec-
ond embodiment of the present invention pre-charges the data
line DL using the ESD circuit 32 built in the liquid crystal
display panel 38, thereby simplifying a circuit configuration
of the data D-IC 30 and the interior of the liquid crystal
display panel 38.

[0051] As described above, according to the present inven-
tion, the data lines are pre-charged with the aid of the ESD
circuit built in the liquid crystal display panel, thereby sim-
plifying a circuit configuration of the data D-IC and the inte-
rior of the liquid crystal display panel.

[0052] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are pos-
sible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:

1. A display panel comprising:

a pixel matrix area including a plurality of data lines;

first and second power lines;

an electro static discharge (ESD) part coupled to the first

and second power lines and receiving a pre-charge volt-
age from the first and second power lines; and

a demultiplexing part coupled to the data lines,

wherein the ESD part or the demultiplexing part pre-

charges the data lines with the pre-charged voltage.

2. The display panel according to claim 1, wherein the first
and second power lines supply the pre-charge voltage during
a pre-charge time interval and then supply respectively first
and second supply voltages in a charge time interval follow-
ing the pre-charge time interval.

3. The display panel according to claim 2, wherein the first
and second supply voltages are respectively higher and lower
than the pre-charge voltage.

4. The display panel according to claim 1, wherein the ESD
part and the demultiplexing part are located at opposite sides
of the pixel matrix area.

5. The display panel according to claim 2, wherein the
demultiplexing part is turned off during the pre-charge time
interval.
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