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7) ABSTRACT

Aliquid crystal display device includes a thin film transistor
having a gate electrode, a source electrode and a drain
electrode; a data line connected to the source electrode; a
gate line connected to the gate electrode; a storage capacitor
connected to the drain electrode; a data line capacitor
connected to the data line; a first switch connected to the
data line; a tank capacitor connected to the first switch; and
a common voltage transmission line connected to the tank
capacitor to supply a common voltage.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 2003-52591, filed on Jul. 30, 2003,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to a method of driving
a liquid crystal display device with low power consumption.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display (LCD) devices display mov-
ing images using thin film transistors (TFTs) as a switching
element. LCD devices have been widely used for portable
applications because of their small size and light weight as
compared with cathode ray tubes (CRTS).

[0006] FIG. 1 is an equivalent circuit diagram of a liquid
crystal display device according to the related art. In FIG. 1,
a liquid crystal display (LCD) device 10 includes a timing
controller 30, a gray level voltage generator 20, a gate driver
40, a data driver 50 and a liquid crystal panel 60. The timing
controller 30 generates several signals for displaying images
using a video signal and a synchronous signal of a central
process unit (not shown) and supplies the several signals to
the gate driver 40 and the data driver 50. The gray level
voltage generator 20 provides gray level voltages “V,” to
“V;” corresponding to i-gray levels to the data driver 50. For
example, when a color data has an 8-bit format, the gray
level voltage generator 20 generates gray level voltages
“V,” to “V,5,” corresponding to 256-gray levels of 2 driver
40 drives a gate line according to the signal of the timing
controller 30 and the data driver 50 drives a data line
according to the signal of the timing controller 30.

[0007] The liquid crystal panel 60 includes the gate line
and the data line crossing each other to define a pixel region.
A thin film transistor (TFT) “T” is connected to the gate line
and the data line. A liquid crystal capacitor “C; " and a
storage capacitor “Cgy” are connected to the TFT“T.” A gate
electrode and a source electrode of the TFT “T” are con-
nected to the gate line and the data line, respectively. A pixel
electrode (not shown) is connected to a drain electrode of the
TFT “T” and the liquid crystal capacitor “Cq” is disposed
between the pixel electrode and a common electrode (not
shown).

[0008] For one frame, gate lines are sequentially selected
by the gate driver 40 and a gate signal is supplied to the
selected gate line. When the gate signal is supplied to the
gate electrode of the TFT “T,” the TFT “T” is turned on and
a channel is generated. In addition, a data signal according
to image information is supplied to the data line from the
data driver 50 and charges up the liquid crystal capacitor
“C;” and the storage capacitor “Cgy” through the TFT “T.”
After the TFT “T” is turned off, the data signal applied to the
liquid crystal capacitor “C; " and the storage capacitor
“Cgr” is kept. Especially, a voltage of the pixel electrode is
kept until the next frame by the storage capacitor “Cgr.”

[0009] The LCD device 10 displays images by modulating
liquid crystal molecules according to the data signal applied
1o the liquid crystal capacitor “C; .~ and the storage capaci-
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tor “Cgyp.” If the data signal modulating the liquid crystal
molecules has the same polarity through the frames, the
liquid crystal molecules may deteriorate, thereby degrading
the display quality. The problems of deterioration of the
liquid crystal molecules can be solved by a data inversion
driving method, where the data signal has an opposite
polarity in every frame.

[0010] The data inversion driving method may be classi-
fied into a line inversion method, a column inversion
method, or a dot inventions method. In a line inversion
driving method, the data signals having a positive (+)
polarity and a negative (-) polarity are alternately supplied
according to the gate line. Accordingly, a voltage of a pixel
electrode connected to an even gate line has an opposite
polarity to a voltage of a pixel electrode connected to an odd
gate line. In a column inversion driving method, the data
signals having a positive (+) polarity and a negative (-)
polarity are alternately supplied according to the data line.
Accordingly, a voltage of a pixel electrode connected to an
even data line has an opposite polarity to a voltage of a pixel
electrode connected to an odd data line. In a dot inversion
driving method, the data signals are supplied such that
voltages of the adjacent pixel electrodes along a horizontal
direction and a vertical direction have opposite polarities to
each other. A dot inversion driving method is combination of
a line inversion driving method and a column inversion
driving method. Among these data inversion driving meth-
ods, the dot inversion driving method is widely used because
of its superior display quality and minimization of flicker.

[0011] FIGS. 2A and 2B are schematic views showing a
polarity of a pixel electrode in adjacent two frames when a
liquid crystal display device is driven by a dot inversion
driving method according to the related art. As shown in
FIGS. 2A and 2B, a pixel electrode having a positive (+)
polarity in a frame has a negative (=) polarity in the next
frame, and vice versa. In addition, adjacent pixel electrodes
have opposite polarities to each other in each frame. When
an LCD device is driven by a dot inversion driving method,
a common voltage of a fixed value is supplied to a common
electrode. Accordingly, a data driver 50 (of FIG. 1) alter-
nately outputs data signals having a positive (+) polarity and
a negative (-) polarity with the common voltage as a central
value in every frame.

[0012] FIG. 3 is an equivalent circuit diagram of a liquid
crystal display device driven by a dot inversion driving
method according to the related art, and FIG. 4 is a timing
chart showing waveforms of a data signal output from a data
driver of FIG. 2.

[0013] InFIG. 3, a liquid crystal panel 60 includes a data
line resistor “R; ” and a data line capacitor “C;.” The data
line resistor “R;” represents a substantial resistor of a data
line and the data line capacitor “C;” represents a total
parasitic capacitor between a data line and an adjacent data
line and between a data line and a gate line. Although not
shown in FIG. 2, a storage capacitor “Cgy” is connected to
the data line capacitor “C;” through a TFT when a gate
signal is supplied to the TFT through a gate line. A data
driver 50 is connected to the liquid crystal panel 60 through
a data line “DL,” to “DL_,,,.”

[0014] In FIG. 4, a data signal has upper and lower
waveforms with respect to a common voltage “Vq,,” such
that a pixel electrode has one of positive (+) and negative (=)
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polarities. When a data signal higher than the common
voltage “V°o” s supplied to an m'* data line “DL_,” a data
signal lower than the common voltage “Vq,,” is supplied
to an (m+1)™ data line “DL_, ,.” Accordingly, adjacent pixel
electrodes connected the same gate line have opposite
polarities to each other. In addition, if a data signal higher
than the common voltage “Vq,,” is supplied to a pixel
electrode connected to an n™ gate line, a data signal lower
than the common voltage “V,,” is supplied to a pixel
electrode connected to an (n+1)™ gate line. As a result,
adjacent pixel electrodes of the liquid crystal panel 60 (of
FIG. 2) along a horizontal direction and a vertical direction
have opposite polarities to each other.

[0015] Referring to FIGS. 3 and 4, a first time period “t,,”
represents a driving time periods such that a gate signal is
supplied to an n™ gate line from the gate driver and a second
time period “t,” represents a driving time period such that a
gate signal is supplied to an (n+1)™ gate line from the gate
driver. A data driver 50 outputs data signals. When a gate
signal is supplied 1o an n™ gate line during the first time
period “t,,” a data signal of V., V/2 is supplied to an m*™
data line “DL_,” and a data signal of V,,+V4/2 is supplied
to an (m+1)™ data line “DL._, ,, ” Next, when a gate signal
is supplied to an (n+1)™ gate line during the second time
period “t,,” a data signal of Vo,+Ve/2 is supplied to an m™
data line “DL_” and a data signal of Voo~ V/2 is supplied
10 an (m+1)™ data line “DL_.,,” Accordingly, a data signal
swing is obtained from difference between two data signals
such that (Veom+Ve2)~(Veom—Vs/2)=Vs. Since the data
driver 50 outputs a data signal having a swing of about Vg
whenever the gate signal is supplied to the gate line, an LCD
device driven by a dot inversion driving method has a high
power consumption.

[0016] FIG. 5 is an equivalent circuit diagram of a liquid
crystal display device having a charge-sharing unit accord-
ing to the related art. In FIG. §, a charge-sharing unit 170
including an amplifier “AMP” and a switch “SW” is dis-
posed between a data driver 150 and a liquid crystal panel
160. The amplifier “AMP” and the switch “SW” are con-
nected to an amplifier control terminal “A” and a switch
control terminal “B,” respectively. The amplifier “AMP”
amplifies a data signal output from the data driver 150. In
addition, the switch “SW?” connects adjacent data lines
“DL,” to “DL_,,,” for a predetermined time period, thereby
sharing charges of the adjacent data lines “DL,” to “DL ,,.”

[0017] FIG. 6 is a timing chart showing a data signal
output from a data driver and a switch control signal of a
switch control terminal of FIG. 5. In FIG. 6, a first time
period “t,” represents a driving time periods such that a gate
signal is supplied to an n™ gate line from the gate driver and
a second time period “t,” represents a driving time period
such that a gate signal is supplied to an (n+1)™ gate line from
the gate driver. In addition, a third time period “t;” and a
fourth time period “t,” represent partial time periods of the
first and second time periods such that a switch control
signal is supplied to a switch control terminal “B” to turn on
a switch “SW,” respectively. In other words, the third and
fourth time period represent a pre-charging time period or a
charge-sharing time period.

[0018] Referring to FIGS. 5 and 6, when a gate signal is
supplied to an n™ gate line during the first time period “t,,”
a data signal of Vy+V/2 is supplied to an (m+1)™ data
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line “DL_ ,,” and a data signal of Vo~ Vg/2 is supplied to
an (m+2)™ data line “DL__,” to charge up a data line
capacjtor “C;.” Next, when a gate signal is supplied to an
(n+1) gate line during the second time period “t,,” a switch
control signal is supplied to the switch control terminal “B”
during the fourth time period “t,” to turn on the switch
“SW.” Accordingly, the (m+1)™ data line “DL,_,” and the
(m+2)™ data line “DL_,,” are connected to each other for
pre-charging. When the switch “SW” is turned on, the
(m+1) dataline “DL_,,” and the (m+2)™ data line “DL,__,,”
are connected to each other in parallel. Thus, the data line
capacitors “C;” share charges with each other, thereby
having the common voltage “Vq,,” instantancously. Dur-
ing the fourth time period “t,,” since the gate signal is
supplied to the (n+1)™ gate line, the data line capacitors
“C.” share charges with the storage capacitor “Cgp” con-
nected to the (n+1)™ gate line.

[0019] In general, since capacitance of the data line
capacitors “C;” is about 50 times as large as that of the
storage capacitor “Cqp,” the storage capacitor “Cqp” has
approximately the common voltage “Vq,,” of the data line
capacitors “C;.” Therefore, during the fourth time period
“t,,” the data line capacitors “C;” and the storage capacitor
“Cgqp” share charges with each other, and therefore, the
storage capacitor “Cgy” approximately has the common
voltage “Von.” Next, the data driver 150 outputs a data
signal of Vo~ V¢/2 to the (m+1)™ data line “DL.__,” and
a data signal of Vgy+Vg/2 to the (m+2)™ data line “DL,,
,.” Since the data lines “DL,” to “DL,,” have a value of
the common voltage “Vqy,” before the data signal is
output, a data signal swing is obtained from difference
between the data signal and the common voltage such that
;’COM_(VCOM_VS/ 2)=Vs/2 or Veou~(VeomtVs/2)=-Vy/

[0020] In an LCD device having a charge-sharing unit
170, since the data driver 150 outputs a data signal having
a swing of about V4/2 for changing polarity of the pixel
electrode, the LCD device may be driven by a dot inversion
driving method with a relatively low power consumption.
However, an additional external driving circuit is required to
supply a common voltage “Vqy,” t0 a data line capacitor
“C,.” The additional external driving circuit makes the
fabrication process complicated and causes increase of pro-
duction cost.

SUMMARY OF THE INVENTION

[0021] Accordingly, the present invention is directed to a
liquid crystal display device and a method of driving a liquid
crystal display device that substantially obviate one or more
of the problems due to limitations and disadvantages of the
related art.

[0022] An object of the present invention is to provide a
liquid crystal display device and a method of driving a liquid
crystal display device that reduces power consumption with-
out an additional external circuit.

[0023] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages 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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[0024] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
device comprises a thin film transistor having a gate elec-
trode, a source electrode and a drain electrode; a data line
connected to the source electrode; a gate line connected to
the gate electrode; a storage capacitor connected to the drain
electrode; a data line capacitor connected to the data line; a
first switch connected to the data line; a tank capacitor
connected to the first switch; and a common voltage trans-
mission line connected to the tank capacitor to supply a
common voltage.

[0025] In another aspect, a method of driving a liquid
crystal display device comprises charging a tank capacitor
with a common voltage; pre-charging a data line capacitor
connected to a data line with the common voltage by
connecting the data line to the tank capacitor electrically;
and pre-charging a storage capacitor connected to the data
line with the common voltage by connecting the data line to
the storage capacitor electrically.

[0026] In another aspect, a method of driving a liquid
crystal display device comprises sharing first charges stored
in a tank capacitor with a data line capacitor connected to the
tank capacitor through a first switch during a first time
period; sharing second charges stored in the data line capaci-
tor with a storage capacitor connected to the data line
capacitor through a thin film transistor during a second time
period; applying a data signal to the storage capacitor for a
third time period; and applying a common voltage to the
tank capacitor during a fourth time period.

[0027] In another aspect, A liquid crystal display device
comprises a color filter substrate; a thin film transistor
substrate, the thin film transistor substrate defining a plural-
ity of pixel regions, each pixel region associated with a thin
film transistor having a gate electrode, a source electrode
and a drain electrode, a data line connected to the source
electrode of the thin film transistor, a gate line connected to
the gate electrode of the thin film transistor, a storage
capacitor connected to the drain electrode of the thin film
transistor, a data line capacitor connected to the data line, a
first switch connected to the data line; a tank capacitor
connected to the first switch, and a common voltage supply
connected to the tank capacitor; and a liquid crystal material
disposed between color filter substrate and the thin film
transistor substrates.

[0028] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] 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 inven-
tion. In the drawings:

[0030] FIG. 1 is an equivalent circuit diagram of a liquid
crystal display device according to the related art;

[0031] FIGS. 2A and 2B are schematic views showing a
polarity of a pixel electrode in adjacent two frames when a
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liquid crystal display device is driven by a dot inversion
driving method according to the related art;

[0032] FIG. 3 is an equivalent circuit diagram of a liquid
crystal display device driven by a dot inversion driving
method according to the related art;

[0033] FIG. 4 is a timing chart showing waveforms of a
data signal output from a data driver of FIG. 2,

[0034] FIG. 5 is an equivalent circuit diagram of a liquid
crystal display device having a charge-sharing unit accord-
ing to the related art;

[0035] FIG. 6 is a timing chart showing a data signal
output from a data driver and a switch control signal of a
switch control terminal of FIG. 5;

[0036] FIG. 7 is an equivalent circuit diagram of a liquid
crystal display device according to an embodiment of the
present invention,

[0037] FIG. is a timing chart showing a data signal, a gate
signal, a first switch control signal and a second control
signal for a liquid crystal display device according to an
embodiment of the present invention,

[0038] FIGS. 9A and 9B are equivalent circuit diagrams
illustrating pre-charging between a tank capacitor and a data
line capacitor of a liquid crystal display device according to
an embodiment of the present invention; and

[0039] FIGS. 10A and 10B are equivalent circuit dia-
grams illustrating pre-charging among a tank capacitor, a
data line capacitor and a storage capacitor of a liquid crystal
display device according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0040] Reference will now be made in detail to preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, similar reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0041] FIG. 7 is an equivalent circuit diagram of a liquid
crystal display device according to an embodiment of the
present invention. In FIG. 7, a liquid crystal display device
includes a liquid crystal panel 260 and a data driver 250
supplying a data signal to a data line “DL,” to “DL,_,,” of
the liquid crystal panel 260. Although not shown in FIG. 7,
the LCD device further includes a gate driver sequentially
supplying a gate signal to a gate line of the liquid crystal
panel 260. The liquid crystal panel 260 includes a data line
capacitor “C,,” a tank capacitor “Cpang, @ first switch
“SW,” and a second switch “SW,,.” The data line capacitor
“C.” represents a total parasitic capacitor connected to a
data line “DL;” to “DL_,,,” and the tank capacitor “Cprank”
supplies a common voltage “V oy~ to a data line “DL,” to
“DL,,,,.” The first and second switches “SW,” and “SW,”
adjust application of a common voltage “Vny,~ to the data
line capacitor “C; ” and the tank capacitor “Cryng,” respec-
tively.

[0042] In FIG. 7, a thin film transistor (TFT) including a
gate electrode, a source electrode and a drain electrode is

formed in each pixel region defined by the gate line and the
data line “DL,” to “DL, ,,.” The gate electrode is connected
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to the gate line and the source electrode is connected to the
data line “DL,” to “DL_,,,.” In addition, a storage capacitor
connected to the drain electrode stores the data signal until
the next frame. A common voltage source supplies the
common voltage “Vq,,” to the liquid crystal panel 260.

[0043] The tank capacitor “Cpryng stores the common
voltage “Von” supplied through the second switch “SW,”
from the common voltage source. When the first switch
“SW,” is turned on, the data line capacitor “C” is con-
nected to the tank capacitor “Cpng.” In other words, when
the first and second switches “SW,” and “SW,” are turned
on, the common voltage “V,,” is stored in the data line
capacitor “C;” and the tank capacitor “Cpyng.”

[0044] FIG. 8 is a timing chart showing a data signal, a
gate signal, a first switch control signal, and a second control
signal for a liquid crystal display device according to an
embodiment of the present invention.

[0045] InFIG. 8, a data signal “V,” may be output from
a data driver and stored in a data line capacitor “C;” during
a first time period “t,” directly after a gate signal * VG(n 1
stops being output to an (n-1)™ gate line. The data signal
“Vp” may have one of a positive (+) polarity and a negative
(-) polarity with respect to the common voltage “V "
For example, a data signal of Vq,,+Vg/2 may be supplied
to an m™ data line “DL_” and a data signal of Veopm-Vs/2
is supplied to an (m+1)™ data line “DL_, ,,” to charge up a
data line capacitor “C; .” Next, during second and third time
periods “t,” and “t,,” the data signal “V,” is not output to
the data line “DL;” to “DL,,,,” and the common voltage
“Veon 18 stored in the data line capacitor “C;,” the storage
capacitor “Cgqr” and the tank capacitor “Copay.” Since the
first switch “SW,” is turned on during the second time
period “t,,” the tank capacitor “Cp,\”~ is connected to the
data line capacitor “C;” and pre-charging (or charge-shar-
ing) between the tank capacitor “Cp, .~ and the data line
capacitor “C;” occurs.

[0046] FIGS. 9A and 9B are equivalent circuit diagrams
illustrating pre-charging between a tank capacitor and a data
line capacitor of a liquid crystal display device according to
an embodiment of the present invention.

[0047] In FIG. 9A, when a first switch “SW,” is turned
off, a common voltage “V,,” is stored in a tank capacitor
“Cpang and a data signal “V,” is stored in a data line
capacitor “C;.”

[0048] As shown in FIG. 9B, the first switch “SW,” is
turned on during a second time period “t,.” Since the tank
capacitor “Cpang 18 electrically connected to the data line
capacitor “C,,” the tank capacitor “Cp, .~ and the data line
capacitor “C,” share charges stored therein with each other
(charge-sharing or pre-charging). Accordingly, the tank
capacitor “Crang and the data line capacitor “C;” may
have a first balance voltage “V,.” The first balance voltage
“V,” may be obtained from equation (1):

Vo=(Crang* VoomtCLx Vo) (Crang+Cr) oy

[0049] Capacitance of the tank capacitor “Cyyng~ may be
designed to be about 50 times as large as that of the data line
capacitor “C,.” For example, the capacitances of the tank
capacitor “Cpng and the data line capacitor “C;” may be
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about 50 pF and about 10 pF, respectively. Accordingly, the
first balance voltage “V,” may become the common voltage
“Veom™ by approximation of equation (1) above as follows:

V2 = (Crawk X Veou +CL X Vp) [(Crank +CL)
= (Crang X Veom +CXVp) [ Crank
= Veou + (CL/ Crang) X Vp

= Veom

[0050] Therefore, when the first switch “SW,” is turned
on, the common voltage “V,,” stored in the tank capacitor
“Crang charges up the data line capacitor “C;.”

[0051] During a third time period “t;” directly after the
second time period “t,,” a gate signal “VG(U) is supplied to
an n™ gate line and thin film transistors connected to the n™
gate line are turned on. Accordingly, a storage capacitor
“Cgr” 1s electrically connected to the data line capacitor
“C..” That is, since the first switch “SW,” is turned on
during the third time period “t,,” the data line capacitor “C, ”
is electrically connected to the tank capacitor “Cryng.”
Therefore, during the third time period “t;,” the storage
capacitor “Cgp,” the data line capacitor “C;” and the tank
capacitor “Cpu i are electrically connected to each other
and pre-charging (charge-sharing) occurs among the storage
capacitor “Cgr,” the data line capacitor “C;” and the tank
capacitor “Coang.”

[0052] FIGS. 10A and 10B are equivalent circuit dia-
grams illustrating pre-charging among a tank capacitor, a
data line capacitor and a storage capacitor of a liquid crystal
display device according to an embodiment of the present
invention.

[0053] In FIG. 10A, a tank capacitor “Cp g~ and a data
line capacitor “C;” may be charged up with a first balance
voltage “V,” approximating to a common voltage “V-q,”
during a second time period “t,.” Since a thin film transistor
(TFT) “T” connected to an n,, gate line is turned off during
the second time period “t,,” a previous data signal “V;” of
previous frame is stored in a storage capacitor “Cgrp.”

[0054] As shown in FIG. 10B, a gate signal “Vg,” is
supphed to the n™ gate line and the TFT “T” connected to the
* gate line is turned on. Since the tank capacitor “Cp g,
the data line capacitor “C; ” and the storage capacitor “Cgp”
is electrically connected to each other, the tank capacitor
“Crang, . the data line capacitor “Cy” and the storage
capacitor “Cqp” share charges stored therein with each other
(charge-sharing or pre-charging). Accordingly, the tank
capacitor “Cpang,” the data line capacitor “C;” and the
storage capacitor “Cg” may have a second balance voltage
“V,.” The second balance voltage “V,” may be obtained
from equation (2):
Vi=(CranxtC*VeomtCstx Va) (Crank+Co+
Csr) @
[0055] Capacitance of the storage capacitor “Cg”” may be
designed to be about 1000 times as small as those of the tank
capacitor “Cprang and the data line capacitor “C;.” Accord-
ingly, the second balance voltage “V,” may become the
common voltage “V . by approximation of equation (2)
above as follows:
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Vo = ((Crank + CL) X Veou + Csr X V3) [ (Crang + Cr) + Csr)

= (Crawk + CLiX Veou + Cst X V3) [ (Crang + CL)
= Voo +(CpL/ (Crang + Cp))X Vp

~ Veom

[0056] Therefore, the common voltage “V.n,,” may
charge the storage capacitor “Cgy” during the third time
period “t;.” After the third time period “t5,” the first switch
“SW,” is turned off and the pre-charging due to the tank
capacitor “Crang” 18 terminated.

[0057] Referring again to FIGS. 7 and 8, the data driver
250 supplies the data signals “V” to the data lines “DL,”
to “DL,,,” during a fourth time period “t,.” Since the
adjacent data signals have opposite polarities to each other,
the data driver 230 outputs a data signal of V,~V4/2 to
the m™ data line “DL_,” and a data signal of VegytVe/2 to
the (m+1)™® data line “DL,_,.” Since the data lines “DL,” to
“DL,_,,” have a value of the common voltage “V 5\,
before the data signals are output, a data signal swing is
obtained from difference between the data signal and the
common voltage such that Veoy—~(Veom—Ve/2)=Vg/2 or
Veom—(Veomt Ve/2)=—Vy/2. Thus, the data driver 250 of
the LCD device having the tank capacitor “Cpyng” may
supply a data signal having an absolute value of about Vg/2
according to the polarity.

[0058] During a fifth time period “t5,” the second switch
“SW,” is turned on and the common voltage “V,,” from
the common voltage source is stored in the tank capacitor
“Cpang through a common voltage transmission line 270,
thereby causing the tank capacitor “Cp, N to maintain the
common voltage “V g~ throughout all frames. Although
the second switch “SW,,” is turned off after the fifth time
period “ts,” the gate signal “V,y” and the data signal “ V"
are supplied to the gate line and the data line, respectively,
during a sixth time period “t..” After the sixth time period
“ts,” the above procedure is repeated to display images with
reduced power consumption.

[0059] In the LCD device according to the present inven-
tion, the tank capacitor is connected to the data line. Before
the data driver supplies the data signal to the data line, the
tank capacitor, the data line capacitor and the storage capaci-
tor are charged up with the common voltage through pre-
charging (or charge-sharing). Accordingly, the data signal
swing is reduced and the power consumption of the data
driver and the LCD device is also reduced. In addition, since
an additional external driving circuit for pre-charging
(charge-sharing) is not required, production cost is reduced
and driving circuit of the LCD device is simplified.

[0060] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.
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What is claimed is:
1. A liquid crystal display device, comprising:

a thin film transistor having a gate electrode, a source
electrode and a drain electrode;

a data line connected to the source electrode;

a gate line connected to the gate electrode;

a storage capacitor connected to the drain electrode;
a data line capacitor connected to the data line;

a first switch connected to the data line;

a tank capacitor connected to the first switch; and

a common voltage transmission line connected to the tank

capacitor to supply a common voltage.

2. The liquid crystal display device according to claim 1,
wherein the data line capacitor is a parasitic capacitor of the
data line.

3. The liquid crystal display device according to claim 1,
further comprising a second switch connected to the com-
mon voltage transmission line.

4. The liquid crystal display device according to claim 1,
wherein a capacitance of the tank capacitor is about 50 times
larger than a capacitance of the data line capacitor.

5. The liquid crystal display device according to claim 1,
wherein a capacitance of the storage capacitor is about 1000
times smaller than a capacitance of the tank capacitor.

6. The liquid crystal display device according to claim 1,
further comprising a data driver connected to the data line
and a gate driver connected to the gate line.

7. A method of driving a liquid crystal display device,
comprising;

charging a tank capacitor with a common voltage;

pre-charging a data line capacitor connected to a data line
with the common voltage by connecting the data line to
the tank capacitor electrically; and

pre-charging a storage capacitor connected to the data line
with the common voltage by connecting the data line to
the storage capacitor electrically.

8. The method according to claim 7, further comprising
disconnecting the data line capacitor from the tank capacitor
after the step of pre-charging the storage capacitor.

9. The method according to claim 8, wherein the step of
disconnecting the data line capacitor includes turning off a
switch disposed between the data line and the tank capacitor.

10. The method according to claim 7, wherein the step of
charging the tank capacitor is performed while a data signal
is applied to the data line.

11. The method according to claim 7, wherein the step of
pre-charging the storage capacitor is performed while a thin
film transistor disposed between the data line and the storage
capacitor is turned on.

12. The method according to claim 7, wherein the step of
pre-charging the data line capacitor is performed while a
switch disposed between the data line and the tank capacitor
is turned on.

13. The method according to claim 7, wherein the step of
charging the tank capacitor is performed while a switch
connected to the tank capacitor is turned on.
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14. A method of driving a liquid crystal display device,
comprising:

sharing first charges stored in a tank capacitor with a data
line capacitor connected to the tank capacitor through
a first switch during a first time period;

sharing second charges stored in the data line capacitor
with a storage capacitor connected to the data line
capacitor through a thin film transistor during a second
time period;

applying a data signal to the storage capacitor for a third
time period; and

applying a common voltage to the tank capacitor during
a fourth time period.

15. The method according to claim 14, wherein the first
switch is turned on during the first and second time periods
and is turned off during the third and fourth time periods.

16. The method according to claim 14, wherein the thin
film transistor is turned on during the second and third time
periods.

17. The method according to claim 16, wherein the thin
film transistor connected to a gate line and a data line a
second switch connected to the tank capacitor is turned off
during the first to third time periods and is turned on during
the fourth time period.

18. The method according to claim 14, wherein a second
switch connected to the tank capacitor is turned off during
the first to third time periods and is turned on during the
fourth time period.

19. The method according to claim 14, wherein the thin
film transistor is connected to a gate line and a data line, and
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the thin film transistor is turned on/off according to a gate
signal applied to the gate line.

20. A liquid crystal display device, comprising:
a color filter substrate;

a thin film transistor substrate, the thin film transistor
substrate defining a plurality of pixel regions, each
pixel region associated with:

a thin film transistor having a gate electrode, a source
electrode and a drain electrode,

a data line connected to the source electrode of the thin
film transistor,

a gate line connected to the gate electrode of the thin
film transistor,

a storage capacitor connected to the drain electrode of
the thin film transistor,

a data line capacitor connected to the data line,
a first switch connected to the data line,
a tank capacitor connected to the first switch, and

a common voltage supply connected to the tank capaci-
tor; and

a liquid crystal material disposed between color filter
substrate and the thin film transistor substrates.
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