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FIG.2A
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FIG.2B
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FIG.3A

RELATED ART
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FIG.3B
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FIG.4A
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FIG.5A

RELATED ART
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FIG.5B
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RELATED ART
=]+ =+ =|+]=
+ | -]+ | |+ -]+ =
|+ =]+ =|+|=]+
—+ =]+ =|+|=]+
|+ =]+|=|+]=
|+ =+ =|+]=
~+]=]+l=]+[=]+




Patent Application Publication Dec. 30, 2004 Sheet 11 of 20 US 2004/0263466 Al

F1G.6B

RELATED ART
S B R I O A I I
— |+ |+ =|+]|-]+
+ |-+ |=|+|~-|+]|~-
+l |+ |+ =|+]|-
—F =+ =|+]=]+
|+l +]|=|+]|=|+
+|=|+|=|+|=|+]|-
+|={+|=-|+|=|+]|=




Patent Application Publication Dec. 30,2004 Sheet 12 of 20 US 2004/0263466 Al
RELATED ART
22
Z
OUTPUT BUFFER
20
Z
/SW1 '/8W1 /W1 /swi /swi.. /swi
SOE—=
o « « o « — « 1y
SW2 SW2 Sw2 Swz SW2
D1 D2 D3 D4 D5 Dm




Patent Application Publication Dec. 30, 2004 Sheet 13 of 20 US 2004/0263466 Al

FIG.8

RELATED ART

S I—

—1
N B

CHARGE SHARING



Patent Application Publication Dec. 30, 2004 Sheet 14 of 20 US 2004/0263466 Al

FIG.9

RELATED ART

1

e LT

POL 24 !

I
!
DJ\ \U{ 1 -

CHARGE SHARING

— o — t——

o
N

1
|
|

/. —_—
\y
—\
|




US 2004/0263466 A1

Patent Application Publication Dec. 30, 2004 Sheet 15 of 20

ONA  DdA

LAOHID ONLw (¢ 10d
NOILVIEYA 39VIT0M [, 30g
{
VA4
Tnoun
g+ onmvHS | %_M__%w <
JOHVH)
] (
oy 8¢

ova <

9¢

019l

25
)
T
YO | y3181934 9SS
1 s [ gss
104 308
__ __ M10S
HOLYT HOLV
anooas [* 1s44 [T g9y
( (
e 0¢



Patent Application Publication Dec. 30,2004 Sheet 16 of 20 US 2004/0263466 Al

FIG.11
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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. P2003-43806 filed in Korea on Jun.
30, 2003, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to liquid crystal dis-
play (LCD) devices and methods of driving the same. More
particularly, the present invention relates to an LCD device
and a method of driving the same capable of effectively
applying a charge sharing technique.

[0004] 2. Discussion of the Related Art

[0005] Generally, light transmittance characteristics of lig-
uid crystal cells within liquid crystal display (LCD) devices
are controlled by video signals to display desired pictures.
Active matrix-type LCDs are capable of displaying moving
pictures and include a plurality of liquid crystal cells
arranged in a matrix pattern, wherein each liquid crystal cell
includes a pixel electrode and a switching device (i.e., a thin
film transistor (TFT)).

[0006] FIG. 1 illustrates a related art LCD device.

[0007] Referring to FIG. 1, the related art LCD device
typically includes an LCD panel 14 having m-number of
data lines D1 to Dm perpendicularly crossing n-number of
gate lines G1 to Gn, wherein liquid crystal cells (Clc) are
defined at crossings of the data and gate lines; a plurality of
TFTs arranged at the crossings of data and gate lines for
driving corresponding liquid crystal cells; a data driving
circuit 12 for supplying video signals to the data lines D1 to
Dm; a gate driving circuit 13 for supplying scanning pulses
to the gate lines G1 to Gn; and a timing controller 11 for
controlling the data and gate driving circuits 12 and 13,
respectively.

[0008] The LCD panel 14 generally includes an upper
glass substrate separated from a lower glass substrate by
liquid crystal material. The lower glass substrate supports
the data lines D1 to Dm and the gate lines Gl to Gn.
Arranged at each crossing of the data lines D1 to Dm and the
gate lines G1 to Gn, the TFTs transmit video signals from the
data lines D1 to Dm to the corresponding liquid crystal cell
(Clc) in response to scanning pulses transmitted by the gate
lines G1 to Gn. Each TFT includes a gate electrode con-
nected to a corresponding one of the gate lines G1 to Gn, a
source electrode connected to a corresponding one of the
data lines D1 to Dm, and a drain electrode connected to a
corresponding one of the pixel electrodes. Each liquid
crystal cell (Clc) includes a storage capacitor Cst for main-
taining a voltage charged therein for a predetermined
amount of time. Storage capacitors Cst are provided
between liquid crystal cells (Clc) connected to the nth gate
line and a n—1th pre-stage gate line or between liquid crystal
cells (Clc) connected to the nth gate line and a separate
common storage line (not shown).

[0009] The data driving circuit 12 generally includes a
plurality data driving integrated circuits, each of which
includes a predetermined number of channels. Each data
driving integrated circuit includes a shift register for sam-
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pling a clock signal, a register for temporarily storing data,
a latch for storing one line of data in response to the clock
signal outputted from the shift register and for simulta-
neously outputting the stored data, a digital-to-analog con-
verter for selecting positive/negative gamma voltages cor-
responding to a value of the data outputted from the latch,
a multiplexer for selecting one of the data lines D1 to Dm to
apply analog data (i.e., a video signal that has been con-
verted by the positive/negative gamma voltage), and an
output buffer connected between the multiplexer and the
selected data line. Such a data driving integrated circuit 12
is controlled by the timing controller 11 to supply video
signals to the data lines D1 to Dm.

[0010] The gate driving circuit 13 generally includes a
shift register for sequentially generating scanning pulses and
a level shifter for shifting a voltage of each scanning pulse
to a voltage level suitable for driving particular liquid crystal
cells (Clc). Such a gate driving circuit 13 is controlled by the
timing controller 11 to sequentially supply scanning pulses
to the gate lines G1 to Gn in synchrony with the applied
video signals.

[0011] The timing controller 11 employs vertical (V)/
horizontal (H) signals and a clock signal (CLK) to generate
gate control signals (GDC) that control the gate driving
circuit 13 and data control signals (DDC) that control the
data driving circuit 12. The DDC signals include a source
start pulse (SSP), a source shift clock (SSC), a source output
enable signal (SOE), and a polarity signal (POL). The GDC
signals include a gate shift clock (GSC), a gate output enable
signal (GOE) and a gate start pulse (GSP).

[0012] Many types of inversion driving methods (e.g.,
frame inversion, line inversion, column inversion method,
and dot inversion) are known for use in driving the liquid
crystal cells (Clc) of the LCD panel 14.

[0013] Referring to FIGS. 2A and 2B, in driving the
liquid crystal cells (Clc) of the LCD panel 14 according to
the frame inversion driving method, polarities of the video
signals applied to each of the liquid crystal cells within the
LCD panel 14 are inverted between frames.

[0014] Referring to FIGS. 3A and 3B, in driving the
liquid crystal cells (Clc) of the LCD panel 14 according to
the line inversion driving method, polarities of the video
signals applied to adjacent rows of liquid crystal cells within
LCD panel 14 are inverted. Additionally, polarities of the
video signals applied to each of the liquid crystal cells within
the LCD panel 14 are inverted between frames. The line
inversion driving method undesirably induces a cross-talk
phenomenon between adjacent rows of liquid crystal cells
which is manifested by flickering in horizontal stripe pat-
terns between adjacent rows of liquid crystal cells.

[0015] Referring to FIGS. 4A and 4B, in driving the
liquid crystal cells (Clc) of the LCD panel 14 according to
the column inversion driving method, polarities of the video
signals applied to adjacent columns of liquid crystal cells
within the LCD panel 14 are inverted. Additionally, polari-
ties of the video signals applied to each of the liquid crystal
cells within the LCD panel 14 are inverted between frames.
Similar to the line inversion method, the column inversion
driving method undesirably induces a cross-talk phenom-
enon between adjacent columns of liquid crystal cells which
is manifested by flickering in vertical stripe patterns between
adjacent columns of liquid crystal cells.
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[0016] Referring to FIGS. 5A and 5B, in driving the
liquid crystal cells (Clc) of the LCD panel 14 according to
a one-dot inversion driving method, the polarity of the
polarity signal POL is inverted during each horizontal period
such that polarities of the video signals applied to adjacent
columns and rows of liquid crystal cells within the LCD
panel 14 are inverted. Additionally, polarities of the video
signals applied to each of the liquid crystal cells within the
LCD panel 14 are inverted between frames. More specifi-
cally, during odd-numbered frames as shown in FIG. 5A,
liquid crystal cells within odd-numbered columns of odd-
numbered rows, in addition to liquid crystal cells within
even-numbered columns of even-numbered rows, are sup-
plied with video signals having a positive polarity (+) while
liquid crystal cells within even-numbered columns of odd-
numbered rows, in addition to liquid crystal cells within
odd-numbered columns of even-numbered rows, are sup-
plied with video signals having a negative polarity (-).
During even-numbered frames as shown in FIG. 5B, liquid
crystal cells within odd-numbered columns of odd-num-
bered rows, in addition to liquid crystal cells within even-
numbered columns of even-numbered rows, are supplied
with video signals having a negative polarity (-) while
liquid crystal cells within even-numbered columns of odd-
numbered rows, in addition to liquid crystal cells within
odd-numbered columns of even-numbered rows, are sup-
plied with video signals having a positive polarity (+).

[0017] Referring to FIGS. 6A and 6B, in driving the
liquid crystal cells (Clc) of the LCD panel 14 according to
a two-dot inversion driving method, the polarity of the
polarity signal POL is inverted during every two horizontal
periods such that polarities of the video signals applied to
adjacent columns and pairs of adjacent rows of liquid crystal
cells within the LCD panel 14 are inverted. Additionally,
polarities of the video signals applied to each of the liquid
crystal cells within the LCD panel 14 are inverted between
frames.

[0018] As described above, the one- and two-dot inversion
driving methods minimize the aforementioned cross-talk
phenomenon manifested in flicker patterns between the
frames (or fields), dramatically improving a picture quality
of the LCD panel 14. Because the one- and two-dot inver-
sion driving methods require that the polarities of the video
signals be inverted for every column and row (or every other
row), however, a significant amount of power is required to
drive the liquid crystal cells of the LCD panel 14. In order
to reduce this excessive power consumption, data integrated
circuits within the data driving circuit 12 include a related art
charge sharing circuit 20, as shown in FIG. 7.

[0019] Referring to FIG. 7, a related art charge sharing
circuit 20 generally includes a plurality of first switching
devices SW1 connected between an output buffer 22 and the
data lines D1 to Dm and a plurality of second switching
devices SW2 connected between adjacent data lines D1 to
Dm. Generally, the charge sharing circuit 20 can supply
specific voltages to each of the data lines D1 to Dm during
a first period and can supply a mean voltage to each of the
data lines D1 to Dm during a second period, between
consecutive first periods. By supplying the mean voltage
between the first periods, the power consumption of the data
driving circuit 12 may be beneficially reduced. A more
detailed description of the operation for the charge sharing
circuit 20 will now be described with reference to FIG. 8.
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[0020] Referring to FIG. 8, during a low period of the
source output enable signal SOE, i.e., a period during which
video signals are to be supplied to the data lines D1 to Dm,
the charge sharing circuit 20 turns the first switching devices
SW1 on. Consequently, positive- and negative-polarity
video signals are outputted from the output buffer 22 directly
to the data lines D1 to Dm and a desired picture is displayed
on the LCD panel 14.

[0021] Next, during a high period of the source output
enable signal SOE, i.e., a period during which video signals
are not supplied to the data lines D1 to Dm, the charge
sharing circuit 20 turns the first switching devices SW1 off
and turns the second switching devices SW2 on. Conse-
quently, all of the data lines D1 to Dm become electrically
connected to each other and, in what may be characterized
as “charge sharing,” supply a voltage having a mean value
between the positive- and negative-polarity voltages sup-
plied to the data lines D1 to Dm during the low period of the
source output enable signal SOE to the data lines D1 to Dm.

[0022] Accordingly, the related art “charge sharing” coin-
cides with the high period of the source output enable signal
SOE. By supplying the mean voltage (i.e., charge sharing)
during each high period of the source output enable signal
SOE, the differences in voltage values supplied to the data
lines D1 to Dm by the first switching devices SW1 during
the successive low periods of the source output enable signal
SOE may be minimized. By minimizing the difference in
voltage values applied to liquid crystal cells, the power
consumption of the data driving circuit 12 used to drive the
LCD panel 14 according to the one-dot inversion driving
method may be reduced. However, the related art charge
sharing circuit 20 described above does not effectively
reduce the power consumption of the data driving circuit 12
used to drive the LCD panel 14 according to the two-dot
inversion driving method for reasons that will be discussed
with reference to FIG. 9.

[0023] Referring to FIG. 9, the related art charge sharing
circuit 20 operates according to the state of the source output
enable signal SOE—not according to the state of the polarity
signal POL and the polarity of the video signal is inverted
every two periods of the source output enable signal SOE,
i.e., the high period of the polarity signal POL has a pulse
width that overlaps consecutive high periods of the source
output enable signal SOE. Therefore, and as identified at
reference numeral 24, when a high period of the source
output enable signal SOE does not coincide with inversion
of a polarity signal POL, all of the data lines D1 to Dm
become electrically connected to each other and voltages
supplied to the data lines D1 to Dm become non-uniform
between successive horizontal periods of the LCD device.
As a result of this non-uniformity, power consumption of the
data driving circuit undesirably increases.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to a
liquid crystal display (LCD) device and method of driving
the same that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

[0025] Accordingly, an advantage of the present invention
provides an LCD device and a method of driving the same
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capable of adopting a charge sharing technique in inversion
driving methods while diminishing power consumption.

[0026] 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.

[0027] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, the LCD device may, for
example, include a plurality of data integrated circuits,
wherein each of the data integrated circuits may, for
example, include a charge sharing circuit for electrically
connecting data lines to each other in response to a control
signal; and a voltage variation limiting circuit for generating
the control signal in response to a polarity signal.

[0028] In one aspect of the present invention, the data
integrated circuit may further include an output buffer for
temporarily storing video signals to be outputted to the data
lines.

[0029] In another aspect of the present invention, the
charge sharing circuit may, for example, include a plurality
of first switching devices connected between the output
buffer and the data lines; and a plurality of second switching
devices connected between each of the data lines.

[0030] In one aspect of the present invention, the first
switching devices may be turned on during a low period of
the control signal to transmit video signals from the output
buffer to the data lines.

[0031] In one aspect of the present invention, the second
switching devices may be turned on during a high period of
the control signal to electrically connect all of the data lines
to each other.

[0032] In one aspect of the present invention, the voltage
variation limiting circuit may, for example, include a delay
circuit for receiving the polarity signal and outputting the
received polarity signal as a delayed polarity signal; an XOR
gate for performing an XOR operation on the polarity signal
and the delayed polarity signal, and an AND gate for
performing an AND operation on the output of the XOR gate
and a source output enable signal supplied from an external
source, thereby producing the control signal.

[0033] In one aspect of the present invention, the delay
circuit may produce the delayed polarity signal such that the
delayed polarity signal overlaps with a rise and fall of a high
period of the source output enable signal.

[0034] In one aspect of the present invention, the control
signal may have the same pulse width as the pulse width of
the high period of the source output enable signal.

[0035] Inone aspect of the present invention, a high period
of the control signal may overlap with the high period of the
source output enable signal.

[0036] In another aspect of the present invention, the delay
circuit may, for example, include at least one of flip-flop
circuit.
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[0037] In yet another aspect of the present invention, the
control signal may have a period that is equal to a pulse
width of a polarity signal.

[0038] According to principles of the present invention, a
method of driving an LCD device having a plurality of
switching devices connected between data lines may, for
example, include determining a pulse width of a high period
of a polarity signal; and turning the switching devices on
when a polarity of the polarity signal is inverted such that all
data lines are electrically connected to each other.

[0039] In one aspect of the present invention, the method
may further include generating a control signal, wherein the
control signal turns the switching devices on when a polarity
of the polarity signal is inverted.

[0040] In one aspect of the present invention, the step of
generating the control signal may, for example, include
delaying the polarity signal to produce a delayed polarity
signal; performing an XOR operation on the polarity signal
and the delayed polarity signal, and performing an AND
operation on the signal generated by the XOR operation and
a source output enable signal supplied from an external
source to produce the control signal.

[0041] In one aspect of the present invention, the step of
delaying the polarity signal may, for example, include
delaying the polarity signal such that the polarity signal such
that the delayed polarity signal overlaps with a rise and fall
of a high period of the source output enable signal

[0042] In one aspect of the present invention, the control
signal may have the same pulse width as the pulse width of
the high period of the source output enable signal.

[0043] In another aspect of the present invention, a high
period of the control signal may overlap with the high period
of the source output enable signal.

[0044] In yet another aspect of the present invention, the
control signal may have a period that is equal to a pulse
width of a polarity signal.

[0045] 1t 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

[0046] 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.

[0047] In the drawings:

[0048] FIG. 1 illustrates a related art liquid crystal display
(LCD) device;

[0049] FIGS. 2A and 2B illustrate a distribution of polari-

ties supplied to liquid crystal cells of an LCD panel during
a frame inversion driving method;

[0050] FIGS. 3A and 3B illustrate a distribution of polari-
ties supplied to liquid crystal cells of an LCD panel during
a line inversion driving method;
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[0051] FIGS. 4A and 4B illustrate a distribution of polari-
ties supplied to liquid crystal cells of an LCD panel during
a column inversion driving method;

[0052] FIGS. 5A and 5B illustrate a distribution of polari-
ties supplied to liquid crystal cells of an LCD panel during
a one-dot inversion driving method;

[0053] FIGS. 6A and 6B illustrate a distribution of polari-
ties supplied to liquid crystal cells of an LCD panel during
a two-dot inversion driving method,

[0054]
circuit;

FIG. 7 illustrates a related art charge sharing

[0055] FIG. 8 illustrates waveforms generated during
operation of the related art charge sharing circuit used in
accordance with a one-dot inversion driving method;

[0056] FIG. 9 illustrates waveforms generated during
operation of the related art charge sharing circuit used in
accordance with a two-dot inversion driving method;

[0057] FIG. 10 illustrates a block diagram of a data
integrated circuit of an LCD device in accordance with
principles of the present invention;

[0058] FIG. 11 illustrates a circuit diagram of the charge
sharing circuit and the voltage variation circuit shown in
FIG. 10;

[0059] FIGS. 12A and 12B illustrate waveforms gener-
ated during operation of the charge sharing circuit and the
voltage variation circuit shown in FIG. 10 as applied to
LCD devices driven according to two- and three-dot inver-
sion driving methods, respectively;

[0060] FIG. 13 illustrates a circuit diagram of the delay
circuit shown in FIG. 11; and

[0061] FIG. 14 illustrates an LCD device of the present
invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0062] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0063] FIG. 14 illustrates an LCD device of the present

invention.

[0064] Referring to FIG. 14, an L.CD device of the present
invention may, for example, include an LCD panel 64
having m-number of data lines D1 to Dm perpendicularly
crossing n-number of gate lines G1 to Gn, wherein liquid
crystal cells (Clc) are defined at crossings of the data and
gate lines; a plurality of TFTs arranged at crossings of the
data and gate lines for driving corresponding liquid crystal
cells; a data driving circuit 62 for supplying video signals to
the data lines D1 to Dm; a gate driving circuit 63 for
supplying scanning pulses to the gate lines G1 to Gn; and a
timing controller 61 for controlling the data and gate driving
circuits 62 and 63, respectively.

[0065] The LCD panel 64 may, for example, include an
upper glass substrate separated from a lower glass substrate
by liquid crystal material. The lower glass substrate may
support the data lines D1 to Dm and the gate lines G1 to Gn.
Arranged at each crossing of the data lines D1 to Dm and the
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gate lines G1 to Gn, each TFT may transmit video signals
from the data lines D1 to Dm to a liquid crystal cell (Clc) in
response to scanning pulses transmitted by the gate lines G1
to Gn. Each TFT may include a gate electrode connected to
a corresponding one of the gate lines G1 to Gn, a source
electrode connected to a corresponding one of the data lines
D1 to Dm, and a drain electrode connected to a correspond-
ing one of the pixel electrodes. Each liquid crystal cell (Clc)
may include a storage capacitor Cst for maintaining a
voltage charged therein for a predetermined amount of time.
Storage capacitors Cst may be provided between liquid
crystal cells (Clc) connected to the nth gate line and a n-1th
pre-stage gate line or between liquid crystal cells (Clc)
connected to the nth gate line and a separate common
storage line (not shown).

[0066] The timing controller 61 may, for example, employ
vertical (V)/horizontal (H) signals and a clock signal (CLK)
to generate gate control signals (GDC) that control the gate
driving circuit 63 and data control signals (DDC) that
control the data driving circuit 62. The DDC signals may, for
example, include a source start pulse (SSP), a source shift
clock (SSC), a source output enable signal (SOE), and a
polarity signal (POL). The GDC signals may, for example,
include a gate shift clock (GSC), a gate output signal enable
(GOE) and a gate start pulse (GSP).

[0067] The gate driving circuit 63 may, for example,
include a shift register for sequentially generating scanning
pulses and a level shifter for shifting a voltage of each
scanning pulse to a voltage level suitable for driving par-
ticular liquid crystal cells (Clc). Such a gate driving circuit
63 may be controlled by the timing controller 61 to sequen-
tially supply scanning pulses to the gate lines G1 to Gn in
synchrony with the applied video signals.

[0068] The data driving circuit 62 may, for example,
include a plurality data driving integrated circuits, each of
which may be controlled by the timing controller 61. FIG.
10 schematically illustrates a representative data integrated
circuit within a data driving circuit 62 in accordance with
principles of the present invention.

[0069] Referring to FIG. 10, each data driving integrated
circuit may, for example, include a shift register 32 con-
nected between a timing controller (not shown) and a data
line D, a first latch 30, a second latch 34, a digital-to-analog
converter (DAC) 36, an output buffer 38, a charge sharing
circuit 40 and a voltage variation limiting circuit 42.

[0070] The shift register 32 may shift a source start pulse
SSP outputted from the timing controller in accordance with
a source shift clock signal SSC to generate a sampling signal
SCLK. The shift register 32 may also shift the source start
pulse SSP to transmit a carry signal CAR to a next-stage
shift register.

[0071] The first latch 30 may sample externally applied
digital video data (RGB), store the sampled digital video
data (RGB) in accordance with the sampling signal SCLK,
and provide the stored digital video data (RGB) to the
second latch 34.

[0072] The second latch 34 may latch the digital video
data (RGB) from the first latch 30, and, in response to a
source output enable signal SOE outputted from the timing
controller, output the latched digital video data (RGB) for
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one horizontal line along with other second latches within
other data integrated circuits of the data driving circuit.

[0073] The DAC 36 may convert the digital video data
outputted from the second latch 34 into an analog video
signal having a positive (VPG) or negative (VNG) polarity,
wherein the polarity of the analog video signal outputted
depends on the polarity signal POL outputted from the
timing controller. The polarity signal POL may cause the
DAC 36 to output analog video data having polarities
corresponding to such inversion driving methods as column
inversion, frame inversion, one-, two-, or three-dot inversion
driving methods.

[0074] The output buffer 38 may temporarily store the
analog video data outputted from the DAC 36. Accordingly,
the output buffer 38 may delay the output of the analog video
data to the charge sharing circuit 40.

[0075] As discussed in greater detail below, the charge
sharing circuit 40 may supply a voltage to the data lines D
having a mean value of the video signal voltages supplied to
a previous horizontal line, wherein the voltage is supplied
only when a polarity of video signals applied to the LCD
panel 64 is inverted. Accordingly, the charge sharing circuit
40 of the present invention may reduce the power consump-
tion of the LCD panel 64.

[0076] The voltage variation limiting circuit 42 may pre-
vent the charge sharing circuit 40 from supplying the voltage
having the mean value during a period when video signals
having a predetermined polarity are to be maintained to
reduce power consumption of the LCD device.

[0077] FIG. 11 illustrates a circuit diagram of the charge
sharing circuit and the voltage variation circuit shown in
FIG. 10.

[0078] Referring to FIG. 11, the charge sharing circuit 40
may, for example, include a plurality of first switching
devices SW1 connected between the output buffer 38 and the
data lines D1 to Dm and a plurality of second switching
devices SW2 connected between adjacent two data lines D1
to Dm. In one aspect of the present invention, the first and
the second switching devices SW1 and SW2 may be alter-
nately turned on and off in accordance with a control signal
CS outputted by the voltage variation limiting circuit 42.

[0079] According to principles of the present invention,
the voltage variation limiting circuit 42 may, for example,
include a delay circuit 46, an exclusive-OR (XOR) gate 48,
and an AND gate 50. In one aspect of the present invention,
the delay circuit 46 may delay the outputting of a received
polarity signal POL outputted by the timing controller. The
XOR gate 48 may perform an XOR operation on the output
of the delay circuit 46 (i.e., the delayed polarity signal
D-POL) and the polarity signal POL outputted by the timing
controller. The AND gate 50 may perform an AND operation
on the output of the XOR gate 48 and the source output
enable signal SOE outputted by the timing controller.

[0080] FIG. 12A illustrates waveforms generated during
operation of the charge sharing circuit and the voltage
variation circuit shown in FIG. 10 as applied to an LCD
device driven according to a two-dot invasion driving
method.

[0081] Referring to FIG. 12A, the polarity of the polarity
signal POL is inverted every other horizontal period to drive
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the LCD device according to a two-dot inversion driving
method. Accordingly, the polarity signal POL is outputted
from the timing controller to the delay circuit 46. The delay
circuit 46 then delays the output of the received polarity
signal POL to the XOR gate 48 by a predetermined amount
of time. As shown in FIG. 12A, the polarity signal POL
outputted by the timing controller does not overlap with a
high pulse H1 of the source output enable signal SOE.
However, the delay circuit 46 may output the received
polarity signal POL as a delayed polarity signal D-POL to
overlap with the high pulse H1 of the source output enable
signal SOE. In one aspect of the present invention, the
delayed polarity signal D-POL may be outputted by the
delay circuit 46 so as to overlap with the rise and fall of the
high pulse H1 of the source output enable signal SOE.

[0082] The XOR gate 48 may perform an XOR operation
on the delayed polarity signal D-POL outputted by the delay
circuit 46 and the polarity signal POL outputted by the
timing controller. As shown in FIG. 12A, a high period of
the pulse outputted by the XOR gate 46 overlaps with the
high pulse H1 of the source output enable signal SOE.

[0083] The AND gate 50 performs an AND operation on
the output of the XOR gate 48 and the source output enable
signal SOE outputted by the timing controller to generate a
control signal (CS). Accordingly, and in one aspect of the
present invention, the control signal (CS) has a period equal
to a pulse width of the high period of the polarity signal POL
outputted by the timing controller (i.e., the control signal
(CS) has a period corresponding to two horizontal periods of
the LCD device). In another aspect of the present invention,
the control signal (CS) has a pulse width equal to the high
pulse H1 of the source output enable signal SOE. In yet
another aspect of the present invention, the high pulse of the
control signal (CS) overlaps the high pulse H1 of the source
output enable signal SOE.

[0084] According to principles of the present invention,
the charge sharing circuit 40 turns the first switching devices
SW1 on during a low period of the control signal (CS).
Consequently, the analog video signals are outputted by the
output buffer 38 directly to the data lines D1 to Dm and a
desired picture is displayed by the LCD device. Because the
control signal CS has a period of two horizontal periods of
the LCD device, the first switching devices SW1 are main-
tained in their turn-on states until analog video signals
corresponding to the next two horizontal rows of liquid
crystal cells are supplied. Accordingly, unnecessary voltage
variations, i.e., charge sharing, do not occur when analog
video signals having a same polarity are applied to consecu-
tive rows of liquid crystal cells.

[0085] Next, during a high period of the control signal
(CS), the charge sharing circuit 40 turns the first switching
devices SW1 off and turns the second switching devices
SW2 on. Consequently, all of the data lines D1 to Dm
become electrically connected to each other and, in what
may be characterized as “charge sharing,” supply a voltage
having a mean value between the positive- and negative-
polarity voltages supplied to the data lines D1 to Dm during
the low period of the control signal (CS) to the data lines D1
to Dm.

[0086] Accordingly, the charge sharing of the present
invention coincides with the high period of the control signal
(CS). As such, the charge sharing of the present invention
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occurs only upon inversion of video signal polarities sup-
plied to the LCD device—not when the video signal polari-
ties supplied to the LCD device are maintained. Accord-
ingly, the charge sharing circuit 40 of the present invention
consumes less power than the related art charge sharing
circuit 20. Moreover, the principles of the present invention
may be extended to substantially any suitable dot or column
inversion driving method in which the polarity of voltages
supplied to adjacent columns of liquid crystal cells are
inverted. For example, and with reference to FIG. 12B, a
control signal CS having a period corresponding to three
horizontal periods of the LCD device may be generated
where the LCD device is to be driven according to a
three-dot inversion driving method. Accordingly, the prin-
ciples of the present invention prevent the charge sharing
from occurring while polarities of supplied video signals are
maintained on the LCD device.

[0087] FIG. 13 illustrates a circuit diagram of the delay
circuit shown in FIG. 11.

[0088] Referring to FIG. 13, the delay circuit 46 may be
provided as substantially any type of delay circuit. In one
aspect of the present invention, the delay circuit may, for
example, use one or more flip-flop circuits 52 to delay the
polarity signal POL outputted by the timing controller.

[0089] As described above, the charge sharing circuit of
the present invention generates a control signal having a
period corresponding to a pulse width of a polarity signal
(e.g., a high pulse width or a low pulse width) to prevent the
charge sharing from occurring while polarities of supplied
video signals are maintained on the LCD device, and thereby
to diminish power consumption of the data driving circuit.

[0090] It will be apparent to those skilled in the art that
various modifications and variation 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.

What is claimed is:
1. A liquid crystal display device, comprising:

a data driving circuit having a plurality of data integrated
circuits, wherein each of the data integrated circuits
includes:

a charge sharing circuit that electrically connects all of
the plurality of data lines to each other in response to
a control signal; and

a voltage variation limiting circuit that generates the
control signal in response to a received polarity
signal.

2. The liquid crystal display device according to claim 1,
wherein each of the data integrated circuits further includes
an output buffer that temporarily stores video signals to be
outputted to the plurality of data lines.

3. The liquid crystal display device according to claim 2,
wherein the charge sharing circuit includes:

a plurality of first switching devices connected between
the output buffer and the plurality of data lines; and

a plurality of second switching devices connected
between the plurality of data lines.
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4. The liquid crystal display device according to claim 3,
wherein the first switching devices are turned on during a
low period of the control signal to transmit video signals
from the output buffer to the data lines.

5. The liquid crystal display device according to claim 3,
wherein the second switching devices are turned on during
a high period of the control signal to electrically connect all
of the data lines to each other.

6. The liquid crystal display device according to claim 1,
wherein the voltage variation limiting circuit includes:

a delay circuit that delays the received polarity signal and
outputs the received polarity signal as a delayed polar-
ity signal;

an XOR gate for performing an XOR operation on the
received polarity signal and the delayed polarity signal;
and

an AND gate for performing an AND operation on the
output of the XOR gate and a source output enable
signal outputted from an external source to produce the
control signal.

7. The liquid crystal display device according to claim 6,
wherein the delayed polarity signal overlaps with a rise and
fall of a high period of the source output enable signal.

8. The liquid crystal display device according to claim 6,
wherein the control signal has the same pulse width as the
pulse width of the high period of the source output enable
signal.

9. The liquid crystal display device according to claim 8§,
wherein a high period of the control signal overlaps the high
period of the source output enable signal.

10. The liquid crystal display device according to claim 6,
wherein the delay circuit includes at least one of flip-flop
circuit.

11. The liquid crystal display device according to claim 1,
wherein the control signal has a period that is equal to a
pulse width of the received polarity signal.

12. A method of driving a liquid crystal display device
having a plurality of switching devices connected between a
plurality of data lines, the method comprising:

determining a pulse width of a high period of a received
polarity signal outputted in accordance with a prede-
termined inversion driving method; and

turning the plurality of switching devices on only when
the polarity of the polarity signal is inverted to electri-
cally connect all of the data lines together.
13. The method according to claim 12, further compris-
ing:
generating a control signal for turning the plurality of
switching devices on only when the polarity of the
polarity signal is inverted.
14. The method according to claim 13, wherein the step
of generating the control signal includes:

delaying the received polarity signal to produce a delayed
polarity signal;

performing an XOR operation on the received polarity
signal and the delayed polarity signal; and

performing an AND operation on the result of the XOR
operation and a source output enable signal outputted
from an external source.
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15. The method according to claim 14, wherein the step
of delaying the received polarity signal includes delaying the
received polarity signal such that the delayed polarity signal
overlaps with a rise and fall of a high period of the source
output enable signal.

16. The method according to claim 14, wherein the
control signal has the same pulse width as the pulse width of
the high period of the source output enable signal.
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17. The method according to claim 16, wherein a high
period of the control signal overlaps the high period of the
source output enable signal.

18. The method according to claim 16, wherein the
control signal has a period that is equal to a pulse width of
the received polarity signal.

* #* #* ok %
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