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APPARATUS AND METHOD FOR DRIVING
LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean Patent
Application No. 10-2008-0133273, filed on Dec. 24, 2008,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to an apparatus and
method for driving a liquid crystal display device, which can
improve picture quality by changing a driving mode display-
ing images according to setting information from a user or to
an image characteristic.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display device displays images
using electro-optical characteristics of a liquid crystal. The
liquid crystal shows anisotropic properties having different
refractive indexes and different dielectric constants according
to long-axis and short-axis directions of molecules, and mol-
ecule arrangement and optical properties thereof can be easily
controlled. The liquid crystal display device using the liquid
crystal adjusts light transmittance by varying the orientation
of liquid crystal molecules according to the intensity of an
electric field, thereby displaying images. To this end, the
liquid crystal display device includes a liquid crystal panel
including a plurality of pixels arranged in a matrix and
includes a driving circuit for driving the liquid crystal panel.
[0006] The liquid crystal display device has a disadvantage
of a slow response time of the liquid crystal due to the prop-
erties of unique viscosity and elasticity of the liquid crystal.
The response time of the liquid crystal varies with physical
properties of liquid crystal material and a cell gap, and arising
time and a falling time are generally 20 to 80 ms and 20 to 30
ms, respectively.

[0007] The response time of the liquid crystal is longer than
one frame period (e.g., 16.67 ms in NTSC) of a moving
display image. Accordingly, one frame proceeds to a next
frame before a voltage charged to a liquid crystal cell reaches
a desired voltage. Then, a display image of each frame dis-
played on the liquid crystal panel affects a display image of a
next frame and a motion blurring phenomenon occurs that
blurs a moving image displayed on the liquid crystal panel
due to perception characteristics of a viewer. In the liquid
crystal display device according to a related art, a contrast
ratio is deteriorated due to such a motion blurring phenom-
enon generated on a display image and image sticking occurs,
thereby lowering picture quality.

[0008] To overcome such problems, a method for increas-
ing a driving voltage, for example, a pixel voltage or a gate
voltage, applied to the liquid crystal cell has been convention-
ally used. However, when moving images are displayed, col-
ors may be shifted or blurred.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to a an
apparatus and method for driving a liquid crystal display
device that substantially obviate one or more problems due to
limitations and disadvantages of the related art.
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[0010] An object of the present invention is to provide a an
apparatus and method for driving a liquid crystal display
device, which can improve picture quality by changing a
driving mode displaying images according to setting infor-
mation from a user or to an image characteristic.

[0011] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

[0012] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an apparatus for driving a lig-
uid crystal display device includes a liquid crystal panel
including a plurality of pixel regions to display images, and a
liquid crystal panel driving controller for performing either a
black data addressing method for time-division driving the
liquid crystal panel or a gate pulse modulation method for
converting a level of a gate-on voltage supplied to the liquid
crystal panel, according to setting information from a user or
a moving image or still image characteristic of a currently
displayed image.

[0013] The liquid crystal panel driving controller may
include a data driver for driving data lines of the liquid crystal
panel, a gate driver for driving gate lines of the liquid crystal
panel, a setting unit for generating a mode conversion signal
corresponding to the moving image or still image character-
istic by analyzing the setting information or externally input
image data, a timing controller for supplying the image data,
or conversion image data including black data to the data
driver in response to the mode conversion signal and gener-
ating a data control signal for enabling time-division driving
according to the mode conversion signal to control the data
driver, and a driving voltage setting unit for converting a
supply characteristic of at least one voltage among a plurality
of'gate driving voltages supplied to the gate driver in response
to the mode conversion signal.

[0014] The setting unit may include a memory for storing
image data of a previous frame, a data comparator for com-
paring the image data of the previous frame with image data
of'a current frame and generating synchronous detection sig-
nals according to a comparison result, a mode conversion
signal generator for generating the mode conversion signal
according to the setting information, or counting the synchro-
nous detection signals, storing the number of counts in units
of a frame and generating the mode conversion signal indi-
cating the moving image or still image characteristic accord-
ing to the stored number of counts of units of a frame, and a
frequency modulator for converting frequencies of externally
input synchronous signals according to the mode conversion
signal and supplying the frequency-converted signals to the
timing controller.

[0015] Themodeconversionsignal generator may generate
the mode conversion signal indicating the moving image
characteristic or still image characteristic depending on
whether the stored number of counts in units of a frame is
above or below a number set by a user during a frame set by
a user.

[0016] The driving voltage setting unit may include a driv-
ing voltage generator for generating a common voltage, a gate
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high voltage, and a gate low voltage using an externally input
positive-polarity voltage and negative-polarity voltage, and a
gate voltage converter for supplying the gate high voltage to
the gate driver in response to the mode conversion signal of
the moving image characteristic and boosting a level of the
gate high voltage in response to the mode conversion signal of
the still image characteristic to supply the boosted voltage to
the gate driver.

[0017] Inanother aspect of the present invention, a method
for driving a liquid crystal display device includes determin-
ing whether a currently displayed image is a moving image or
a still image according to setting information preset by a user,
analyzing whether a currently displayed image is a moving
image or a still image by analyzing externally input image
data, generating a mode conversion signal corresponding to a
moving image or still image characteristic according to the
setting information or the analyzed result, and performing
either a black data addressing method for time-division driv-
ing a liquid crystal panel or a gate pulse modulation method
for converting a supply characteristic of a gate-on voltage
supplied to the liquid crystal panel, according to the mode
conversion signal.

[0018] The performing of either the black data addressing
method or the gate pulse modulation method may include
generating the image data, or conversion image data includ-
ing black data in response to the mode conversion signal and
supplying the generated data to a data driver, generating a data
control signal for enabling time-division driving according to
the mode conversion signal to control the data driver, con-
verting a level of at least one voltage among a plurality of gate
driving voltages supplied to a gate driver in response to the
mode conversion signal, and converting a frequency of an
externally input synchronous signal according to the mode
conversion signal and supplying the frequency-converted sig-
nal to a timing controller.

[0019] The generating of the mode conversion signal may
include storing image data of a previous frame, comparing the
image data of the previous frame with image data of a current
frame and generating synchronous detection signals accord-
ing to the comparison result, and counting the synchronous
detection signals, storing the number of counts in units of a
frame, and generating the mode conversion signals indicating
the moving image or still image characteristic according to
the stored number of counts in units of a frame.

[0020] The generating of the mode conversion signal may
generate the mode conversion signals indicating the moving
image or still image characteristic according to whether the
stored number of counts in units of a frame is above or below
a number set by a user during a frame period set by a user.
[0021] The converting of the level of at least one voltage
may include generating a gate high voltage and a gate low
voltage using an externally input positive-polarity and nega-
tive-polarity voltages, supplying the gate high voltage to the
gate driver in response to the mode conversion signal indicat-
ing the moving image characteristic, and supplying the gate
high voltage, a charge characteristic of which is not deterio-
rated, to the gate driver in response to the mode conversion
signal indicating the still image characteristic.

[0022] TItistobeunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0024] FIG. 1 illustrates the construction of a driving appa-
ratus for a liquid crystal display device according to an exem-
plary embodiment of the present invention;

[0025] FIG. 2 illustrates the detailed construction of a set-
ting unit shown in FIG. 1;

[0026] FIG. 3 illustrates the detailed construction of a driv-
ing voltage setting unit shown in FIG. 1;

[0027] FIG. 4illustrates a driving method of a liquid crystal
display device when a moving image is implemented; and
[0028] FIG. 5 illustrates a driving method for a liquid crys-
tal display device when a still image is implemented.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0030] FIG.1 illustrates the construction of a driving appa-
ratus for a liquid crystal display device according to an exem-
plary embodiment of the present invention.

[0031] The liquid crystal display device shown in FIG. 1
includes a liquid crystal panel 2 and a liquid crystal panel
driving controller. The liquid crystal panel 2 includes a plu-
rality of pixel regions to display images. The liquid crystal
panel driving controller performs either a black data address-
ing method for driving the liquid crystal panel 2 by time
division or a gate pulse modulation method for varying the
characteristics of gate-on voltages supplied to the liquid crys-
tal panel, according to setting information Oset from a user or
the characteristic of a currently displayed image.

[0032] More specifically, the liquid crystal panel driving
controller includes a data driver 4, a gate driver 6, a setting
unit 10, a timing controller 8, and a driving voltage setting
unit 9. The data driver 4 drives data lines DLL1 to DLm of the
liquid crystal panel 2. The gate driver 6 drives gate lines GL.1
to GLn of the liquid crystal panel 2. The setting unit 10
generates a mode conversion signal MOS corresponding to a
moving image or still image characteristic by analyzing the
setting information Oset from a user or externally input image
data RGB, and increases a frequency of each of externally
input synchronous signals DCLK, Vsync, Hsync, and DE
according to the mode conversion signal MOS corresponding
to the moving image characteristic. The timing controller 8
supplies the image data RGB or conversion image data
Data_B including black data to the data driver 4 in response to
the mode conversion signal MOS and generates a data control
signal DCS for enabling time-division driving according to
the mode conversion signal MOS to control the data driver 4.
The driving voltage setting unit 9 converts a supply charac-
teristic of at least one voltage among a plurality of gate
driving voltages supplied to the gate driver 6 in response to the
mode conversion signal MOS.

[0033] The liquid crystal panel 2 includes thin film transis-
tors (TFTs) formed in pixel regions defined by a plurality of
gate lines GL1 to GLn and a plurality of data lines DL1 to
DLm and includes liquid crystal capacitors Clc connected to
the TFTs. Each liquid crystal capacitor Clc is comprised of a
pixel electrode connected to the TFT, and a common elec-
trode facing the pixel electrode with a liquid crystal disposed
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therebetween. The TFTs supply image signals from the gate
lines DL1 to DLm to the pixel electrodes of the liquid crystal
capacitors Clc in response to scan pulses from the respective
gate lines GL1 to GLn. Each of the liquid crystal capacitors
Clc charges a difference voltage between the image signal
supplied to the pixel electrode and a common voltage sup-
plied to the common electrode and varies orientation of liquid
crystal molecules according to the difference voltage to adjust
light transmittance, thereby achieving a gray scale. Storage
capacitors Cst are connected in parallel to the liquid crystal
capacitors Clc to maintain voltages charged to the liquid
crystal capacitors Clc until a next data signal is supplied. The
storage capacitor Cst is formed by overlapping the pixel elec-
trode and a previous gate line with an insulating layer dis-
posed therebetween. The storage capacitor Cst may be
formed by overlapping the pixel electrode and a storage line
with an insulating layer disposed therebetween.

[0034] The setting unit 10 generates the mode conversion
signal MOS corresponding to the setting information Oset
from a user. The setting information Oset refers to informa-
tion that is input by a user to previously set an image display
mode according to a displayed image characteristic. A user
may set a signal corresponding to display information of a
moving image or a still image according to an image charac-
teristic to be displayed and may set the signal to convert a
driving mode according to an input image.

[0035] The setting unit 10 may set and output the mode
conversion signal MOS corresponding to a moving image or
a still image according to the setting information Oset from a
user. Alternatively, the setting unit 10 may output the mode
conversion signal MOS corresponding to a moving image or
astill image so as to be suitable for a characteristic of the input
image data RGB according to the setting information Oset
from a user. In this case, the setting unit 10 compares and
analyzes the image data RGB of a current frame with the
image data of a previous frame and determines whether a
currently displayed image is a moving image or a still image.
The setting unit 10 then generates the mode conversion signal
MOS so as to represent a moving image or still image char-
acteristic according to the determined result.

[0036] If the currently displayed image is determined as a
moving image, that is, if the mode conversion signal MOS so
as to represent the moving image is output, the setting unit
increases a frequency of each of the externally input synchro-
nous signals DCLK, Vsync, Hsync, and DE and supplies the
frequency-increased synchronous signals DCLK', Vsync',
Hsync', and DE' to the timing controller 8. In this case, the
frequency of each of the synchronous signals DCLK', Vsync',
Hsync', and DE' may be twice the frequency of each of the
synchronous signals DCLK, Vsync, Hsync, and DE so that
the timing controller 8 and the data driver 4 can perform
time-division driving.

[0037] The timing controller 8 generates the conversion
image data Data_B including a black image and supplies the
conversion image data Data_B to the data driver 4, so that the
respective sub-pixels of the liquid crystal panel 2 display an
image signal during a % period of one horizontal period and
display a black image during the other 2 period. The timing
controller 8 includes a memory for storing black image data
and the externally input image data RGB and generates the
conversion image data Data_B by inserting the black image
data into the image data RGB according to at least one of the
frequency-modulated synchronous signals DCLK', Vsync',
Hsync', and DE'.
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[0038] The timing controller 8 doubles a frequency of the
data control signal DCS, using the frequency-increased syn-
chronous signals DCLK', Vsync', Hsync', and DE'. However,
if the mode conversion signal MOS indicating a still image
characteristic is supplied, the timing controller 8 arranges the
externally input image data RGB, supplies the image data
RGB to the data driver 4 without any modification, and gen-
erates the data control signal DCS using the synchronous
signals DCLK, Vsync, Hsync, and DE, frequencies of which
are not modulated. The setting unit 10, the timing controller 8,
and the driving voltage setting unit 9 will be described in
detail with reference to the attached drawings.

[0039] The data driver 4 converts the image data Data
arranged from the timing controller 8 into an analog voltage,
that is, an image signal, using the data control signal DCS
received from the timing controller 8, for example, using a
source start pulse (SSP), a source shift clock (SSC), a source
output enable (SOE) signal, etc. If the conversion image data
Data_B including the black data is input together with the
data control signal DCS, frequency of which is doubled, from
the timing controller 8, the data driver 4 converts the conver-
sion image data Data_B including the black data into an
analog image signal two times faster in response to the fre-
quency-increased data control signal DCS. The frequency-
increased data control signal DCS may be the SSP, SSC, SOE
signal, etc., frequencies of which are doubled, so as to enable
time-division driving. One frequency period is identically
maintained due to time-division driving.

[0040] More specifically, the data driver 4 latches the image
data Data arranged through the timing controller 8 in
response to the SSC and supplies an image signal correspond-
ing to one horizontal line to the data lines DL1 to DLm every
one horizontal period during which a scan pulse is supplied to
the gate lines GL1 to GLn in response to the SOE signal. Ifthe
frequency-increased SSC is input, the data driver 4 latches the
conversion image data Data_B including the black image data
and supplies an image signal including the black data corre-
sponding to one horizontal line to the data lines DL.1 to DLm
every Y4 horizontal period of one horizontal period in
response to the SOE signal. At this time, the data driver 4
selects a gamma voltage of positive or negative polarity hav-
ing a prescribed level according to a gray scale value of the
arranged data Data and supplies the selected gamma voltage
to the data lines DL1 to DLm as the image signal. For the
conversion image data Data_B including the black data, the
data driver 4 supplies the image signal to the datalines DL1 to
DLm during a Y2 period of one horizontal period and supplies
the black image signal to the data lines DL1 to DLm during
the other Y horizontal period.

[0041] The gatedriver 6 sequentially generates a scan pulse
in response to a gate control signal GCS from the timing
controller 8, for example, in response to a gate start pulse
(GSP), a gate shift clock (GSC), a gate output enable (GOE)
signal and sequentially supplies the scan pulse to the gate
lines GL1 to GLn. In other words, the gate driver 6 sequen-
tially supplies the scan pulse, for example, a gate-on voltage
to the gate lines GL1 to GLn by shifting the GSP from the
timing controller 8 according to the GSC. When the gate-on
voltage is not supplied to the gate lines GL.1 to GLn, the gate
driver 6 supplies a gate-off voltage. Here, the gate driver 6
controls a pulse width of the scan pulse according to the GOE
signal.

[0042] A level of the scan pulse supplied to the gate lines
GL1 to GLn through the gate driver 6, that is, a level of the
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gate-on voltage may vary according to a level of gate high
signal VGH or VGH_H input from the driving voltage setting
unit 9. Specifically, the level of the gate-on voltage that is
sequentially output through the gate driver 6 is determined
according to a supply characteristic of the gate high signal
VGH or VGH_H supplied from the driving voltage setting
unit 9. Therefore, ifthe driving voltage setting unit 9 supplies,
to the gate driver 6, the gate high signal of a level generated
normally according to the mode conversion signal MOS, that
is, the gate high signal VGH, a voltage supply characteristic
of which is not changed, the level of the gate-on voltage is
output as the gate high signal VGH, a charge characteristic of
which is somewhat deteriorated. Meanwhile, if the driving
voltage setting unit 9 supplies, to the gate driver 6, the gate
high signal VGH, a voltage supply characteristic of which is
changed, according to the mode conversion signal MOS, the
gate high signal VGH_H of a prescribed level is output so as
not to deteriorate a charge characteristic. Although not shown
in the drawing, if the driving voltage setting unit 9 boosts a
level of the gate high signal VGH up to a preset level accord-
ing to the mode conversion signal MOS and supplies the
boosted gate high signal to the gate driver 6, the level of the
gate-on voltage of the same level as the boosted gate high
signal is output.

[0043] More specifically, the driving voltage setting unit
supplies the gate high signal, a voltage supply characteristic
of which is not changed, to the gate driver 6 when the mode
conversion signal MOS indicating a moving image charac-
teristic is input. If a prescribed time elapses after the gate-on
voltage is charged to the gate lines GL1 to GLn, loss of the
level of the gate-on voltage may somewhat occur. If the mode
conversion signal MOS indicating a still image characteristic
is supplied to the driving voltage setting unit 9, the driving
voltage setting unit 9 may supply the gate high signal VGH_
H, a voltage supply characteristic of which is changed, to the
gate driver 6. In this case, the level of the gate-on voltage is
maintained until the gate-off voltage is input.

[0044] The driving voltage setting unit 9 generates and
supplies driving voltages necessary for the timing controller
8, the data driver 4, and the gate driver 6 constituting the liquid
crystal display device. For example, the driving voltage set-
ting unit 9 supplies a positive-polarity voltage VDD and a
negative-polarity voltage VSS to the timing controller 8. The
driving voltage setting unit 9 supplies a common voltage to
the liquid crystal panel 2 and supplies the gate high voltage
VGH or the level-boosted gate high voltage VGH_H to the
gate driver 6 together with a gate low voltage to the gate driver
6. More specifically, when the mode conversion signal MOS
indicating a moving image characteristic is input from the
setting unit 10, the driving voltage setting unit 9 generates the
gate high voltage VGH of a general level and supplies the gate
high voltage VGH to the gate driver 6. When the mode con-
version signal MOS indicating a still image characteristic is
input from the setting unit 10, the driving voltage setting unit
6 generates the gate high voltage VGH_H, a voltage supply
characteristic of which is changed, and supplies the gate high
voltage VGH_H to the gate driver 6.

[0045] As described above, if the setting information Oset
from a user is set as a moving image display state or an image
characteristic analysis result indicates that a currently dis-
played image is a moving image, the liquid crystal display
device of the present invention performs a black data address-
ing method for displaying a black image every %2 period of
one horizontal period by time-division driving respective
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sub-pixels. If the currently displayed image is a still image,
the black data addressing method is not performed and a gate
pulse modulation method for sequentially supplying the gate-
on voltage, a voltage supply characteristic of which is
changed, to the gate lines GL1 to GLn is performed.

[0046] FIG. 2 illustrates the detailed construction of the
setting unit 10 shown in FIG. 1.

[0047] The setting unit 10 includes a memory 12 for storing
image data D_RGB of a previous frame, a data comparator 14
for comparing the image data D_RGB of a previous frame
with image data RGB of a current frame and generating
synchronous detection signals CS according to a comparison
result, a mode conversion signal generator 16 for generating
a mode conversion signal MOS indicating a moving image or
still image characteristic according to setting information
Oset, or counting the synchronous detection signals CS, stor-
ing the number of counts in units of a frame and generating
the mode conversion signal MOS indicating a moving image
or still image characteristic depending on whether the stored
number of counts of the units of a frame is above or below a
number set by a user during a frame period set by a user, and
a frequency modulator 18 for converting a frequency of each
of externally input synchronous signals DCLK, Vsync,
Hsync, and DE according the mode conversion signal MOD
and supplies the frequency-converted signals to the timing
controller 8.

[0048] The memory 12 stores the externally input image
data RGB in unit of at least one frame and sequentially sup-
plies the stored image data RGB, that is, the image data
D_RGB of a previous frame to the data comparator 14.
[0049] Thedatacomparator 14 compares, in units of at least
one frame, the image data D_RGB of a previous frame that is
sequentially input from the memory 12 with the image data
RGB of a current frame. More specifically, the data compara-
tor 14 sequentially compares a gray scale value of each sub-
pixel or a unit pixel contained in the image data D_RGB of the
previous frame with a gray scale value of each sub-pixel or a
unit pixel of the currently input image data RGB. If the
compared gray scale values are synchronized with each other,
the data comparator 14 generates the synchronous detection
signals CS, for example, synchronous clocks and supplies the
synchronous detection signals CS to the mode conversion
signal generator 16.

[0050] The mode conversion signal generator 16 counts the
synchronous detection signals CS input from the data com-
parator 14 and stores the number of counts in units of a frame.
If the number of counts in units of a frame is above a number
set by a user during a frame period set by a user, the mode
conversion signal generator 16 generates the mode conver-
sion signal MOS indicating a still image. If the number of
counts in units of a frame is below a number set by a user
during a frame period set by a user, the mode conversion
signal generator 16 generates the mode conversion signal
MOS indicating a moving image. The mode conversion sig-
nal MOS may be generated as at least one bit value. For
example, the mode conversion signal indicating a still image
may be generated as “00” and the mode conversion signal
indicating a moving image may be generated as “11”. The
generated mode conversion signal MOS is supplied to the
frequency modulator 18, the timing controller 8, and the
driving voltage setting unit 9.

[0051] The frequency modulator 18 increases a frequency
of each of the externally input synchronous signals DCLK,
Vsync, Hsync, and DE according to the mode conversion
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signal MOS and supplies the frequency-increased signals
DCLK', Hsync', Vsync' and DE' to the timing controller 8.
Specifically, if the mode conversion signal MOS indicating a
still image, for example, a signal of “00” is input from the
mode conversion signal generator 16, the frequency modula-
tor 18 transitions to a standby mode without performing any
operation. If the mode conversion signal MOS indicating a
moving image, for example, a signal of “11” is input from the
mode conversion signal generator 16, the frequency modula-
tor 18 increases a frequency of each of the input synchronous
signals DCLK, Vsync, Hsync, and DE to at least two times
and supplies the frequency-increased signals DCLK', Vsync',
Hsync', and DE' to the timing controller 8. More specifically,
the frequency of each of the synchronous signals DCLK,
Vsync, Hsync, and DE input to the frequency modulator 18
may be 60 Hz. Then the frequency modulator 18 increases the
frequency of each of the synchronous signals DCLK, Vsync,
Hsyne, and DE to a frequency of 120 Hz. Accordingly, the
pulse width of the synchronous signals DCLK', Vsync',
Hsync', and DE' frequency-increased to 120 Hz is reduced to
14 the pulse width of each of the synchronous signals DCLK,
Vsync, Hsynce, and DE.

[0052] The driving voltage setting unit 9 of FIG. 3 includes
a driving voltage generator 22 for generating a common volt-
age Vcom, a gate high voltage VGH, and a gate low voltage
VGL using an externally input positive-polarity voltage VDD
and negative-polarity voltage VSS, and a gate voltage con-
verter 24 for supplying the gate high voltage VGH to the gate
driver 6 in response to a mode conversion signal MOS of a
moving image characteristic and converting a supply charac-
teristic of the gate high voltage VGH in response to the mode
conversion signal MOS of a still image characteristic to sup-
ply the characteristic-converted gate high voltage VGH_H to
the gate driver 6.

[0053] The driving voltage generator 22 corrects a level of
the positive-polarity driving voltage VDD that is input using
at least one power integrated circuit (IC) or direct current
(DC)Y/DC converter, and a voltage level corrector, which are
not shown, and generates a plurality of driving voltages suit-
able for driving the liquid crystal display device, for example,
the common voltage Vcom, the gate high voltage VGH, and
the gate low voltage VGL. The gate low voltage VGL and the
gate high voltage VGH generated through the driving voltage
generator 22 are supplied to the gate driver 6 and the common
voltage Vcom is supplied to the liquid crystal panel 2. The
positive-polarity driving voltage VDD is supplied to the data
driver 4 without changing a level thereof.

[0054] The gate voltage converter 24 includes at least one
of a gate pulse modulation (GPM) IC for performing a GPM
operation, a power IC, and a DC/DC converter, and a periph-
eral circuit of resistors R1 and R2 connected in series/parallel
or a capacitor. If the mode conversion signal MOS of the
moving image characteristic is input, the gate voltage con-
verter 24 supplies the gate high voltage VGH input from the
driving voltage generator 22 to the gate driver 6. If the mode
conversion signal MOS of the still image characteristic is
input, the gate voltage converter 24 supplies the gate high
voltage VGH converting a supply characteristic to the gate
driver 6. In this case, the gate voltage converter 24 may boost
a level of the gate high voltage VGH to a preset level and may
supply the boosted voltage to the gate driver 6. Here, the gate
high voltage VGH of 17 volts (V) to 25 V may be supplied to
the gate driver 6.
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[0055] FIG. 4illustrates a driving method of a liquid crystal
display device when a moving image is implemented.
[0056] The driving method during implementation of a
moving image will now be described with reference to F1G. 4.
[0057] If the mode conversion signal MOS indicating the
moving image characteristic is supplied from the mode con-
version signal generator 16 to the frequency modulator 18,
the timing controller 8, and the driving voltage setting unit 9,
the frequency modulator 18 increases a driving frequency of
each of the externally input synchronous signals DCLK,
Vsyne, Hsync, and DE to two times and supplies the fre-
quency-increased synchronous signals DCLK', Vsync',
Hsync', and DE' to the timing controller 8.

[0058] The timing controller 8 doubles the frequency of the
data control signal DCS using at least one signal among the
frequency-increased synchronous signals DCLK', Vsync',
Hsync', and DE' and supplies the frequency-increased data
control signal DCS to the data driver 4. Moreover, the timing
controller 8 generates the image data Data_B including black
data B_Data so as to display an image signal during a %2
period of one horizontal period and to display a black image
during the other %4 period and supplies the image data Data_B
to the data driver 4.

[0059] The data driver 4 latches the image data Data_B
including the black data B_Data using the frequency-in-
creased data control signal DCS and supplies an image signal
corresponding to one horizontal line to the data lines DL.1 to
DLm so as to display the black image every % period of one
horizontal period.

[0060] The gate driver 6 sequentially supplies gate-on volt-
ages Goutl to Gout3 to the gate lines GLL1 to GLn in response
to the gate control signal GCS, a frequency of which is not
modulated, so as to be synchronized with periods during
which the image signal corresponding to one horizontal line
from the data driver 6 is supplied to the data lines DL1 to
DLm. At this time, the gate-on voltages Goutl to Gout3
supplied to the gate lines GL1 to GLn correspond to the gate
high voltage VGH, a supply characteristic of which is not
changed.

[0061] FIG. 5 illustrates a driving method for a liquid crys-
tal display device when a still image is implemented.

[0062] The driving method during implementation of a still
image will now be described with reference to FIG. 5.

[0063] If the mode conversion signal MOS indicating the
still image characteristic is supplied from the mode conver-
sion signal generator 16 to the timing controller 8 and the
driving voltage setting unit 9, the timing controller 8 arranges
the image data RGB using the synchronous signals DCLK,
Vsync, Hsync, and DE to be suitable for driving the liquid
crystal panel 2. The timing controller 8 generates the gate and
data control signals GCS and DCS using the synchronous
signals DCLK, Vsync, Hsync, and DE and supplies the gate
and data control signals GCS and DCS to the gate and data
drivers 6 and 4, respectively.

[0064] The gate voltage converter 24 included in the driv-
ing voltage setting unit 9 supplies the gate high voltage VGH
converting a supply characteristic, that is, a charge level to the
gate driver 6 in response to the mode conversion signal MOS
indicating the still image characteristic. The gate driver 6
generates gate-on voltages GHout1 to GHout3 of the charac-
teristic-converted gate high signal VGH_H and sequentially
supplies the gate-on voltages GHoutl to GHout3 to the gate
lines GL1 to GLn. The gate-on voltages indicated by dotted



US 2010/0156928 Al

lines in FIG. 5 show the gate-on voltages Goutl to Gout3
during a moving image mode.

[0065] As described above, if a currently displayed image
is determined as a moving image according to the setting
information Oset from a user or a result of analyzing the
image data RGB, the driving apparatus and method for the
liquid crystal display device of the present invention perform
a black data addressing method for displaying a black image
every %2 period of one horizontal period by time-division
driving respective sub-pixels. If the currently displayed
image is a still image, the black data address method is not
performed and a gate pulse modulation method for sequen-
tially supplying the gate-on voltages, levels of which are
boosted, to the gate lines GL1 to GLn.

[0066] The black data addressing and gate pulse modula-
tion methods according to the still image or moving image
characteristic may be set such that the data addressing method
is performed for the still image and the gate pulse modulation
method is performed for the moving image.

[0067] The driving apparatus and method for the liquid
crystal display device according to the embodiment of the
present invention analyze input image data and can change a
driving mode for displaying images according to the charac-
teristic of analyzed image data. Therefore, a driving method
suitable for the characteristic of an image can be applied and
thus picture quality of a displayed image can be improved.
[0068] 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 inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An apparatus for driving a liquid crystal display device,

comprising:

a liquid crystal panel including a plurality of pixel regions
to display images; and

a liquid crystal panel driving controller for performing
either a black data addressing method for time-division
driving the liquid crystal panel or a gate pulse modula-
tion method for converting a level of a gate-on voltage
supplied to the liquid crystal panel, according to setting
information from a user or a moving image or still image
characteristic of a currently displayed image.

2. The apparatus according to claim 1, wherein the liquid

crystal panel driving controller includes:

a data driver for driving data lines of the liquid crystal
panel;

a gate driver for driving gate lines of the liquid crystal
panel;

a setting unit for generating a mode conversion signal
corresponding to the moving image or still image char-
acteristic by analyzing the setting information or exter-
nally input image data;

a timing controller for supplying the image data, or con-
version image data including black data to the data
driver in response to the mode conversion signal and
generating a data control signal for enabling time-divi-
sion driving according to the mode conversion signal to
control the data driver; and

a driving voltage setting unit for converting a supply char-
acteristic ofat least one voltage among a plurality of gate
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driving voltages supplied to the gate driver in response to
the mode conversion signal.

3. The apparatus according to claim 2, wherein the setting
unit includes:

a memory for storing image data of a previous frame;

a data comparator for comparing the image data of the
previous frame with image data of a current frame and
generating synchronous detection signals according to a
comparison result;

a mode conversion signal generator for generating the
mode conversion signal according to the setting infor-
mation, or counting the synchronous detection signals,
storing the number of counts in units of a frame and
generating the mode conversion signal indicating the
moving image or still image characteristic according to
the stored number of counts of units of a frame; and

a frequency modulator for converting frequencies of exter-
nally input synchronous signals according to the mode
conversion signal and supplying the frequency-con-
verted signals to the timing controller.

4. The apparatus according to claim 3, wherein the mode
conversion signal generator generates the mode conversion
signal indicating the moving image characteristic or still
image characteristic depending on whether the stored number
of'counts in units of a frame is above or below a number set by
a user during a frame set by a user.

5. The apparatus according to claim 4, wherein the driving
voltage setting unit includes:

a driving voltage generator for generating a common volt-
age, a gate high voltage, and a gate low voltage using an
externally input positive-polarity voltage and negative-
polarity voltage; and

a gate voltage converter for supplying the gate high voltage
to the gate driver in response to the mode conversion
signal of the moving image characteristic and boosting a
level of the gate high voltage in response to the mode
conversion signal of the still image characteristic to sup-
ply the boosted voltage to the gate driver.

6. A method for driving a liquid crystal display device,

comprising;

determining whether a currently displayed image is a mov-
ing image or a still image according to setting informa-
tion preset by a user;

analyzing whether a currently displayed image is a moving
image or a still image by analyzing externally input
image data;

generating a mode conversion signal corresponding to a
moving image or still image characteristic according to
the setting information or the analyzed result; and

performing either a black data addressing method for time-
division driving a liquid crystal panel or a gate pulse
modulation method for converting a supply characteris-
tic of a gate-on voltage supplied to the liquid crystal
panel, according to the mode conversion signal.

7. The method according to claim 6, wherein the perform-
ing of either the black data addressing method or the gate
pulse modulation method includes:

generating the image data, or conversion image data
including black data in response to the mode conversion
signal and supplying the generated data to a data driver;

generating a data control signal for enabling time-division
driving according to the mode conversion signal to con-
trol the data driver;
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converting a level of at least one voltage among a plurality
of gate driving voltages supplied to a gate driver in
response to the mode conversion signal; and

converting a frequency of an externally input synchronous
signal according to the mode conversion signal and sup-
plying the frequency-converted signal to a timing con-
troller.

8. The method according to claim 7, wherein the generating

of the mode conversion signal includes:

storing image data of a previous frame;

comparing the image data of the previous frame with image
data of a current frame and generating synchronous
detection signals according to the comparison result;
and

counting the synchronous detection signals, storing the
number of counts in units of a frame, and generating the
mode conversion signals indicating the moving image or
still image characteristic according to the stored number
of counts in units of a frame.
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9. The method according to claim 8, wherein the generating
ofthe mode conversion signal generates the mode conversion
signals indicating the moving image or still image character-
istic according to whether the stored number of counts in units
of a frame is above or below a number set by a user during a
frame period set by a user.

10. The method according to claim 9, wherein the convert-
ing of the level of at least one voltage includes:

generating a gate high voltage and a gate low voltage using

an externally input positive-polarity and negative-polar-
ity voltages;

supplying the gate high voltage to the gate driver in

response to the mode conversion signal indicating the
moving image characteristic; and

supplying the gate high voltage, a charge characteristic of

which is not deteriorated, to the gate driver in response to
the mode conversion signal indicating the still image
characteristic.
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