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57 ABSTRACT

A liquid crystal display device includes a liquid crystal panel
having liquid crystal pixels on regions defined by a plurality
of'gate lines and a plurality data lines, a gate voltage generator
configured to generate a gate high voltage and a gate low
voltage, and a gate driver configured to generate gate scan
signals to respective gate lines using the gate high and low
voltages. The gate scan signals are enabled and shifted
sequentially by a predetermined interval. A gate voltage
modulating unit is configured to modulate the gate high volt-
age such that an impulse having a negative polarity is added
every predetermined period to the gate high voltage supplied
to the gate driver. The gate voltage modulating unit controls a
width of the impulse depending on characteristics of the
liquid crystal panel to control starting points of predeter-

Nov. 23,2006  (KR) .oooevevereieriiieennns 0116176/2006 mined edges of the gate scan signals.
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Fig. 1 (Related Art)
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Fig. 2 (Related Art)
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. § 119 of Korean Patent Application
No. 10-2006-0116176, filed on Nov. 23, 2006, the entire
contents of which are hereby incorporated by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a liquid crystal dis-

play (LCD) device for displaying an image on a liquid crystal
(LC) panel, and more particularly, to an LCD device allowing
modulated gate scan signals to be supplied on gate lines of an
LC panel, and a driving method thereof.

[0004] 2. Description of the Related Art

[0005] An LCD device controls light transmittance of lig-
uid crystals according to video data so as to display an image
corresponding to the video data. The LCD device can provide
alarge screen size with a slim profile, which is light in weight.
LCD devices are used as a display device of a computer or a
television receiver, and may substitute for a cathode ray tube
(CRT) display device.

[0006] To display an image corresponding to video data, an
LCD device includes driving circuits for driving an LC panel.
The LC panel includes pixels arranged in a matrix. Referring
to FIG. 1, each pixel includes a thin film transistor (TFT) MT
that responds to a scan signal on a gate line GL to switch a
pixel drive signal to be supplied to an L.C cell from a data line
DL. A voltage charges an LC cell CLC via the TFT MT and
initially reaches a voltage level of a pixel drive signal on the
dataline DL, and then drops by a predetermined voltage AVp.
Accordingly, the voltage charging the LC cell CLC has a
deviation AVp from a voltage of the pixel drive signal. This
deviation is due to parasitic capacitance in the TFT MT.
Consequently, flicker and crosstalk noise are generated on an
image displayed on the LC panel.

[0007] To prevent effects caused by a difference between
the voltage of the pixel drive signal on the data line DL and the
voltage charging the LC cell CLC, it has been proposed to
slowly modulate a falling edge of a gate scan signal. As
illustrated in FIG. 2, a related art LCD device is shown that
modulates a gate scan signal, and includes a gate driver 12 for
sequentially driving a plurality of gate lines GL1-GLn on an
LC panel 10, a data driver 14 for supplying pixel drive volt-
ages to a plurality of data lines DL1-DLm, and a timing
controller 16 for controlling the gate driver 12 and the data
driver 14.

[0008] The gate driver 12 sequentially enables the plurality
of gate lines GL1-GLn by a predetermined period (for
example, by a period of one horizontal synchronization sig-
nal) during one frame. For this purpose, the gate driver 12
generates a plurality of gate scan signals exclusively and
respectively having enable pulses that are sequentially shifted
every period of a horizontal synchronization signal. Also, the
gate driver 12 selectively switches a gate low voltage Vgl
from a gate low voltage generator 20, and a gate high voltage
Vgh from a gate high voltage generator 22, to the plurality of
gate lines GL1-GLn such that a gate scan signal varies
between the gate low voltage Vgl and the gate high voltage
Vgh.

[0009] A gate high voltage Vgh is supplied from the gate
high voltage generator 22 to the gate deriver 12 and is modu-
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lated by a modulating unit 24, such that the gate high voltage
Vgh has an impulse of a negative polarity every predeter-
mined period (i.e., the period of a horizontal synchronization
signal). The modulating unit 24 includes a modulator 24A
connected between the gate high voltage generator 22 and the
gate driver 12, a resistor Re connected between the modulator
24A and the gate high voltage generator 22, and a capacitor
Ce connected between the resistor Re and an input terminal of
the modulator 24 A and a ground voltage line GND. The width
of'an impulse of a negative polarity contained in a modulated
gate high voltage signal supplied to the gate driver 12 is
determined by a time constant based on the resistance Re and
the capacitance Ce.

[0010] However, the gate lines GL1-GLn connected to pix-
els in a line have a deviation in resistance and capacitance
depending on the LC panel. The deviation in the resistance
and capacitance of the gate lines changes the width of the
impulse of the negative polarity contained in the gate high
voltage, which causes a deviation AVp between a voltage
charging an L.C cell CLC and a voltage of a pixel drive signal
on the data line DL. This deviation is due to an increase of an
enable section of a gate high voltage. Accordingly, flicker and
crosstalk noise are generated on an image displayed onan LC
panel of such related art LCD devices.

SUMMARY

[0011] A liquid crystal display device includes a liquid
crystal panel having liquid crystal pixels on regions defined
by a plurality of gate lines and a plurality data lines, a gate
voltage generator configured to generate a gate high voltage
and a gate low voltage, and a gate driver configured to gen-
erate gate scan signals to respective gate lines using the gate
high and low voltages. The gate scan signals are enabled and
shifted sequentially by a predetermined interval. A gate volt-
age modulating unit is configured to modulate the gate high
voltage such that an impulse having a negative polarity is
added every predetermined period to the gate high voltage
supplied to the gate driver. The gate voltage modulating unit
controls a width of the impulse depending on characteristics
of'the liquid crystal panel to control starting points of prede-
termined edges of the gate scan signals.

[0012] Ttisto be understood 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

[0013] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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:

[0014] FIG. 1 is a circuit diagram explaining pixels on an
LC panel;
[0015] FIG. 2 is a schematic block diagram explaining a

related art LCD device;

[0016] FIG. 3 is a schematic circuit diagram explaining a
panel adaptive LCD device according to an embodiment; and
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[0017] FIG. 4 is a signal diagram for the modulator and the
gate driver shown in FIG. 3.

DETAILED DESCRIPTION

[0018] FIG. 3 is a schematic circuit diagram explaining a
panel adaptive LCD device. The LCD device includes a gate
driver 1 12 connected to a plurality of gate lines GL1-GLn on
an[L.Cpanel 110, and a data driver 114 connected to a plurality
of data lines DL1-DLm on the LC panel 110. The plurality of
gate lines GL.1-GLn and data liens DL.1-DLm are formed on
the L.C panel 10 and intersect each other to define a plurality
of pixel regions. The pixel of FIG. 1 is formed on each of the
plurality of pixel regions. Since the construction and opera-
tion of each pixel on the LC panel are shown in FIG. 1, details
thereof will be omitted.

[0019] A dummy gate line GLd is formed in parallel with
the gate lines GL1-GLn on the LC panel 110. The dummy
gate line GLd has the same length as the gate lines GL1-GLn.
Although the dummy gate line GLd is formed next to the last
gate line GLn, the dummy gate line GL.d can be formed above
the first gate line GL1 or between arbitrary adjacent gate
lines. Furthermore, a group of dummy pixels (not shown)
corresponding to one line may be connected to the dummy
gate line GLd. The dummy gate line GL.d is used as a sensor
for detecting or measuring resistance and capacitance of the
gate lines GL1-GLn. Accordingly, the dummy gate line GL.d
has resistance of several k2.

[0020] The gate driver 112 sequentially enables the plural-
ity of gate lines GL.1-GLn by a predetermined period (e.g., a
period of one horizontal synchronization signal) during one
frame. For this purpose, the gate driver 112 generates a plu-
rality of gate scan signals having enable pulses that are
sequentially shifted every period of a horizontal synchroni-
zation signal. A gate enable pulse contained in each of the
plurality of gate scan signals has the same width as the period
of a horizontal synchronization signal. The gate enable pulse
contained in each of the plurality of gate scan signals is
generated by one time every frame period. To generate the
plurality of gate scan signals, the gate driver 112 responds to
gate control signals GCS from the timing controller 116. The
gate control signals GCS include a gate start pulse GSP and a
gate clock GSC. The gate start pulse GSP has a pulse of a
predetermined logic (e.g., a high logic) corresponding to a
period of one horizontal synchronization signal from a start
point of a frame. The gate clock GSC has the same period as
the horizontal synchronization signal.

[0021] The data driver 114 generates pixel drive signals
corresponding to the number of the data lines DL.1-DLm (i.e.,
the number of pixels arranged on one gate line) when one of
the plurality of gate lines GL1-GLn is enabled. Each pixel
drive signal contained in a group of pixel drive signals corre-
sponding to one line is supplied to a corresponding pixel (i.e.,
an LC cell) on the LC panel 110 by way of a corresponding
data line DL. Each of pixels arranged on a gate line GL
transmits an amount of light corresponding to a voltage level
of a pixel drive signal. To generate a group of pixel drive
signals corresponding to one line, the data driver 114 sequen-
tially inputs a group of pixel data corresponding to one line
every period of an enable pulse contained in a gate scan
signal. The data driver 114 converts the sequentially input
group of pixel data corresponding to one line, into pixel drive
signals at analog levels.

[0022] The gate driver 112 and the data driver 114 are
controlled by the timing controller 116. The timing controller
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116 inputs synchronization signals SYNC from an external
video data source (not shown) (e.g., an image signal demodu-
lating unit included in a television receiving module or a
graphic card included in a computer system). The synchroni-
zation signals SYNC supplied from the external video data
source include a data clock Dclk, a horizontal synchroniza-
tion signal Hsync, and a vertical synchronization signal
Vsync and so on. The timing controller 116 generates gate
control signals GCS required for the gate driver 112 to gen-
erate a plurality of gate scan signals using the synchronization
signals SYNC. The plurality of gate scan signals allows the
plurality of gate lines GL1-GLn on the LC panel 110 to be
sequentially scanned every frame.

[0023] Also, the timing controller 116 generates data con-
trol signals DCS. The data control signals DCS allow the data
driver 114 to sequentially input a group of pixel data corre-
sponding to one line each period that the gate line GL is
enabled, and to convert the sequentially input group of pixel
data corresponding to one line into pixel drive signals in
analog form and output the converted analog signals. Further-
more, the timing controller 116 inputs a pixel data stream Vdi
from a video data source divided by a frame unit (an image
unit of one sheet). The timing controller 116 divides the pixel
data stream Vdi into pixel data streams VDd by an amount of
one line, and supplies the divided pixel data streams VDd to
the data driver 114.

[0024] The LCD device of FIG. 3 includes a gate low volt-
age generator 120 and a gate high voltage generator 122
connected in common to a voltage generator 118. The gate
low voltage generator 120 generates a gate low voltage for
shifting a level of a first supply voltage Vecl from the voltage
generator 118 or a ground voltage GND, to maintain a con-
stant low voltage level. A gate low voltage Vgl generated by
the gate low voltage generator 120 is supplied to the gate
driver 112. Similarly, the gate high voltage generator 122
generates a gate high voltage Vgh for shifting a level of a
second supply voltage Vce2 from the voltage generator 118 to
maintain a constant and stable high voltage level. The second
supply voltage Vce2 has a high voltage level compared to that
of the first supply voltage Vecl. The gate high voltage Vgh
generated by the gate high voltage generator 122 is transmit-
ted to the gate deriver 112.

[0025] A modulating unit 124 is connected between the
gate high voltage generator 122 and the gate driver 112. The
modulating unit 124 allows an impulse of a negative polarity
having a slope adaptively varied depending on resistance and
capacitance of the gate line GL, to be contained in the gate
high voltage Vgh. For this purpose, the modulating unit 124
includes a modulator 124 A connected between the gate high
voltage generator 122 and the gate driver 112, and a panel
adaptive time constant determiner circuit 124B connected
between the gate high voltage generator 122 and the modu-
lator 124A. The modulator 124A generates an impulse of a
negative polarity every predetermined period, i.e., the period
of a horizontal synchronization signal. The modulator 124 A
adds the generated impulse of a negative polarity to the gate
high voltage Vgh to generate a modulated gate high voltage
Vghm. The gate high voltage Vghm is supplied to the gate
driver 112.

[0026] The panel adaptive time constant determiner circuit
124B includes a resistor Re connected between the gate high
voltage generator 122 and the modulator 124A, and a capaci-
tor Ce connected between an input terminal of the modulator



US 2008/0122768 Al

124A and a ground voltage line GND. This constitutes a serial
circuit, which is in cooperation with the dummy gate line GL.d
on the L.C panel 110.

[0027] The width of an impulse of a negative polarity gen-
erated at the modulator 124A is determined by parallel-sum
of the resistance of the dummy gate line GL.d and the resis-
tance of the resistor Re, and the parallel-sum of the capaci-
tance of the dummy gate line GLd and the capacitance of the
capacitor Ce. The resistance and capacitance of the dummy
gate line GLd can increase or decrease depending on the LC
panel 110. Accordingly, the parallel-sum of the resistance of
the dummy gate line GLd and the resistance of theresistor Re,
and the parallel-sum of the capacitance of the dummy gate
line GLd and the capacitance of the capacitor Ce can increase
or decrease.

[0028] Consequently, a time constant determined by the
above-described parallel-sums of resistance and capacitance
can increase or decrease depending on the L.C panel 110 (i.e.,
resistance and capacitance of the dummy gate line GLd).
Since the time constant is increased or decreased by the panel
adaptive time constant determiner circuit 124B, the width of
an impulse having a negative polarity added to a gate high
voltage Vgh by the modulator 124A is adaptively increased or
decreased (GHMn, GHMi, and GHMd shown in FIG. 4) to be
inversely proportional to the LC panel 110. In other words, an
enable section of a modulated gate high voltage GHM output
from the modulator 124A is adaptively increased or
decreased in proportion to the resistance and the capacitance
of the dummy gate line GLd.

[0029] Forexample, whenthe resistance and capacitance of
the dummy gate line GLd that changes depending on the LC
panel 110 have an average value (or resistance and capaci-
tance designed by a manufacturer), the enable section of the
modulated gate high voltage GHM has a length of GEIm at
GHMm, shown in FIG. 4. For this purpose, the resistor Re is
set to a resistance of several kQ. In this case, when the
resistance and capacitance of the dummy gate line GL.d are
greater than average values, the enable section of the modu-
lated gate high voltage GHM output from the modulator
124A increases as GEIi at GHMi of FIG. 4. When the resis-
tance and capacitance of the dummy gate line GLd are smaller
than average values, the enable section of the modulated gate
high voltage GHM output from the modulator 124A
decreases as GEId at GHMd, as shown in FIG. 4.

[0030] A starting point of a falling edge of gate scan signals
GSS sequentially supplied to the gate lines GL1-GLn
becomes fast or slow as shown in FIG. 4 by the modulated
gate high voltage Vghm. For example, when a modulated gate
high voltage GHM, such as GHMm, is generated (that is,
when resistance and capacitance of the gate line GL have an
average value), a gate scan signal GSS reduces from a point
after a period corresponding to an intermediate enable section
GEIm elapses after the gate scan signal GSS is enabled to a
gate high voltage Vgh.

[0031] Accordingly, a deviation AVp between a voltage
charging an LC cell CLC and a voltage of a pixel drive signal
on a data line DL is minimized. When a modulated gate
voltage GHM, such as GHM,i, is generated (that is, when
resistance and capacitance of the gate line GL are greater than
an average value), a gate scan signal GSS reduces from a
delayed point after a period corresponding to an enable sec-
tion GEIi longer than the intermediate enable section GEIm
elapses after the gate scan signal GSS is enabled to a gate high
voltage Vgh. Accordingly, a deviation AVp between a voltage

May 29, 2008

charging an LC cell CLC and a voltage of a pixel drive signal
ona dataline DL, is minimized. This is because an amount (or
time) of charging of the LC cell CLC increases.

[0032] When a modulated gate voltage GHM, such as
GHMA, is generated (that is, when resistance and capacitance
of the gate line GL are smaller than an average value), a gate
scan signal GSS reduces from a fast point after a period
corresponding to an enable section GEId shorter than the
intermediate enable section GEIm elapses after the gate scan
signal GSS is enabled to a gate high voltage Vgh. Accord-
ingly, a deviation AVp between a voltage charged to an LC
cell CLC and a voltage of a pixel drive signal on a data line
DL, is minimized. This is because an amount (or time) of
charging of the LC cell CLC decreases.

[0033] A gate high voltage having an impulse of a negative
polarity is modulated to have a width that adaptively changes
in an inverse proportion to resistance and capacitance of the
gate line GL on the LC panel 110. The modulated gate high
voltage allows a starting point of a falling edge of a gate scan
signal supplied to a gate line to be delayed or precede an
increase in an amount (or time) of charging of the LC cell
CLC. Accordingly, a deviation AVp between a voltage charg-
ing an LC cell CLC and a voltage of a pixel drive signal on a
data line DL is minimized. Consequently, flicker and
crosstalk noise are not generated. As described above, a gate
high voltage having an impulse of a negative polarity is
modulated to have a width that adaptively changes in inverse
proportion to the resistance and capacitance of a gate line GL,
on an LC panel.

[0034] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents. For example, the panel adaptive time
constant determiner 124B can additionally include a second
resistor connected in parallel to the dummy gate line GLd. In
this case, a change width of the sum of the capacitance and
resistance determining a time constant can be controlled to be
smaller than a change width of the capacitance and resistance
of'a dummy gate line. Accordingly, a change width of a point
at a falling edge of a gate scan signal can be also finely
controlled. Alternatively, the panel adaptive time constant
determiner 124B can include a resistor connected as a parallel
circuit with the dummy gate line GLd instead of a resistor Re
series-connected to the dummy gate line GLd. In this case,
resistance of the parallel-connected resistor is set to be greater
than a resistance of the dummy gate line GLd.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal panel including liquid crystal pixels on
regions defined by a plurality of gate lines and a plurality
data lines;

a gate voltage generator that generates a gate high voltage
and a gate low voltage required to driving the gate lines;

a gate driver that supplies gate scan signals to the gate lines,
respectively, using the gate high and low voltages from
the gate voltage generator, the gate scan signals enabled
and shifted sequentially by a predetermined interval,
and

a gate voltage modulating unit that modulates the gate high
voltage such that an impulse having a negative polarity is
added every predetermined period to the gate high volt-
age to be supplied to the gate driver from the gate voltage
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generator, and controls a width of the impulse depending
on the liquid crystal panel such that start points of pre-
determined edges of the gate scan signals are controlled.

2. The liquid crystal display device according to claim 1,
wherein the gate voltage modulating unit comprises:

a modulator connected between the gate voltage generator
and the gate driver to modulate a gate high voltage such
that the impulse of the negative polarity is added to the
gate high voltage; and

a time constant determiner connected between the gate
voltage generator, the modulator, and the liquid crystal
panel to change the width of the impulse having the
negative polarity in response to at least one of resistance
and capacitance of a portion of the liquid crystal panel.

3. The liquid crystal display device according to claim 2,
wherein the time constant determiner changes the width of
the impulse having the negative polarity in response to at least
one of resistance and capacitance of the gate line on the liquid
crystal panel.

4. The liquid crystal display device according to claim 2,
wherein the liquid crystal panel further comprises a dummy
gate line formed in parallel to the gate lines, and

the time constant determiner comprises: a capacitor con-
nected to an input terminal of the modulator; and a
resistor constituting a serial circuit connected between
the gate voltage generator and the input terminal of the
modulator in cooperation with the dummy gate line.

5. The liquid crystal display device according to claim 4,

wherein the dummy gate line is located next to a last gate line.

6. The liquid crystal display device according to claim 4,
wherein the time constant determiner further comprises a
second resistor constituting a parallel circuit in cooperation
with the dummy gate line.

7. The liquid crystal display device according to claim 6,
wherein the time constant determiner narrows the width of the
impulse having the negative polarity when resistance and
capacitance of the dummy gate line are high, and widens the
width of the impulse having the negative polarity when resis-
tance and capacitance of the dummy gate line are low.

8. The liquid crystal display device according to claim 2,
wherein the liquid crystal panel further includes a dummy
gate line formed in parallel to the gate lines, and

the time constant determiner comprises: a capacitor con-
nected to an input terminal of the modulator; and a
resistor constituting a parallel circuit connected between
the gate voltage generator and the input terminal of the
modulator in cooperation with the dummy gate line.

9. The liquid crystal display device according to claim 8,

wherein the dummy gate line is located next to a last gate line.

10. A method for driving a liquid crystal display device, the
method comprising:
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detecting at least one of resistance and capacitance of a

portion of a liquid crystal panel;

determining a width of an impulse having a negative polar-

ity to be added to a gate high voltage using at least one of
the detected resistance and capacitance;

modulating the gate high voltage such that the impulse

having the negative polarity and the determined width is
added every predetermined period to the gate high volt-
age to be supplied to a gate driver from a gate voltage
generator; and

controlling start points of predetermined edges of gate scan

signals to be supplied to gate lines on the liquid crystal
panel using the gate high voltage to which the impulse
having the negative polarity has been added.

11. The method according to claim 10, wherein the detect-
ing of the at least one of resistance and capacitance comprises
detecting at least one of resistance and capacitance of the gate
line on the liquid crystal panel.

12. The method according to claim 11, wherein the liquid
crystal panel comprises a dummy gate line formed in parallel
to the gate lines, and the detecting of the at least one of
resistance and capacitance comprises responding to a signal
from a serial circuit including the dummy gate line.

13. The method according to claim 12, wherein a second
resistor constituting a parallel circuit in cooperation with the
dummy gate line is provided.

14. The method according to claim 12, wherein the dummy
gate line is located next to a last gate line.

15. The method according to claim 12, wherein the deter-
mining of the width of the impulse comprises: narrowing the
width of the impulse having the negative polarity when at
least one of resistance and capacitance of the dummy gate line
is high, and widening the width of the impulse having the
negative polarity when the at least one of resistance and
capacitance of the dummy gate line is low.

16. The method according to claim 11, wherein the liquid
crystal panel comprises a dummy gate line formed in parallel
to the gate lines, and the detecting of the at least one of
resistance and capacitance comprises responding to a signal
from a serial circuit including the dummy gate line.

17. The method according to claim 16, wherein the dummy
gate line is located next to a last gate line.

18. The method according to claim 16, wherein the deter-
mining of the width of the impulse comprises: narrowing the
width of the impulse having the negative polarity when at
least one of resistance and capacitance of the dummy gate line
is high, and widening the width of the impulse having the
negative polarity when the at least one of resistance and
capacitance of the dummy gate line is low.

* * #* ok %
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