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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] This application claims the benefit of priority of
Korean Patent Application No. 2006-0115645, filed on Nov.
22,2007, 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 a liquid crystal dis-
play device, and more particularly, to a liquid crystal display
device and method for driving the same.

[0004] 2. Description of the Related Art

[0005] Conventionally, cathode-ray tubes (CRTs) have
been used as display devices. Presently, much effort is being
made to study and develop various types of flat panel dis-
plays, such as liquid crystal display (LCD) devices, plasma
display panels (PDPs), field emission displays (FEDs), and
electro-luminescence displays (ELDs), as a substitute for
CRTs. These flat panel displays may be driven by an active
matrix driving method in which a plurality of pixels arranged
in a matrix configuration are driven using a plurality of cor-
responding thin film transistors. Among these active matrix
type flat panel displays, liquid crystal display (LCD) devices
and electroluminescent display (ELD) devices are widely
used for notebook computers and desktop monitors, among
others, because of their high resolution, ability to display
colors, and superiority in displaying moving images.

[0006] In general, an LCD device includes two substrates
that are spaced apart and face each other with a layer ofliquid
crystal interposed between the two substrates. The two sub-
strates typically include electrodes that face each other such
that a voltage applied between the electrodes induces an
electric field across the layer of liquid crystal. The alignment
of the liquid crystal molecules changes based on the intensity
of the induced electric field, thereby changing the light trans-
missivity of the LCD device. Thus, the LCD device displays
images by varying the intensity of the electric field across the
layer of liquid crystal.

[0007] FIG.1isablock diagram illustrating an LCD device
according to the related art. As shown in FIG. 1, the LCD
device includes a liquid crystal panel 12, a driving circuit
having gate and source drivers 8 and 10 and a timing control-
ler 6, and an interface 4. The interface 4 is supplied with
control signals and data signals from an exterior system 2, and
transfers those signals to the timing controller 6. The timing
controller 6 generates control signals to control the gate and
source drivers 8 and 10. The timing controller 6 processes
data signals and supplies the processed data signals to the
source driver 10. The gate driver 8 is controlled by the control
signals from the timing controller 6 and outputs gate voltage
signals. The source driver 10 is controlled by the control
signals from the timing controller 6 and outputs data voltage
signals.

[0008] FIGS. 2A and 2B are waveform views illustrating
control signals and gate and data voltage signals when a data
enable signal has a normal state and an abnormal state,
respectively, in the related art LCD device.

[0009] As illustrated in FIG. 2A, in a normal state opera-
tion, a data enable signal DE of a normal state having a normal
width al is supplied. Accordingly, a gate output enable signal
GOE, a gate shift clock GSC and a source output enable signal
SOE of a normal state (i.e., having normal widths) are gen-
erated. Then, the gate driver 8 outputs gate voltage signals to
respective gate lines GL1-GLn, and the source driver 10
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outputs data voltage signals to respective data lines DL1-
DLm based on the normal width al of the data enable signal
DE. In other words, when the data enable signal DE has a
normal width al, the gate voltage signals have a normal width
bl. Accordingly, the LCD device operates in a normal state.
[0010] However, when the power is initially turned on, or
when various events such as a resolution change in the exter-
nal system (2 of FIG. 1) occur, an abnormal data enable signal
DE may be supplied. This may lead to an abnormal state
operation. Asillustrated in FIG. 2B, in the event that the width
of the data enable signal DE abnormally decreases to a2,
which is smaller than the normal width al, then the widths of
the gate output enable signal GOE and gate shift clock GSC
pulses decrease correspondingly. As a result, the width of the
gate voltage signals supplied to gate lines GL1 to GLn also
decreases accordingly to b2, which is smaller than the normal
width b1.

[0011] Accordingly, in the above abnormal state operation,
the thin film transistors (TFTs) (not shown) in the LCD panel
12 areturned on for a shorter period of time than in the normal
operation. As a result, the amount of time for charging pixel
electrodes with corresponding data voltage signals through
corresponding data lines DL1-DLm and thin film transistors
(TFTs)is reduced. FIGS. 2A and 2B illustrate the data voltage
signal supplied to one of the data lines (DL.1) in the liquid
crystal panel 12. The data voltage signal supplied to data line
DL1 is inverted alternately with positive and negative polari-
ties with each gate line.

[0012] Because the charging time is reduced, the pixel elec-
trodes may not be charged sufficiently with corresponding
data voltage signals. Thus, when the LCD device is operated
with a normally white mode, for example, a flickering of
white lines can occur. If this condition persists, it may lead to
a degradation of display quality and deterioration of liquid
crystal.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
liquid crystal display and a method of driving the same that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0014] An advantage of the present invention is to provide
a liquid crystal display device and a method of driving the
same that can improve a display quality and reduce deterio-
ration of liquid crystal.

[0015] Additional features and advantages of the invention
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. The objectives and other advantages
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

[0016] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a liquid crystal display device
includes: a liquid crystal panel having a plurality of data lines
and a plurality of gate lines; a timing controller to receive a
data enable signal and a data signal, and to output a gate shift
clock, a gate output enable signal, and a source output enable
signal, wherein at least one of the gate output enable signal
and the source output enable signal is maintained at a prede-
termined level for at least two cycles of the gate shift clock
based on a state of the data enable signal; a source driver to
supply the data lines with corresponding data voltage signals
based on the data signal and the source output enable signal;
and a gate driver to supply the gate lines with corresponding
gate voltage signals based on the gate output enable signal.
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[0017] Inanother aspect, a method of driving a liquid crys-
tal display device having a plurality of data lines and a plu-
rality of gate lines, the method including: receiving a data
enable signal and a data signal; outputting a gate shift clock,
a gate output enable signal, and a source output enable signal,
wherein at least one of the gate output enable signal and the
source output enable signal is maintained at a predetermined
level for at least two cycles of the gate shift clock based on a
state of the data enable signal; supplying the data lines with
corresponding data voltage signals based on the data signal
and the source output enable signal; and supplying the gate
lines with corresponding gate voltage signals based on the
gate output enable signal.

[0018] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] 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 invention. In
the drawings:

[0020] FIG.1isablock diagram illustrating an LCD device
according to the related art;

[0021] FIGS. 2A and 2B are waveform views illustrating
control signals and gate and data voltage signals when a data
enable signal has a normal state and an abnormal state,
respectively, in the related art LCD device;

[0022] FIG. 3A is a block diagram illustrating an LCD
device according to an embodiment of the present invention;
[0023] FIG. 3B is a block diagram illustrating a timing
controller of FIG. 3A; and

[0024] FIG. 4 is a waveform view illustrating control sig-
nals and gate and data voltage signals when a data enable
signal has an abnormal state in the LCD device according to
the embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings.

[0026] FIG. 3A is a block diagram illustrating an LCD
device according to an embodiment of the present invention,
and FIG. 3B is ablock diagram illustrating a timing controller
of FIG. 3A. As shown in FIGS. 3A and 3B, the LCD device
according to an embodiment of the present invention includes
a liquid crystal panel 112, a driving circuit having gate and
sourcedrivers 108 and 110 and a timing controller 200, and an
interface 104.

[0027] Although not illustrated in the drawings, the liquid
crystal panel 112 includes a plurality of pixels. The liquid
crystal panel 1 12 includes a plurality of gate lines along a
horizontal direction and a plurality of data lines along a ver-
tical direction. The pixels are each connected to their corre-
sponding gate and data lines. Fach pixel includes a thin film
transistor connected to the corresponding gate and data lines,
and a liquid crystal capacitor having a pixel electrode, a
common electrode and a liquid crystal layer between the pixel
and common electrodes. The thin film transistor is turned on
or off by the corresponding gate voltage signal.

[0028] The interface 104 transfers various signals between
an external system 102, such as a graphic card, and the LCD
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device. The interface 104 may be of an LVDS type having a
transmission portion TX and a receiving portion RX. Alter-
natively, the interface 104 may be of a TTL/CMOS type. The
interface 104 is supplied with red (R), green (G) and blue (B)
data signals and control signals such as a horizontal synchro-
nization signal Hsync, a vertical synchronization signal
Vsyne, a data enable signal DE, and a clock signal CLK.
Then, the interface 104 transfers those signals to the timing
controller 200.

[0029] The timing controller 200 generates control signals
to control the gate and source drivers 108 and 110 using the
control signals supplied from the interface 104. The timing
controller 200 outputs control signals, such as a source sam-
pling clock SSC, a source start pulse SSP, a source output
enable signal SOE, and a polarity reverse signal POL, to the
source driver 110. The timing controller 200 also outputs
control signals, such as a gate shift clock GSC, a gate output
enable signal GOE, and a gate start pulse GSP, to the gate
driver 108. Further, the timing controller 200 processes the
red (R), green (G) and blue (B) data signals and outputs those
to the source driver 110.

[0030] Thehorizontal synchronization signal Hsync deter-
mines a horizontal period to display a horizontal line of a
frame image. The vertical synchronization signal Vsync
determines a vertical period to display a frame image. The
data enable signal DE determines a period to supply a data
voltage to a pixel.

[0031] The source sampling clock SSC is provided to latch
the data signals R, G, and B in the source driver 110. The
source start pulse SSP is provided to indicate a starting point
of a horizontal line, i.e., a first pixel of a horizontal line. The
source output enable signal SOE is provided to control the
output of the latched data signals from the source driver 110.
The polarity reverse signal POL is provided to indicate polari-
ties of the data voltage signals when the LCD device is oper-
ated with a polarity inversion driving method.

[0032] The gate shift clock GSC is provided to indicate a
time when the gate voltage signals have a high or low (i.e., on
or off) level. The gate output enable signal GOE is provided to
control output of the gate voltage signals. The gate start pulse
GSP is provided to indicate a starting line of a frame, i.e., a
first gate line.

[0033] Based on the gate shift clock GSC, the gate driver
108 sequentially outputs the gate voltage signals to the gate
lines using a shift register in the gate driver 108. Based on the
source sampling clock SSC, the source start pulse SSP, the
source output enable signal SOE and the polarity reverse
signal POL, the source driver 110 generates the data voltage
signals corresponding to the data signals R, G, and B, and
outputs the data voltage signals to the corresponding data
lines.

[0034] When the gate start pulse GSP is supplied to the gate
driver 108 and the gate shift clock GSC s set to a high level in
the first horizontal period, the gate voltage signal of the first
gate line is set to a high level. When the gate shift clock GSC
is set to a high level in the next horizontal period, the gate
voltage signal of the second gate line is set to a high level.
When the high levels of the gate voltage signals supplied to
the first and second gate lines overlap each other, a malfunc-
tion occurs. To prevent this, the gate output enable signal
GOE is normally set high before the gate voltage signal of the
second gate line is set high. Accordingly, the gate voltage
signal of the first gate line is set to a low level before the gate
voltage of the second gate line is set to a high level. A prede-
termined interval or gap is provided between the high levels
of the gate voltage signals of the first and second gate lines. In
this manner, the high levels of the gate voltage signals sup-
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plied to successive gate lines are sequentially output from the
gate driver 108 without overlapping one another.

[0035] When the source start pulse SSP is supplied to the
source driver 110 and the source sampling clock SSC is set to
ahigh level, the data signals R, G, and B are latched in a latch
(not shown) of the source driver 110. Then, based on the
source output enable signal SOE, the data signals R, G, and B
of adigital type are decoded into the data voltage signals of an
analog type in a decoder (not shown) of the source driver 110.
The decoder is supplied with the polarity reverse signal POL
and outputs the data voltage signals having positive and nega-
tive polarities according to the inversion driving method of
the LCD device.

[0036] As illustrated in FIG. 3B, the timing controller 200
includes a state judging portion 250, a control signal gener-
ating portion 240, and a data signal processing portion 280.
[0037] The state judging portion 250 includes a detecting
portion 210, a reference portion 220 and a comparing portion
230. The detecting portion 210 is supplied with the data
enable signal DE from the interface 104 and detects an
attribute of the data enable signal DE, for example, a width the
data enable signal DE. The reference portion 220 has a refer-
ence attribute, e.g., width, of the data enable signal DE in a
normal operating state. The comparing portion 230 compares
the detected width and the reference width, and outputs a state
signal as a result of the comparison. When the detected width
and the reference width are substantially the same, the com-
paring portion 230 outputs a state signal having a value rep-
resentative of the normal state. On the other hand, when the
two widths are different, the comparing portion 230 outputs a
state signal having a value representative of the abnormal
state.

[0038] The control signal generating portion 240 is sup-
plied with the horizontal synchronization signal Hsync and
the vertical synchronization signal Vsync from the interface
104, and the state signal from the state judging portion 250.
The control signal generating portion 240 generates the con-
trol signals for the gate and data drivers 108 and 110 accord-
ing to the state signal.

[0039] The control signal generating portion 240 may
optionally have a selecting circuit, such as a multiplexer.
When the state signal has the value representative of the
normal state, the selecting circuit selects and outputs the
control signals for the gate and data drivers 108 and 110
corresponding to the normal state. The control signals for the
normal state may be generated according to a typical control
signal generating process under the normal operation.
[0040] When the state signal has the value representative of
the abnormal state, the selecting circuit selects and outputs
the control signals for the gate and data drivers 108 and 110
corresponding to the abnormal state. For example, as illus-
trated in FIG. 4, when the state signal has the value represen-
tative of the abnormal state, one or both of the gate output
enable signal GOE and the source output enable signal SOE
are maintained at a low level. The other control signals are
generated according to a typical control signal generating
process.

[0041] As described above, because the gate output enable
signal GOE has a low level during the abnormal state, there is
little to no gap between the high levels of the gate voltage
signals supplied to adjacent gate lines. For example, the gate
voltage signal of the first gate line GL1 is set to a high level
when the gate shift clock GSC is set high in the first horizontal
period. Then, the gate voltage signal of the second gate line
GL2 is set to a high level when the gate shift clock GSC is set
high in the second horizontal period. Because the gate output
enable signal GOE is maintained at a low level, the gate
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voltage signal of the first gate line GL1 is substantially main-
tained at the high level until the gate shift clock GSC is set
high in the second horizontal period.

[0042] Accordingly, in the above embodiment according to
the present invention, even in the abnormal state, the width of
the gate voltage signals is maintained at b3, which 1s greater
than the abnormal width b2 shown in FIG. 2B and is substan-
tially similar to the normal width bl shown in FIG. 2A. In
other words, as the data enable signal DE changes from a
normal state to an abnormal state, the data enable signal DE
has a reduced width a3, which is similar to the abnormal
width a2 shown in FIG. 2B and is substantially smaller than
the normal width al shown in FIG. 2A. Also, the width and
period of the gate shift clock GSC are similar to those in the
abnormal state shown in FIG. 2B and are smaller than the
width and the period in the normal operation as shown in FIG.
2A. However, the width b3 of the gate voltage signals is
maintained substantially similar to the normal width bl
shown in FIG. 2A and is greater than the abnormal width b2
shown in FIG. 2B. This is because the gate output enable
signal GOE is maintain at a low level during the abnormal
state. As a result, the amount of time for charging pixel
electrodes with the data voltage signals is maintained sub-
stantially similar to that in the normal state.

[0043] Further, because the data output enable signal SOE
is maintained at a low level during the abnormal state, there is
no polarity inversion of the data voltage signals supplied to
each of the plurality of data lines, for example, data line DL1.
For example, the data voltage signal supplied to the data line
DL1 in the first horizontal period has a positive polarity
according to the source sampling clock SSC. Because the data
output enable signal SOE is maintained at a low level, the
polarity of the data voltage signal supplied to the data line
DL1 is not inverted in the next horizontal period and contin-
ues to be positive. Thus, the data voltage signal supplied to the
data line DL1 continues to have the positive polarity during
the abnormal state operation. Alternatively, the data voltage
signal may maintain a negative polarity during the abnormal
state operation. Because falling and rising times of the data
voltage signals increase with polarity inversion, as shown in
FIGS. 2A and 2B, a longer time is needed to charge pixel
electrodes with data voltage signals when the polarity of the
data voltage signals is inverted. By removing polarity inver-
sion during the abnormal state operation, the amount of time
needed to charge pixel electrodes sufficiently is reduced. As a
result, even if the charging time is reduced in the abnormal
state due to the decrease in the width of the gate voltage
signals (e.g., b2 in FIG. 2B), the pixel electrodes can still be
charged sufficiently.

[0044] As explained above, when the data enable signal DE
is input with an abnormal state, the timing controller 200
detects the abnormal state and maintains one or both of the
gate and data output enable signals GOE and SOE at a low
level. Accordingly, the width of the gate voltage signals
increases and/or the polarity inversion of the data voltage
signal for each horizontal period is suspended. As a result, the
charging time for pixel electrodes can increase and/or the
charging time required to sufficiently charge pixel electrodes
decreases. This can lead to a reduction in flickering, which in
turn improves the display quality and reduce deterioration of
liquid crystal.

[0045] It will be apparent to those skilled in the art that
various modifications and variations can be made in the liquid
crystal display device and method for driving the same
according to the present invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations of
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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 liquid crystal panel having a plurality of data lines and a
plurality of gate lines;

atiming controller to receive a data enable signal and a data
signal, and to output a gate shift clock, a gate output
enable signal, and a source output enable signal, wherein
at least one of the gate output enable signal and the
source output enable signal is maintained at a predeter-
mined level for at least two cycles of the gate shift clock
based on a state of the data enable signal;

a source driver to supply the data lines with corresponding
data voltage signals based on the data signal and the
source output enable signal; and

a gate driver to supply the gate lines with corresponding
gate voltage signals based on the gate output enable
signal.

2. The device of claim 1, wherein the timing controller

includes:

a state judging portion to determine whether the data
enable signal is in a normal state or an abnormal state;
and

acontrol signal generating portion to generate the gate and
source output enable signals based on the determined
state of the data enable signal.

3. The device of claim 2, wherein the state judging portion

includes:

a detecting portion to detect an attribute of the data enable
signal;

areference portion having a reference attribute of the data
enable signal in the normal state; and

a comparing portion to compare the detected attribute and
the reference attribute and to output a state signal repre-
senting either the normal state or the abnormal state.

4. The device of claim 3, wherein the attribute of the data

enable signal includes a width of the data enable signal.

5. The device of claim 2, wherein the control signal gen-
erating portion includes a selecting circuit to select the gate
and source output enable signals based on the determined
state of the data enable signal.

6. The device of claim 5, wherein the selecting circuit
includes a multiplexer.

7. The device of claim 2, wherein the at least one of the gate
output enable signal and the source output enable signal is
maintained at a low level based on the state judging portion
determining that the data enable signal has the abnormal state.

8. The device of claim 2, wherein the timing controller
further includes a data signal processing portion to process
the data signal and output the processed data signal to the
source driver.

9. The device of claim 1, wherein the gate output enable
signalis maintained low for at least two cycles of the gate shift
clock, and the gate voltage signals supplied to two adjacent
gate lines have no gap between them while the gate output
enable signal is maintained low.

10. The device of claim 1, wherein the source output enable
signalis maintained low for at least two cycles of the gate shift
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clock, and the data voltage signals maintain their polarity
while the source output enable signal is maintained low.

11. The device of claim 1, wherein both of the gate output
enable signal and the source output enable signal are main-
tained low for at least two cycles of the gate shift clock.

12. A method of driving a liquid crystal display device
having a plurality of data lines and a plurality of gate lines, the
method comprising the steps of:

receiving a data enable signal and a data signal,

outputting a gate shift clock, a gate output enable signal,

and a source output enable signal, wherein at least one of
the gate output enable signal and the source output
enable signal is maintained at a predetermined level for
at least two cycles of the gate shift clock based on a state
of the data enable signal,

supplying the data lines with corresponding data voltage

signals based on the data signal and the source output
enable signal; and

supplying the gate lines with corresponding gate voltage

signals based on the gate output enable signal.

13. The method of claim 12, wherein the step of outputting
includes the steps of:

judging whether the data enable signal is in a normal state

or an abnormal state; and

generating the gate and source output enable signals based

on the judged state of the data enable signal.

14. The method of claim 13, wherein the step of judging
includes the steps of:

detecting an attribute of the data enable signal; and

comparing the detected attribute to a reference attribute of

the data enable signal in the normal state.

15. The method of claim 14, wherein the attribute of the
data enable signal includes a width of the data enable signal.

16. The method of claim 13, wherein the step of generating
includes selecting the gate and source output enable signals
based on the judged state of the data enable signal.

17. The method of claim 13, the step of generating includes
maintaining the at least one of the gate output enable signal
and the source output enable signal at a low level if the data
enable signal is judged to have the abnormal state.

18. The method of claim 13, wherein the step of outputting
further includes the step of processing the data signal.

19. The method of claim 12, wherein the gate output enable
signalis maintained low for at least two cycles of the gate shift
clock, and the gate voltage signals supplied to two adjacent
gate lines have no gap between them while the gate output
enable signal is maintained low.

20. The method of claim 12, wherein the source output
enable signal is maintained low for at least two cycles of the
gate shift clock, and the data voltage signals maintain their
polarity while the source output enable signal is maintained
low.

21. The method of claim 12, wherein both of the gate
output enable signal and the source output enable signal are
maintained low for at least two cycles of the gate shift clock.
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