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LIQUID CRYSTAL DISPLAY AND METHOD
FOR DRIVING THE SAME

This application claims priority from Korean Patent Appli-
cation No. 10-2005-0071911 filed on Aug. 5, 2005 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The present disclosure relates to a liquid crystal display
(LCD) and a method for driving the same, and more particu-
larly, to an LCD and a method for driving the same, in which
an error is prevented from being generated in gate-on/off
signals due to a coupling noise between gate line and data
lines.

2. Discussion of the Related Art

LCDs display picture information using electrical and opti-
cal properties of liquid crystals injected into a liquid crystal
panel and have several advantageous characteristics of thin-
ness, lightness in weight, low power consumption and so on,
compared to other electronic products including cathode ray
tubes (CRTs). For these reasons, LCDs are extensively used
in a wide variety of applications, including display devices
such as display monitors for portable computers, desktop
computers, HD imaging systems, and the like.

AnLCD includes two substrates and liquid crystals having
a dielectric anisotropy are injected between the two sub-
strates. Light transmission through the substrates is con-
trolled by varying strengths of electric fields applied to the
substrates, thereby controlling the orientation of the liquid
crystals and displaying a desired image. In addition, the LCD
includes a liquid crystal panel, a timing controller, and a gate
driver and data driver for receiving a timing signal from the
timing controller and driving the liquid crystal panel. Typi-
cally, the liquid crystal panel includes a plurality of gate lines
for delivering a gate selection signal, a plurality of data lines
intersecting the gate lines and delivering data for each pixel,
and a plurality of pixels each formed at an area surrounded by
the gate lines and the data line and connected to each other by
the gate lines, the data lines and switching elements.

In LCDs, video data is applied to each pixel in the follow-
ing manner.

First, when gate-on/off signals are sequentially applied to
gate lines, switching elements connected thereto are sequen-
tially turned on. At the same time, image signals, that is, gray
voltages, which are applied to respective pixel electrodes in a
pixel row, are provided to data lines connected to the turned-
on switching elements.

The image signals provided to the data lines are applied to
each pixel via the turned-on switching elements. In this man-
ner, the gate-on voltages are sequentially applied to all the
gate lines to supply pixel signals to the pixels in all the rows
during one frame cycle, thereby completing an image for one
frame.

FIG. 1 shows waveforms of gate-on/off signals applied to
an LCD according to the prior art.

As shown in FIG. 1, when a gate selection signal CPV
activates from a low level to a high level upon the application
of a vertical synchronizing start signal STV indicating the
start of a frame, gate-on/off signals G1, G2, G3, G4, and G5
sequentially activate from a low level to a high level, respec-
tively, and maintain their high levels. Upon the application of
a gate output enable signal OE, the gate-on/off signals G1,
G2, G3, G4, and G5 are deactivated from their high levels,
respectively.

10

40

45

50

2

As illustrated in FIG. 2, at an activation time when the gate
selection signal CPV makes a transition from a low level to a
high level, aload signal TP triggering the start of an output of
transmitted video data is deactivated from a high level to alow
level. Upon deactivation of the load signal TP, a coupling
noise is generated between the data lines and the gate lines.
The coupling noise causes a noise in bias voltages V,, and
Vs of the switching elements, resulting in an error in the
gate-on/off signals.

The generated noise has an influence upon the gate selec-
tion signal CPV. For that reason, an abnormal gate selection
signal 10 as shown in FIG. 3 is output, resulting in an abnor-
mal gate-on/off signal 20. The abnormal gate-on/off signal 20
directly causes a poor display quality of the LCD. Thus, a
method for preventing an abnormal gate selection signal from
being generated due to the coupling noise is required.

Korean Patent Publication No. 2003-0016717 discloses a
line inversion driving type LCD capable of removing degra-
dation in display quality by adjusting the pulse width of the
gate-on/off signals applied to the gate lines. In the disclosed
LCD, a gate-on/off signal applied to a current gate line having
a polarity different from its immediately previous gate line
has a wide pulse width and a gate-on/off signal applied to a
current gate line having the same polarity as its immediately
previous gate line has a narrow pulse width, thereby solving
degradation in display quality caused by adifference between
charging characteristics of the gate lines or an increase in the
charging time. However, an error in a gate selection signal is
generated by a capacitance between the data lines and the gate
lines due to a data signal output to the data lines, resulting in
degradation in the display quality.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a liquid
crystal display (LCD) and a method for driving the same, in
which an error is prevented from being generated in a gate
selection signal due to influence from a data signal by placing
a predetermined time interval between the gate selection sig-
nal and a load signal.

According to an embodiment of the present invention,
there is provided an LCD including a data signal and a load
signal and a timing signal including a gate selection signal
and an output enable signal, a delay unit that delays the gate
selection signal by a predetermined period of time, a data
driver that converts the data signal into a predetermined data
voltage according to the load signal and outputs the data
voltage, a gate driver that outputs a gate-on/off signal accord-
ing to the delayed gate selection signal, and a liquid crystal
panel that displays an image by driving a pixel electrode
according to the data voltage and the gate-on/off signal.

According to an embodiment of the present invention,
there is provided a method for driving a liquid crystal display
(LCD), the method including deactivating a load signal for
instructing conversion of video data into corresponding data
voltages and the output of the data voltages to a data driver,
delaying a gate selection signal that controls the output of a
gate-on/off signal by a predetermined period of time after
deactivating the load signal and activating the delayed gate
selection signal, and driving a pixel electrode according to the
data voltage and the gate-on/off signal so as to display an
image.
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BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention can be
understood in more detail from the following descriptions
taken in conjunction with the attached drawings in which:

FIG. 1 shows waveforms of gate-on/off signals of a liquid
crystal display (LCD) according to the prior art;

FIG. 2 shows waveforms of a gate selection signal and a
load signal of the LCD according to the prior art;

FIG. 3 shows waveforms of a gate selection signal having
an error of the LCD according to the prior art;

FIG. 4 is a block diagram of an LCD according to an
embodiment of the present invention;

FIG. 5 shows waveforms of a gate selection signal and a
load signal of the LCD according to an embodiment of the
present invention;

FIG. 6 is a circuit diagram of a delay unit according to an
embodiment of the present invention; and

FIG. 7 shows a waveform of a gate selection signal delayed
by the delay unit according to an embodiment of the present
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Exemplary embodiments of the present invention and
methods of accomplishing the same are described more fully
hereinafter with reference to the accompanying drawings.
The invention may, however, be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein.

FIG. 4 is a block diagram of an LCD 100 according to an
embodiment of the present invention.

As illustrated in FIG. 4, the LCD 100 includes a timing
control unit 110, a delay unit 120, a data driver 130, a gate
driver 140, and a liquid crystal panel 150.

The timing control unit 110 is supplied from an external
graphic controller (not shown) with a vertical synchroniza-
tion signal Vsync, a horizontal synchronization signal Hsync,
a main clock MCLK, RGB video data, a data enable signal
DE, etc., and generates a first timing signal based on timing
signals controlling the display of the RGB video data, for
example, the vertical synchronization signal Vsync and the
horizontal synchronization signal Hsync. In response to the
vertical synchronizing signal Vsync and the horizontal syn-
chronization signal Hsync, the timing control unit 110 sends
the generated first timing signal and the RGB video data to the
data driver 130. The first timing signal includes a load signal
TP for instructing to output the RGB video data to the data
driver 130 after transmission of the RGB video data, a hori-
zontal clock signal HCLK, and a horizontal synchronizing
start signal STH indicating the start of gate-data lines.

In addition, the timing control unit 110 generates a second
timing signal based on the vertical synchronization signal
Vsync and the horizontal synchronization signal Hsync con-
trolling the display of the RGB video data and outputs the
generated second timing signal to the data driver 140. The
second timing signal includes a gate selection signal CPV
controlling the output of gate-on/off signals, a vertical syn-
chronizing start signal STV for selecting the first gate line,
and an output enable signal OE.

As mentioned above, the delay unit 120 delays the gate
selection signal CPV controlling the output of gate-on/off
signals by a predetermined time period and then outputs the
delayed gate selection signal CPV to the gate driver 140.
While the delay unit 120 includes an integrating circuit and a
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buffer, in the exemplary embodiment of the present invention,
the invention is not limited to such a configuration.

When the RGB video data is output from the data driver
130 upon deactivating of the load signal TP from a high level
to alow level, as the gate selection signal CPV activates from
alow level to a high level, the delay unit 120 prevents an error
in the gate-on/off signals due to a coupling noise generated
between data lines and gate lines of the liquid crystal panel
150. In other words, the delay unit 120 prevents simultaneous
level transition of the gate selection signal CPV and the load
signal TP due to a coupling noise between the data lines and
the gate lines. Meanwhile, the delay unit 120 may change an
activation time of the gate selection signal CPV after a deac-
tivation time of the load signal TP and before a deactivation
time of the output enable signal OE. This is because the gate
selection signal CPV is delayed only when the output enable
signal OE is at a high level, enabling the output of the gate-
on/off signals. While the period of time delayed by the delay
unit 120 is 0.5 ps in this embodiment of the present invention,
the invention is not limited thereto.

The data driver 130 is a source driver including a plurality
of data drive integrated circuits. The data driver 130 is sup-
plied with the RGB video data from the timing control unit
110, and it stores the RGB video data in a shift register (not
shown), converts the RGB video data into voltages D,
D,, ..., D,.;, D,, upon the application of the horizontal
synchronizing start signal STH, and outputs the voltages to a
plurality of data lines of the liquid crystal panel 150. In other
words, the data driver 130 outputs the RGB video data to the
liquid crystal panel 150 upon the input of the horizontal
synchronizing start signal STH corresponding to the first
through last data lines.

The gate driver 140 is a scan driver including a plurality of
gate driver integrated circuits. The gate driver 140 is supplied
with the gate selection signal CPV from the delay unit 120
and the vertical synchronizing start signal STV from the
timing control unit 110 and sequentially outputs a plurality of
gate-on/off signals G, G, . . ., G,,_;, G, to a plurality of gate
lines of the liquid crystal panel 150.

The gate selection signal CPV supplied from the timing
control unit 110 is delayed by a predetermined time period by
the delay unit 120 and is then transmitted to the gate driver
140. The delay unit 120 can prevent an error from being
generated in the gate selection signal CPV due to a noise
caused by the data voltages D, D,, D,,_ ;, D,, output from the
data driver 130.

The liquid crystal panel 150 includes a plurality of pixel
electrodes in an (mxn) matrix form and drives the pixel elec-
trodes in response to the data voltages D, D, ..., D,, ;. D,,
supplied by the data driver 130 upon the application of the
gate-on/off signals G, G, . . .1, G, to pixels from the
gate driver 140, thereby displaying an image.

FIG. 5 shows waveforms of the gate selection signal CPV
and the load signal TP of the LCD 100 according to an
embodiment of the present invention.

As shown in FIG. 5, a high activation of the gate selection
signal CPV can be delayed by a predetermined time T
between a deactivation time of the load signal TP and a
deactivation time of the output enable signal OE.

More specifically, assuming a time at which the load signal
TP is shifted from a high level to a high low level is T1 and a
time at which the output enable signal OE is shifted from a
high level to a low level is T2, a period of time T that can be
delayed by the delay unit 120 may be defined as being less
than a difference between T1 and T2, that is, T<T2-T1.

In this way, since level shift occurs between the load signal
TP and the gate selection signal CPV with a predetermined
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time interval, it is possible to prevent an error in the gate
selection signal CPV due to a coupling noise between the gate
lines and the data lines of the liquid crystal panel 150 caused
by the data voltages D,, D,, ..., D,,;, D,, applied to the data
lines of the liquid crystal panel 150 from the data driver 130.

FIG. 6 is a circuit diagram of the delay unit 120 according
to an embodiment of the present invention.

As shown in FIG. 6, the delay unit 120 according to an
embodiment of the present invention may be implemented as
an RC integration circuit including a resistor R and a capaci-
tor C connected in parallel, the resistor R having the output
port of the timing control unit 110 as an input port. The period
of time of the delay may be determined by a time constant
determined by the values of the resistor R and the capacitor C.
Since the period of time for the delay unit 120 to reach a
predetermined output level is determined by the time con-
stant, it can be controlled by adjusting the values of the
resistor R and the capacitor C.

While the delay unit 120 includes an integration circuit
having passive devices, for example, a resistor, a capacitor,
and an inductor, in the illustrative embodiment of the present
invention by way of example, it may be implemented as a
buffer capable of delaying the output of a signal without being
limited thereto.

FIG. 7 shows a waveform of the gate selection signal CPV
delayed by the delay unit 120 of FIG. 6 and a waveform of a
bias voltage, for example, Voff, V ,,, Vg, of the liquid crystal
panel 150 of FIG. 4, according to an exemplary embodiment
of the present invention.

As shown in FIG. 7, if it is determined that the gate selec-
tion signal CPV goes high at a time T, the gate selection
signal CPV may be delayed by a time difference between T ,
and T. More specifically, the period of time T delayed may
be understood as T=T4z-T ,. Thus, the gate selection signal
CPV is not affected by a coupling noise shown at 200 between
the data lines and the gate lines of the liquid crystal panel 150
during the delayed period of time T, thereby preventing an
error from being generated in the gate-on/off signals.

As described above, according to an embodiment of the
present invention, by delaying a gate selection signal by a
predetermined period of time with respect to a load signal
corresponding to the application of data voltages to data lines,
itis possible to prevent a coupling noise from being generated
between the data lines and the gate lines of a liquid crystal
panel due to the data voltages, thereby preventing degradation
in display quality.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims. There-
fore, it is to be understood that the above-described embodi-
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6

ments have been provided only in a descriptive sense and will
not be construed as placing any limitation on the scope of the
invention.

What is claimed is:

1. A liquid crystal display (LCD) comprising:

a timing control unit that outputs a first timing signal
including a data signal and a load signal and a second
timing signal including a gate selection signal and an
output enable signal, wherein the gate selection signal
includes a plurality of pulses in a frame;

a delay unit that delays the gate selection signal by a pre-
determined period of time;

a data driver that converts the data signal into predeter-
mined data voltages according to the load signal and
outputs the data voltages;

a gate driver that sequentially outputs gate-on/off signals,
wherein each gate on/off signal is outputted according to
the pulse of the delayed gate selection signal; and

a liquid crystal panel that displays an image by driving
pixel electrodes according to the data voltages and the
gate-on/off signals,

wherein the delay unit delays activation of the gate selec-
tion signal after a deactivation time of the load signal and
before a deactivation time of the output enable signal.

2. The LCD of claim 1, wherein delay unit delays the
activation of the gate selection signal by 0.5 ps.

3. The LCD of claim 1, wherein the delay unit is imple-
mented as an integration circuit including passive devices.

4. The LCD of claim 1, wherein the delay unit is integrated
into the timing control unit.

5. A method for driving a liquid crystal display (LCD), the
method comprising:

deactivating a load signal for instructing conversion of
video data into corresponding data voltages and the out-
put of the data voltages to a data driver;

delaying a gate selection signal controlling the output of
gate-on/off signals by a predetermined period of time
after the deactivating of the load signal; and

driving pixel electrodes according to the data voltages and
the gate-on/off signals and displaying an image,

wherein the delayed gate selection signal is activated after
deactivating the load signal and before the deactivating
of an output enable signal, and

wherein the output enable signal is activated before activa-
tion of the delayed gate selection signal.

6. The method of claim 5, wherein the activating the

delayed gate selection signal is delayed by 0.5 ps.

7. The method of claim 5, wherein the activating the
delayed gate selection signal comprises delaying the gate
selection signal by an integration circuit including passive
devices.
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