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A method of driving a liquid crystal display that is adaptive
for improving a picture quality is provided. In the method,
a clock signal is applied to a gate driver. First to third gate
output enable signals are applied to the gate driver. A
scanning pulse is applied to two gate lines during one period
of the clock signal. Accordingly, a desired picture is dis-
played over a black picture, so that it becomes possible to
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METHOD OF DRIVING LIQUID CRYSTAL
DISPLAY

[0001] This application claims the benefit of Korean
Application No. P 2000-85393, filed in Korea on Dec. 29,
2000, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a technique of driving a
liquid crystal display, and more particularly to a method of
driving a liquid crystal display that is adaptive for improving
a picture quality.

[0004]

[0005] Generally, an active matrix liquid crystal display
(LCD) controls a light transmissivity of a liquid crystal
using an electric field applied to the liquid crystal. To this
end, as shown in FIG. 1, the active matrix LCD includes a
liquid crystal display panel 2 having liquid crystal cells
arranged between two sheets of transparent substrates in a
matrix form, a gate driver 6 connected to gate lines GL1 to
GLm of the liquid crystal display panel 2, and a data driver
4 connected to data lines DL1 to DLn of the liquid crystal
display panel 2.

[0006] The gate driver 6 sequentially applies a scanning
pulse to m gate lines GL1 to GLm to drive thin film
transistors (TFTs) connected to the corresponding gate line.
The data driver 4 supplies a data corresponding to a bright-
ness value of a video data to n data lines DL1 to DLn in
synchronization with the scanning pulses that are sequen-
tially applied to the gate lines GL1 to GLm.

[0007] More specifically, the conventional LCD sequen-
tially turns on and off the gate lines GL.1 to GLm during one
frame and supplies a data corresponding to the turned-on
gate lines GL1 to GLm to the data lines DL1 to DLn, thereby
displaying a picture.

[0008] FIG. 2 shows driving waveforms of the conven-
tional gate driver and the conventional data driver. Referring
to FIG. 2, the gate driver 6 receives a clock signal (e.g., 22
us in the case of XGA) and a gate output enable (GOE)
signal from an external control circuit (not shown). The gate
driver 6 supplied with the clock signal and the GOE signal
sequentially applies a scanning pulse SP to the 1st to mth
gate lines GL1 to GLm in synchronization with the clock
signal. The data driver 4 applies picture data D to the data
lines DL1 to DLn in synchronization with the scanning pulse
SP that is sequentially applied to the gate lines GL1 to GLm.

[0009] The GOE signal is divided into first to third GOE
signals GOE1 to GOE3. FIG. 3 schematically shows a
relationship between the GOE signals and the gate lines. As
shown in FIG. 3, the first gate output enable signal GOE1
is applied to the (3i+1)th gate lines GL1, GL4, etc. (where
11s a non-negative integer). The second gate output enable
signal GOE2 is applied to the (3i+2)th gate lines GL.2, GLS,
etc. The third gate output enable signal GOE3 is applied to
the (3i+3)th gate lines GL3, GL6, etc.

[0010] The gate lines GL1 to GLm remain at, or are forced
to return to, a low state when the first to third gate output
enable signals GOE1 to GOE3 assume a high state. For

2. Discussion of the Related Art
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example, whenever the first gate output enable signal GOE1
assumes a high state, the (3i+1)th gate lines (GL1, GL4, .. .)
are at a low state.

[0011] Such gate output enable signals GOE1 to GOE3 are
utilized to prevent a so-called crosstalk phenomenon
between the adjacent pixel cells. The first gate output enable
signal GOEL1 is set at a high state between a scanning pulse
SP applied to the (3i+1)th gate lines (GL1, GL4, . . . ) and
a scanning pulse SP applied to the (3i+2)th gate lines (GL2,
GLS, . ..)todefine the trailing edge of the gate pulse applied
to (3i+1)th gate lines. In other words, the first gate output
enable signal GOEL1 is raised to a high state before a clock
signal for applying the scanning pulse SP to the (3i+2)th gate
lines (GL2, GLS, . . .) is raised to a high state.

[0012] Accordingly, a point in time at which the scanning
pulse SP applied to the (3i+1)th gate lines (GL1, GLA4, .. .)
is changed into a low state is always set prior to a point in
time at which the scanning pulse SP applied to the next
(31+2)th gate lines (GL2, GLS, . . . ) is raised to a high state,
and is determined by the leading edge of the gate output
enable signal GOEL. In other words, the scanning pulses SP,
each of which originally spans from the leading edge of one
clock pulse of the clock signal to the leading edge of the next
clock pulse, are shaped to have a specific margin between
two adjacent pulses. This way, it becomes possible to
prevent the crosstalk phenomenon.

[0013] Similarly, the second gate output enable signal
GOE2 is set at a high state between a scanning pulse SP
applied to the (3i+2)th gate lines (GL2, GLS, .. . ) and a
scanning pulse SP applied to the next (3i+3)th gate lines
(GL3, GLS, . . .). The third gate output enable signal GOE3
is set at a high state between a scanning pulse SP applied to
the (3i+3)th gate lines (GL3, GLS, . . .) and a scanning pulse
SP applied to the next (3i+1)th gate lines (GL4, GL7, .. .).

[0014] However, the conventional driving scheme
described above suffers from the following drawbacks. As
shown in FIG. 4, when a scanning pulse SP is applied to, for
example, the (m-10)th gate line GLm-10 by the gate driver
6, the liquid crystal display panel 2 is divided into a current
frame 16 and a previous frame 18 separated by the (m-10)th
gate line GLm-10. A picture to be displayed in the current
frame is displayed in the current frame 16 while a picture
that has been displayed in the previous frame is displayed in
the previous frame 18.

[0015] Accordingly, if a moving picture shifts from the
right side of the liquid crystal display panel 2 to the left side
thereof, a moving picture 20 displayed in the current frame
16 and a moving picture 22 displayed in the previous frame
18 go amiss at the (m-10)th gate line GLm-10, as shown in
FIG. 5A. This means that, to the observer, the previous data
picture is seen to be interposed on the current data picture at
portions 24 at which the moving picture 20 displayed in the
current frame 16 has been shifted, as shown in FIG. 5B.
When the previous data picture overlaps with the current
data picture in this manner, a motion blur phenomenon is
generated, and the picture quality of the liquid crystal
display panel 2 accordingly deteriorates.

[0016] Each pixel of the liquid crystal display panel 2 can
be represented by an equivalent circuit in FIG. 6. In FIG. 6,
the pixel includes a thin film transistor (TFT) connected to
a gate line GL, a data line DL, and a pixel electrode PE. The
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pixel also includes a liquid crystal cell Cle connected to a
drain terminal of the TFT through the pixel electrode PE and
a common voltage line CL carrying a common voltage
Vcom. The pixel of the liquid crystal display panel 2 further
includes a parasitic capacitor Cgs formed between the drain
terminal of the TFT and the gate line GL, and a storage
capacitor Cst formed between the drain terminal (and/or
pixel electrode) of the TFT and a ground voltage source
GND.

[0017] FIG. 7 shows a timing chart for the gate pulse SP
and the voltage Vlc across the liquid crystal cell Cls. When
a gate high voltage Vgh is applied to the gate line GL of the
liquid crystal display panel 2, a data signal D is applied to
the data line DL. As shown in FIG. 7, when the gate line GL
is raised to the high voltage Vgh, the TFT is turned on, and
the data pulse D applied to the data line DL is transferred to
the drain side of the TFT (hence, to the pixel electrode PE).
However, when the gate line GL returns to its low state (Vgl)
at time t1, the voltage V, applied across the liquid crystal
cell Clc undesirably drops by an amount AVp. This causes
a brightness deterioration in the liquid crystal display panel
2, i.e., a picture quality deterioration. A voltage drop amount
AVp in the voltage applied across the liquid crystal cell Cls
is determined by the following equation:

AVp=(Cgs/(Cgs+Cst+Clc))*(Vgh-Vgl), €3}

[0018] where Clc represents a capacitance of the liquid
crystal cell, Vgh represents a gate high voltage value; and
Vel represents a gate low voltage value.

[0019] In the equation (1), the parasitic capacitor Cgs, the
storage capacitor Cst, the gate high voltage value Vgh, and
the gate low voltage value Vgl are fixed, whereas a capaci-
tance value of the liquid crystal cell Cle is influenced by a
displayed picture (i.e., the voltage applied across the liquid
crystal cell in the previous frame). This is because the
capacitance value Clc is proportional to the dielectric con-
stant € of the liquid crystal material, and the dielectric
constant € of the liquid crystal material varies depending
upon the electric field applied thereto. If a stationary picture
were always displayed on the liquid crystal display panel 2,
then a voltage drop amount AVp of the data pulse would be
predicted because a capacitance value of the liquid crystal
cell Cle is constant. In such a case, the voltage drop amount
AVp of the data pulse can be compensated, and accordingly,
a picture quality deterioration in the liquid crystal display
panel 2 can be prevented.

[0020] If a moving picture is displayed on the liquid
crystal display panel 2, however, a voltage drop amount AVp
of the data pulse cannot be predicted because the capaci-
tance value of the liquid crystal cell Cle varies. Thus, the
voltage drop amount AVp of the data signal applied to the
liquid crystal cell Clc cannot be sufficiently compensated,
and a picture quality deterioration results.

SUMMARY OF THE INVENTION

[0021] Accordingly, the present invention is directed to a
method of driving a liquid crystal display that obviates one
or more of the problems due to limitations and disadvan-
tages of the related art.

[0022] An object of the present invention is to provide a
method of driving a liquid crystal display that is adaptive for
improving a picture quality.
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[0023] Another object of the present invention is to pro-
vide a liquid crystal display device having an improved
picture quality.

[0024] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the scheme particularly pointed out in the written
description and claims hereof as well as the appended
drawings.

[0025] 1In order to achieve these and other objects of the
invention, a method of driving a liquid crystal display
according to one aspect of the present invention includes the
steps of applying a clock pulse to a gate driver; applying first
to third gate output enable signals to the gate driver; and
applying a scanning pulse to two gate lines during one
period of the clock pulse.

[0026] This driving method may be configured such that
the data driver supplies the picture data to the data lines
when the scanning pulse is applied to a first gate line of the
two gate lines, and supplies a black data to the data lines
when the scanning pulse is applied to a second gate line of
the two gate lines. Alternatively, the driving method may be
configured such that the data driver supplies a black data to
the data lines when the scanning pulse is applied to a first
gate line of the two gate lines, and supplies the picture data
to the data lines when the scanning pulse is applied to a
second gate line of the two gate lines.

[0027] The driving method may also be configured such
that the first gate output enable signal is applied to the
(3i+1)th gate lines (where i is a non-negative integer), the
second gate output enable signal is applied to the (3i+2)th
gate lines, and the third gate output enable signal is applied
to the (3i+3)th gate lines.

[0028] The driving method may further include the steps
of applying the scanning pulse to the (3i+1)th gate line
during one period of the clock signal; applying the scanning
pulse to the (3(i+k)+2)th gate line, which is thereby sepa-
rated from the (3i+1)th gate line by 3k+1 gate lines, when
the scanning pulse is applied to the (3i+1)th gate line, where
k is a positive integer; setting the first gate output enable
signal at a high state during one half of the one period of the
clock signal when the scanning pulse is applied to the
(3i+1)th gate line; and setting the second gate output enable
signal at a high state during the other half of the one period
of the clock signal when the scanning pulse is applied to the
(3(i+k)+2)th gate line.

[0029] Alternatively, or in addition, the driving method
may further include the steps of applying the scanning pulse
to the (3i+2)th gate line during one period of the clock
signal; applying the scanning pulse to the (3(i+k)+3)th gate
line, which is thereby separated from the (3i+2)th gate line
by 3k+1 gate lines, when the scanning pulse is applied to the
(31+2)th gate line, where k is a positive integer; setting the
second gate output enable signal at a high state during one
half of the one period of the clock signal when the scanning
pulse is applied to the (3i+2)th gate line; and setting the third
gate output enable signal at a high state during the other half
of the one period of the clock signal when the scanning pulse
is applied to the (3(i+k)+3)th gate line.
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[0030] Alternatively, or in addition, the driving method
may further include the steps of applying the scanning pulse
to the (3i+3)th gate line during one period of the clock
signal; applying the scanning pulse to the (3(i+k)+1)th gate
line, which is thereby separated from the (3i+3)th gate line
by 3k-2 gate lines, when the scanning pulse is applied to the
(3i+3)th gate line, where k is a positive integer; setting the
third gate output enable signal at a high state during one half
of the one period of the clock signal when the scanning pulse
is applied to the (3i+3)th gate line; and setting the first gate
output enable signal at a high state during the other half of
the one period of the clock signal when the scanning pulse
is applied to the (3(i+k)+1)th gate line.

[0031] Amethod of driving a liquid crystal display accord-
ing to another aspect of the present invention includes the
steps of displaying a first picture on a liquid crystal display
panel in the current frame; displaying a specific pattern of
picture on the liquid crystal display panel on which said
picture has been displayed; and displaying a second picture
over said specific pattern of picture in the next frame. Here,
the specific pattern of picture may be a black picture.

[0032] In another aspect, the present invention provides a
liquid crystal display device, including a liquid crystal
display panel having a plurality of gate lines and a plurality
of data lines arranged substantially in a matrix form; a gate
driver receiving a clock signal and connected to each of the
plurality of gate lines, the gate driver internally and sequen-
tially generating scanning pulses in synchronization with the
clock signal, the gate driver receiving at least two gate
output enable signals that respectively control different
groups of the gate lines, wherein when a gate output enable
signal is in an enabling state, the output of the scanning
signal to the gate lines belonging to the corresponding group
is enabled, and when a gate output enable signal is in a
disable state, the output of the scanning signal to the gate
lines belonging to the corresponding group is disabled, and
wherein in one cycle of the clock signal, the gate driver
generates a scanning pulse for a pair of gate lines that belong
to different groups and processes the scanning pulse gener-
ated for the pair of gate lines with the corresponding gate
output enable signals so as to divide the scanning pulse to
two sequential pulses, the gate driver supplying one of the
two sequential pulses to one of the pair of the gate lines and
supplying the other one of the two sequential pulses to the
other one of the pair of the gate lines; and a data driver
connected to the plurality of data lines, the data driver
supplying data signals to the plurality of data lines in
synchronization with the one of the two sequential pulses,
the data driver further supplying a reference signal to the
plurality of data lines in synchronization with the other one
of the two sequential pulses.

[0033] In a further aspect, the present invention provides
a method for driving a liquid crystal display panel, including
(a) selecting two gate lines that are separated by a prede-
termined number of gate lines; (b) providing picture signals
to a row of pixels corresponding to one of the two selected
gate lines; (c) providing a reference signal to a row of pixels
corresponding to the other one of the two selected gates
lines; (d) repeating steps (a) through (c) for different pairs of
gate lines so that all rows of pixels are refreshed by
corresponding picture signals in one frame; and (¢) repeating
steps (a) through (d) for each frame so that updated picture
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signals are provided to the pixels that bear the reference
signal immediately prior to being updated.

[0034] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory, and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0036]

[0037] FIG. 1 is a schematic block diagram showing a
configuration of a conventional liquid crystal display;

In the drawings:

[0038] FIG. 2 shows driving waveforms of the gate driver
in FIG. 1;

[0039] FIG. 3 schematically shows a relationship between
gate lines and the gate output enable signals shown in FIG.
2;

[0040] FIG. 4 illustrates a process of displaying a picture

on the liquid crystal display panel of FIG. 1,

[0041] FIGS. 5A and 5B illustrate a process of displaying
a moving picture on the liquid crystal display panel of FIG.
L

[0042] FIG. 6 is an equivalent circuit diagram of a pixel
of the liquid crystal display panel of FIG. 1,

[0043] FIG. 7 is a waveform diagram showing a gate
pulse and a data pulse applied to the liquid crystal cell shown
in FIG. 6;

[0044] FIG. 8 shows driving waveforms of a gate driver
and a data driver according to a first embodiment of the
present invention,

[0045] FIG. 9 shows another example of the driving
waveforms according to the present invention,

[0046] FIG. 10 illustrates a process of displaying a picture
on the liquid crystal display panel by the driving waveforms
shown in FIGS. 8 and 9; and

[0047] FIG. 11 shows driving waveforms of a gate driver
and a data driver according to a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0048] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0049] FIG. 8 shows driving waveforms of the gate driver
according to a first embodiment of the present invention.
Referring to FIG. 8, the gate driver applies a scanning pulse
SP to two gate lines GL during one period of a clock signal.
Hereafter, an operation process will be described assuming
that the process starts by applying the scanning pulse SP to
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the first gate line GL1 and the 32nd gate line GL32 in the
same clock cycle (and subsequently to other gate lines as
described below).

[0050] First, the gate driver is synchronized with a clock
signal to generate a scanning pulse SP to be supplied with
the first gate line GL1 and the 32nd gate line GL.32. At that
time, a second gate output enable signal GOE2 is set at a
high state during a half period of the clock signal (e.g.,
during the first half period of the clock signal when the clock
signal has a high state, as shown in FIG. 8). Accordingly, the
32nd gate line supplied with the second gate output enable
signal GOE2 remains at a low state during the first half
period of the clock signal at which the second gate output
enable signal GOE2 maintains a high state. On the other
hand, the first gate output enable signal GOEL1 is set at a high
state during the other half period of the clock signal (c.g.,
during the second half period of the clock signal when the
clock signal has a low state, as shown in FIG. 8). Accord-
ingly, the first gate line GL1 remains at a low state during the
second half period of the clock signal at which the first gate
output enable signal GOE1 maintains a high state. In other
words, two gate lines GL1 and GI.32 alternately assume a
high state during one period of the clock signal.

[0051] The data driver supplies a picture data D to be
displayed to the data lines DL when the scanning pulse SP
that has been shaped by GOE1 is applied to the first gate line
GL1 while supplying a reset data R corresponding to, for
example, color black, to the data lines DL when scanning
pulse SP that has been shaped by GOE2 is applied to the
32nd gate line GL32. In other words, the data driver sequen-
tially supplies the picture data D and the reset data R to the
data lines DL in that order during one period of a horizontal
synchronous signal Hsync. To this end, a pulse signal having
twice the frequency in the conventional art is applied to the
data driver. Alternately, as shown in FIG. 9, the data driver
may sequentially supply the reset data R and the picture data
D to the data lines DL in that order during one period of the
horizontal synchronous signal Hsync.

[0052] After a scanning pulse was applied to the first gate
line GL1 and the 32nd gate line GL.32, a scanning pulse SP
is applied to the second gate line GL.2 and the 33rd gate line
GL33 during one period of the next clock. The data lines DL
are supplied with the picture data D and the reset data R in
synchronization with the scanning pulse SP.

[0053] More specifically, in the example of FIG. 8, a
scanning pulse SP is synchronized with a clock signal to be
sequentially applied to the (3i+1)th, (3i+2)th and (3i+3)th
gate lines GL. After a scanning pulse SP is applied to the
(3i+1)th gate line GL1 (and subsequently to GL4, GL7, .. .),
a scanning pulse SP is applied to the (3i+32)th gate line
GL32 (and subsequently to GL35, GL38, . . . ) separated by
a specific desired number of lines (31 lines in this case)
within the same clock. Also, after a scanning pulse SP is
applied to the (3i+2)th gate line GL.2, (and subsequently to
GLS5, GLS, . . .), a scanning pulse SP is applied to the
(3i+33)th gate line GL33 (and subsequently to GL36,
GL39, . . .) separated by 31 lines within the same clock.
Furthermore, after a scanning pulse SP was applied to the
(3i+3)th gate line GL3 (and subsequently to GL6, GLY, .. .),
a scanning pulse SP is applied to the (3i+31)th gate line
GL31 (and subsequently to GL34, GL37, . . . ) separated by
a desired specified number of lines (29 lines in this case)
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within the same clock. This way, a scanning pulse SP, which
originally spans over one clock cycle, is generated for two
gate lines within one clock cycle, and is shaped in time in
accordance with the first to third gate output enable signals
GOE1 to GOE3 so that separate sequential pulses are
actually applied to the two gate lines separated by the
specified number of lines (31 and 29 in this example) within
the same clock.

[0054] In the alternative, the specified number of lines
between the two gate lines receiving the scanning pulses
within the same clock cycle may be simply set to be the same
number (31, for example) among three groups of gate lines
((3i+1)th, (3i+2)th, and (3i+3)th).

[0055] In the driving scheme of FIG. 8, by the time a
scanning pulse SP is about to be applied to the 31st gate line
GL31 and the 62nd gate line GL62, a picture in the current
frame 40 is displayed at the top side of the 31st gate line
GL31 in a liquid crystal display panel 44 while a picture in
the previous frame 46 is displayed at the lower side of the
62nd gate line GL62, as shown in FIG. 10.

[0056] At this point, a black picture 42 is displayed
between the 31st gate line GL31 and the 62nd gate line
GL62. In other words, the data driver has been supplying
picture data D to the data lines DL while the gate driver has
been supplying the scanning pulses SP to the 1st to 30th gate
lines GL1 to GL30, and the data driver has been supplying
reset data R (corresponding to black pixels) to the data lines
DL while the gate driver has been supplying the scanning
pulses SP to the 31st to 60th gate lines GI.31 to GL60.

[0057] In the next clock cycle, a pixel row corresponding
to the 31st gate line GL.31, which has been written with the
reset data R, is refreshed with the picture data D, and a pixel
row corresponding to the 62nd gate line GL62 is refreshed
with the reset data R. Thus, the reset data R in the 31st row
of pixels is overwritten by the picture data D. Similarly in
the subsequent clock cycles, the black picture at a pixel row
corresponding to the 32nd gate line GL32 is refreshed with
the picture data D. Accordingly, because the reset data R
displays a black picture (in this example), a picture to be
displayed on the liquid crystal display panel 44 is displayed
over the black picture. In other words, in contrast to the
conventional scheme in which a picture to be displayed in
the current frame is displayed over a picture that has been
displayed in the previous frame, in the present invention, the
picture to be displayed in the current frame is always
displayed over the black picture regardless of the previous
picture. Accordingly, it is possible to prevent a motion blur
phenomenon caused by an overlapping of a current picture
with a previous picture.

[0058] Furthermore, in the present invention, a capaci-
tance value of the liquid crystal cell Clec in the above
equation (1) is always fixed. Because a picture to be cur-
rently displayed is always displayed over a specific picture
(a black picture in the above example), the capacitance value
of the liquid crystal cell Clc is always fixed to a value
corresponding to the black picture. Accordingly, a voltage
drop amount AVp of the data signal can be predicted, and
compensation for the voltage drop amount AVp of the data
signal becomes possible. This can be achieved by, for

example, adjusting the waveform and/or voltage level of
Veom (FIG. 6).

[0059] The specified separation between the two gate lines
receiving the scanning pulse SP within the same clock cycle
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can be determined by various factors. For example, the
separation may be varied depending upon the resolution and
scale of the display panel.

[0060] In the driving scheme shown in FIG. 9, the picture
data D is preceded by the reset data R. In this case also,
because the picture data D written in the pixels are always
overwritten by the black picture (reset data R) before being
refreshed by the picture data for the next frame, effects
similar to the example of FIG. 8 are achieved. In the case of
FIG. 9, however, the specified separation between the two
gate lines receiving the scanning pulses SP in the same clock
cycle is typically set much larger than the example of FIG.
8 to provide for a sufficient display data retention time for
the picture image within one frame.

[0061] FIG. 11 shows driving waveforms of the gate
driver according to a second embodiment of the present
invention. Referring to FIG. 11, the gate driver sequentially
generates scanning pulses SP to be applied to the (3i+1)th,
(3i+2)th and (3i+3)th gate lines GL in synchronization with
a clock signal. When a scanning pulse SP is applied to the
(3i+1)th gate line GL1 (and subsequently to GL4, GL7, .. .),
the scanning pulse SP also is applied to the (3i+33)th gate
line GL.33 (and subsequently to GL.36, GL39, . . .) separated
by a specified desired number of lines (32 lines in this case).
Also, when a scanning pulse SP is applied to the (3i+2)th
gate line GL.2 (and subsequently to GLS, GLS, . . . ), the
scanning pulse SP also is applied to the (3i+31)th gate line
GL31 (and subsequently to GL34, GL37, . . . ) separated by
a desired specified number of lines (29 lines in this case).
Furthermore, when a scanning pulse SP is applied to the
(3i+3)th gate line GL3 (and subsequently to GL6, GLY, .. .),
the scanning pulse SP also is applied to the (3i+32)th gate
line GL32 (and subsequently, to GL.35, 38, . . . ) separated
by a desired specified number of lines (29 in this case).

[0062] When a scanning pulse SP is applied to the (3i+1)th
gate line GL1 (and subsequently to GL4, GL7, . . .), the first
gate output enable signal GOE1 is set to a high state during
a half period of a clock signal (e.g., during the second half
period of the clock signal when the clock signal has a low
state, as shown in FIG. 11). Further, when a scanning pulse
SP is applied to the (3i+33)th gate line GL33 (and subse-
quently to GL6, GLY, . . . ) in synchronization with the
scanning pulse SP applied to the (3i+1)th gate line GL1 (and
subsequently to GL4, GL7, . . .), the third gate output enable
signal GOE3 is set at a high state during the other half period
of the clock signal (e.g., during the first half period of the
clock signal when the clock signal has a high state, as shown
in FIG. 11).

[0063] When a scanning pulse SP is applied to the (3i+2)th
gate line GL2 (and subsequently to GLS, GLS, . . . ), the
second gate output enable signal GOE2 is set at a high state
during a half period of the clock signal (e.g., during the
second half period of the clock signal when the clock signal
has a low state, as shown in FIG. 11). Further, when a
scanning pulse SP is applied to the (3i+31)th gate line GL31
(and subsequently to G134, GL37, . . .) in synchronization
with the scanning pulse SP applied to the (3i+2)th gate line
GI2 (and subsequently to GLS, GLS, . . . ), the first gate
output enable signal GOE1 remains at a high state during the
other half period of the clock signal (e.g., during the first half
period of the clock signal when the clock signal has a high
state, as shown in FIG. 11).
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[0064] When a scanning pulse SP is applied to the (3i+3)th
gate line GL3 (and subsequently to GL6, GLY, . . .), the third
gate output enable signal GOE3 is set at a high state during
a half period of a clock signal (e.g., during the second half
period of the clock signal when the clock signal has a low
state, as shown in FIG. 11). Further, when a scanning pulse
SP is applied to the (3i+32)th gate line GL.32 (and subse-
quently to GL35, GL38, . . .) in synchronization with the
scanning pulse SP applied to the (3i+3)th gate line GL3 (and
subsequently to GL6, GL9, . . . ), the second gate output
enable signal GOE2 remains at a high state during the other
half period of the clock signal (e.g., during the first half
period of the clock signal when the clock signal has a high
state, as shown in FIG. 11).

[0065] Inthe second embodiment of the present invention,
a scanning pulse SP, which originally spans from the leading
edge of one clock to the leading edge of the next clock, is
split into two scanning pulses by utilizing the first to third
gate output enable signals GOE1 to GOE3, and the split
scanning pulses are respectively applied to two gate lines GL
separated by a specified number of lines during one period
of the clock signal. Also, a picture data D is supplied in
synchronization with one of the two scanning pulses SP
applied during one period of the clock signal while a reset
data R is supplied in synchronization with the other scanning
pulse SP.

[0066] As described above, according to the present
invention, two gate lines are scanned as a pair within one
clock cycle in one frame, and a black data is supplied when
one of the two gate lines is scanned while a picture data is
supplied when the remaining one of the two gate lines is
scanned. Accordingly, a desired picture is always displayed
over the black picture, and it becomes possible to prevent a
motion blur phenomenon. Also, it becomes possible to
predict and determine a capacitance value of the liquid
crystal cell. Once the capacitance value of the liquid crystal
cell is determined, a voltage drop amount of the data pulse
can be determined whereby it becomes possible to compen-
sate the voltage drop amount of the data pulse.

[0067] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in the
driving method for liquid crystal display and the liquid
crystal display device of 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 this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:

1. A method of driving a liquid crystal display including
a liquid crystal display panel having pixels arranged in a
matrix form, a gate driver for applying a scanning signal to
gate lines of the liquid crystal display panel, and a data
driver for supplying a picture data to data lines of the liquid
crystal display panel, the method comprising the steps of:

applying a clock pulse to the gate driver;

applying first to third gate output enable signals to the gate
driver; and

applying a scanning pulse to two gate lines during one
period of the clock pulse.

2. The method according to claim 1, wherein the data

driver supplies the picture data to the data lines when the
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scanning pulse is applied to a first gate line of the two gate
lines, and supplies a black data to the data lines when the
scanning pulse is applied to a second gate line of the two
gate lines.

3. The method according to claim 1, wherein the data
driver supplies a black data to the data lines when the
scanning pulse is applied to a first gate line of the two gate
lines, and supplies the picture data to the data lines when the
scanning pulse is applied to a second gate line of the two
gate lines.

4. The method according to claim 1, wherein the first gate
output enable signal is applied to each of the (3i+11)th gate
lines, the second gate output enable signal is applied to each
of the (3i+2)th gate lines, and the third gate output enable
signal is applied to each of the (3i+3)th gate lines, where i
is a non-negative integer.

5. The method according to claim 4, further comprising
the steps of:

applying the scanning pulse to the (3i+1)th gate line
during one period of the clock signal;

applying the scanning pulse to the (3(i+k)+2)th gate line,
which is thereby separated from the (3i+1)th gate line
by 3k+1 gate lines, when the scanning pulse is applied
to the (3i+1)th gate line, where k is a positive integer;

setting the first gate output enable signal at a high state
during one half of the one period of the clock signal
when the scanning pulse is applied to the (3i+1)th gate
line; and

setting the second gate output enable signal at a high state
during the other half of the one period of the clock
signal when the scanning pulse is applied to the (3(i+
k)+2)th gate line.
6. The method according to claim 4, further comprising
the steps of:

applying the scanning pulse to the (3i+2)th gate line
during one period of the clock signal;

applying the scanning pulse to the (3(i+k)+3)th gate line,
which is thereby separated from the (3i+2)th gate line
by 3k+1 gate lines, when the scanning pulse is applied
to the (3i+2)th gate line, where k is a positive integer;

setting the second gate output enable signal at a high state
during one half of the one period of the clock signal
when the scanning pulse is applied to the (3i+2)th gate
line; and

setting the third gate output enable signal at a high state
during the other half of the one period of the clock
signal when the scanning pulse is applied to the (3(i+
k)+3)th gate line.
7. The method according to claim 4, further comprising
the steps of:

applying the scanning pulse to the (3i+3)th gate line
during one period of the clock signal;

applying the scanning pulse to the (3(i+k)+1)th gate line,
which is thereby separated from the (3i+3)th gate line
by 3k-2 gate lines, when the scanning pulse is applied
to the (3i+3)th gate line, where k is a positive integer;

setting the third gate output enable signal at a high state
during one half of the one period of the clock signal
when the scanning pulse is applied to the (3i+3)th gate
line; and

Jul. 4, 2002

setting the first gate output enable signal at a high state
during the other half of the one period of the clock
signal when the scanning pulse is applied to the (3(i+
k)+1)th gate line.
8. The method according to claim 4, further comprising
the steps of:

applying the scanning pulse to the (3i+1)th gate line
during one period of the clock signal;

applying the scanning pulse to the (3(i+k)+3)th gate line,
which is thereby separated from the (3i+1)th gate line
by 3k+2 gate lines, when the scanning pulse is applied
to the (3i+1)th gate line, where k is a positive integer;

setting the first gate output enable signal at a high state
during one half of the one period of the clock signal
when the scanning pulse is applied to the (3i+1)th gate
line; and

setting the third gate output enable signal at a high state
during the other half of the one period of the clock
signal when the scanning pulse is applied to the (3(i+
k)+3)th gate line.
9. The method according to claim 4, further comprising
the steps of:

applying the scanning pulse to the (3i+2)th gate line
during one period of the clock signal;

applying the scanning pulse to the (3(i+k)+1)th gate line,
which is thereby separated from the (3i+2)th gate line
by 3k-1 gate lines, when the scanning pulse is applied
to the (31+2)th gate line, where k is a positive integer;

setting the second gate output enable signal at a high state
during one half of the one period of the clock signal
when the scanning pulse is applied to the (3i+2)th gate
line; and

setting the first gate output enable signal at a high state
during the other half of the one period of the clock
signal when the scanning pulse is applied to the (3(i+
k)+1)th gate line.
10. The method according to claim 4, further comprising
the steps of:

applying the scanning pulse to the (3i+3)th gate line
during one period of the clock signal;

applying the scanning pulse to the (3(i+k)+2)th gate line,
which is thereby separated from the (3i+3)th gate line
by 3k-1 gate lines, when the scanning pulse is applied
to the (3i+3)th gate line, where k is a positive integer;

setting the third gate output enable signal at a high state
during one half of the one period of the clock signal
when the scanning pulse is applied to the (3i+3)th gate
line; and

setting the second gate output enable signal at a high state
during the other half of the one period of the clock
signal when the scanning pulse is applied to the (3(i+
k)+2)th gate line.
11. A method of driving a liquid crystal display that is
driven frame by frame, comprising the steps of:

displaying a first picture on a liquid crystal display panel
in the current frame;
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displaying a specific pattern of picture on the liquid
crystal display panel on which said picture has been
displayed; and

displaying a second picture over said specific pattern of
picture in the next frame.
12. The method according to claim 11, wherein the
specific pattern of picture is a black picture.
13. A liquid crystal display device, comprising:

a liquid crystal display panel having a plurality of gate
lines and a plurality of data lines arranged substantially
in a matrix form;

a gate driver receiving a clock signal and connected to
each of the plurality of gate lines, the gate driver
internally and sequentially generating scanning pulses
in synchronization with the clock signal, the gate driver
receiving at least two gate output enable signals that
respectively control different groups of the gate lines,
wherein when a gate output enable signal is in an
enabling state, the output of the scanning signal to the
gate lines belonging to the corresponding group is
enabled, and when a gate output enable signal is in a
disable state, the output of the scanning signal to the
gate lines belonging to the corresponding group is
disabled, and wherein in one cycle of the clock signal,
the gate driver generates a scanning pulse for a pair of
gate lines that belong to different groups and processes
the scanning pulse generated for the pair of gate lines
with the corresponding gate output enable signals so as
to divide the scanning pulse to two sequential pulses,
the gate driver supplying one of the two sequential
pulses to one of the pair of the gate lines and supplying
the other one of the two sequential pulses to the other
one of the pair of the gate lines; and

a data driver connected to the plurality of data lines, the
data driver supplying data signals to the plurality of
data lines in synchronization with the one of the two
sequential pulses, the data driver further supplying a
reference signal to the plurality of data lines in syn-
chronization with the other one of the two sequential
pulses.

14. The liquid crystal display device according to claim

13, wherein the gate driver receives two gate output enable
signals, and the gate lines are divided into two groups of odd
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numbered gate lines and even numbered gate lines, as
numbered from the top to the bottom of the display panel.

15. The liquid crystal display device according to claim
14, wherein the reference signal is a black signal.

16. The liquid crystal display device according to claim
13, wherein the gate driver receives three gate output enable
signals, and the gate lines are divided into three groups of
(3i+1) numbered gate lines, (3i+2) numbered gate lines, and
(31+3) numbered gate lines, as numbered from the top to the
bottom of the display panel, where i is a non-negative
integer.

17. The liquid crystal display device according to claim
16, wherein the reference signal is a black signal.

18. A method for driving a liquid crystal display panel,
comprising;

(a) selecting two gate lines that are separated by a

predetermined number of gate lines;

(b) providing picture signals to a row of pixels corre-
sponding to one of the two selected gate lines;

(c) providing a reference signal to a row of pixels corre-
sponding to the other one of the two selected gates
lines;

(d) repeating steps (a) through (c) for different pairs of
gate lines so that all rows of pixels are refreshed by
corresponding picture signals in one frame; and

(e) repeating steps (a) through (d) for each frame so that
updated picture signals are provided to the pixels that
bear the reference signal immediately prior to being
updated.

19. The method according to claim 18, wherein the
reference signal is the same for all rows of pixels and for
each frame.

20. The method according to claim 19, wherein the
reference signal is such that each pixel provided with the
reference signal exhibits a black dot.

21. The method according to claim 18, wherein steps (a)
through (d) are performed such that a horizontal band of
pixels applied with the reference signal sweeps an entire
screen of the liquid crystal display panel from the top to the
bottom in each frame.

22. The method according to claim 21, wherein the
horizontal band is a black band.

x ok ok ok %k



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X
Hfth 237 STk
EIN-E 22

BWE(R)

B MR RBEE RBNSE RS AETUERGRE, FRAE

| S S BRI, B — T 5 AR i A S S
IEARIREEE . 75 1S 2 0 — /N 0500 43 v 1 A 75 S

W, Eit EROEEGLEEREENEEG | W T LSS

8, MH , WEETHBSERERY , NATARNARESRERs Ok 31
e ERE | XA TS EROR B E R,

B3R BT RERE

US20020084959A1 K (2E)R

US09/893994 RiEHR

REETRERAF

LG.PHILIPS LCD CO., LTD.

LG DISPLAY CO. , LTD.

PARK JONG JIN
SON HYEON HO
PARK KU HYUN

PARK, JONG JIN
SON, HYEON HO
PARK, KU HYUN

G09G3/36

G09G3/3648 G09G2310/0205 G09G2310/061 G09G2320/0261

1020000085393 2000-12-29 KR

US7161568

Espacenet USPTO

patsnap

2002-07-04

2001-06-29

CURRENT FRAME

BLACK 1~ 42

GL 62

PREVIQUS
FRAME

{
46


https://share-analytics.zhihuiya.com/view/bea4b1ea-1693-4545-9a3e-6a44c28db874
https://worldwide.espacenet.com/patent/search/family/019703909/publication/US2002084959A1?q=US2002084959A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020084959%22.PGNR.&OS=DN/20020084959&RS=DN/20020084959

