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(57) ABSTRACT

A method of optimizing pixel signals for a liquid crystal
display includes receiving the first, second and third pixel
signals for the (n-1), (n) and (n+1)th frames. The first and
second pixel signals are compared to determine if the second
pixel signal requires overshooting or undershooting. The sec-
ond and third pixel signals are compared to determine if the
second pixel signal requires to be increased for pre-titling.
The second pixel signal is compensated accordingly, thereby
increasing liquid crystal response time.
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application of co-pending
U.S. application Ser. No. 10/817,885, filed on Apr. 6, 2004,
the disclosure of which is incorporated by reference herein in
its entirety, and which, in turn, claims foreign priority upon
Korean Patent Application No. 2003-21638 filed on Apr. 7,
2003, Korean Patent Application No. 2003-61880 filed on
Sep. 4, 2003 and Korean Patent Application No. 2003-67298
filed on Sep. 29, 2003, the contents of which are incorporated
herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a driving method for
a liquid crystal display (LCD) device, more particularly to a
driving method for enhancing liquid crystal response speed.
[0004] 2. Background Description

[0005] Inorder to reduce liquid crystal response time, ithas
been proposed to generate a compensate target pixel voltage
for the present frame from a target pixel voltage of the present
frame and a target pixel voltage of the previous frame and
apply the compensated target pixel voltage to a corresponding
pixel electrode. For example, U.S. patent application Ser. No.
09/773,603 describes a driving method for an LCD device, in
which, when the target pixel voltage of the present frame is
different from that of the previous frame, a data voltage is
compensated to be greater than the target pixel voltage of the
present frame (“overshooting”) and the compensated data
voltage is applied to the pixel electrode. This “overshooting”
driving method reduces liquid crystal response time because
the compensated target pixel voltage applies stronger electric
field to the pixel electrode.

[0006] However, the “overshooting” is not fully effective in
increasing liquid crystal response time for a patterned vertical
alignment (PVA) type LCD. A PVA type LCD has patterns
(e.g., apertures and/or protrusions) formed on one or both
substrates. When a target pixel voltage is applied to the pixel
electrode, fringe fields are formed near the patterns and the
liquid crystal molecules are laid toward expected directions
by the fringe fields. However, for the liquid crystal molecules
disposed far from the fringe fields, it takes longer to be laid
towards the expected directions because they tend to be laid
initially toward undesired directions.

[0007] Therefore, there is a need for a more effective
method for driving liquid crystal to reduce the liquid crystal
response time.

SUMMARY OF THE INVENTION

[0008] In an aspect of the invention, a method for optimiz-
ing pixel signals for a liquid crystal display is provided. The
method includes steps of receiving the first pixel signal for the
(n-1)th frame and receiving the second pixel signal for the
(mth frame. It is determined if the first pixel signal and the
second pixel signal satisfy a first predetermined condition.
The second pixel signal is compensated if the first predeter-
mined condition is satisfied. The third pixel signal for the
(n+j)th frame is received. It is determined if the second pixel
signal and the third pixel signal satisfy a second predeter-
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mined condition. The second pixel signal is compensated if
the second predetermined condition is satisfied.

[0009] Another aspect of the invention is a method for
optimizing pixel signals for a liquid crystal display. The first
pixel signal for the (n-i)th frame and the second pixel signal
for the (n)th frame are received. It is determined if the first
pixel signal and the second pixel signal meet a predetermined
condition. The first pixel signal is compensated for pre-tilting
liquid crystal molecules if the predetermined condition is
satisfied.

[0010] Another aspect of the invention is a liquid crystal
display (LCD) including the first frame memory storing the
first pixel signal for the (n-i)th frame. The second frame
memory is provided to store the second pixel signal for the
(n)th frame. A compensator is provided to receive the first
pixel signal, the second pixel signal and the third pixel signal
for the (n+)th frame. The compensator determines if the first
pixel signal and the second pixel signal satisfy the first pre-
determined condition and if the second pixel signal and the
third pixel signal satisfy the second predetermined condition.
The compensator performs the first optimization to the sec-
ond pixel signal if the first predetermined condition is satis-
fied and/or the second optimization if the second predeter-
mined condition is satisfied.

[0011] Another aspect of the invention is a method of opti-
mizing pixel signals for a liquid crystal display. The method
includes the steps of receiving the first pixel signal for the
(n-i)th frame and the second pixel signal for the (n)th frame.
It is determined if the first pixel signal and the second pixel
signal satisfy the first predetermined condition. The first pixel
signal is compensated if the first predetermined condition is
satisfied. The first pixel signal or the compensated first pixel
signal is stored. It is determined if the first pixel signal or the
compensated first pixel signal and the second pixel signal
satisfy the second predetermined condition. The second pixel
signal is compensated if the second predetermined condition
1s satisfied.

[0012] Another aspect of the invention is a liquid crystal
display (LCD) including a compensator that receives the first
pixel signal for the (n-i)th frame and the second pixel signal
for the (n)the frame. The compensator determines if the first
pixel signal and the second pixel signal satisfy the first pre-
determined condition and compensates the first pixel signal if
the first predetermined condition is satisfied. A frame
memory is provided to store the compensated first pixel sig-
nal. The compensator determines ifthe first pixel signal or the
compensated first pixel signal and the second pixel signal
satisfy the second predetermined condition and compensates
the second pixel signal if the second predetermined condition
is satisfied.

[0013] Another aspect of the invention is a method of opti-
mizing pixel signals for a liquid crystal display. The method
includes the steps of receiving the first pixel signal for the
(n-1)th frame and the second pixel signal for the (n)th frame.
It is determined if the first pixel signal and the second pixel
signal satisfy the first predetermined condition. The second
pixel signal is compensated if the first predetermined condi-
tion is satisfied. The compensated second pixel signal is
stored and the third pixel signal for the (n+j)th frame is
received. It is determined if the second pixel signal or the
compensated second pixel signal and the third pixel signal
satisfy the second predetermined condition. The third pixel
signal is determined if the second predetermined condition is
satisfied and the second pixel signal is not compensated.
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[0014] Another aspect of the invention is a liquid crystal
display (LCD). The LCD includes a compensator receiving
the first pixel signal for the (n-i)th frame, the second pixel
signal for the (n)th frame and the third pixel signal for the
(n+j)th frame. The compensator determines if the first pixel
signal and the second pixel signal satisfy the first predeter-
mined condition and compensates the second pixel signal if
the first predetermined condition is satisfied. A frame
memory is provided to store the compensated second pixel
signal. The compensator determines if the second pixel signal
or the compensated second pixel signal and the third signal
satisfy the second predetermined condition and compensates
the third pixel signal if the second predetermined condition is
satisfied and the second pixel signal is not compensated.
[0015] Another aspect of the invention is a method of opti-
mizing pixel signals for a liquid crystal display. The method
includes the steps of receiving the first pixel signal for the
(n-1)th frame and the second pixel signal for the (n)th frame,
the first pixel signal and the second pixel signal correspond-
ing to first gray levels of a first gray scale having an X number
of gray levels. The first gray levels of the first pixel signal and
the second pixel signal are converted to second gray levels of
a second gray scale having a Y number of gray levels and at
least one overshooting gray level, wherein X is greater than'Y.
It is determined if the second gray levels of the first pixel
signal and the second pixel signal satisfy a predetermined
condition. The second gray level of the second pixel signal is
compensated if the predetermined condition is satisfied.
[0016] Another aspect of the invention is a liquid crystal
display (LCD) including a converter. The converter receives
the first pixel signal for the (n-i)th frame and the second pixel
signal for the (n)th frame, the first pixel signal and the second
pixel signal corresponding to first gray levels of the first gray
scale having an X number of gray levels. The converter con-
verts the first gray levels of the first pixel signal and the second
pixel signal to second gray levels of the second gray scale
having a Y number of gray levels and at least one overshoot-
ing gray level. A compensator is provided to determine if the
second gray levels of the first pixel signal and the second pixel
signal satisfy a predetermined condition and compensates the
second gray level of the second pixel signal if the predeter-
mined condition is satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will be better understood from the
following detailed description of embodiments of reference
to the drawings.

[0018] FIG. 1 depicts a relationship between pixel trans-
mittance (T) and liquid crystal response time (t).

[0019] FIG. 2 depicts a relationship between pixel voltage
(V) and pixel on/off time (t,).

[0020] FIG. 3 depicts a pixel voltage signal compensated
for pretilt and overshooting, in accordance with an embodi-
ment of the present invention.

[0021] FIG. 4 depicts a block diagram of a liquid crystal
displaying including a gray scale data compensating part, in
accordance with the first embodiment of the present inven-
tion.

[0022] FIG. 5 depicts a block diagram of a gray level com-
pensator, in accordance with the second embodiment of the
present invention.

[0023] FIG. 6 depicts an input pixel signal and a compen-
sated pixel signal, in accordance with the second embodiment
of the present invention.
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[0024] FIG. 7 depicts a block diagram of gray scale com-
pensator, in accordance with the third embodiment of the
present invention.

[0025] FIG. 8 depicts an input pixel signal and the compen-
sated pixel signals generated by the gray level compensators
shown in FIG. 5 and FIG. 7.

[0026] FIG. 9 depicts a block diagram of a gray scale com-
pensator, in accordance with the fourth embodiment of the
present invention.

[0027] FIG. 10 depicts a flow chart for performing gray
scale compensation, in accordance with the fourth embodi-
ment of the present invention.

[0028] FIG. 11 depicts an input pixel signal and a compen-
sated pixel signal, in accordance with the fourth embodiment
of the present invention.

[0029] FIG. 12 depicts an input pixel signal and compen-
sated pixel signals generated by the gray level compensators
shown in FIG. 7 and FIG. 9.

[0030] FIG. 13 depicts a block diagram of a liquid crystal
display including a color compensating part and gray scale
compensating part, in accordance with the fifth embodiment
of the present invention.

[0031] FIG. 14 depicts a gamma curve transformed by the
color compensating part of FIG. 13.

[0032] FIG. 15 depicts a block diagram showing a gray
scale data compensating part, in accordance with the fifth
embodiment of the present invention.

[0033] FIG. 16 depicts a block diagram showing the data
driver shown in FIG. 13.

[0034] FIG. 17 depicts a circuit diagram showing the D/A
converter shown in FIG. 16.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0035] FIG. 1 shows a pixel transmittance T changed from
approximately 0% (black) to approximately 100% (white)
during a turn-on time period T, and changed from approxi-
mately 100% (white) to approximately 0% (black) a turn-off
time period T, FIG. 2 shows how a gray level voltage for
displaying black (hereafter, “black gray level voltage”) influ-
ences the turn-on time period T, and the turn-off time period
T,z As shown therein, the turn-on time period T, is reduced
when the black gray level voltage is increased because liquid
crystal molecules are pre-tilted by the increased black gray
level voltage. The pre-titled liquid crystal molecules are laid
more quickly when a gray level voltage for displaying white
(hereafter, “white gray level voltage”) is subsequently
applied to the pixel. This shortens the liquid crystal response
time. Tt is not feasible to set the black gray scale voltage V too
high because, as shown in FIG. 2, if the black gray scale
voltage V increases, the turn-off time period T, also
increases. Thus, if the black gray scale voltage ranges
between about 0.5V to about 1.5V, a voltage between about 2
V to about 3.5 V is applied as a pre-tilting voltage.

[0036] FIG. 3 shows a compensated gray scale voltage Vd
according to an embodiment of the present invention. When
black is displayed during the (n-1)th frame and white is
displayed during the (n)th frame, a pre-ilt voltage is applied
during the (n-1)th frame. For example, if the black gray scale
voltage ranges between about 0.5V to about 1.5V, the pre-tilt
voltage is preferably ranges from about 2V to about 3.5V.
[0037] In order to decide if the gray level signal for the
current frame requires compensation for pre-tilting, the gray
level signals for the current frame and the next frame are
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compared to determine if these gray level signals satisfy a
predetermined condition. For example, the predetermined
condition would be met if the gray level signal for the current
frame corresponds to black and the gray level signal for the
next frame corresponds to white. Thus, it is necessary to shift
one frame to determine the predetermined condition is satis-
fied. However, the pre-tilt voltage may be applied to the pixel
electrode during the (n-1)th frame only. Subsequently, in the
(n)th frame, the input gray level signal is compensated for
overshooting. Although there is one frame delay, a length of
the frame is too short and such a delay is hardly recognized.
[0038] A number of gray levels that constitutes a gray scale
or ranges of gray levels corresponding to black or white can
vary depending on needs. For better understanding of the
invention, it is assumed that a gray scale consists of 256 gray
levels (0 to 255), the gray level corresponding to black ranges
between 0 to 50th gray levels, and white color corresponds to
a gray level between 200th to 255th. The pre-tilt voltage may
be a constant value corresponding to black color, even though
the degree or the pre-tilt voltage may be varied according to
the degree of the gray scale.

Embodiment 1

[0039] FIG. 4 show a block diagram of a liquid crystal
display device according to the first embodiment of the
present invention. The liquid crystal display device includes a
liquid crystal display panel 100, a gate driver 200, a data
driver 300 and a gray scale data compensator 400. The liquid
crystal display panel can be a vertical alignment (VA) type,
patterned vertical alignment (PVA) type or mixed vertical
alignment (MVA) type. The gray scale compensator 400 or
500, the data driver 300 and the gate driver 200 function as a
driver device for transforming an external signal from an
external host (e.g., graphic controller) into an internal signal
applied to the liquid crystal display panel 100.

[0040] As conventionally known, gate lines Gg (i.e., scan
lines) and data lines Dp (i.e., source lines) are formed on the
liquid crystal display panel 100. A region surrounded by two
neighboring gate lines Gg and two neighboring data lines Dp
1s defined as a pixel. The pixel includes a thin film transistor
110, a liquid crystal capacitor C, and a storage capacitor C_,.
The thin film transistor 110 has a gate electrode, a source
electrode and a drain electrode. The gate electrode is electri-
cally connected to the gate line Gg. The source electrode is
electrically connected to the data line Dp. The drain electrode
is electrically connected to the liquid crystal capacitor C, and
a storage capacitor C,,.

[0041] Although FIG. 4 shows the gray scale data compen-
sator 400 is a stand-alone unit, it may be integrated in a
graphic card, a liquid crystal display module, a timing con-
troller or a data driver. The gray scale compensator 400
receives a gray scale signal G,, (or a primitive gray scale
signal) and generates a compensated gray scale signal G',,_,.
The gate driver 200 applies gate signals S, to S, to the gate
line G, in sequence, to turn on the thin film transistors 110.
The data driver 300 receives the compensated gray scale
signal (G'm-1) from the gray scale data compensator 400 and
applies the compensated gray scale signal (G'm-1) as data
signals D, to D,, to the data lines respectively.

[0042] Indetail, when a primitive gray scale signal G, _; of
the (n-1)th frame is equal to a primitive gray scale signal G,
of the n-th frame, the primitive gray scale signal G,_, is not
compensated and the compensated gray scale signal G',_;
would be the same with the primitive gray scale signal G,_,.
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However, when a primitive gray scale signal G,_, for the
(n-1)th frame corresponds to dark color (e.g., black) and a
primitive gray scale signal G, of the (n)th frame corresponds
to bright color (e.g., white), the a primitive gray scale signal
G,,_, is compensated to be higher than the primitive gray scale
signal Gn-1 and the compensated gray scale signal G',_;
corresponds to a gray scale signal for pre-tilting the liquid
crystal molecules. In the (n+1)th frame, an overshoot wave-
form is applied to the driver 300 as the compensated gray
scale signal G',. The compensated gray scale signal G', is
obtained by comparing a gray scale signal G, of the (n)th
frame with a gray scale signal G,,_, of the (n-1)th frame and
a gray scale signal G,_, of (n-2)th frame.

[0043] As described above, according to the first embodi-
ment of the present invention, a data voltage (e.g., gray level
signal) is compensated and the compensated data voltage is
applied to a pixel electrode so that a pixel voltage approaches
to a target voltage level more promptly. Therefore, a response
time of a liquid crystal molecule decreases without changing
astructure of a liquid crystal display panel and without chang-
ing a property of liquid crystal molecule.

Embodiment 2

[0044] FIG. 5 is a block diagram of a gray scale compen-
sator according to the second embodiment of the present
invention. Referring to FIG. 5, a gray scale data compensator
400 has a composer 410, a first frame memory 412, a second
frame memory 414, a controller 416, a gray scale compensa-
tor 418 and a divider 420. The gray scale data compensator
400 receives a primitive gray scale signal G,, for the (n)th
frame and generates a compensated gray scale signal G',_, for
the (n)th frame.

[0045] The composer 410 receives a primitive gray scale
signal G, for the (n)th frame from a gray scale signal source
(not shown) and transforms a frequency of the data stream so
that the gray scale data compensator 400 may process the
primitive gray scale signal G,,. For example, when the com-
poser 410 receives a 24-bit primitive gray scale signal syn-
chronized with 65 MHz but the gray scale data compensating
part 400 can process only a signal that is below 50 MHz, the
composer 410 pairs the 24-bit the primitive gray scale signal
to form a 48-bit primitive gray scale signal. Then the com-
poser 410 transfers the paired 48-bit primitive gray scale
signal to the first frame memory 412 and to the gray scale data
compensator 418.

[0046] The first frame memory 412 transfers a stored gray
scale signal G,_; for the (n-1)th frame to the gray scale
compensator 418 and to the second frame memory 414 in
response to an address clock signal A and a read clock signal
R from a controller 416. Also, the first frame memory 412
stores a gray signal G, of the (n)th frame in response to the
address clock signal A and a write clock signal W from a
controller 416. The second frame memory 414 transfers a
stored gray scale signal G,,_, for the (n-2)th frame to the gray
scale compensator 418 in response to the address clock signal
A and the read clock signal R from the controller 416. Also,
the second frame memory 414 stores the gray scale signal
Gn-1 for the (n-1)th frame in response to the address clock
signal A and the write clock signal W from the controller 416.
[0047] The gray scale data compensator 418 receives the
gray scale signal G,, for the (n)th frame from the composer
410, the gray scale signal G,,_, for the (n-1)th frame from the
first frame generator 412 and the gray scalesignal G,,_, for the
(n-2)th frame from the second frame generator 414 in
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response to the read clock signal R from the controller 416.
Also, the gray scale data compensator 418 generates a com-
pensated gray scale signal G',_, for the (n-1)th frame by
comparing the gray scale signal G, with the gray scale signal
Gn-1 and the gray scale signal Gn-2.

[0048] The gray scale data compensator 418 receives the
gray scale signal G, for the (n)th frame and generates the
compensated gray scale signal G'n-1 for the (n-1)th frame,
which is shifted by one frame. For example, when the primi-
tive gray scale signal G,, for the (n)th frame corresponds to
white and the primitive gray scale signal G,,_, for the (n—1)th
frame corresponds to black, the gray scale data compensator
418 generates a compensated gray scale signal G',_, for pre-
tilting a liquid crystal molecule in (n)th frame. When the
primitive gray scale signal G,, of the (n)th frame and the gray
scale signal G,_, for the (n-1)th frame correspond to white
but the primitive gray scale signal G,,_, for the (n-2)th frame
corresponds to black, the gray scale data compensator 418
generates a compensated gray scale signal G',_; having an
overshoot wave pattern during the (n-1)th frame.

[0049] In detail, a magnitude of the overshoot waveform or
undershoot waveform may be determined by applying a pre-
determined percentage (X %) of the target voltage or adding
or subtracting a predetermined value (AV1) to or from the
target voltage. A magnitude of the pre-tilt voltage may be
determined by applying a predetermined percentage (Y %) of
target voltage or adding a predetermined value (AV2) to the
target voltage. For example, when a black gray scale voltage
is in the range from about 0.5V to about 1.5V, the pre-tilt
voltage may be in the range from about 2 to about 3.5V.
[0050] The divider 420 divides the compensated gray scale
signal G', _, and applies it to the data driver 300 of FIG. 4. For
example, if the compensated gray scale signal G',,_; is 48-bit,
the divided gray scale signal may be 24-bit. When a clock
frequency synchronized with the data gray scale signal is
different from a clock frequency by which the first and the
second frame memory 412 and 414 are accessed, the com-
poser 410 and the divider 420 are utilized. However, when a
clock frequency synchronizing the data gray scale signal is
substantially equal to a clock frequency with which the first
and the second frame memory 412 and 414 operate, the gray
scale data compensator 400 does not need to include the
composer 410 and the divider 420. Also, alternately, a serial-
izer can be used instead of the divider 420.

[0051] The gray scale data compensator 418 may be a digi-
tal circuit having alook-up table stored at a read only memory
(ROM). The primitive gray scale signal is compensated in
accordance with the look-up table. In a real situation, the
compensated data voltage for the (n)th frame is not directly
proportional to a difference between a primitive voltages for
the (n-1)th frame and the (n)th frame. Rather, the compen-
sated data voltage is non-linear to the difference and depends
notonly on the difference but also on an absolute value of the
primitive voltages for the (n—1)th frame and the (n)th frame.
Therefore, when alook-up table is used for the gray scale data
compensator 418, the gray scale data compensator 418 can
have a simpler design.

[0052] In this embodiment, the dynamic range of the data
voltage are required to be broader than that of the real gray
scale voltage. This problem may be solved, when a high
voltage integrated circuit (IC) is used, in an analog circuit.
However, in a digital circuit, the gray scale level is fixed (or
restricted). For example, in a 6-bit (or 64) gray scale level, a
portion of the gray scale level should be assigned not for areal
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gray scale voltage but for a compensated gray scale voltage.
Namely, a portion of the gray scale level should be assigned
for the compensated gray scale level, so that a gray scale level
that is displayed is reduced.

[0053] A concept of truncation may be used to avoid reduc-
ing the gray scale level. For example, suppose that the liquid
crystal molecule is operated in a voltage from about 1V to
about 4V, and the compensated voltage is in the range from
about OV to about 8V. Even when the range is divided into 64
levels to compensate the voltage sufficiently, only 30 levels
may be used for expressing the gray level. Therefore, when a
width of the voltage is lowered to be in the range from about
1V to about 4V and a compensated voltage is higher than 4V,
the compensated voltage is truncated to be 4V so that a
number of the gray scale level is reduced.

[0054] FIG. 6is a timing diagram showing an output wave-
form according to the second embodiment of the present
invention. As shown therein, an input gray scale signal is 1V
during the (n-1)th frame, 5V during the (n)th frame and the
(n+1)th frame and 3V during and after the (n+2)th frame. In
response, the compensated gray scale signal of 1.5V corre-
sponding to the input gray scale signal for the (n-1)th frame
is applied for the (n)th frame to pre-tilt the liquid crystal
molecule. Then the compensated gray scale signal of 6V
corresponding to the input gray scale signal for the (n)th
frame is applied for the (n+1)th frame and the compensated
gray scale signal of 5V corresponding to the input gray scale
signal for the (n+1)th frame is applied for the (n+2)th frame.
The compensated gray scale signal of 2.5V corresponding to
the input gray scale signal for the (n+2)th frame is applied for
the (n+3)th frame and the compensated gray scale signal of
3V corresponding to the input gray scale signal for the (n+3)
th frame is applied for the (n+4)th frame and the frame there-
after.

[0055] In detail, the input gray scale signal for the (n-1)th
frame corresponds to black and the input gray scale signal for
the (n)th frame corresponds to white. Therefore, a pre-tilt
voltage corresponding to the input gray scale signal for the
(n-1)th frame is applied during the (n)th frame with one
frame delay. Subsequently, an overshoot voltage correspond-
ing to the input gray scale signal for the (n)th frame is applied
during the (n+1)th frame with one frame delay. The input gray
scale signal for the (n+1)th frame is the same with the input
gray scale signal for the (n)th frame. Therefore, the compen-
sated gray scale signal for the (n)th frame corresponding to
the input gray scale signal for the (n+1)th frame is the same
with the input gray scale signal of the (n+1)th frame. The
input gray scale signal for the (n+1)th frame corresponds to
white and the input gray scale signal for the (n+2)th frame
corresponds to black. Therefore, an undershoot voltage cor-
responding to the input gray scale signal for the (n+2)th frame
is applied during the (n+3)th frame with one frame delay. The
input gray scale signal forthe (n+3 )th frame is the same as the
input gray scale signal for the (n+2)th frame. Therefore, the
compensated gray scale signal for the (n+4)th frame corre-
sponding to the input gray scale signal for the (n+3)th frame
is the same as the input gray scale signal for the (n+3 )th frame.
[0056] As described above, the compensated gray scale
signal is delayed by one frame compared with the input gray
scale signal. When the input gray scale signal is changed
suddenly from a low voltage that corresponds to black to a
high voltage that corresponds to white, the pre-tilt voltage is
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applied first and then the overshoot voltage is applied. There-
fore, the response time of the liquid crystal molecule is
reduced.

Embodiment 3

[0057] FIG. 7 is a block diagram showing a gray scale
compensator according to the third embodiment of the
present invention. As shown therein, a gray scale data com-
pensating part 500 includes a composer 510, a single frame
memory 512, a controller 516, a gray scale compensator 518
and a divider 520. The gray scale data compensating part 500
receives a primitive gray scale signal G, for the (n)th frame
and generates a compensated gray scale signal G',_, for the
(n)th frame.

[0058] The composer 510 is basically the same as the com-
poser 410 shown in FIG. 5. The frame memory 512 transfers
the first compensated gray scale signal G',,_; stored in the
frame memory 512 to the gray scale data compensator 518 in
response to an address clock signal A and read clock signal R
from the controller 516. The first compensated gray scale
signal G',_, is formed by considering a primitive compen-
sated gray scale signal Gn-1 and a compensated gray scale
signal G, _,. Also, the frame memory 512 stores the first
compensated gray scale signal ', from the gray scale data
compensator 518 in response to the address clock signal A
and write clock signal W from the controller 516.

[0059] The gray scale data compensator 518 receives the
first compensated gray scale signal G',_; from the frame
memory 512 in response to the read clock signal R from the
controller 516. Also, the gray scale data compensator 518
generates the second compensated gray scale signal G",,_, by
comparing the gray scale signal G, from the composer 510
with the first compensated gray scale signal G',_; from the
frame memory 512. The gray scale data compensator 518
applies the second compensated gray scale signal G",_, to the
divider 520 and applies the first compensated gray scale sig-
nal G, for the (n)th frame to the frame memory 512.

[0060] The first compensated gray scale signal G', is gen-
erated from a primitive gray scale signal G,, and a primitive
gray scale signal G,_, for the (n-1)th frame. For example,
when a first compensated gray scale signal G',_, corresponds
to black and a primitive signal G, corresponds to white, the
second compensated G", _, for pre-tilting liquid crystal mol-
ecules is generated for the (n)th frame. When the first com-
pensated gray scale signal G'n-1 corresponds to a pre-tilt
signal and a primitive signal G, corresponds to white, the
second compensated G", _, having an overshoot wave form is
generated for the (n)th frame. The divider 520 divides the
second compensated gray scale signal G",_, and applies the
divided second gray scale signal G",,_; to the data driver 300
of FIG. 4. For example, when the compensated gray scale
signal G',,_, is 48-bit, the divided gray scale signal may be
24-bit. According to the third embodiment of the present
invention, the gray scale data compensator 500 of FIG. 4
includes only one frame memory but is still capable of gen-
erating the second compensated gray scale signal.

[0061] FIG. 8is atiming diagram showing an output wave-
form according to the third exemplary embodiment of the
present invention. As shown therein, an input gray scale sig-
nal that is 1V during the (n-1)th frame, 5V during the (n)th
frame and the (n+1)th frame and 3V during and after the
(n+2)th frame. In response, the compensated gray scale signal
maintain 1V during the (n-1)th frame. Then, the compen-
sated gray scale signal of 1.5V corresponding to the input
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gray scale signal for the (n-1)th frame is generated for the
(n)th frame, in order to pre-tilt the liquid crystal molecule.
Then the compensated gray scale signal of 6V corresponding
to the input gray scale signal for the (n)th frame is generated
for the (n+1)th frame and the compensated gray scale signal
of 4.8V corresponding to the input gray scale signal for the
(n+1)th frame is generated for the (n+2)th frame. The com-
pensated gray scale signal of 2.5V corresponding to the input
gray scale signal for the (n+2)th frame is generated for the
(n+3)th frame and the compensated gray scale signal of 3.2V
corresponding to the input gray scale signal for the (n+3)th
frame is generated for the (n+4)th frame. The compensated
gray scale signal of 3V corresponding to the input gray scale
signal for the (n+4)th frame is generated for the (n+5)th
frame.

[0062] According to the third embodiment of the present
invention, only one frame memory is used. The frame
memory does not store a gray scale signal of the present
frame. Rather, it stores the first compensated gray scale signal
obtained by comparinga gray scale signal of previous frames.
The gray scale data compensator generates the second com-
pensated gray scale signal obtained by comparing the gray
scale signal of the present frame with the first compensated
gray scale signal.

Embodiment 4

[0063] In the second embodiment of the present invention,
a gray scale signal for the (n-2)th frame and a gray scale
signal for the (n-1)th frame are stored and a gray scale signal
for the (n)th frame is compared with both of the gray scale
signals for the (n-2)th frame and the (n-1)th frame. In the
third embodiment of the present invention, the first compen-
sated gray scale signal of the previous frame is stored and a
gray scale signal for the (n)th frame is compared with the first
compensated gray scale signal of the previous frame. There-
fore, reducing the frame memorv causes information loss.
[0064] Referring again to FIG. 8, the overshoot or under-
shoot waveforms are formed during the (n+1)th, the (n+2)th,
the (n+3)th and the (n+4)th frames successively because the
gray scale compensator 518 of FIG. 7 compares the gray scale
signal of the present frame not with the gray scale signal for
the previous frames but with the first compensated gray scale
signal. However, the magnitude of the overshoot or under-
shoot for the (n+2)th frame and the magunitude of the over-
shoot or undershoot for the (n+4)th frame are reduced in
comparison with a magnitude of the overshoot or undershoot
for the (n+1)th frame and the magnitude of the overshoot or
undershoot for the (n+3)th frame, respectively. Therefore, the
liquid crystal molecule response time is not substantially
changed.

[0065] However, in the compensated gray scale signal
according to the third embodiment, a ripple pattern is gener-
ated after an overshoot wave pattern is generate, because the
frame memory stores the first compensated gray scale data,
not the present gray scale data, and outputs the second com-
pensated gray scale data when pre-tilting or overshooting/
undershooting is required. The rippled wave pattern may
exceed the objective gray scale signal or the rippled wave
pattern may be short to the objective gray scale signal, thereby
deteriorating display quality. To solve this problem, a gray
scale data compensator that reduces the ripple pattern is dis-
closed in this embodiment.

[0066] FIG. 9 is a block diagram showing a gray scale
compensator 500" according to the fourth embodiment of the
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present invention. As shown therein, the gray scale compen-
sator 500" has a composer 520, a frame memory 522, a con-
troller 524, a gray scale data compensator 526 and a divider
528. The gray scale compensator 500" receives a primitive
gray scale signal G, for the present frame and outputs a
compensated gray scale signal G' |, for the previous frame.
[0067] The composer 520 may be the same with the com-
poser 410 shown in Fig. The frame memory 525 provides the
gray scale data compensator 526 with a first compensated
gray scale signal G',,_, of the previous frame in response to an
address clock signal A and a read clock signal R from the
controller 524. Also the frame memory 525 stores the first
compensated gray scale signal G',, in response to the address
clock signal A and a write clock signal W from the controller
524. The previous first compensated gray scale signal G'n-1
stored in the frame memory 422 and the present first compen-
sated gray scale signal G',, include an option signal for over
shooting. The option signal may be one bit. When the first
compensated gray scale signal G',_, or G', is compensated for
overshooting, the option signal is set to 1. When the first
compensated gray scale signal G',_, or G', is not compen-
sated, the option signal is set to 0. That is, the option signal
stores an information as to whether the first compensated gray
scale signal has been compensated for overshooting or not.
[0068] The gray scale data compensator 526 generates the
second compensated gray scale signal G"_, which is 8 bits,
in response to the read clock signal R from the controller 524
by considering the 8 bits gray scale signal G, from the com-
poser 520, and the 9 bits first compensated gray scale signal
G' | from the frame memory 525. Then the gray scale data
compensator 526 provides the divider 428 with the second
compensated grays scale signal G",,_;. Additionally, the gray
scale data compensator 526 provides the frame memory 522
with a 9 bits first compensated gray scale signal G',,.

[0069] Inother words, the gray scale data compensator 528
outputs the second compensated gray scale data signal G",,_;
to form an overshoot pattern for the (n)th frame, when the first
compensated gray scale signal G',_; stored in the frame
memory 525 is different from the primitive gray scale data
signal G,, from the composer 520. The first compensated gray
scale signal G'n-1 that is compared with the primitive gray
scale signal G,, has only 8 bits excluding a 1 bit for the option
signal. The one bit signal is used for preventing continuous
overshooting.

[0070] When a gray scale signal for the (n-1)th frame cor-
responds to black and a gray scale signal for the (n)th frame
corresponds to white, the gray scale data compensator 526
outputs the second compensated gray scale signal G",_; for
pre-tilting liquid crystal molecules. In this case, the second
compensated gray scale signal G",,_, is higher than the gray
scale signal for the (n-1)th frame, wherein the first compen-
sated gray scale signal G'n-1 for the (n-1)th frame, which
excludes the 1 bit of the option signal, is used while compar-
ing with the primitive gray scale signal G, for the (n)th frame.
[0071] The divider 528 separates the second compensated
gray scale signal G",_, to form a separated compensated gray
scale signal G',_,. The separated compensated gray scale
signal G'n-1 is applied to the data driver 300 of FIG. 4. For
example, the second compensated gray scale signal G",,_, has
48 bits and the separated compensated gray scale signal G',,_;
has 24 bit. The composer 520 and the divider 528 may be
omitted if unnecessary.

[0072] According to the fourth embodiment of the present
invention, even when the gray scale data compensator
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includes only one frame memory, it may generate a compen-
sated gray scale data by considering the gray scale signals of
the previous, present and next frames. Additionally, the gray
scale data compensator prevents continuous overshoot wave
patterns.

[0073] Indetail, the compensated gray scale data is delayed
by one frame in comparison with a primitive gray scale signal.
Especially, when a gray scale signal is changed from black
(i.e., low voltage level) to white (i.e., high voltage level), a
pre-tilting signal is generated, followed by an overshooting
signal in order to reduce liquid crystal response time of liquid
crystal. Further, after the pre-tilting signal is generated, an
option signal of the first compensated gray scale signal stored
in the frame memory is activated to prevent overshooting in
the next frame. Thus, the primitive gray scale signal thatis not
compensated is outputted to prevent rippling of the compen-
sated gray scale signal.

[0074] FIG. 10 is a flow chart showing an operation of the
gray scale compensator 500' of F1G. 9. In the step S105, it is
determined whether or not the primitive gray scale signal G

is received. If yes, the first compensated gray scale signaf
G'  isextracted from the frame memory 525 (step S110). For
example, when the primitive gray scale signal has 8 bits, the
first compensated gray scale signal G',,_, stored in the frame
memory 552 has 9 bits, which includes an optional 1 bit
signal.

[0075] Then, it is determined whether the first condition is
satisfied. The first condition is satisfied when the first com-
pensated gray scale signal G',,_, corresponds to black and a
primitive gray scale signal G,, corresponds to white (step
S115). The gray scale signal G',_, may correspond to full
black color or near black color and the primitive gray scale
signal G, may correspond to full white color or near white
color. When the first condition is satisfied, the first compen-
sated gray scale signal G',,_; is transformed to the second
compensated gray scale data signal G",,_; (step S120), and an
image is display according to the second compensated gray
scale signal (step S125). When the first condition is not sat-
isfied, an image is display according to the first compensated
gray scale signal G',_; (step S130).

[0076] Then, the option signal is extracted (step S140) from
the first compensated gray scale signal G',,_, (step S140). The
option signal indicates whether an overshoot wave pattern has
occurred or not in the previous frame. The option signal is
examined to determine whether or not the option signalis 1 or
0 (step S145). For example, when the option signal is 1, it
means that the overshoot wave pattern has been generated in
the previous frame. When the option signal of the first com-
pensated gray scale signal G',_; is 0, it means that an over-
shoot wave pattern has not been generated in the previous
frame. Thus, the gray scale signal G, is compensated to form
the first compensated gray scale signal G', for overshooting
(step S150). Then, an option signal 1 is attached to the first
compensated gray scale signal G',, (step S155), and the first
compensated gray scale signal containing the option signal 1
is stored in the frame memory 525 (step S160). The active
option signal stored in the frame memory 525 and the first
compensated gray scale signal are used to determine how to
generate a gray scale signal for the next frame.

[0077] When the option signal of the first compensated
gray scale signal G',_, is 1, it is assumed that an overshoot
wave pattern has been generated for the previous frame. Thus,
anoption signal 0 is attached to the gray scale signal G,, for the
present frame (step S165), and the gray scale signal G, con-
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taining the option signal 0 is stored in the frame memory 525
(step S170). The non-active option signal stored in the frame
memory 525 and the first compensated gray scale signal are
used to determine how to generate a gray scale signal of the
next frame.

[0078] FIG. 11 is a waveform showing a compensated gray
scale signal in comparison with a primitive gray scale signal
according to the fourth embodiment of the present invention.
Referring to FIG. 11, the primitive gray scale signal is about
1V during the (n-1)th frame, about 5V after the (n)th frame is
received. The compensated gray scale signal is about 1V
during the (n-1)th frame, 1.5V during the (n)th frame for
pre-tilting and about 6V during the (n+1)th frame for over-
shooting. Then, during the (n+2)th frame, the overshoot pat-
tern suppresses. As described above, according to the present
invention, a ripple of the compensated gray scale signal is
suppressed.

[0079] FIG. 12 is a waveform showing a compensated gray
scale signal in comparison with an input gray scale signal
according to the second and third exemplary embodiments of
the present invention. As shown in FIG. 12, according to the
second embodiment. when a gray scale signal changes from
black to white abruptly at the (n)th frame, the first overshoot
is generated. When a gray scale signal changes from white to
black abruptly at the (n+1)th frame, the second overshoot
(i.e,, undershoot) is formed. Thus, the second overshoot
causes a distortion of image, because the gray scale voltage is
about 0.5V while the objective gray scale voltage of the
(n+1)th frame is about 1V.

[0080] However, according to the fourth embodiment of the
present invention, when a gray scale signal changes from
black to white abruptly at the (n)th frame, the first overshoot
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present frame corresponds to white, a pre-tilt signal is gener-
ated for the present frame. Thus response time of the liquid
crystal molecules decreases and the display quality is
enhanced without changing a liquid crystal display panel
structure or the liquid crystal property.

Fifth Embodiment

[0082] As mentioned before, it has been assumed that a
voltage corresponding to black is in a range from about 0.5V
to about 1.5V, and the pre-tilt voltage is preferably in a range
from about 2V to about 3.5V. Also, a color is represented by
256 levels of a gray scale. Black corresponds to Oth to 50th
levels and white corresponds to 200th to 255th level. Of
course, a designer may adjust the number of a gray scale
levels and the ranges of the levels corresponding to a color.
Further, itis possible that a constant voltage is applied regard-
less of the gray scale level to pre-tilt the liquid crystal mol-
ecules and a different voltage may be applied according to a
gray scale level. Then, when gray scale data change from
black to white color, a response time can be improved. As
described above, when a primitive gray scale changes from
black to white, compensated gray signals for pre-tilting or
overshooting are generated to enhance the response time.
[0083] Additionally, a liquid crystal display can adopt an
automatic color correction (ACC) for solving problems, such
as a visibility difference of red color, green color and blue
color, a changing of'a color temperature, etc. Thus, image data
applied from an external device is separately adjusted in
accordance with red, green and blue to represent separate red,
green and blue gamma curves into one gamma curve. Thus,
the visibility difference and the color temperature change
may be solved. Table 1 of below shows a converted data
according to a general ACC.

TABLE 1
INPUT 10 bits ACC converted data(10 bits) ACC converted data(8 bits)
(8 bits)  conversion R G B R G B
0 0 0 0 0 0 0 0
1 4 4 4 4 1 1 1
2 8 8 8 7 2 2 1.75
3 12 13 12 11 325 3 2.75
4 16 17 16 15 425 4 3.75
3 20 21 20 18 525 5 4.5
250 1000 1004 1000 992 251 250 248
251 1004 1007 1004 998 251.75 251 2495
252 1008 1010 1008 1003 2525 252 25075
253 1012 1014 1012 1009 2535 253 25225
254 1016 1017 1016 1014 25425 254 2535
255 1020 1020 1020 1020 255 255 255

is generated. When the gray scale signal changes from white
to black abruptly at the (n+1)th frame, the second overshoot
(i.e., undershoot) is not generated, which means the input
gray scale signal is not compensated. Thus, the present inven-
tion prevents a ripple, thereby avoiding image distortion.

[0081] As described above, according to the present inven-
tion, when a primitive gray scale signal of the previous frame
is different from that of the present frame, a compensated gray
scale signal, which is higher than the objective gray scale
signal, is generated for the next frame to form an overshoot
wave pattern. When the gray scale signal of the previous
frame corresponds to black and the gray scale signal of the

[0084] However, as shown in Table 1, according to the
conventional ACC scheme, the gray scale data with 255 gray
levels is converted into 10 bits to generate gray scale data with
1020 gray levels. Then, the data with 1020 gray levels under-
goes the ACC and is represented in 8 bits by a dithering
method. The data corresponding to the highest 255 gray scale
are not changed, even when the data undergoes the ACC
because the data corresponding to 255th gray scale are con-
verted into full white color corresponding to 1020 gray scale.

[0085] Thus, when gray scale data corresponding to the full
white ofa 255th gray scale are received, an overshoot voltage
may not be applied. Thus, there is a need for improved liquid
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crystal response time. To solve this problem, this embodiment
provides a liquid crystal display apparatus that reduces the
liquid crystal response time even when a gray scale data
corresponding to full gray scale is inputted. Also, this
embodiment provides a method of driving the liquid crystal
display apparatus.

[0086] FIG.13 is a block diagram showing a liquid crystal
display apparatus according to the fifth embodiment of the
present invention. The liquid crystal display apparatus
includes a liquid crystal display panel 100, a gate driver 200,
adata driver 300 and a timing control part 600. The gate driver
200, the data drivers 300 and the timing control part 400
operate as a driving device that converts a signal provided
from an external host to a signal that is suitable for the liquid
crystal display panel 100.

[0087] The liquid crystal display panel 100 may be the
same as the liquid crystal display panel 100 shown in FIG. 4.
The timing controller 600 receives the first timing control
signal Vsync, Hsyne, DE and MCLK and provides the second
timing control signal Gate Clk and STV to the gate driver 200
and the third timing control signal LOAD and STH to the data
driver 300. The timing control part 600 includes an auto color
compensator 610 and a gray scale data compensating part
620. When the timing controller 600 receives a primitive gray
scale data signal G, from a gray scale signal source, the
timing controller 600 pulls down a peak value of full gray
scale corresponding to the primitive gray scale signal, and the
timing controller 600 provides the data driver 300 with a
compensated gray scale signal G', by considering the pulled
down gray scale signal and the previous gray scale signal.
[0088] In detail, the auto color compensator 610 converts a
2° full gray scale signal of k-bits (wherein ‘k’ is a natural
number) to a 2 —r full gray scale data of (k+p) bits (wherein
‘r’ is a natural number that is smaller than ‘k”) by bit expan-
sion, and coverts the 27— full gray scale data of (k+p) bits
to 25*7_r full gray scale data of k bits. That is, when a primi-
tive gray scale data G, is received, the auto color compensator
610 provides the gray scale data compensating part 620 with
a color compensated gray scale data signal CG,,. The color
compensated gray scale data signal CG,, is generated based on
a red lookup table 612, a green lookup table 614 and a blue
lookup table 616. The red lookup table 612 stores red colored
gray scale data of the primitive gray scale data, the green
lookup table 614 stores green colored gray scale data of the
primitive gray scale data, and the blue lookup table 616 stores
blue colored gray scale data of the primitive gray scale data.

For example, Table 2 of below shows each of red, green and
blue lookup tables.
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[0089] For example, when the present primitive gray scale
data having 8 bits red, green and blue gray scale signals,
respectively, is received in accordance with a 250 gray scale,
each of thered, green and blue gray scale signals is expanded
to be 10 bits. That is, the present red primitive gray scale data
signal is converted to a value that corresponds to 992, a
present red primitive gray scale data signal is converted to a
value that corresponds to 998, and a present blue primitive
gray scale data signal is converted to a value that corresponds
to 980.

[0090] Then, each converted value is reduced to 8 bits so
that the present color compensated gray scale signal CG,
corresponding to red color becomes 248.00, a present color
compensated gray scale signal CG, corresponding to a green
color becomes 247.00, and a present color compensated gray
scale signal CG,, corresponding to a blue color becomes 245.
00. The present color compensated gray scale signals CG,,
corresponding to red, green and blue colors are provided to
the gray scale data compensating part 620. Theses exemplary
values do not have any problem even without decimal values.
When the color compensated gray scale signal CG,, has the
decimal values, the color compensated gray scale signals CG,,
pass through dithering or FRC conversion to be same bits.
That is, in above ACC, the additional bits are added to input
signal, and then the input signal including the additional bits
is converted. The converted signal is lowered to have same
number of bits as the input signal, and the input signal is used
to display an image via the dithering method. Thus, a loss of
the gray scale signal is compensated via dithering method.
[0091] FIG. 15 is a graph showing a gamma curve trans-
formed by an auto color compensating part. Referring to FIG.
15, a level of a gamma curve processed by an auto color
compensating part of the present invention is lowered in
comparison with a general gamma curve. That is, in a low
gray scale level from 0 to 32", the gamma curve processed by
the auto color compensating part is substantially same as the
general gamma curve. However, as the gray scale level
increases, the difference between the gamma curve processed
by the auto color compensating part and the general gamma
curve increases also.

[0092] As described above, according to the lookup table
for the ACC converting, even when the 255th gray scale data
is received, a gray level of the 252nd level is generated. Thus,
when the 255th gray scale data is received, a color compen-
sated gray scale data outputted via the ACC conversion

TABLE 2
INPUT 10 bits ACC converted data(10 bits) ACC converted data(8 bits)
(8 bits)  conversion R G B R G B
o [l 0 0 0 00 00 00
1 4 4 4 4 1.00 1.00 1.00
2 8 8 8 7 2.00 2.00 1.75
3 12 13 12 1 3.25 3.00 2.75
4 16 17 16 15 4.25 4.00 3.75
3 20 21 20 18 5.25 5.00 4.5
250 1000 992 988 980 248.00 247.00 245.00
251 1004 995 992 986 248.75 248.00 246.50
252 1008 998 996 991 249.50  249.00 246.75
253 1012 1002 1000 997 250.50 250.00 249.25
254 1016 1005 1004 1002 251.25  250.00 250.50
255 1020 1008 1008 1008 252.00 252.00 252.00
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becomes the 252nd gray scale data that is lower than the 255th
gray scale data. Thus, there is a gray scale that is higher than
a gray scale corresponding to full white color so that the gray
scale data compensator 620 has a margin for the gray scales
from the 253rd to 255th, which may be used for overshooting.
Thus, even when a full gray scale is inputted, a response time
of liquid crystal may be reduced.

[0093] The gray scale data compensator 620 generates a
compensated gray scale data G', for reducing the liquid crys-
tal response time corresponding to 2*P-r gray scale data
(wherein ‘k’, ‘p’ and ‘r’ are natural numbers, ‘r’ is smaller
than ‘k’) and a compensated grays scale data G',, correspond-
ing to ‘r’ gray scale data. As shown in FIG. 15, the gray scale
data compensator 620 has a frame memory 622 and a data
compensator 624. The color compensated gray scale signal
CG is applied to the frame memory 622 and the data com-
pen”sator 624. The gray scale data compensator 620 generates
a compensated gray scale signal G',, by considering the pre-
vious color compensated gray scale signal CG,,_; and the
present color compensated gray scale signal CG,, and the
gray scale data compensator 620 provides the data driver 300
with the compensated gray scale signal G',..

[0094] That is, when the present color compensated gray
scale signal is substantially same as the previous gray scale
signal CG,,_, the present color compensated gray scale signal
is not compensated. However, when the previous color com-
pensated gray scale signal CG,,_, corresponds to black and
the present color compensated gray scale signal CG, corre-
sponds to white, a compensated gray scale signal, that is
higher than the black gray scale signal, is generated for the
present frame. In detail, the frame memory 622 stores a color
compensated gray scale signal CG,, for a single frame. When
a color compensated gray scale signal CG,, is received, the
frame memory 622 generates the previous compensated gray
scale signal CGn-1, and the color filter substrate CG,, is
stored in the frame memory 622. An SRAM may be used as
the frame memory 622.

[0095] Thedatacompensator 624 stores a plurality of com-
pensated gray scale data G',, which is lower or higher than the
object pixel voltage and optimizes the rising time or falling
time. For example, when the a color compensated gray scale
data signal CG,,_, for the present frame is substantially same
as a color compensated gray scale data signal CG,, for the
present frame, the data compensator 620 does not make any
compensation. However, the color compensated gray scale
data signal CG,,_, for the present frame corresponds to black
and the color compensated gray scale data signal CG,, for the
present frame corresponds to white, the data compensator 620
generates acompensated gray scale dataG',, corresponding to
a gray level brighter than black.

[0096] That is, the compensated gray scale data G', for
forming an overshoot wave pattern is formed by comparing
the color compensated gray scale signal CG,, of the present
frame and the color compensated gray scale signal CG,,_, of
the previous frame is generated. Additionally, when the com-
pensated gray scale signal CG,,_, for the previous frame cor-
responds to white and the compensated gray scale signal CG,
of the present frame corresponds to black a compensated gray
scale signal G', for forming an undershoot wave form is
generated to form a gray level that is darker than white.
[0097] As described above, according to the present inven-
tion, a color compensated gray scale data is compensated to
be applied to pixels, so that a pixel voltage arrives at the
desired level. Thus, without altering the liquid crystal display
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panel structure or the liquid crystal material property, a
response time is improved to display moving pictures better.
In other words, in case of a general liquid crystal display
apparatus, 255 gray scales are fully used to represent a gray
scale, but in the present invention, only 252 gray scales are
used to represent a gray scale, and 3 gray scales are used to
form an overshoot. Of course, the steps of the gray scale is
more or less than 252.

[0098] As explained above, gray scale loss is overcome by
dithering of ACC. The driving voltage is raised to overcome a
lowering of luminance, so that a voltage corresponding to a
general full white is generated. For example, a source voltage
AVDD for generating a gray scale voltage is set to 10.5V, and
255 gray scales are received. However, in the present inven-
tion, when the source voltage AVDD is set to 11.5V and 245
gray scales becomes 5.25V, 245 gray scales is used for white,
and the remaining gray scales are used for overshoot.

[0099] A display quality may be deteriorated due to the
reduced number of steps in gray scale, when ACC is per-
formed. Thus, a dithering conversion or FRC conversion may
be performed to overcome the deterioration. When a full gray
scale signal that undergoes ACC conversion becomes similar
to a full gray scale signal before ACC conversion, the display
quality is less deteriorated. For example, when a gray scale
before ACC conversion is 255 gray scale, a gray scale that
undergoes ACC conversion approaches to 255 gray scales to
prevent deterioration.

[0100] The present invention provides an example of a
modified data driver structure. FIG. 16 is a block diagram
showing a data driver of FI1G. 13 and FIG. 17 is a schematic
circuit diagram showing a D/A converter of FIG. 16. Refer-
ring to FIGS. 13, 16 and 17, a data driver according to this
embodiment includes a shift register 310, a data latch 320, a
D/A converter 330 and an output buffer 340. The data driver
applies a data voltage (or gray scale voltage) to the data lines.
The shift register 310 generates shift clock signal and the shift
register 310 shifts the compensated gray scale data G',, of red,
green and blue colors to provide the data latch 320 with the
compensated gray scale data ', . The data latch 320 stores the
compensated gray scale data G'n and provides the D/A con-
verter 330 with the compensated gray scale data G&',.

[0101] The D/A converter 330 includes a plurality of resis-
tors RS and coverts the compensated gray scale data G'n into
an analog gray scale voltage to provide the output buffer 340
with the analog gray scale voltage. The D/A converter 330
receives 16 gamma reference voltages VGMA1L, VGMA2,
VGMA3, VGMA4, VGMAS, VGMA6 and VGMAT7, and two
overshoot reference voltages VOVER and +VOVER. The
D/A converter 330 distributes them to generate 256 gray scale
voltages. The D/A converter 330 provides the output buffer
340 with the gray scale data voltage corresponding to red,
green and blue gray scale voltages. For example, the 256 gray
scale voltages include 254 voltages for representing a gray
scale and two voltages for overshooting.

[0102] A common electrode voltage VCOM is applied to
the center of the resistor series. Positive gamma reference
voltages +VGMAL to +VGMAT are applied to the resistor
series in a first direction, respectively, and negative gamma
reference voltages -VGMALI to -VGMAT are applied to the
resistor series in a second direction, respectively. A positive
overshoot voltage +VOVER 1is applied to the first end of the
first direction and a negative overshoot voltage ~-VOVER is
applied to the second end of the second direction.
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[0103] The resistor series includes a plurality of resistors
connected to each other. Each resistor outputs a gray scale
through a node. Especially, the end portion of the resistor
series includes two resistors. The end portion receives the
positive overshoot voltage +VOVER and the positive seventh
gamma reference voltage +VGMAT to output data voltages
V253, V254 and V255 corresponding the 253rd gray scale,
the 254th gray scale and the 255th gray scale, respectively.
That is, in order to represent 256 gray scales, 8 resistor series
are required, wherein each resistor series includes 32 resistors
(or 16 resistor series are required, wherein each resistor series
includes 16 resistors). However, according to the present
invention, only one or two resistors are defined as resistor
series, and six resistor series (or 12 resistor series) include
remaining 31 or 30 resistors. Thus, the data driver for reduc-
ing response time does not require additional resistors.

[0104] In FIG. 17, two resistors are used for the resistor
series of positive and negative, respectively, to generate two
overshoots. However, one resistor may be used for the resistor
series of positive and negative, respectively. Alternately, three
or four resistors may be used for the resistor series to generate
three or four overshoots. The output buffer 340 applies analog
gray scale signal to the data lines. As described above, a
portion corresponding to one or two gray scales is separated
from the resistor series of the D/ A converter. According to the
present invention, a portion of a number of a primitive gray
scale signal is compensated and the remaining portion of the
number of the primitive gray scale signal is used for over-
shooting. Thus, a response time of liquid crystal is reduced.

[0105] While the invention has been described in terms of
embodiments, those skilled in the art will recognize that the
invention can be practiced with modifications and in the spirit
and scope of the appended claims.
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What is claimed is:

1. A liquid crystal display (LCD), comprising:

a display panel comprising a gate line, a data line and a
switching element connected to the gate line and the data
line; and

a compensator receiving a first pixel si%nal for an (n-i)th
frame, a second pixel signal for a (n)th frame and a third
pixel signal for an (n+j)th frame and outputting a com-
pensated pixel signal for the (n)th frame to the display
panel when a predetermined condition is satisfied,

wherein the compensated pixel signal for the (n)th frame
applied to the data line has greater voltage level than the
first pixel signal for the (n-i)th frame when a first gray
corresponding to the first pixel signal is black, a second
gray corresponding to the second pixel signal is black
and a third gray corresponding to the third pixel signal is
substantially whiter than black.

2. The LCD of ¢laim 1,

wherein the compensated pixel signal for the (n)th frame
applied to the data line has a greater voltage level than
the third pixel signal for the (n+])th frame when the first
gray corresponding to the first pixel signal is substan-
tially darker than white, the second gray corresponding
to the second pixel signal is white and the third gray
corresponding to the third pixel signal is white.

3. The LCD of claim 2, whereiniis 1 andjis 1.

4. The LCD of claim 3, wherein the compensated pixel
signal for the (n)th frame having greater voltage level than the
first pixel signal for the (n—1)th frame is for pre-tilting liquid
crystal molecules.

5. The LCD of claim 4, wherein the LCD is vertical align-
ment type.

6. The L.CD of claim 1, further comprising:

a first frame memory storing the first pixel signal for an

(n-1)th frame; and

asecond frame memory storing the second pixel signal for

an (n)th frame.
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