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Description

[0001] 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.

[0002] In order to reduce liquid crystal response time, it has 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 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.

[0003] 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.

[0004] Therefore, there is a need for a more effective method for driving liquid crystal to reduce the liquid crystal
response time.

[0005] Another method for driving a liquid crystal is described in US 5,528,257, which aims to address the delay in
response of liquid crystals to being driven by grey levels by introducing delays into drive signals.

[0006] In an aspect of the invention, a method for optimizing pixel signals for a liquid crystal display according to claim
1 is provided.

[0007] Another aspect of the invention is a liquid crystal display (LCDV) according to claim 5.

[0008] Embodiments include a method of optimizing 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 is
satisfied.

[0009] Embodiments include 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 predetermined 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 signal. The com-
pensator determines if the 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.

[0010] Embodiments include a method of optimizing 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 second pixel signal is
compensated if the first predetermined condition 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.

[0011] Embodiments include 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 predetermined 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.

[0012] The invention will be better understood from the following detailed description of embodiments with reference
to the drawings.

Fig. 1 depicts a relationship between pixel transmittance (T) and liquid crystal response time (t).
Fig. 2 depicts a relationship between pixel voltage (V) and pixel on/off time (t0).
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Fig. 3 depicts a pixel voltage signal compensated for pretilt and overshooting, in accordance with an embodiment
of the present invention.

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 invention.

Fig. 5 depicts a block diagram of a gray level compensator, in accordance with the second embodiment of the
present invention.

Fig. 6 depicts an input pixel signal and a compensated pixel signal, in accordance with the second embodiment of
the present invention.

Fig. 7 depicts a block diagram of gray scale compensator, in accordance with the third embodiment of the present
invention.

Fig. 8 depicts an input pixel signal and the compensated pixel signals generated by the gray level compensators
shown in Fig. 5 and Fig. 7.

Fig. 9 depicts a block diagram of a gray scale compensator, in accordance with the fourth embodiment of the present
invention.

Fig. 10 depicts a flow chart for performing gray scale compensation, in accordance with the fourth embodiment of
the present invention.

Fig. 11 depicts an input pixel signal and a compensated pixel signal, in accordance with the fourth embodiment of
the present invention.

Fig. 12 depicts an input pixel signal and compensated pixel signals generated by the gray level compensators shown
in Fig. 7 and Fig. 9.

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.

Fig. 14 depicts a gamma curve transformed by the color compensating part of Fig. 13.

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

Fig. 16 depicts a block diagram showing the data driver shown in Fig. 13.

Fig. 17 depicts a circuit diagram showing the D/A converter shown in Fig. 16.

[0013] 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 approximately 100% (white) to approximately 0% (black) during a
turn-off time period T . Fig. 2 shows how a gray level voltage for displaying black (hereafter, "black gray level voltage" )
influences the turn-on time period T, and the turn-off time period T 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-tilted 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. It 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.
[0014] 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-tilt 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.

[0015] 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 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 satisfied. 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 compen-
sated for overshooting. Although there is one frame delay, a length of the frame is too short and such a delay is hardly
recognized.

[0016] 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.
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Embodiment 1

[0017] 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.

[0018] 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 is defined as a pixel. The pixel includes a thin film transistor 110, a liquid crystal capacitor C; and a storage
capacitor Cg. The thin film transistor 110 has a gate electrode, a source electrode and a drain electrode. The gate
electrode is electrically 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 C4 and a storage capacitor Cg.

[0019] Although FIG. 4 shows the gray scale data compensator 400 is a stand-alone unit, it may be integrated in a
graphic card, a liquid crystal display module, a timing controller 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',,_1. The gate
driver 200 applies gate signals S, to S, to the gate line Gg, 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 D4 to D, to the data lines respectively.

[0020] In detail, 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’\,.4 would be the same with the primitive gray scale signal G,,_;. 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,_4 is compensated to be higher than the primitive gray
scale signal Gn-1 and the compensated gray scale signal G’,,_4 corresponds to a gray scale signal for pre-tilting the liquid
crystal molecules. In the (n+1)th , frame, an overshoot waveform 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.

[0021] As described above, according to the first embodiment 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 a structure of a liquid crystal display panel and without changing a property of liquid crystal molecule.

Embodiment 2

[0022] Fig. 5 is a block diagram of a gray scale compensator 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 compensator 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.

[0023] 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 composer 410 receives a 24-bit primitive gray scale signal
synchronized with 65MHz but the gray scale data compensating part 400 can process only a signal that is below 50MHz,
the composer 410 pairs the 24-bit the primitive gray scale signal to form a 48-bit primitive gray scale signal. Then the
composer 410 transfers the paired 48-bit primitive gray scale signal to the first frame memory 412 and to the gray scale
data compensator 418.

[0024] The first frame memory 412 transfers a stored gray scale signal G,,_4 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.

[0025] 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,_4 for the (n-1)th frame from the first frame generator 412 and the gray scale signal G,
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for the (n-2)th frame from the second frame generator 414 in response to the read clock signal R from the controller
416. Also, the gray scale data compensator 418 generates a compensated 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.

[0026] 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 primitive
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, _4 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’,_4 having
an overshoot wave pattern during the (n-1)th frame.

[0027] In detail, a magnitude of the overshoot waveform or undershoot waveform may be determined by applying a
predetermined 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.
[0028] 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 composer 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 serializer can be used instead of the divider 420.
[0029] The gray scale data compensator 418 may be a digital circuit having a look-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 compensated data voltage is non-linear to the difference and
depends not only 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 a look-up table is used for the gray scale data compensator 418, the gray scale data
compensator 418 can have a simpler design.

[0030] 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 a real 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.

[0031] A concept of truncation may be used to avoid reducing 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.

[0032] FIG. 6 is a timing diagram showing an output waveform 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
corresponding 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
thereafter.

[0033] 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 corresponding
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 com-
pensated gray scale signal for the (n)th frame corresponding to the input gray scale signal for the (n+1)th frame is the
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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
corresponding 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 for the (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 corresponding 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.

[0034] 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 applied first and then the overshoot voltage is applied.
Therefore, the response time of the liquid crystal molecule is reduced.

Embodiment 3

[0035] 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 compensating 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.

[0036] The composer 510 is basically the same as the composer 410 shown in Fig. 5. The frame memory 512 transfers
the first compensated gray scale signal G’,,_4 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 compensated gray scale signal Gn-1 and a compensated gray
scale signal G,,_,. Also, the frame memory 512 stores the first compensated gray scale signal G’, from the gray scale
data compensator 518 in response to the address clock signal A and write clock signal W from the controller 516.
[0037] The gray scale data compensator 518 receives the first compensated gray scale signal G’,,_4 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",_4 by comparing the gray scale signal G,, from the composer
510 with the first compensated gray scale signal G’,_4 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 signal G',, for the (n)th frame to the frame memory 512.

[0038] The first compensated gray scale signal G’,, is generated from a primitive gray scale signal G, and a primitive
gray scale signal G,,_4 for the (n-1)th frame. For example, when a first compensated gray scale signal G’,,_4 corresponds
to black and a primitive signal G, corresponds to white, the second compensated G",,_4 for pre-tilting liquid crystal
molecules is generated for the (n)th frame. When the first compensated 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",_4 and applies
the divided second gray scale signal G"_4 to the data driver 300 of Fig. 4. For example, when the compensated gray
scale signal G',,_4 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 generating
the second compensated gray scale signal.

[0039] FIG. 8 is a timing diagram showing an output waveform according to the third exemplary embodiment of the
present invention. As shown therein, an input gray scale signal 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 compensated gray scale signal of 1.5V corresponding to the input 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 compensated 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.
[0040] 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 comparing a gray scale signal of previous frames. The gray scale data compensator generates the second compen-
sated gray scale signal obtained by comparing the gray scale signal of the present frame with the first compensated
gray scale signal.
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Embodiment 4

[0041] Inthe 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 compensated
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. Therefore, reducing the frame memory causes information loss.
[0042] Referring again to FIG. 8, the overshoot or undershoot 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 undershoot for the (n+2)th frame and the magnitude of
the overshoot 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.

[0043] However,inthe compensated gray scale signal according to the third embodiment, a ripple pattern is generated
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 compensated 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 disclosed in this embodiment.

[0044] FIG. 9is a block diagram showing a gray scale compensator 500’ according to the fourth embodiment of the
present invention. As shown therein, the gray scale compensator 500’ has a composer 520, a frame memory 522, a
controller 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’,,_4 for the previous
frame.

[0045] The composer 520 may be the same with the composer 410 shown in Fig. The frame memory 525 provides
the gray scale data compensator 526 with a first compensated gray scale signal G’,,_4 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 compensated 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’,_4 or G’ is compensated for overshooting, the option signal is set to
1. When the first compensated gray scale signal G',_4 or G’,, is not compensated, 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.

[0046] The gray scale data compensator 526 generates the second compensated gray scale signal G",,_4, 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 composer 520, and the 9 bits first compensated gray scale signal G’,_4 from the frame memory 525. Then the gray
scale data compensator 526 provides the divider 428 with the second compensated grays scale signal G",,_4. Additionally,
the gray scale data compensator 526 provides the frame memory 522 with a 9 bits first compensated gray scale signal G',,.
[0047] In other words, the gray scale data compensator 528 outputs the second compensated gray scale data signal
G",,.1 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.

[0048] When a gray scale signal for the (n-1)th frame corresponds 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",,_4
for pre-tilting liquid crystal molecules. In this case, the second compensated gray scale signal G",,_4 is higher than the
gray scale signal for the (n-1)th frame, wherein the first compensated gray scale signal G’'n-1 for the (n-1)th frame, which
excludes the 1 bit of the option signal, is used while comparing with the primitive gray scale signal G, for the (n)th frame.
[0049] The divider 528 separates the second compensated gray scale signal G",,_4 to form a separated compensated
gray scale signal G',_1. 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.

[0050] According to the fourth embodiment of the present invention, even when the gray scale data compensator
includes only one frame memory, it may generate a compensated 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.
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[0051] In detail, 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 that is not compensated is outputted to prevent rippling of the compensated gray scale signal.

[0052] FIG. 10 is a flow chart showing an operation of the gray scale compensator 500’ of Fig. 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 signal
G’\,.1 is extracted from the frame memory 525 (step S 110). 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.

[0053] Then, it is determined whether the first condition is satisfied. The first condition is satisfied when the first
compensated gray scale signal G’|,_4 corresponds to black and a primitive gray scale signal G,, corresponds to white
(step S115). The gray scale signal G’,,_4 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
compensated 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 satisfied, an image is display according to the first compensated gray scale signal G’,,_4 (step S130).

[0054] Then, the option signal is extracted (step S140) from the first compensated gray scale signal G’,,_4 (step S 140).
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 signal is 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 compensated gray scale signal G’,,_4 is 0, it means that an overshoot 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.

[0055] When the option signal of the first compensated gray scale signal G’,,_4 is 1, it is assumed that an overshoot
wave pattern has been generated for the previous frame. Thus, an option signal 0 is attached to the gray scale signal
G,, for the present frame (step S165), and the gray scale signal G,, containing 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.

[0056] 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
overshooting. Then, during the (n+2)th frame, the overshoot pattern suppresses. As described above, according to the
present invention, a ripple of the compensated gray scale signal is suppressed.

[0057] FIG. 12is 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.

[0058] 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 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 invention prevents a ripple, thereby avoiding image
distortion.

[0059] As described above, according to the present invention, 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 present frame corresponds to white, a pre-tilt signal
is generated 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.
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Fifth Embodiment

[0060] 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, it is possible that a constant voltage is applied regardless of the gray scale level to pre-tilt the liquid crystal
molecules 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.
[0061] 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
ACC converted data(10bits) | ACC converted data(8bits)
INPUT (8bits) | 10bits 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 3.25 3 2.75
4 16 17 16 15 4.25 4 3.75
5 20 21 20 18 5.25 5 45
250 1000 1004 1000 992 251 250 248
251 1004 1007 1004 998 251.75 | 251 249.5
252 1008 1010 1008 1003 2525 252 | 250.75
253 1012 1014 1012 1009 253.5 253 | 252.25
254 1016 1017 1016 1014 25425 | 254 253.5
255 1020 1020 1020 1020 255 255 255

[0062] 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
undergoes 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 converted into full white color corresponding to 1020 gray scale.

[0063] Thus, when gray scale data corresponding to the full white of a 255th gray scale are received, an overshoot
voltage may not be applied. Thus, there is a need for improved liquid 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.

[0064] 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, a
data 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.

[0065] 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, Hsync, DE and MCLK and provides the second
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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.

[0066] In detail, the auto color compensator 610 converts a 2k full gray scale signal of k-bits (wherein 'k’ is a natural
number) to a 2k*P-r full gray scale data of (k+p) bits (wherein ’r’ is a natural number that is smaller than 'k’) by bit
expansion, and coverts the 2k*P-r full gray scale data of (k+p) bits to 2k*P-r full gray scale data of k bits. That is, when
a primitive 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.

Table 2
INPUT (8bits) | 10bits conversion ACC converted data(10bits) | ACC converted data(8bits)
R G B R G B
0 0 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 11 3.25 3.00 2.75
4 16 17 16 15 4.25 4.00 3.75
5 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

[0067] 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 the red, 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.

[0068] 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 compen-
sated 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.

[0069] FIG. 15is a graph showing a gamma curve transformed 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
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comparison with a general gamma curve. That is, in a low gray scale level from 0 to 32"d, 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.

[0070] 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
compensated gray scale data outputted via the ACC conversion 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.
[0071] The gray scale data compensator 620 generates a compensated gray scale data G',, for reducing the liquid
crystal response time corresponding to 2k*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’,, corresponding 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 compensator 624. The gray scale data compensator 620
generates a compensated gray scale signal G’,, by considering the previous color compensated gray scale signal CG,_4
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’,,.

[0072] Thatis, when the present color compensated gray scale signal is substantially same as the previous gray scale
signal CG,,_4, the present color compensated gray scale signal is not compensated. However, when the previous color
compensated gray scale signal CG,,_; corresponds to black and the present color compensated gray scale signal CG,
corresponds 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 compen-
sated 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.

[0073] The data compensator 624 stores a plurality of compensated 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,,_4 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,,_4 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 a compensated gray scale
data G’,, corresponding to a gray level brighter than black.

[0074] Thatis, 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 compensated gray scale signal CG,,_4 for the previous frame
corresponds to white and the compensated gray scale signal CG,, of the present frame corresponds to black a compen-
sated gray scale signal G’ for forming an undershoot wave form is generated to form a gray level that is darker than white.
[0075] As described above, according to the present invention, 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
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.

[0076] 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 invention, 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.

[0077] Adisplay quality may be deteriorated due to the reduced number of steps in gray scale, when ACC is performed.
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 deteroriated. 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.

[0078] The present invention provides an example of a modified data driver structure. Fig. 16 is a block diagram
showing a data driver of Fig. 13 and Fig. 17 is a schematic circuit diagram showing a D/A converter of Fig. 16. Referring
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.
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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 G',,. The data latch
320 stores the compensated gray scale data G’n and provides the D/A converter 330 with the compensated gray scale
data G’|,.

[0079] The D/A converter 330 includes a plurality of resistors RS and coverts the compensated gray scale data G',,
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 VGMA1, VGMA2, VGMA3, VGMA4, VGMA5, VGMA6 and VGMA?7, 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.’

[0080] A common electrode voltage VCOM is applied to the center of the resistor series. Positive gamma reference
voltages +VGMA1 to +VGMA?Y are applied to the resistor series in a first direction, respectively, and negative gamma
reference voltages -VGMA1 to -VGMAYT are applied to the resistor series in a second direction, respectively. A positive
overshoot voltage +VOVER is 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.

[0081] 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 +VGMAY 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 reducing response time does not require additional
resistors.

[0082] InFIG. 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 overshooting. Thus, a response time of liquid crystal is reduced.

[0083] 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.

Claims

1. A method of optimizing pixel signals for a liquid crystal display,
wherein the liquid crystal display is a vertical alignment type,
comprising:

receiving a first pixel signal for an (n-i)th frame and

receiving a second pixel signal for an (n)th frame;

wherein the first pixel signal and the second pixel signal are a first potential and a second potential respectively
corresponding to gray levels of a same pixel;

determining if the first pixel signal and the second pixel signal meet afirst predetermined condition; characterized

by:

generating a first compensated pixel signal by increasing the first pixel signal for pre-tilting liquid crystal
molecules if the first predetermined condition is satisfied;

wherein the first predetermined condition is satisfied if the first pixel signal corresponds to a gray level
voltage for displaying black and the second pixel signal corresponds to a gray level voltage for displaying
a predetermined gray level substantially whiter than black; and

further comprising:

storing the first compensated pixel signal;
determining if the first compensated pixel signal and the second pixel signal satisfy a second prede-
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termined condition; and

compensating the second pixel signal if the second predetermined condition is satisfied,

wherein the second predetermined condition is satisfied if the first compensated pixel signal corresponds
to a gray level voltage for displaying black and the second pixel signal corresponds to a gray level
voltage for displaying a gray level substantially whiter than black or if the first potential is a gray level
voltage for displaying white and the second pixel signal is a gray level voltage for displaying a gray
level substantially darker than white,

the step of compensating the second pixel signal if the second predetermined condition is satisfied
comprises increasing the second pixel signal if the first compensated pixel signal corresponds to a gray
level voltage for displaying black and the second pixel signal corresponds to a gray level voltage for
displaying a gray level substantially whiter than black, or decreasing the second pixel signal if the first
pixel signal is a gray level voltage for displaying white and the second pixel signal is a gray level voltage
for displaying a gray level substantially darker than white.

2. The method of claim 1, wherein the compensated second pixel signal is shifted by one frame.

3. The method of claim 1, wherein the compensated first pixel signal and the compensated second pixel signals are

shifted by one frame.

4. The method of claim 1, wherein the compensated first pixel signal is shifted by one frame.

5. Aliquid crystal display (LCD) of vertical alignment type, comprising:

a compensator (456,526) arranged to receive a first pixel signal for an (n-i)th frame and a second pixel signal
for an (n)th frame, to determine if the first pixel signal and the second pixel signal satisfy a first predetermined
condition and to compensate the first pixel signal if the first predetermined condition is satisfied, thereby gen-
erating a first compensated pixel signal by; and

a frame memory (452,525) for storing the first compensated pixel signal,

wherein the first pixel signal and the second pixel signal are a first potential and a second potential respectively
corresponding to gray levels of a same pixel,

characterized in that:

the compensator (456,526) is arranged to determine if the first compensated pixel signal and the second
pixel signal satisfy a second predetermined condition and to compensate the second pixel signal if the
second predetermined condition is satisfied,

wherein the first predetermined condition is satisfied if the first pixel signal corresponds to a gray level
voltage for displaying black and the second pixel signal corresponds to a gray level voltage for displaying
a predetermined gray level substantially whiter than black; and

the compensator (456,526) is arranged to compensate the first pixel signal if the first condition is satisfied
by increasing the first pixel signal for pre-tilting liquid crystal molecules,

wherein the second predetermined condition is satisfied if the first compensated pixel signal corresponds
to a gray level voltage for displaying black and the second pixel signal corresponds to a gray level voltage
for displaying a gray level substantially whiter than black or if the first pixel signal corresponds to a gray
level voltage for displaying white and the second pixel signal corresponds to a gray level voltage for displaying
a gray level substantially darker than white,

the compensator (456,526) is arranged to compensate the second pixel signal if the second predetermined
condition is satisfied by increasing the second pixel signal if the first compensated pixel signal corresponds
to a gray level voltage for displaying black and the second pixel signal corresponds to a gray level voltage
for displaying a gray level substantially whiter than black, or decreasing the second pixel signal if the first
pixel signal is a gray level voltage for displaying white and the second pixel signal is a gray level voltage
for displaying a gray level substantially darker than white; and

wherein the first pixel signal and the second pixel signal are a first potential and a second potential, respec-
tively, corresponding to gray levels of a same pixel.

6. The LCD of claim 5, wherein i is 1.

7. The LCD of claim 5, wherein the first predetermined condition is satisfied if the first pixel signal corresponds to a
gray level voltage for displaying black and the second pixel signal corresponds to a gray level voltage for displaying
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a gray level substantially whiter than black.

8. The LCD of claim 7, wherein the second predetermined condition is satisfied if the first compensated pixel signal
corresponds to a gray level voltage for displaying black and the second pixel signal corresponds to a gray level
voltage for displaying a gray level substantially whiter than black, or if the first pixel signal corresponds to a gray
level voltage for displaying white and the second pixel signal corresponds to a gray level voltage for displaying a
gray level substantially darker than white.

9. The LCD of claim 5, wherein the compensator (456,526) is arranged to shift the compensated first pixel signal and
the compensated second pixel signal by one frame.

Patentanspriiche

1. Verfahren zum Optimieren von Pixelsignalen fur eine Flissigkristallanzeigeeinrichtung, wobei die Flissigkristallan-
zeigeeinrichtung von einem Typ mit vertikaler Ausrichtung ist, umfassend:

Empfangen eines ersten Pixelsignals flr einen (n-i)-ten Frame und Empfangen eines zweiten Pixelsignals fir
einen (n)-ten Frame,

wobei das erste Pixelsignal und das zweite Pixelsignal ein erstes Potential und ein zweites Potential darstellen,
die jeweils Graustufen eines gleichen Pixels zugeordnet sind,

Bestimmen, ob das erste Pixelsignal und das zweite Pixelsignal eine erste vorgegebene Bedingung erfiillen,
gekennzeichnet durch:

Erzeugen eines ersten kompensierten Pixelsignals durch Erhdhen des ersten Pixelsignals zum Vororien-
tieren von FlUssigkristallmolekilen, wenn die erste vorgegebene Bedingung erflillt ist,

wobei die erste vorgegebene Bedingung erflillt ist, wenn das erste Pixelsignal einer Graustufenspannung
zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer Graustufenspannung zum
Anzeigen einer vorgegebenen Graustufe zugeordnet ist, die wesentlich heller ist als Schwarz, und

weiter umfassend:

Speichern des ersten kompensierten Pixelsignals,

Bestimmen, ob das erste kompensierte Pixelsignal und das zweite Pixelsignal eine zweite vorgegebene
Bedingung erfiillen, und

Kompensieren des zweiten Pixelsignals, wenn die zweite vorgegebene Bedingung erfillt ist,

wobei die zweite vorgegebene Bedingung erflillt ist, wenn das erste kompensierte Pixelsignal einer
Graustufenspannung zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer
Graustufenspannung zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich heller ist als
Schwarz, oder wenn das erste Potential eine Graustufenspannung zum Anzeigen von Weil} ist und
das zweite Pixelsignal eine Graustufenspannung zum Anzeigen einer Graustufe ist, die wesentlich
dunkler ist als Weil3,

und der Schritt zum Kompensieren des zweiten Pixelsignals, wenn die zweite vorgegebene Bedingung
erfillt ist, Erhdhen des zweiten Pixelsignals, wenn das erste kompensierte Pixelsignal einer Graustu-
fenspannung zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer Graustufen-
spannung zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich heller ist als Schwarz, oder
Senken des zweiten Pixelsignals umfasst, wenn das erste Pixelsignal eine Graustufenspannung zum
Anzeigen von Weil} ist und das zweite Pixelsignal eine Graustufenspannung zum Anzeigen einer
Graustufe ist, die wesentlich dunkler ist als Weil.

2. Verfahren nach Anspruch 1, wobei das kompensierte zweite Pixelsignal um einen Frame verschoben wird.

3. Verfahren nach Anspruch 1, wobei das kompensierte erste Pixelsignal und das kompensierte zweite Pixelsignal
um einen Frame verschoben werden.

4. Verfahren nach Anspruch 1, wobei das kompensierte erste Pixelsignal um einen Frame verschoben wird.

5. Flussigkristallanzeigeeinrichtung (LCD) vom Typ mit vertikaler Ausrichtung, umfassend:
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einen Kompensator (456, 526), der dazu ausgebildet ist, dass er ein erstes Pixelsignal fur einen (n-i)-ten Frame
und ein zweites Pixelsignal fir einen (n)-ten Frame empfangt, um zu bestimmen, ob das erste Pixelsignal und
das zweite Pixelsignal eine erste vorgegebene Bedingung erflillen, und das erste Pixelsignal zu kompensieren,
wenn die erste vorgegebene Bedingung erfiillt ist, wobei dadurch ein erstes kompensiertes Pixelsignal erzeugt
wird, und

einen Frame-Speicher (452, 525) zum Speichern des ersten kompensierten Pixelsignals,

wobei das erste Pixelsignal und das zweite Pixelsignal ein erstes Potential und ein zweites Potential darstellen,
die jeweils Graustufen eines gleichen Pixels zugeordnet sind,

dadurch gekennzeichnet, dass:

der Kompensator (456, 526) dazu ausgebildet ist, zu bestimmen, ob das erste kompensierte Pixelsignal
und das zweite Pixelsignals eine zweite vorgegebene Bedingung erfiillen, und das zweite Pixelsignal zu
kompensieren, wenn die zweite vorgegebene Bedingung erflllt ist,

wobei die erste vorgegebene Bedingung erflillt ist, wenn das erste Pixelsignal einer Graustufenspannung
zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer Graustufenspannung zum
Anzeigen einer vorgegebenen Graustufe zugeordnet ist, die wesentlich heller ist als Schwarz, und

der Kompensator (456, 526) dazu ausgebildet ist, das erste Pixelsignal, wenn die erste vorgegebene Be-
dingung erfillt ist, durch Erhéhen des ersten Pixelsignals zum Vororientieren von Flissigkristallmolekilen
zu kompensieren,

wobei die zweite vorgegebene Bedingung erflillt ist, wenn das erste kompensierte Pixelsignal einer Grau-
stufenspannung zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer Graustufen-
spannung zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich heller ist als Schwarz, oder wenn
das erste Pixelsignal einer Graustufenspannung zum Anzeigen von Weil} zugeordnet ist und das zweite
Pixelsignal einer Graustufenspannung zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich dunkler
ist als Weil3,

der Kompensator (456, 526) dazu ausgebildet ist, das zweite Pixelsignal, wenn die zweite vorgegebene
Bedingung erfiillt ist, durch Erhéhen des zweiten Pixelsignals, wenn das erste kompensierte Pixelsignal
einer Graustufenspannung zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer
Graustufenspannung zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich heller ist als Schwarz,
oder Senken des zweiten Pixelsignals, wenn das erste Pixelsignal eine Graustufenspannung zum Anzeigen
von Weil} ist und das zweite Pixelsignal eine Graustufenspannung zum Anzeigen einer Graustufe ist, die
wesentlich dunkler ist als Weil3, zu kompensieren, und

wobei das erste Pixelsignal und das zweite Pixelsignal ein erstes Potential bzw. ein zweites Potential
darstellen, die jeweils Graustufen eines gleichen Pixels zugeordnet sind.

LCD nach Anspruch 5, wobei i gleich 1 ist.

LCD nach Anspruch 5, wobei die erste vorgegebene Bedingung erfiillt ist, wenn das erste Pixelsignal einer Grau-
stufenspannung zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer Graustufenspannung
zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich heller ist als Schwarz.

LCD nach Anspruch 7, wobei die zweite vorgegebene Bedingung erfiillt ist, wenn das erste kompensierte Pixelsignal
einer Graustufenspannung zum Anzeigen von Schwarz zugeordnet ist und das zweite Pixelsignal einer Graustu-
fenspannung zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich heller ist als Schwarz, oder wenn das
erste Pixelsignal einer Graustufenspannung zum Anzeigen von Weill zugeordnet ist und das zweite Pixelsignal
einer Graustufenspannung zum Anzeigen einer Graustufe zugeordnet ist, die wesentlich dunkler ist als Weil3.

LCD nach Anspruch 5, wobei der Kompensator (456, 526) dazu ausgebildet ist, das kompensierte erste Pixelsignal
und das kompensierte zweite Pixelsignal um einen Frame zu verschieben.

Revendications

Procédé destiné a optimiser des signaux de pixel pour un écran a cristaux liquides, dans lequel I'écran a cristaux
liquides est du type a alignement vertical,
comprenant les étapes ci-dessous consistant a :

recevoir un premier signal de pixel pour une (n - i)éme trame ; et
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recevoir un second signal de pixel pour une (n)éme trame ;

dans lequel le premier signal de pixel et le second signal de pixel représentent un premier potentiel et un second
potentiel correspondant respectivement a des niveaux de gris d’'un méme pixel ;

déterminer si le premier signal de pixel et le second signal de pixel satisfont a un premier état prédéterminé ;
caractérisé par I'étape ci-dessous consistant a :

générer un premier signal de pixel compensé en augmentant le premier signal de pixel en vue de pré-
incliner des molécules a cristaux liquides si le premier état prédéterminé est satisfait ;

dans lequel le premier état prédéterminé est satisfait si le premier signal de pixel correspond a une tension
de niveau de gris pour I'affichage du noir et si le second signal de pixel correspond a une tension de niveau
de gris pour I'affichage d’un niveau de gris prédéterminé sensiblement plus blanc que le noir ; et
comprenant en outre les étapes ci-dessous consistant a :

stocker le premier signal de pixel compensé ;

déterminer si le premier signal de pixel compensé et le second signal de pixel satisfont a un second
état prédéterminé ; et

compenser le second signal de pixel si le second état prédéterminé est satisfait,

dans lequel le second état prédéterminé est satisfait si le premier signal de pixel compensé correspond
a une tension de niveau de gris pour I'affichage du noir et si le second signal de pixel correspond a
une tension de niveau de gris pour I'affichage d’un niveau de gris sensiblement plus blanc que le noir,
ou si le premier potentiel est une tension de niveau de gris pour I'affichage du blanc et le second signal
de pixel est une tension de niveau de gris pour I'affichage d’un niveau de gris sensiblement plus sombre
que le blanc ;

dans lequel I'étape consistant a compenser le second signal de pixel si le second état prédéterminé
est satisfait comporte I'étape consistant a augmenter le second signal de pixel si le premier signal de
pixel compensé correspond a une tension de niveau de gris pour I'affichage du noir et si le second
signal de pixel correspond a une tension de niveau de gris pour I'affichage d’un niveau de gris sensi-
blement plus blanc que le noir, ou I'étape consistant a diminuer le second signal de pixel si le premier
signal de pixel est une tension de niveau de gris pour I'affichage du blanc et si le second signal de
pixel est une tension de niveau de gris pour I'affichage d’'un niveau de gris sensiblement plus sombre
que le blanc.

Procédé selon la revendication 1, dans lequel le second signal de pixel compensé est décalé d’'une trame.

Procédé selon la revendication 1, dans lequel le premier signal de pixel compensé et le second signal de pixel
compensé sont décalés d'une trame.

Procédé selon la revendication 1, dans lequel le premier signal de pixel compensé est décalé d’une trame.
Ecran & cristaux liquides (LCD) du type & alignement vertical, comprenant :

un compensateur (456, 526) agencé de maniére a recevoir un premier signal de pixel pour une (n - i)éme trame
et un second signal de pixel pour une (n)eme trame, en vue de déterminer si le premier signal de pixel et le
second signal de pixel satisfont a un premier état prédéterminé et de compenser le premier signal de pixel si
le premier état prédéterminé est satisfait, ce qui permet de générer par conséquent un premier signal de pixel
compensé ; et

une mémoire de trames (452, 525) pour stocker le premier signal de pixel compensé ;

dans lequel le premier signal de pixel et le second signal de pixel représentent un premier potentiel et un second
potentiel correspondant respectivement a des niveaux de gris d’'un méme pixel ;

caractérisé en ce que :

le compensateur (456, 526) est agencé de maniére a déterminer si le premier signal de pixel compensé et
le second signal de pixel satisfont a un second état prédéterminé et a compenser le second signal de pixel
si le second état prédéterminé est satisfait ;

dans lequel le premier état prédéterminé est satisfait si le premier signal de pixel correspond a une tension
de niveau de gris pour I'affichage du noir et si le second signal de pixel correspond a une tension de niveau
de gris pour I'affichage d’'un niveau de gris prédéterminé sensiblement plus blanc que le noir ; et

le compensateur (456, 526) est agencé de maniére a compenser le premier signal de pixel si le premier
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état est satisfait, en augmentant le premier signal de pixel en vue de pré-incliner des molécules a cristaux
liquides ;

dans lequel le second état prédéterminé est satisfait si le premier signal de pixel compensé correspond a
une tension de niveau de gris pour I'affichage du noir et si le second signal de pixel correspond a une
tension de niveau de gris pour I'affichage d’'un niveau de gris sensiblement plus blanc que le noir, ou si le
premier signal de pixel correspond a une tension de niveau de gris pour I'affichage du blanc et le second
signal de pixel correspond a une tension de niveau de gris pour I'affichage d’un niveau de gris sensiblement
plus sombre que le blanc ;

le compensateur (456, 526) est agencé de maniére a compenser le second signal de pixel si le second
état prédéterminé est satisfait, en augmentant le second signal de pixel si le premier signal de pixel com-
pensé correspond a une tension de niveau de gris pour I'affichage du noir et si le second signal de pixel
correspond a une tension de niveau de gris pour I'affichage d’un niveau de gris sensiblement plus blanc
que le noir, ou en diminuant le second signal de pixel si le premier signal de pixel représente une tension
de niveau de gris pour I'affichage du blanc et si le second signal de pixel représente une tension de niveau
de gris pour I'affichage d’'un niveau de gris sensiblement plus sombre que le blanc ; et

dans lequel le premier signal de pixel et le second signal de pixel représentent un premier potentiel et un
second potentiel, respectivement, correspondant a des niveaux de gris d’'un méme pixel.

Ecran LCD selon la revendication 5, dans lequel i est égala 1.

Ecran LCD selon la revendication 5, dans lequel le premier état prédéterminé est satisfait si le premier signal de
pixel correspond a une tension de niveau de gris pour I'affichage du noir et si le second signal de pixel correspond
a une tension de niveau de gris pour I'affichage d’un niveau de gris sensiblement plus blanc que le noir.

Ecran LCD selon la revendication 7, dans lequel le second état prédéterminé est satisfait si le premier signal de
pixel compensé correspond a une tension de niveau de gris pour I'affichage du noir et si le second signal de pixel
correspond a une tension de niveau de gris pour I'affichage d’un niveau de gris sensiblement plus blanc que le noir,
ou si le premier signal de pixel correspond a une tension de niveau de gris pour I'affichage du blanc et si le second
signal de pixel correspond a une tension de niveau de gris pour I'affichage d’'un niveau de gris sensiblement plus
sombre que le blanc.

Ecran LCD selon la revendication 5, dans lequel le compensateur (456, 526) est agencé de maniére & déplacer
d’'une trame le premier signal de pixel compensé et le second signal de pixel compensé.
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