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(57)  The present invention provides an over driving
circuit of a liquid crystal display. The circuit comprises a
buffer, a memory coupling with the buffer and a modifier
coupling with the buffer, the memory and a signal line.
This signal line is used to transfer a row number signal

Liquid crystal display and over driving method thereof

to the modifier. The modifier may generate a corrected
gray level value to a pixel unit based on a gray level value
of present frame from the buffer, a gray level value of
previous frame from the memory and the row number
signal.
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Description
Field of the Invention

[0001] The present invention relates to an over driving method, and more particularly to an over driving technique to
improve the response time of a liquid crystal display.

Background of the Invention

[0002] Liquid crystal display has been used in various electronic devices. Because liquid crystal molecules do not
generate light by themselves, a back light module is required for providing light on a liquid crystal display.

[0003] Typically, there are two types of backlight module in liquid crystal display. One is always-lighting type backlight
module. The other one is flash type backlight module. The flash type backlight module, for example, is applied to liquid
crystal display driven by a color sequential method.

[0004] According to the color sequential method, three primary colors are sequentially switched in the persistence of
vision time to compose a color. That is the primary colors are sequentially displayed in three time segments. Therefore,
a complete color image is displayed as a rapidly changing sequence of primary monochrome images. Since every pixel
unit in the display contributes to every primary image, a color sequential imaging display must address pixel unit first to
select which pixel unit to display.

[0005] When addressing the pixel units in a liquid crystal panel, the scan lines are scanned from the top to the bottom.
Then, the backlight module is turned on to display a specific gray-level image on the panel. Since the top scan line is
scanned first and the bottom scan line is scanned last. Therefore, a time difference exists in these scan lines. Such time
difference causes different response time for liquid crystal molecule to rotate. That is the liquid crystal molecule located
in the top scan lines has more response time to rotate. The liquid crystal molecule located in the bottom scan lines has
lessresponsetime torotate. Therefore, an over driving technique is disclosed to compensate the response time difference.
Accordingly, a specific voltage is corresponded to a specific rotation angle of liquid crystal molecule. A response time
is required for liquid crystal molecule to rotate to the specific angle. When a higher voltage is applied to liquid crystal
molecule, liquid crystal molecule has a higher rotation velocity. The over driving technique uses an over driving voltage
that is higher than the target voltage to accelerate the rotation of liquid crystal molecule to reduce the required response
time. When the liquid crystal molecule rotates to the angle corresponding to the target voltage, the overdriving voltage
is then reduced to the target voltage.

[0006] Typically, a look up table as shown in Figure 1 is used for determining the over driving voltage. According to
Figure 1, two parameters are used to search the over driving voltage. The first parameter is the gray-level value G, of
the present frame. The second parameter is the gray-level value G,,_4 of the previous frame. The G,;’ is the output gray-
level value. For example, the gray-level value G,, is 2 and the gray-level value G,,_; is 253. After searching the look up
table, the output gray-level value G, can be obtained from the table as 0.

[0007] Figure 1 B is a typical schematic diagram of an over driving circuit. The over driving circuit 100 comprises a
buffer 101, a memory 102 and a modifier 103. When the over driving circuit 100 receives an image gray level value,
such as the gray level value G, of a frame time of a pixel unit, the gray level value G, is sent to the memory 102 through
the buffer 101. Moreover, the gray level value G, is also sent to the modifier 103. The modifier 103 may search the look
up table according to the gray level value G, and the gray level value G,,_4 of previous frame stored in the memory 102
to determine a corrected gray-level value G,,. Then, the corrected gray-level value G’ is output from a serializer 104.

[0008] Then, the corrected gray-level value G’ is sent to a corresponding device, such as a driver IC. The driver IC
translates the gray-level value G, into corresponding voltage which controls the rotation angle of liquid crystal molecule.
Then, the backlight module is turned on to generate light on the liquid crystal molecule. Liquid crystal molecule with
specific rotation angle allows the liquid crystal panel to display image with a specific gray level.

[0009] The scan lines are scanned from the top to the bottom. Therefore, time difference exists in these scan lines.
However, the typical over driving circuit and method only uses two parameters, the gray-level value of the present frame
and the gray-level value of the previous frame, to search the corrected gray level value. Such circuit and method does
not really consider the time difference among the scan lines.

Summary of the Invention

[0010] The main purpose of the present invention is to provide an over driving method for a liquid crystal display to
resolve the insufficient response time problem.

[0011] Accordingly, the over driving method comprises the following steps of providing a modifier including at least
one gray-level look up table; inputting a first gray-level value, a second gray-level value and a row number signal to the
modifier, wherein the row number signal is corresponding to at least one gray-level look up table; obtaining a corrected
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value from at least one gray-level look up table according to the first gray-level value and the second gray-level value;
and determining an over driving voltage based on the corrected value.

[0012] According to the over driving method of the present invention, the corrected value is obtained by searching the
at least one gray-level look up table or calculation based on the at least one gray-level look up table,

[0013] According to the over driving method of the present invention, the modifier further comprises a first reference
gray-level value look up table and a second reference gray-level value look up table.

[0014] According to the over driving method of the present invention, the gray-level look up table is obtained by linear
interpolating or nonlinear interpolating the first reference gray-level value look up table and the second reference gray-
level value look up table.

[0015] According to the over driving method of the present invention, the first reference gray-level value look up table
includes a first reference ccorrected gray-level value obtained by searching the first reference gray-level value look up
table or calculation based on the first reference gray-level value look up table.

[0016] According to the over driving method of the present invention, the second reference gray-level value look up
table includes a second reference ccorrected gray-level value obtained by searching the second reference gray-level
value look up table or calculation based on the second reference gray-level value look up table.

[0017] According to the over driving method of the present invention, the first gray-level value is the present gray-level
value and the second gray-level value is the previous gray-level value.

[0018] According to the over driving method of the present invention, the second gray-level value is a fixed value
composed of a plurality of bits between all bits equal to 0 and all bits equal to 1.

[0019] According to the purpose, the over driving method further comprises the steps of inputting the over driving
voltage to a switch device; utilizing the switch device to control the rotation angle of the liquid crystal molecule; turning
on a backlight module to generate light on the liquid crystal molecule; and generating a curve of brightness versus time
through the operation of the liquid crystal molecule.

[0020] According to the over driving method, the integrated values of the brightness versus time in a sub-frame
according to the curve are all identical in the liquid crystal display.

[0021] According to another purpose of the present invention, an over driving circuit of a liquid crystal display is
provided. The circuit comprises a buffer, a memory coupling with the buffer and a modifier coupling with the buffer, the
memory and a signal line. This signal line is used to transfer a row number signal to the modifier.

[0022] According to the over driving circuit of the present invention, the buffer is used to output a first gray-level value.
[0023] According to the over driving circuit of the present invention, the first gray-level is transferred to the memory
and the modifier.

[0024] According to the over driving circuit of the present invention, the memory is used to output a second gray-level
value.

[0025] According to the over driving circuit of the present invention, the second gray-level is transferred to the modifier.
[0026] According to the over driving circuit of the present invention, a row number signal is transferred to the modifier.
[0027] According to the over driving circuit of the present invention, a corrected gray-level value is sent out from the
modifier.

[0028] According to the over driving circuit of the present invention, the circuit further comprises a serializer to receive
the corrected gray-level value.

[0029] According to the over driving circuit of the present invention, the modifier further comprises a gray-level look
up table related to the row number signal.

[0030] Therefore, the corrected gray-level value output from the over driving circuit and operation method of the present
invention is not only based on the gray-level values of the present and previous frame of a pixel unit but also based on
the row number of this pixel unit. Such circuit and operation method may compensate the response time difference of
the liquid crystal molecules due to different scan lines.

[0031] Accordingly, the over driving circuit and operation method of the present invention is used in a liquid crystal
display with a scan type backlight module or a flash type backlight module, such as a liquid crystal display driven by a
color sequential method.

Brief Description of the Drawings

[0032] The foregoing aspects and many of the attendant advantages of this invention are more readily appreciated
and better understood by referencing the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

Figure 1 A is a typical gray-level look up table;
Figure 1 B is a typical over-driving circuit;
Figure 2A is an over-driving circuit according to a preferred embodiment of the present invention;



10

15

20

25

30

35

40

45

50

55

EP 1879 173 A1

Figure 2B is a schematic diagram of using the over-driving circuit of the present invention to search a corrected
gray-level value;

Figure 3A is a partial gray-level look up table LUT (640) based on the 640t scan line;

Figure 3B is a partial gray-level look up table LUT (672) based on the 6729 scan line;

Figure 3C is a schematic diagram of using a linear interpolation method to obtain a corresponding corrected gray-
level value;

Figure 4 is a schematic comparing diagram of using the over driving circuit of the present invention to correct the
scan voltage of the scan line;

Figure 5 is a schematic time sequence diagram used in a color sequential method according to the first embodiment
of the present invention;

Figure 6 is a schematic time sequence diagram used in a color sequential method according to the second embod-
iment of the present invention;

Figure 7 is a schematic time sequence diagram used in a color sequential method, wherein a reset time is arranged
between two sub-frames;

Figure 8 is a simplified gray-level look up table;

Figure 9 is a schematic time sequence diagram used in a color sequential method according to the third embodiment
of the present invention; and

Figure 10 is a schematic time sequence diagram used in a color sequential method according to the fourth embod-
iment of the present invention.

Detailed Description of the Preferred Embodiment

[0033] Figure 2Ais a schematic diagram of an over driving circuit according to an embodiment of the present invention.
The over driving circuit 200 comprises a buffer 201, a memory 202 and a modifier 203. When the over driving circuit
200 receives an image gray level value, such as the first gray level value G,,, of a frame time of a pixel unit, such as the
first pixel unit, the first gray level value G, is temporary stored in the buffer 201. After the previous image gray level
value, such as the second gray level value G,,_4, of previous frame time of the first pixel unit stored in the memory 202
is transferred to the modifier 203, the first gray level value G, is sent from the buffer 201 to the memory 202. On the
other hand, the first gray level value G, is also sent to the modifier 203. The modifier 203 may search the look up table
based on the first gray level value G,, and the second gray level value G,,_; sent from the memory 202 to obtain a corrected
gray-level value G,'. Itis noticed that the over driving circuit of the present invention further comprises an interface, such
as a serializer 204, for outputting the corrected gray-level value G,

[0034] According to the corrected gray-level value G,;’, an over driving voltage is determined. This over driving voltage
is sent to corresponding devices in a liquid crystal display. In an embodiment, the switch devices are thin film transistors.
These switch devices may control the rotation of liquid crystal molecule. Then, the backlight module is turned on to
generate light. The generated light is illuminated on the rotated liquid crystal molecule. Because of different rotation
angles of the liquid crystal molecule, a specific gray level (brightness) is presented on the liquid crystal display. Therefore,
a curve of brightness versus time is generated.

[0035] Comparing with the typical over driving circuit, the main difference is that the modifier 203 in the present
invention is also controlled by a row number signal Y. This row number signal Y is used to provide the modifier 203
the row number of this first pixel unit. Then, the modifier 203 may search the corresponding gray-level look up table
based on this row number. In other words, the modifier 203 comprises a plurality of gray-level look up tables corresponding
to different rows. For example, the modifier 203 includes 768 gray-level look up tables corresponding to 768 rows
respectively for a liquid crystal display with 1024X768 resolution. While searching the corrected gray-level value based
on the row number signal Yth, a gray-level look up table corresponding to Yth row is searched first. Then, a corrected
gray-level value can be obtained and output according to the image gray-level value of the previous and present frame
of the first pixel unit.

[0036] Figure 2B is a schematic diagram of using the over-driving circuit of the present invention to search a corrected
gray-level value. According to the present invention, three parameters are used to search the corrected gray-level value.
The first parameter is the gray-level value of the present frame, the first gray-level value G,,. The second parameter is
the gray-level value of the previous frame, the second gray-level value G, _;. The third parameter is the row number
signal Yth. For example, in an embodiment, a corrected gray-level value of a pixel unitlocated in the 512th row is searched.
The first gray-level value G,, of this pixel unit is 128. The second gray-level value G,,_; of this pixel unit is 96. The row
number signal Yth is 512. Therefore, the corrected gray-level value is 140 based on the three parameters.

[0037] Accordingly, a plurality of gray-level look up tables are consisted in the modifier 203 of the present invention.
Moreover, the modifier 203 is controlled by the row number signal Yth. Therefore, while searching the corrected gray-
level value, a gray-level look up table corresponding to the row of the first pixel unit located is searched first. Then, a
corrected gray-level value is obtained based on the real gray-level values of the present and previous frame of the first



10

15

20

25

30

35

40

45

50

55

EP 1879 173 A1

pixel unit. In other words, the corrected gray-level value searching are not only based on the real gray-level values of
the present and previous frame of the first pixel unit but also based on the row where the first pixel unit is located.
Therefore, the searched corrected gray-level value may match better to the environment conditions.

[0038] In another embodiments, a possible problem is that too many gray-level look up tables stored in the modifier
203 leads to lengthy searching time. In order to reduce modifier 203 loading, a linear interpolation method or a nonlinear
interpolation method is used in the present invneiton to reduce the required number of the gray-level look up tables. The
linear interpolation method is described in the following embodiment.

[0039] In an embodiment, one gray-level look up table contains corrected gray-level values for 32 scan lines. In each
gray-level look up table, both the first gray-level value G, and the second gray-level value G,,_; are changed by 16 gray-
level. Therefore, in an example, the pixel unit is located in the 650t scan line. The second gray-level value G,,_; of the
previous frame of the pixel unit is 94. The first gray-level value G, of the present frame of the pixel unit is 165. The
following will describe how to obtain a corrected gray-level value by the linear interpolation method based on the foregoing
conditions. Figure 3A is a partial gray-level look up table LUT (640) of the 640th scan line. Figure 3B is a partial gray-
level look up table LUT (672) of the 672"d scan line. Figure 3C is a schematic diagram of using the linear interpolation
method to obtain a corresponding corrected gray-level value. According to the present invention, three parameters are
used to search the corrected gray-level value. The first parameter is the gray-level value of the present frame, the first
gray-level value G,,. The second parameter is the gray-level value of the previous frame, the second gray-level value
Gp,.1- The third parameter is the row number signal Yth.

[0040] First, the linear interpolation method is illustrated in the figure 3A to obtain the corrected gray-level value when
the first gray-level value G, is 160 and the second gray-level value G, _; is 94. The calculation is shown in the following.

Corrected gray-level value =(192-208)x(94-80)/(96-80)+208=194

[0041] Next, the corrected gray-level value is calculated when the first gray-level value G, is 176 and the second gray-
level value G,,_4 is 94. The calculation is shown in the following.

Corrected gray-level value =(208-240)x(94-80)/(96-80)+240=212

[0042] Next, the corrected gray-level value is calculated when the first gray-level value G, is 165 and the second gray-
level value G,,_4 is 94. The calculation is shown in the following.

Corrected gray-level value =(212-194)x(165-160)/(176-160)+194=199

[0043] Then, the linear interpolation method is illustrated in the figure 3B to obtain the corrected gray-level value when
the first gray-level value G is 160 and the second gray-level value G,,_4 is 94. The calculation is shown in the following

Corrected gray-level value =(200-216)x(94-80)/(96-80)+216=202

[0044] Next, the corrected gray-level value is calculated when the first gray-level value G, is 176 and the second gray-
level value G, _; is 94. The calculation is shown in the following.

Corrected gray-level value =(210-242)x(94-80)/(96-80)+242=214

[0045] Next, the corrected gray-level value is calculated when the first gray-level value G, is 165 and the second gray-
level value G, _; is 94. The calculation is shown in the following.
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Corrected gray-level value=(214-202)x(165-160)/(176-160}+202=206

[0046] Finally, the corrected gray-level value of the 650t scan line can be obtained by using the linear interpolation
method to calculate as following.

Corrected gray-level value =(206-199)x(650-640)/(672-640)+199=201

Therefore, the final corrected gray-level output value is 201.

[0047] Figure 4 is a schematic comparison diagram of using the over driving circuit of the present invention to correct
the gray-level value of the scan line. The X-axis represents the time and the Y-axis represents the brightness. The curve
is brightness versus time. According to the present invention, the corrected gray-level value relates to the gray-level
value changed between the previous and present frame of a pixel unit and the row number of the pixel unit. Therefore,
the scan lines is scanned from the scan line G, to scan line G, when a liquid crystal panel 400 has scan lines G4, G, ",
G,. In other words, when addressing the row address, the scan line G is addressed first and the scan line G, is addressed
later. Therefore, the time difference existing in these scan lines leads the liquid crystal molecules to have different
response time.

[0048] For example, the gray level values of the whole panel 400 transit from level 0 to level 128, the liquid crystal
molecule located in the scan line G4 has response time Tgr4. The liquid crystal molecule located in the scan line Gy ,has
response time Try,,. The liquid crystal molecule located in the scan line Gy has response time Try. The response time
Tr1> Try2>TRry- However, because row number of the scan line is also considered in the present invention, different
over driving voltages are applied to the two pixel units located in different scan lines even though the two pixel units
have the same gray-level value changed between two sequential frames. From figure 4, different over driving voltages
are applied to pixel units located in different scan lines. The pixel units located in the scan line G, require the least over
driving voltages. The pixel units located in the scan line G, require the largest over driving voltages. The reason is that
the liquid crystal located in the scan line Gy has the least response time Ty, because the scan line G, is scanned last.
Therefore, the largest over driving voltage is required to rotate the liquid crystal molecule to the required position asso-
ciated with specific gray level. In other words, according to the present invention, the gray-level look up table relates to
the row number. Because the corrected gray-level value G, is changed based on the row number, the rotation of the
liquid crystal molecule and turning on the backlight module time can still match each other. Therefore, a uniform gray-
level brightness is presented on the liquid crystal display panel.

[0049] Figure 5 is a schematic time sequence diagram used in a color sequential method according to the first em-
bodiment of the present invention. In this embodiment, the liquid crystal panel is supposed to represent the same gray-
level value. The frame time T is separated to three sub-frames T,, T, and T5. The three sub-frames T, T, and T5 are
used to sequentially show three primary colors in the persistence of vision time. Any color can be created by mixing the
three primary colors. There is not any reset time between two frames.

[0050] In this embodiment, each sub frame, such as the sub frame T4, is divided into three time segments T,, T and
Tg. The time segment T, is the addressing time. Because the color sequential method is used in this embodiment, an
addressing process is required to apply voltage to corresponding address before each primary color is shown. The time
segment Ty is the response time for the liquid crystal molecule to rotate to a specific angle. The time segment Ty is the
time for the backlight module to be turned on.

[0051] When the liquid crystal molecule is rotated to a specific angle, the backlight module is turned on to show a
primary color. In an embodiment, when the whole liquid crystal panel displays an image with the same gray-level value,
the response time of the liquid crystal molecule located in the top scan line is longer than the response time of the liquid
crystal molecule located in the bottom scan line because the scan lines are sequentially scanned from the top to the
bottom. Therefore, a larger over driving voltage is sent to the bottom scan line to accelerate the rotation velocity of the
liquid crystal molecule located therein to compensate the difference of the response time. As shown in the sub frame
T, the slope of the brightness versus time curve of the bottom scan line is larger than the slope of the brightness versus
time curve of the middle and top scan line. Therefore, the rotation velocity of the liquid crystal molecule located in the
bottom scan line is larger than the rotation velocity of the liquid crystal molecule located in the middle and top scan line.
In the time segment Tg, all scan lines have the same integrated values of the brightness versus time curve. Therefore,
a uniform gray-level brightness is represented on the liquid crystal panel in the time segment Tg.

[0052] Figure 6 is a schematic time sequence diagram used in a color sequential method according to the second
embodiment of the present invention. In this embodiment, the liquid crystal panel is supposed to display an image with
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the same gray-level value. The frame time T is separated to three sub-frames T4, T, and T3. The three sub-frames T,
T, and T5 are used to sequentially show three primary colors in the persistence of vision time. A color can be created
by mixing the three primary colors. The main difference between the first embodiment and the second embodiment is
that a reset time T exists between two frames. For example, for a 8 bits case, the reset time T is used to reset the
display of the liquid crystal panel to a specific gray level value, such as 0 gray level value (black color) or 255 gray level
value (white color), before next frame time.

[0053] Similarly, in this embodiment, each sub frame, such as the sub frame T,, is divided into three time segments
Ta, Tr and Tg. The time segment Ty is the addressing time. The time segment Ty is the response time for the liquid
crystal molecule to rotate to a specific position. The time segment Ty is the time for the backlight module to be turned
on. Moreover, a larger over driving voltage is sent to the bottom scan line to accelerate the rotation velocity of the liquid
crystal molecule located therein to compensate the difference of the response time. In the time segment Tg, all scan
lines have the same integrated values of the brightness versus time curve. Therefore, a uniform gray-level brightness
is represented in the liquid crystal panel in the time segment Tg.

[0054] On the other hand, the reset time T4 may be arranged between two sub-frames as shown in Figure 7. A reset
time T exists between two sub-frames T, and T,. The main purpose of the reset time Ty is to reset the display of the
liquid crystal panel to a specific gray level value, such as 0 gray level value (black color) or 255 gray level value (white
color), before the sub-frames T,. Similarly, in this embodiment, each sub frame, such as the sub frame T. is divided
into three time segments T,, Tg and Tg. The time segment T, is the addressing time. The time segment Ty is the
response time for the liquid crystal molecule to rotate to a specific position. The time segment Ty is the time for the
backlight module to be turned on.

[0055] In this embodiment, because a reset time T4 exists between two sub-frames, the pixel unit is reset to a specific
gray level value, such as 0 gray level value (black color) or 255 gray level value (white color) after each sub frame. When
searching the gray level look up table, the gray level value of the previous frame in the look up table is a fixed value.
Therefore, the gray-level look up table may be simplified to a table with two parameters, row number signal (Yt) and
the present gray-level value (G,,) as shown in Figure 8. For example, a pixel unit is located in the first scan line in a liquid
crystal panel. The present gray-level value (G,)) of this pixel unit is 128. The corrected gray-level value is 140. On the
other hand, when a pixel unit is located in the middle scan line, such as the 384t scan line, in a liquid crystal panel, the
corrected gray-level value is 160. When a pixel unit is located in the bottom scan line, such as the 768t scan line, in a
liquid crystal panel, the corrected gray-level value is 200.

[0056] Figure 9 is a schematic time sequence diagram used in a color sequential method according to the third
embodiment of the present invention. In this embodiment, a reset time exists between two sub-frames. The whole panel
is supposed to represent the same gray-level value. The frame time T is separated to three sub-frames T4, T, and T.
The three sub-frames T4, T, and T; are used to sequentially show three primary colors in the persistence of vision time.
A color is created by mixing the three primary colors.

[0057] Similarly, in this embodiment, each sub frame, such as the sub frame T4, is divided into five time segments T,
Tr, Tg, Tg and T,. The time segment T, is the addressing time. Because the color sequential method is used in this
embodiment, an addressing process is required to apply voltage to corresponding address before each primary color is
shown. The time segment T, is the response time for the liquid crystal molecule to rotate to a specific position. The time
segment Ty is the time for the backlight module to be turned on. When the liquid crystal molecule is rotated to a specific
angle, the backlight module is turned on to show a specific primary color. The time segments T is the reset time for
resetting the display to a specific gray level value. In this embodiment, the display is reset to 0 gray level value (white
color). The time segment T, is the response time for the liquid crystal molecule to rotate to a specific position.

[0058] Similarly, in this embodiment, because a reset time T exists between two sub-frames, the pixel unit is reset
to a specific gray level value after each sub frame. When searching the gray level look up table, the gray level value of
the previous frame in the look up table is a fixed value. Therefore, the gray-level look up table may be simplified to a
table with two parameters, row number signal (Yth) and the present gray-level value (G,)) as shown in the Figure 8.
Moreover, a larger over driving voltage is sent to the bottom scan line to accelerate the rotation velocity of the liquid
crystal molecule located therein to compensate the difference of the response time. In the time segment T, all scan
lines have the same integrated values of the brightness versus time curve. Therefore, a uniform gray-level brightness
is represented in the liquid crystal panel in the time segment Tg.

[0059] Figure 10 is a schematic time sequence diagram used in a color sequential method according to the fourth
embodiment of the present invention. Comparing with Figure 9, the main difference is that, in this embodiment, the reset
time segments T is for resetting the display to a specific gray level value, 255 gray level value (white color).

[0060] Accordingly, the over driving circuit and operation method of the present invention is not only based on the
gray-level values of the present and previous frame of a pixel unit but also based on the row number of this pixel unit.
Therefore, when the whole panel is supposed to represent the same gray-level value, a larger over driving voltage is
sent to the bottom scan line to accelerate the rotation velocity of the liquid crystal molecule located therein to compensate
the difference of the response time because scan lines are scanned sequentially from the top to the bottom.
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[0061] It has to be noticed that the main purpose why the whole panel displays image with the same gray-levels used
as examples in the foregoing embodiments is to simplify the description. The present invention may be applied to display
a colorful image.

[0062] As is understood by a person skilled in the art, the foregoing descriptions of the preferred embodiment of the
present invention are an illustration of the present invention rather than a limitation thereof. Various modifications and
similar arrangements are included within the spirit and scope of the appended claims. The scope of the claims should
be accorded to the broadest interpretation so as to encompass all such modifications and similar structures. While a
preferred embodiment of the invention has been illustrated and described, it will be appreciated that various changes
can be made therein without departing from the spirit and scope of the invention.

Claims
1. An over driving method for a liquid crystal display, comprising:

providing a modifier including one gray-level value look up table;

inputting a first gray-level value, a second gray-level value and a row number signal to the modifier, wherein
the row number signal is corresponding to the gray-level value look up table;

obtaining a corrected gray-level value from the gray-level value look up table according to the first gray-level
value and the second gray-level value; and

determining an over driving voltage based on the corrected gray-level value.

2. The over driving method of claim 1, wherein the corrected gray-level value is obtained by searching the gray-level
value look up table.

3. The over driving method of claim 1, wherein the modifier further comprises a first reference gray-level value look
up table and a second reference gray-level value look up table.

4. The over driving method of claim 3, wherein the gray-level look up table is obtained by linear interpolating the first
reference gray-level value look up table and the second reference gray-level value look up table.

5. The over driving method of claim 1, wherein the first gray-level value is present gray-level value and the second
gray-level value is previous gray-level value.

6. Theoverdriving method of claim 5, wherein the second gray-level value is a fixed value composed of a plurality of bits.
7. The over driving method of claim 6, wherein the fixed value is between all bits equal to 0 and all bits equal to 1.
8. The over driving method of claim 1, further comprising:

inputting the over driving voltage to a switch device;

utilizing the switch device to control the rotation angle of liquid crystal molecule;

turning on a backlight module to generate light on liquid crystal molecule; and

generating a curve of brightness versus time through the operation of liquid crystal molecule.

9. The over driving method of claim 8, wherein integrated values of the brightness and time in a sub-frame of the curve
are all identical in the liquid crystal display.

10. An over driving circuit of a liquid crystal display, comprising:

a buffer;

a memory coupling with the buffer; and

a modifier coupling with the buffer, the memory and a signal line, wherein the signal line is used to transfer a
row number signal to the modifier.

11. The over driving circuit of claim 10, wherein the circuit further comprises a serializer to receive the corrected gray-
level value.
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Amended claims in accordance with Rule 137(2) EPC.

1. An over driving method for a liquid crystal display, comprising:

providing a modifier (203) including a plurality of gray-level value look up tables (LUT);

inputting a first gray-level value (Gn), a second gray-level value (Gn-1) and a row number signal (Yth) to the
modifier (203);

selecting at least one of the gray-level look up tables (LUT) according to the row number signal (Yth);
obtaining a corrected gray-level value (Gn’) from the selected gray-level value look up table (LUT(650)) according
to the first gray-level value (Gn) and the second gray-level value (Gn-1); and

determining an over driving voltage based on the corrected gray-level value (Gn’);

wherein the first gray-level value (Gn) is a gray-level value of a current pixel in a current frame and the second gray-
level value (Gn-1) is another gray-level value of the current pixel in a previous frame prior to the current frame.

2. The over driving method of claim 1, wherein the selected gray-level look up table (LUT(650)) is obtained by linear
interpolating a first reference gray-level value look up table (LUT(640)) and a second reference gray-level value
look up table (LUT(672)) of the gray-level look up tables (LUT).

3. The over driving method of claim 1, wherein the second gray-level value (Gn-1) is a fixed value composed of a
plurality of bits.

4. The over driving method of claim 3, wherein the fixed value is from all bits equal to O to all bits equal to 1.
5. The over driving method of claim 1, further comprising steps of:

providing a switch device; and
inputting the over driving voltage to the switch device.

6. The over driving method of claim 5, further comprising steps of:

providing a plurality of liquid crystal molecules having a rotation angle; and
utilizing the switch device for controlling the rotation angle.

7. The over driving method of claim 6, further comprising steps of:

generate a plurality of lights on the liquid crystal molecules; and
generating a curve of brightness versus time through the operation of the liquid crystal molecules.

8. The over driving method of claim 7, wherein the curve of brightness versus time constituting a plurality of integrated
values in a sub-frame.

9. The over driving method of claim 8, wherein integrated values are all identical based on the corrected gray-level
value (Gn’).

10. An over driving circuit (200) of a liquid crystal display, comprising:

a buffer (201);

a memory (202) coupling with the buffer (201); and

a modifier (203) including a plurality of gray-level value look up tables (LUT) coupling with the buffer (201), the
memory (202) and a signal line;

wherein the modifier (203) receives a row number signal (Yth) from the signal line for selecting at least one of the
gray-level value look up table, a first gray-level value (Gn) from the buffer (201), and a second gray-level value (Gn-
1) from the memory (202);

wherein the first gray-level value (Gn) is a gray-level value of a current pixel in a current frame and the second gray-
level value (Gn-1) is another gray-level value of the current pixel in a previous frame prior to the current frame,
wherein the selected gray-level value look up table (LUT(650)) generates a corrected grey-level value (Gn’) according



10

15

20

25

30

35

40

45

50

55

to the first gray-level value (Gn) and the second gray-level value (Gn-1) and the corrected fray-level value (Gn’)

determines an over driving voltage.

11. The over driving circuit of claim 10, further comprises a serializer (204) for receiving the corrected gray-level

value (Gn’).
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