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(57) ABSTRACT

A LCD (Liquid Crystal Display) with improved motion
image quality and a driving method therefor. The LCD
includes a pixel, a data driving circuit and a scan driving
circuit. The data driving circuit generates over driving pixel
data and gray pixel data according to pixel data of a Nth
frame and pixel data of a (N+1)th frame, and outputs driving
voltages, which correspond to the over driving pixel data,
black pixel data and the gray pixel data, to the pixel at first,
second and third time. The scan driving circuit outputs a
scan signal at the first time, second time and third time to
enable the pixel to receive the driving voltages correspond-
ing to the over driving pixel data, the black pixel data and
the gray pixel data. The driving voltages enables the pixel to
generate a brightness curve similar to a pulse curve.
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LIQUID CRYSTAL DISPLAY WITH IMPROVED
MOTION IMAGE QUALITY AND DRIVING
METHOD THEREFOR

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 93141906, filed Dec. 31, 2004, the subject
matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a LCD (Liquid Crystal
Display) and a driving method therefor, and more particu-
larly to a LCD with improved motion image quality and a
driving method therefor.

[0004] 2. Description of the Related Art

[0005] A conventional cathode ray tube (CRT) monitor
displays a frame in an impulse type manner, and each pixel
in each frame time emits light only for an instant. FIG. 1
shows a relationship between the brightness and the time in
a pixel of a cathode ray tube monitor. Pixel data D1, D2 and
D3 enable the pixel to generate the corresponding bright-
nesses 11, 12 and 13 in frame times T1, T2 and T3. Because
the impulse type CRT monitor has a quick response speed,
the frame that is currently displayed is free from being
influenced by the brightness of a previous frame, and no
image retention occurs in the motion image.

[0006] The conventional LCD displays images in a hold
type manner, and the brightness of the pixel thereof is kept
constant in a frame time. FIG. 2 shows a relationship
between the brightness and the time in a pixel of a conven-
tional LCD (Liquid Crystal Display). The pixel generates
different brightness curves L1, L2 and L3 in the frame times
T1', T2" and T3" according to different driving voltages V1,
V2 and V3. As shown in FIG. 2, because the response speed
of the liquid crystal molecule is smaller than the changing
speed of the electric field, a period of response time is
needed for the pixel to reach the target brightness. As clearly
illustrated in the brightness curve L2 of FIG. 2, the bright-
ness [.2 does not reach the brightness, which should corre-
spond to the driving voltage V2, until the frame time T2'
almost elapses.

[0007] Because the response speed of the liquid crystal
molecule is not high enough, retained images tend to occur
when the LCD is displaying the motion images and thus
influence the display quality. In the hatched area of FIG. 2,
for example, because the displayed image in the frame time
T2' is stilled retained at the beginning of the frame time T3/,
the retained image overlaps with the to-be-displayed image
in the frame time T3', and the motion image quality of the
LCD is thus influenced.

SUMMARY OF THE INVENTION

[0008] Ttis therefore an object of the invention to provide
a LCD (Liquid Crystal Display) with improved motion
image quality and a driving method therefor, which can
enable a pixel to generate a pulse-like brightness curve to
effectively improve the motion image display quality.

[0009] The invention achieves the above-identified object
by providing a LCD (Liquid Crystal Display) with improved
motion image quality. The LCD includes a pixel, a scan
driving circuit and a data driving circuit. The pixel electri-
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cally connected to a scan line and a data line generates a
predetermined brightness in a frame time. The data driving
circuit generates over driving pixel data according to pixel
data of a Nth frame, generates gray pixel data according to
pixel data of a (N+1)th frame, and outputs driving voltages,
which correspond to the over driving pixel data, black pixel
data and the gray pixel data, to the pixel through the data line
at a first time, a second time and a third time, respectively.
The scan driving circuit outputs a scan signal to enable the
pixel to receive the driving voltages corresponding to the
over driving pixel data, the black pixel data and the gray
pixel data through the scan line at the first time, the second
time and the third time, respectively. The driving voltages
corresponding to the over driving pixel data, the black pixel
data and the gray pixel data enable the pixel to generate the
predetermined brightness.

[0010] The invention achieves the above-identified object
by providing a method for driving a pixel array of a LCD
(Liquid Crystal Display) such that the pixel array finishes
displaying pixel data of an Nth frame in a frame time. The
pixel array includes a pixel. The driving method is described
in the following. Over driving pixel data corresponding to
the pixel data of the Nth frame is generated in a first
subframe time, and a driving voltage corresponding to the
over driving pixel data is outputted to the pixel. Next, a
driving voltage corresponding to black pixel data is inputted
to the pixel in a second subframe time. Finally, gray pixel
data corresponding to pixel data of a (N+1)th frame is
generated in a third subframe time, and a driving voltage
corresponding to the gray pixel data is outputted to the pixel.
The frame time includes the first subframe time, the second
subframe time and the third subframe time. The driving
voltages corresponding to the over driving pixel data, the
black pixel data and the gray pixel data enable the pixel to
generate a predetermined brightness.

[0011] Other objects, features, and advantages of the
invention will become apparent from the following detailed
description of the preferred but non-limiting embodiment.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1 shows a relationship between the brightness
and the time in a pixel of a cathode ray tube monitor.

[0013] FIG. 2 shows a relationship between the brightness
and the time in a pixel of a conventional LCD (Liquid
Crystal Display).

[0014] FIG. 3 is a schematic illustration showing a LCD
according to a preferred embodiment of the invention.

[0015] FIG. 4 is a graph showing a relationship between
a driving voltage and the brightness of the pixel 308.

[0016] FIGS. 5A to 5C are schematic illustrations show-
ing the enabled time period of each scan line and the data
received by each pixel in this embodiment.

[0017] FIG. 6 shows waveforms of the scan signal SL'
corresponding to FIGS. 5A to 5C.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] FIG. 3 is a schematic illustration showing a LCD
according to a preferred embodiment of the invention.
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Referring to FIG. 3, the LCD 300 includes a data driving
circuit 302, a scan driving circuit 304 and a pixel array 306.
The data driving circuit 302 and the scan driving circuit 304
drive the pixel array 306 through data lines DL and scan
lines SL, respectively. The pixel array 306 includes a pixel,
such as the pixel 308. The pixel 308 is electrically connected
to the scan line SL(1) and the data line DL(1). The pixel 308
generates a predetermined brightness in a frame time. The
data driving circuit 302 generates over driving pixel data D
according to pixel data I of a Nth frame and gray pixel data
G according to pixel data I' of a (N+1)th frame, and outputs
driving voltages, which correspond to the over driving pixel
data D, black pixel data B and the gray pixel data G, to the
pixel 308 through the data line DL(1) at a first time t1, a
second time t2 and a third time t3 (FIG. 4).

[0019] The scan driving circuit 304 outputs a scan signal
SL' through the scan line SL(1) to enable the pixel 308 to
receive the driving voltages corresponding to the over
driving pixel data D, the black pixel data B and the gray
pixel data G at the first time t1, the second time t2 and the
third time t3. The driving voltages corresponding to the over
driving pixel data D, the black pixel data B and the gray
pixel data G enable the pixel 308 to generate the predeter-
mined brightness and enable the pixel 308 to generate a
brightness curve similar to a pulse curve.

[0020] In further detail, FIG. 4 is a graph showing a
relationship between a driving voltage and the brightness of
the pixel 308. The pixel 308 displays the predetermined
brightness corresponding to the pixel data I of the Nth frame
in a frame time. In the driving method of this embodiment,
the frame time T for each frame is divided into a first
subframe time T1", a second subframe time T2" and a third
subframe time T3", and the time length ratio of the subframe
time T1" to T2" to T3" may be determined according to the
display effect to be achieved. Preferably, for example when
the ratio is 2:1:1, the generated motion image quality is
better.

[0021] In the first field time T1", the corresponding over
driving pixel data D is generated after the pixel data I is
properly calculated. For example, the over driving pixel data
D may be obtained by looking a look up table according to
the pixel data I. The data driving circuit 302 outputs the
voltage V1' corresponding to the over driving pixel data D
to the pixel 308 at the first time t1, such that the pixel 308
generates a first brightness L1'. The first time t1 is the initial
time of the first subframe time T1".

[0022] In the second subframe time T2", the data driving
circuit 302 outputs the voltage V2' corresponding to the
black pixel data B to the pixel 308 at the second time t2, such
that the pixel 308 generates a second brightness [.2', wherein
the voltage V2' corresponds to the darkest gray-scale value
to perform an impulse type brightness. The second time t2
is the initial time of the second subframe time T2".

[0023] In the third subframe time T3", the data driving
circuit 302 outputs the voltage V3' corresponding to the gray
pixel data G to the pixel 308 at the third time t3, such that
the liquid crystal molecule of the pixel 308 tilts at a pre-tilt
angle and generates a third brightness L3'. The pre-tilt angle
can speed up the response of the liquid crystal molecule of
the pixel 308 to the orientation corresponding to the pixel
data I' of the (N+1)th frame. So, the gray pixel data G is
generated according to the pixel data I' of the (N+1)th frame
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such that the response speed of the liquid crystal molecule
is increased, and the image display can be speeded up.
Similarly, the third time t3 is the initial time of the third
subframe time T3".

[0024] The equivalent brightness of the brightnesses L1,
L2" and L3' corresponds to the predetermined brightness of
the pixel data I, and the predetermined brightness is, for
example, the dashed line 14 of FIG. 4. The spirit of the
embodiment is to effectively improve the motion image
display quality by making the brightness curve formed by
L1, L2" and L3' similar to the impulse curve. That is, the
curve formed by connecting the brightnesses L1', 1.2' and
L3' shows the following features. Because the driving volt-
age V1'in the first subframe time T1" 1s greater than that of
the prior art, the rise response time of the brightness L1' is
shorter than that of the conventional driving method. Next,
the driving voltage V2' in the second filed time T2" corre-
sponds to the black pixel data B, so the brightness 1.2' of the
pixel 308 rapidly decreases to form the similar impulse
curve. Thus, the phenomenon of human vision retention
caused by the conventional hold type display method can be
reduced so that the motion image quality can be enhanced.
Finally, in the third subframe time T3", the liquid crystal
molecule tilts at a pre-tilt angle according to the driving
voltage V3' corresponding to the gray pixel data G. The
pre-tilt angle can shorten the time for the liquid crystal
molecule of the pixel 308 to response to a next brightness.
For example, as shown in the frame time T' of the (N+1)th
frame, when the pixel 308 is requested to display a higher
brightness, the pixel 308 can reach the desired brightness
L1" corresponding to the driving voltage V1" in the (N+1)th
frame according to the driving voltage V3' of the frame time
T of the Nth frame. The value of the driving voltage V3' is
determined according to the property of the liquid crystal
molecule and the pixel data I' of the next frame ((N+1)th
frame), such that the liquid crystal molecule tilts at an
optimum pre-tilt angle.

[0025] For the sake of easy description, an example of a
display with a resolution of 800*600 (i.e., the display has a
pixel array 306 with 600 rows and 800 columns) will be
described. The relationship between the time period when
the scan line is enabled and the pixel data received by each
pixel in this embodiment will be further described according
to an example, in which the time length ratio of the subframe
time T1" to T2" to T3" is 1:1:1, that is, each subframe time
occupies one third of the frame time T. FIGS. 5A to 5C are
schematic illustrations showing the enabled time period of
each scan line and the data received by each pixel in this
embodiment. FIG. 6 shows waveforms of the scan signal
SL' corresponding to FIGS. 5A to 5C. As shown in FIGS.
5A to 5C and FIG. 6, R1 to R600 represent 600 rows of
pixels of the LCD 300, and C1 to C800 represent 800
columns of pixels of the LCD 300, respectively. It is
assumed that the LCD 300 finishes the scanning of one
frame in 1800 periods P(1) to P(1800).

[0026] As shown in FIGS. 5A and 6, when the Nth frame
is to be displayed, the scan driving circuit 304 firstly enables
the scan signal SL'(1) inputted to the scan line SL(1) in the
time period P(1) so as to turn on the first row R1 of pixels.
Meanwhile, the data driving circuit 302 outputs the driving
voltages, which correspond to the over driving pixel data
D(1, 1~800, N) of the first to 800-th columns of pixels of the
first row R1 of pixels of the Nth frame, to the first row R1
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of pixels in the time period P(1), such that the first row R1
of pixels displays the brightness corresponding to the over
driving pixel data D of the Nth frame in the first period P(1),
and the first row of FIG. 5A is denoted as P(1), D(1, 1~800,
N). Next, the scan driving circuit 304 enables the 401-th row
R401 of pixels to enable the pixels of R401 to receive the
driving voltages corresponding to the black pixel data
B(401, 1~800, N-1) of the (N-1)th frame in the second
period P(2). Then, the scan driving circuit 304 enables the
201-th row R201 of pixels to enable the pixels of R201 to
receive the driving voltages corresponding to the gray pixel
data G (ie., the driving voltages corresponding to the
darkest brightness), which are, for example, the driving
voltages corresponding to the gray pixel data G(201, 1~800,
N-1) of the (N-1)th frame, in the third period P(3). The thin
film transistor of each pixel is only turned on once in one
frame time in the conventional driving method, so the
periods P(1), P(2) and P(3) of FIG. 6 correspond to the
conventional periods when one scan signal is enabled.

[0027] According to this sequence, the pixels of R2 to
R200 are caused to receive the voltages corresponding to the
over driving pixel data D(2, 1~800, N), D(3, 1~800, N) to
D(200, 1~800, N) of the Nth frame in the periods P(4), P(7)
to P(598), respectively. The pixels of R402 to R600 are
caused to receive the driving voltages corresponding to the
black pixel data B(402, 1~800, N-1), B(403, 1~800, N-1)
to B(600, 1~800, N-1) of the (N-1)th frame in the periods
P(5), P(8) to P(599), respectively. Also, the pixels of R202
to R400 are caused to receive the voltages corresponding to
the gray pixel data G(202, 1~800, N-1), G(203, 1~800,
N-1) to G(400, 1~800, N-1) of the (N-1)th frame in the
periods P(6), P(9) to P(600), respectively.

[0028] Similarly, the pixels of R201 to R400 are caused to
receive the driving voltages corresponding to the over
driving pixel data D(201, 1~800, N), D(202, 1~800, N) to
D(400, 1~800, N) of the Nth frame in the periods P(601),
P(604) to P(1198), respectively. The pixels of R1 to R200
are caused to receive the driving voltages corresponding to
the black pixel data B(1, 1~800, N), B(2, 1~800, N) to
B(200, 1~800, N) of the Nth frame in the periods P(602),
P(605) to P(1199), respectively. The pixels of R401 to R600
are caused to receive the driving voltages corresponding to
the gray pixel data G(401, 1~800, N-1), G(402, 1~800,
N-1) to G(600, 1~800, N-1) of the (N-1)th frame in the
periods P(603), P(606) to P(1200), respectively.

[0029] Next, the pixels of R401 to R600 are caused to
receive the driving voltages corresponding to the over
driving pixel data D(401, 1~800, N), D(402, 1~800, N) to
D(600, 1~800, N) of the Nth frame in the periods P(1201),
P(1204) to P(1798), respectively. The pixels of R201 to
R400 are caused to receive the voltages corresponding to the
black pixel data B(201, 1~800, N), B(202, 1~800, N) to
B(400, 1~800, N) of the Nth frame in the periods P(1202),
P(1205) to P(1799), respectively. The pixels of R1 to R200
are caused to receive the driving voltages corresponding to
the gray pixel data G(1, 1~800, N), G(2, 1~800, N) to
G(200, 1~800, N) of the Nth frame in the periods P(1203),
P(1206) to P(1800), respectively. After the period P(1800),
the voltages corresponding to the over driving pixel data D
of the Nth frame have been completely inputted. After the
above-mentioned steps have been repeated, the driving
voltages corresponding to the black pixel data B and the gray
pixel data G of the Nth frame can be completely inputted,
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such that the object of setting the time length ratio of the
subframe times T1" to T2" to T3" of this embodiment to be
1:1:1 can be achieved.

[0030] According to the above-mentioned scan method,
each pixel in the pixel array can generate the brightness
curve similar to the pulse curve. Other scan methods,
however, also may be used. The effect of this embodiment
can be achieved as long as the pixel can be turned on three
times, in one frame time, to receive three different driving
voltages, which correspond to the driving voltages of the
over driving pixel data, the black pixel data and the gray
pixel data.

[0031] Inthe LCD and the driving method therefor of the
embodiment, one frame time is divided into three parts and
three different driving voltages are generated to enable the
pixel to generate the pulse-like brightness curve. Thus, the
phenomenon of human vision retention caused by the con-
ventional hold type display method may be reduced, and the
motion image display quality can be enhanced.

[0032] While the invention has been described by way of
example and in terms of a preferred embodiment, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

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

a pixel corresponding to a scan line and a data line and
generating a predetermined brightness during a frame
time;

a data driving circuit for generating over driving pixel
data according to pixel data of a Nth frame, generating
gray pixel data according to pixel data of a (N+1)th
frame, and outputting driving voltages corresponding
to the over driving pixel data, black pixel data and the
gray pixel data to the pixel through the data line at a
first time, a second time and a third time, respectively;
and

a scan driving circuit for outputting a scan signal to enable
the pixel to receive the driving voltages corresponding
to the over driving pixel data, the black pixel data and
the gray pixel data through the scan line at the first time,
the second time and the third time, respectively;

wherein the driving voltages corresponding to the over
driving pixel data, the black pixel data and the gray
pixel data enable the pixel to generate a first brightness,
a second brightness and a third brightness, respectively,
and an equivalent brightness of the first brightness, the
second brightness and the third brightness substantially
equals to the predetermined brightness.

2. The LCD according to claim 1, wherein the voltage
corresponding to the gray pixel data enables a liquid crystal
molecule of the pixel to tilt a pre-tilt angle, thereby speeding
up a response of the liquid crystal molecule of the pixel to
an orientation corresponding to the pixel data of the (N+1)th
frame.
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3. The LCD according to claim 1, wherein a time length
ratio for keeping the pixel at the first brightness, the second
brightness and the third brightness is substantially 2:1:1.

4. The LCD according to claim 1, wherein a time length
ratio for keeping the pixel at the first brightness, the second
brightness and the third brightness is substantially 1:1:1.

5. A method for driving a pixel array of a liquid crystal
display (LCD) to display pixel data of a Nth frame during a
frame time, the pixel array comprising at least one pixel, the
method comprising:

generating over driving pixel data corresponding to the
pixel data of the Nth frame in a first subframe time and
outputting a driving voltage corresponding to the over
driving pixel data to the pixel;

applying a driving voltage corresponding to black pixel
data to the pixel in a second subframe time; and

generating gray pixel data corresponding to the pixel data
of (N+1)th frame in a third subframe time and output-
ting a driving voltage corresponding to the gray pixel
data to the pixel, wherein

Jul. 6, 2006

the driving voltages corresponding to the over driving
pixel data, the black pixel data and the gray pixel data
enable the pixel to generate a predetermined brightness;
and

the frame time comprises the first subframe time, the

second subframe time and the third subframe time.

6. The method according to claim 5, wherein a time length
ratio of the first subframe time to the second subframe time
to the third subframe time is substantially 2:1:1.

7. The method according to claim 5, wherein a time length
ratio of the first subframe time to the second subframe time
to the third subframe time is substantially 1:1:1.

8. The method according to claim 5, wherein the over
driving pixel data is obtained from a look up table.

9. The method according to claim 5, wherein the driving
voltage corresponding to the gray pixel data enables a liquid
crystal molecule of the pixel to tilt a pre-tilt angle, thereby
speeding up a response of the liquid crystal molecule of the
pixel to an orientation corresponding to the pixel data of the
(N+1)th frame.
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