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LOW COLOR-SHIFT LIQUID CRYSTAL
DISPLAY AND DRIVING METHOD
THEREFOR

[0001] This application claims the benefit of Taiwan
Patent application Serial No. 95107989, filed Mar. 9, 2006,
the subject matter of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates in general to a liquid crystal
display and a driving method therefor, and more particularly
to a low color-shift liquid crystal display and a driving
method therefor.

[0004] 2. Description of the Related Art

[0005] Along with the trend in thinning the thickness of
display, liquid crystal display is currently widely applied in
various electronic products such as mobile phone, notebook,
and color TV, and so on. However, in a conventional color
liquid crystal display, only one driving voltage is provided
to a pixel during a frame period, therefore the corresponding
liquid crystal tilts to an angle and results in color-shift due
to the change in the view-angle. As shown in FIG. 1, a
conventional pixel equivalent circuit diagram is shown. The
pixel is disposed at the junction of the M? data line and the
N? scan line. The equivalent circuit includes a thin film
transistor T, a liquid crystal capacitor C, ., and a storage
capacitor Cg,. As shown in FIG. 1, the pixel is controlled by
the thin film transistor T,,, such that only one driving
voltage is provided to the pixel during a frame period.
[0006] FIG. 2 is a transmittance vs. driving voltage dia-
gram of a conventional liquid crystal display under different
view-angles (0). FIG. 3 a grey level vs. driving voltage
diagram of a conventional liquid crystal display under
different view-angles (0). As shown in FIG. 2 and FIG. 3,
under the same driving voltage or the same grey level,
different view-angles will result in different levels of trans-
mittance, hence causing color-shift to the display frame.
Therefore, how to improve color-shift to enhance the image
quality of liquid crystal display has become an imminent
challenge to the liquid crystal display industry.

SUMMARY OF THE INVENTION

[0007] It is therefore an object of the invention to provide
a color-shift liquid crystal display and a driving method
therefor capable of effectively reducing color-shift to
improve the image quality of the display.

[0008] The invention achieves the above-identified object
by providing a liquid crystal display including a number of
scan lines, a number of data lines, a pixel, a first switch
circuit, and a second switch circuit. The scan lines includes
an N? scan line and an (N+1)* scan line, where N is a
positive integer. The pixel includes a first sub-pixel and a
second sub-pixel. The first switch circuit is coupled to the
N" scan line and the (N+1)” scan line and is used for
controlling the second sub-pixel. The second switch circuit
is coupled to the N scan line and is used for controlling the
first sub-pixel. The pixel is used for displaying a red, a green,
a blue, or a white color.

[0009] Other objects, features, and advantages of the
invention will become apparent from the following detailed
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description of the preferred but non-limiting embodiments.
The following description is made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 (Related Art) is a conventional pixel equiva-
lent circuit diagram;

[0011] FIG. 2(Related Art) is a transmittance vs. driving
voltage diagram of a conventional liquid crystal display
under different view-angles;

[0012] FIG. 3(Related Art) is a grey level vs. driving
voltage diagram of a conventional liquid crystal display
under different view-angles;

[0013] FIG. 4 is a pixel equivalent circuit diagram of a
liquid crystal display according to a preferred embodiment
of the invention;

[0014] FIG. 5 is a method for driving the pixel of a liquid
crystal display according to a preferred embodiment of the
invention;

[0015] FIG. 6A is a first circuit block diagram for driving
a data line according to a preferred embodiment of the
invention;

[0016] FIG. 6B is a second circuit block diagram for
driving a data line according to a preferred embodiment of
the invention; and

[0017] FIG. 7A-FIG. 7D are respective layout diagrams of
a first sub-pixel and a second sub-pixel according to a
preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] Referring to FIG. 4, a pixel equivalent circuit
diagram of a liquid crystal display according to a preferred
embodiment of the invention is shown. The pixel P is
disposed at the junction of the M? data line and the N scan
line and includes a first sub-pixel SP1, a second sub-pixel
SP2, a first switch circuit S1, and a second switch circuit S2.
The first sub-pixel SP1 is equalized by a liquid crystal
capacitor C,, and a storage capacitor Cgz,. The second
sub-pixel SP2 is equalized by a liquid crystal capacitor C; .,
and a storage capacitor Cg,.

[0019] The first switch circuit S1 includes a thin film
transistor T,, and a thin film transistor T,;. The second
switch circuit S2 includes a thin film transistor T ,,. The thin
film transistor T,, includes a first gate, a first source and a
first drain. The first gate is controlled by the N scan line.
The first source is coupled to the M* data line. The first drain
is coupled to the first sub-pixel SP1. The thin film transistor
T,, includes a second gate, a second source and a second
drain. The second gate is controlled by the N* scan line. The
second source is coupled to the M” data line. The thin film
transistor T, includes a third gate, a third source and a third
drain. The third gate is controlled by the (N+1)* scan line.
The third source is coupled to the second drain. The third
drain is coupled to the second sub-pixel SP2.

[0020] When the thin film transistor T,, and the thin film
transistor T43 are turned on at the same time, a sub-pixel
voltage V1 is transmitted to the first sub-pixel SP2 by the
M’ data line. When the thin film transistor T, is turned on
but the thin film transistor T,5 is not turned on, a sub-pixel
voltage V2 is transmitted to the first sub-pixel SP1 by the
M data line.
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[0021] 18 Referring to both FIG. 4 and FIG. 5. FIG. 5 is
a method for driving the pixel of a liquid crystal display
according to a preferred embodiment of the invention. As
shown in FIG. 5, during a frame period, the voltage level of
the N” scan line is maintained at high level for a duration b
and a duration d. The duration d includes a duration d1 and
a duration d2. The voltage level of the (N+1)” scan line is
at a high level during the duration d1 and is at a low level
during the duration d2. Therefore, the sub-pixel voltage V1
is provided to the first sub-pixel SP1 and the second sub-
pixel SP2 respectively during the duration dl, and the
sub-pixel voltage V2 is only provided to the first sub-pixel
SP1 during the duration d2. Meanwhile, the first sub-pixel
SP1 is driven by the sub-pixel voltage V2, and the second
sub-pixel SP2 is driven by the sub-pixel voltage V1. There-
fore, the total charge time for the first sub-pixel SP1 equals
(d1+d2), but the total charge time for the second sub-pixel
SP2 is d1 only.

[0022] The view-angle characteristic of the pixel P is the
average of the accumulated sum of the view-angle charac-
teristic of the first sub-pixel SP1 and the second sub-pixel
SP2. Through appropriate design, the arrangement of the
liquid crystal molecules of the first sub-pixel SP1 and the
second sub-pixel SP2, the view-angle characteristic of the
first sub-pixel SP1 and the view-angle characteristic of the
second sub-pixel SP2 are compensated by each other, hence
reducing the color-shift caused due to difference in view-
angle. Besides, the data line of the present embodiment of
the invention is driven according to the dot inversion mode.
However, other modes such as the frame inversion mode, the
row inversion mode and the column inversion mode are also
applicable to the present embodiment of the invention.
[0023] Referring to FIG. 6A, a first circuit block diagram
for driving a data line according to a preferred embodiment
of the invention is shown. As shown in FIG. 6A, the circuit
block diagram includes a first look-up table 600, a second
look-up table 610 and a data driver 620. The first look-up
table 600 is used for outputting a first sub-pixel data value
D61 for controlling the first sub-pixel SPlaccording to
original pixel data D60. The second look-up table 610 is
used for outputting a second sub-pixel data value D62 for
controlling the second sub-pixel SP2 according to the origi-
nal pixel data D60. The data driver 620 is used for outputting
a sub-pixel voltage V1 and a sub-pixel voltage V2 respec-
tively corresponding to the first sub-pixel SP1 and the
second sub-pixel SP2 to the M? data line according to the
first sub-pixel data value D61 and the second sub-pixel data
value D62. By using the first look-up table 600 and the
second look-up table 610 to control the sub-pixel voltage V1
and the sub-pixel voltage V2 respectively, the pixel P has
two voltages within. Therefore, each grey level can be
optimized to achieve optimum display effect.

[0024] When selecting a sub-pixel voltage V1 and a sub-
pixel voltage V2 corresponding to each grey level, the
present embodiment of the invention obtains an optimized
view-angle for each grey level according to a trial-and-error
method. Moreover, under the circumstances of certain grey
levels such as the normally white state, the sub-pixel voltage
V1 can be designed to be equal to the sub-pixel voltage V2
so as to avoid transmittance loss.

[0025] Referring to FIG. 6B, a second circuit block dia-
gram for driving a data line according to a preferred embodi-
ment of the invention is shown. As shown in FIG. 6B, the
circuit block diagram includes a first Gamma circuit 630, a
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second Gamma circuit 640 and a data driver 650. The first
Gamma circuit 630 is used for generating a first group
Gamma voltage V63 corresponding to the first sub-pixel
SP1. The second Gamma circuit 640 is used for generating
a second group Gamma voltage V64 corresponding to the
second sub-pixel SP2. The data driver 650 is used for
respectively outputting a sub-pixel voltage V1 and a sub-
pixel voltage V2 corresponding to the first sub-pixel SP1 and
the second sub-pixel SP2 to the M? data line according to
the first group Gamma voltage V63 and the second group
Gamma voltage V64. Likewise, the above effect achieved by
using the first look-up table 600 and the second look-up table
610 which differs with the first look-up table 600 can also be
achieved by using the first Gamma circuit 630 and the
second Gamma circuit 640 which differs with the first
Gamma circuit 630, and the same procedures are not
repeated here.

[0026] Referring to FIGS. 7A~FIG. 7D, respective layout
diagrams of the first sub-pixel SP1 and the second sub-pixel
SP2 according to a preferred embodiment of the invention
are shown. The arrangement of the first sub-pixel SP1 and
the second sub-pixel SP2 is top down in FIG. 7A, left-to-
right in FIG. 7B, alternating in FIG. 7C, and diagonally
facing each other in triangular shapes in FIG. 7D. In the
present embodiment of the invention, since the total charge
time for the second sub-pixel SP2 is shorter than the total
charge time for the first sub-pixel SP1, the layout area of the
first sub-pixel SP1 is larger than the layout area of the second
sub-pixel SP2 to prevent the second sub-pixel SP2 from
having insufficient charge time. The preferable ratio of the
layout area of the first sub-pixel SP1 to the layout area of the
second sub-pixel SP2 ranges approximately 9:1~1:1.

[0027] According to the present embodiment of the inven-
tion, a pixel is divided into a first sub-pixel and a second
sub-pixel, and by means of different driving methods, the
two sub-pixels of the pixel are respectively driven by two
different voltages, causing two different angles of inclination
to the liquid crystal such that the optical effect in the display
domain of the two sub-pixels can compensate for each other.
Take the multi-domain vertical alignment liquid crystal
display for example. The conventional four display domains
are changed into eight display domains, such that the dif-
ference between the luminance when the display is viewed
from a front view-angle and the luminance when the display
is viewed from a slant view-angle is compensated, and that
the view-angle effect of the liquid crystal display using eight
display domains is better than the view-angle effect of the
liquid crystal display using four display domains. Take the
transflective liquid crystal display for example. The pixels in
the reflective area and the pixels in the transmissive area are
driven by two different voltages respectively, such that the
optical effect in the reflective area is matched to the optical
effect in the transmissive area. If a twisted nematic liquid
crystal display is used, the color-shift caused by the differ-
ence in view-angle can also be reduced by increasing the
number of display domains.

[0028] 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.
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What is claimed is:

1. A liquid crystal display, comprising

a plurality of scan lines having an N? scan line and an
(N+1) scan line, where N is a posmve integer;

a plurality of data lines having an M data line, where M
is a positive integer;

a pixel having a first sub-pixel and a second sub-pixel, the
first sub-pixel and the second sub-pixel being both
disposed between the N scan line and the (N+1)” scan
line, the first sub-pixel and the second sub-pixel being
both disposed on the same side of the M” data line;

a first switch circuit, electrically coupled to both the N
scan line and the (N+1)” scan line, for controlling the
second sub-pixel; and

a second switch circuit, electrically coupled to the N
scan line, for controlling the first sub-pixel.

2. The liquid crystal display of claim 1, wherein the first

switch circuit comprises:

a first transistor having a first gate, a first source and a first
drain, the first gate being controlled by the N scan
line, the first source being coupled to the M” data line;
and

a second transistor having a second gate, a second source
and a second drain, the second gate being controlled by
the (N+1)” scan line, the second source being coupled
to the first drain, the second drain being coupled to the
second sub-pixel, wherein when the first transistor and
the second transistor are turned on at the same time, the
second sub-pixel receives a sub-pixel voltage from the
M? data line via the first transistor and the second
transistor.

3. The liquid crystal display of claim 1, wherein the ratio
of the layout area of the first sub-pixel to the layout area of
the second sub-pixel ranges approximately from 9:1 to 1:1.

4. The liquid crystal display of claim 1, wherein the layout
area of the first sub-pixel is larger than the layout area of the
second sub-pixel.

5. The liquid crystal display of claim 1, further compris-
ing:

a first look-up table for outputting a first sub-pixel data
value to control the first sub-pixel according to an
original pixel data;

a second look-up table for outputting a second sub-pixel
data value to control the second sub-pixel according to
the original pixel data; and

a data driver, electrically coupled to the data lines, for
outputting a first sub-pixel voltage and a second sub-
pixel voltage corresponding to the first sub-pixel and
the second sub-pixel, respectively, according to the first
sub-pixel data value and the second sub-pixel data
value.

6. The liquid crystal display of claim 1, further compris-

ing:

a first Gamma circuit for generating a first group Gamma
voltage corresponding to the first sub-pixel;
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a second Gamma circuit for generating a second group
Gamma voltage corresponding to the second sub-pixel;
and

a data driver, electrically coupled to the data lines, for
outputting a first sub-pixel voltage and a second sub-
pixel voltage corresponding to the first sub-pixel and
the second sub-pixel, respectively, according to the first
group Gamma voltage and the second group Gamma
voltage.

7. A method for driving a liquid crystal display, the liquid
crystal display comprising a plurality of data lines, a plu-
rality of scan lines and a pixel, the scan lines comprising an
N? scan line and an (N+1)” scan line, N being a positive
integer, the data lines comprising an M? data line, M being
a positive integer, the pixel having a first sub-pixel and a
second sub-pixel, the first sub-pixel and the second sub-
pixel being disposed between the N” scan line and the
N +l) scan line, the first sub-pixel and the second sub-pixel
being disposed on the same side with the M data line, the
method comprising:

generating a first pulse signal and a second pulse signal on
the first the scan line during a frame period, the second
pulse signal having a duration;

generating a third pulse signal and a fourth pulse signal on
the second scan line during the frame period,

transmitting a second sub-pixel voltage on the M” data
line to the second sub-pixel when the second pulse
signal and the third pulse signal are overlapped during
the duration; and

transmitting a first sub-pixel voltage on the M” data line
to the first sub-pixel when the second pulse signal and
the third pulse signal are not overlapped during the
duration.

8. The method of claim 7, further comprising:

generating a first sub-pixel data value to control the first
sub-pixel according to an original pixel data;

generating a second sub-pixel data value to control the
second sub-pixel according to the original pixel data;
and

generating a first sub-pixel voltage and a second sub-pixel
voltage corresponding to the first sub-pixel and the
second sub-pixel, respectively, according to the first
sub-pixel data value and the second sub-pixel data
value.

9. The method of claim 7, further comprising:

generating a first group Gamma voltage corresponding to
the first sub-pixel;

generating a second group Gamma voltage corresponding
to the second sub-pixel; and

generating a first sub-pixel voltage and a second sub-pixel
voltage corresponding to the first sub-pixel and the
second sub-pixel, respectively, according to the first
group Gamma voltage and the second group Gamma
voltage.
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