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COLOR DEVIATION COMPENSATING
METHOD AND DRIVING DEVICE FOR AN
LCD PANEL AND RELATED LCD DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/146,641, filed on Jan. 22, 2009 and
entitled “LCD Panel Capable of Spatially Compensating
Color Shift ”, the contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention is related to a color deviation
compensating method and driving device for an LCD panel
and related LCD device, and more particularly, to a color
deviation compensating method, driving device and related
LCD device capable of preventing color deviation.

[0004] 2. Description of the Prior Art

[0005] A liquid crystal display (LCD) has advantages of
light weight, low power consumption, low radiation contami-
nation, etc., and is widely used in various information prod-
ucts, such as computer systems, cell phones, personal digital
assistants (PDAs), etc. In an LCD monitor, incident light
produces different polarization or refraction effects when the
alignment of liquid crystal molecules is altered. Thus, thin
film transistors (TFTs) are utilized for controlling the align-
ment of the liquid crystal molecules, to control the light
transmittance, and produce light with different colors and
intensities.

[0006] TFTscanbeclassified into two categories according
10 a low temperature polysilicon (LTPS) technology and an
amorphous-silicon technology, which are well-known in the
art and not further narrated. Comparing to an amorphous-
silicon TFT LCD, an LTPS TFT LCD has shorter response
time, as well as advantages of high brightness, high resolu-
tion, low power consumption, etc. Thus, the LTPS TFT LCD
has been applied in more and more applications.

[0007] Sincethe LTPS TFT LCD has high electron transfer
rate, the liquid crystal molecules can be charged in a short
period. Therefore, in the CTPS TFT LCD, an identical source
driving signal can be corresponding to multiple channels. In
such a situation, the related driving circuit should include
multiplexing devices. Please refer to FIG. 1, which is a sche-
matic diagram of a portion of a driving circuit in a prior art
LTPS TFT LCD 10. For the sake of clearness, FIG. 1 merely
illustrates pixel units PX1, PX2, PX3, PX4, a gate driving
circuit 100, a source driving circuit 102, a multiplexing device
104 and a multiplexing control unit 106 of the LTPS TFT
LCD 10. Each of the pixel units PX1, PX2, PX3, PX4 is
composed of a red sub-pixel unit R, a green sub-pixel unit G
and a blue sub-pixel unit B, which are driven by different
TFTs for controlling gray levels of red, green and blue. The
gate driving circuit 100 is utilized for outputting a gate driving
signal GT, to timely trigger TFTs of each pixel unit. The
source driving circuit 102 is utilized for outputting source
driving signals S1-S4, to control the gray levels generated by
each pixel unit. The multiplexing device 104 includes switch-
ing units SW1-SW12 to transfer the source driving signals
S1-S4 according to control signals MUX1, MUX2, MUX3
outputted by the multiplexing control unit 106. For example,
if the control signal MUX1 is pulsed “ON”, the switching
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units SW1, SW4, SW7, SW10 transfer the source driving
signals S1-S4 to red sub-pixel units R of the pixel units PX1,
PX2, PX3, PX4, to charge the liquid crystal molecules
(equivalent to capacitors), so as to display the corresponding
red gray level. Therefore, as long as the multiplexing control
unit 106 sequentially outputs the control signals MUX1,
MUX2 and MUX3, the pixel units can display red, green and
blue components, so as to show the complete image content.
[0008] However, in practice, even if voltage levels of the
source driving signals S1-S4 are identical, since the LTPS
TFT LCD 10 inevitably includes defects, voltages of the
sub-pixel units R, G, B after charged may differ by different
charging sequences. For example, if the LTPSTFTLCD 101s
normally-white, and the control signal MUX1 is first turned
on, then the red sub-pixel units R are not fully charged,
causing blue deviation of the pixel units PX1, PX2, PX3,
PX4. If the control signal MUX3 is first turned ON, the blue
sub-pixel units B are not fully charged, causing red deviation
of the pixel units PX1, PX2, PX3, PX4.

[0009] Therefore, enhancing the driving method of the
LTPS TFT LCD to prevent color deviation has been a major
focus of the industry.

SUMMARY OF THE INVENTION

[0010] It is therefore a primary objective of the claimed
invention to provide a color deviation compensating method
and driving device for an LCD panel and related LCD device.
[0011] The present invention discloses a color deviation
compensating method for a liquid crystal display (LCD)
panel. The LCD panel comprises a plurality of pixel units
arranged as a matrix, each of the pixel units comprising a
plurality of sub-pixel units corresponding to a plurality of
colors. The color deviation compensating method comprises
dividing the plurality of pixel units into a plurality of groups
by columns, each group corresponding to at least one column
of the LCD panel, and driving pixel units of the plurality of
groups according to a plurality of triggering orders, each of
the triggering orders corresponding to a charging sequence of
sub-pixel units of pixel units corresponding to a group when
displaying an image.

[0012] The present invention further discloses a driving
device for a liquid crystal display (LCD) panel. The LCD
panel comprises a plurality of pixel units arranged as a matrix,
each of the pixel units comprising a plurality of sub-pixel
units corresponding to a plurality of colors. The driving
device comprises a gate driving circuit for generating a plu-
rality of gate driving signals corresponding to a plurality of
rows of the LCD panel for the plurality of pixel units, a source
driving circuit for generating a plurality of source driving
signals corresponding to a plurality of columns of the LCD
panel, and a multiplexing module coupled between the source
driving circuit and the plurality of pixel units for outputting
the plurality of source driving signals to the plurality of pixel
units according to the plurality of triggering orders, each of
the triggering orders corresponding to a charging sequence of
sub-pixel units of pixel units corresponding to at least one
column of the plurality of columns when displaying an image.
[0013] Thepresent invention further discloses a liquid crys-
tal display (LCD) device. The LCD device comprises an LCD
panel comprising a plurality of pixel units arranged as a
matrix, each pixel unit comprising a plurality of sub-pixel
units corresponding to a plurality of colors, and a driving
device comprising a gate driving circuit for generating a
plurality of gate driving signals corresponding to a plurality
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of rows of the LCD panel for the plurality of pixel units, a
source driving circuit, for generating a plurality of source
driving signals corresponding to a plurality of columns of the
LCD panel, and a multiplexing module coupled between the
source driving circuit and the plurality of pixel units for
outputting the plurality of source driving signals to the plu-
rality of pixel units according to the plurality of triggering
orders, each of the triggering orders corresponding to a charg-
ing sequence of sub-pixel units of pixel units corresponding
to at least one column of the plurality of columns when
displaying an image.

[0014] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1is a schematic diagram of aportion of a driv-
ing circuit of a prior art LTPS TFT LCD.

[0016] FIG. 2 is a schematic diagram of an L.CD device
according to an embodiment of the present invention.

[0017] FIG. 3, FIG. 4 and FIG. 5 are schematic diagrams of
alternative embodiments of a multiplexing module shown in
FIG. 2.

[0018] FIG. 6 is a schematic diagram of a color deviation
compensating process according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0019] Please refer to FIG. 2, which is a schematic diagram
of a liquid crystal display (LCD) device 20 according to an
embodiment of the present invention. The LCD device 20
includes an LCD panel 200, a gate driving circuit 202, a
source driving circuit 204 and a multiplexing module 206.
The LCD panel 200 is preferably a low temperature polysili-
con (LTPS) LCD panel, and includes a plurality of pixel units
PX_1_1-PX_m_n arranged as a matrix. That is, each pixel
unit is regarded as an element of an mxn matrix, and com-
posed ofa red sub-pixel unit, a green sub-pixel unit and a blue
sub-pixel unit, like the pixel units PX1, PX2, PX3 and PX4
shown in FIG. 1. The gate driving circuit 202, the source
driving circuit 204 and the multiplexing module 206 form a
driving device of the LCD panel 200, to drive the LCD panel
200 to display images. The gate driving circuit 202 is utilized
for generating gate driving signals GT_1-GT_m to the pixel
units PX_1_1-PX_m_n, and the gate driving signals GT_1-
GT_m are corresponding to the rows of the LCD panel 200.
The source driving circuit 204 is utilized for generating
source driving signals S_1-S_x to the multiplexing module
206, so as to output the source driving signals S_1-S_x to the
pixel units PX_1_1-PX_m_n based on different triggering
orders. Each triggering order is corresponding to a charging
sequernce of sub-pixel units of pixel units corresponding to at
least one column of the LCD panel 200 when displaying an
image.

[0020] Inshort, the present invention divides the pixel units
PX_1_1-PX_m_n into groups by columns, such that each
group corresponds to pixel units of at least one column of the
LCD panel 200, and different groups have different triggering
orders. The “triggering order” herein is related to a turning-on
(charging) sequence of sub-pixel units of a pixel unit when
displaying image, such as “red—sgreen—blue”,
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“blue—green—red”, etc. Also, the triggering order is related
to not only difference of “orders™ but also difference of “tim-
ing sequences”. That is, when display an image, the pixel
units PX_1_1-PX_m_n charge corresponding sub-pixel units
according to different orders or sequences. Therefore, in an
arbitrary row of the LCD panel 200, sub-pixel units corre-
sponding to different colors are simultaneously triggered. For
example, if a triggering order of one group is
“red—>green—blue”, and a triggering order of another group
is “blue—green—red”, then red sub-pixel units of the former
group and blue sub-pixel units of the latter group are triggered
at the same time. In such a situation, via the averaging ten-
dency of human eyes, color deviation can be compensated.

[0021] Note that, the “triggering order” of the present
invention means the charging sequence of the sub-pixel units,
and can be implemented by the multiplexing module 206,
illustrated by the following three embodiments. Please refer
from FIG. 3 to FIG. 5, which are schematic diagrams of
alternative embodiments of the multiplexing module 206. For
the sake of clearness, partial components of the LCD device
20 are omitted from FIG. 3 to FIG. 5. Refer to FIG. 2 for the
entire architecture of the LCD panel 20. First, in FIG. 3, the
multiplexing module 206 controls the triggering orders of the
pixel units PX_1_1-PX_1_4 via a control device CTRI,_A
and switching modules SW_A1-SW_A4. The switching
modules SW_A1-SW_A4 are composed of switching units
SW1-SW12. Each switching unit is controlled by the control
device CTRL_A, to transfer the source driving signals S_1-
S_4 to the corresponding sub-pixel units according to control
signals MUX_A1, MUX_A2, MUX_A3 outputted from the
control device CTRL_A. As illustrated in FIG. 3, the pixel
units PX_1_1-PX_1_4 are divided into two groups: one
group includes the pixel units PX_1_1, PX_1_3 and is corre-
sponding to the triggering order “red—green—blue”; the
other group includes the pixel units PX_1_2, PX_1_4 and is
corresponding to the triggering order “blue—green—red”.
Thus, when the control device CTRL_A sequentially outputs
the control signals MUX_A1, MUX_A2 and MUX_A3,
these two groups charge the corresponding sub-pixels units
by different charging orders. For example, when the control
signal MUX_A1 is pulsed “ON”, the switching units SW1,
SW7 transfer the source driving signals S_1, S_3 to the red
sub-pixels R of the pixelunits PX_1_1,PX_1_3; meanwhile,
the switching units SW6, SW12 transfer the source driving
signals S_2, S_4 to the blue sub-pixel units B of the pixel units
PX_1_2,PX_1_4. As a result, the pixel units in the same row
charge the corresponding sub-pixel units R, G, B by different
orders, so as to compensate color deviation via the averaging
tendency of human eyes.

[0022] In FIG. 3, the control device CTRL_A simulta-
neously controls the switching modules SW_A1-SW_A4,
and is equivalent to four control units corresponding to the
switching modules SW_A1-SW_Ad4. In this embodiment, the
four control units are integrated into the control device
CTRL_A capable of sequentially outputting the control sig-
nals MUX_A1, MUX_A2, MUX_A3. In addition, the above-
mentioned two triggering orders of the pixel units PX_1_1-
PX_1_4 differ in “order” and not in “timing”.

[0023] Next, in FIG. 4, the multiplexing module 206 con-
trols the triggering orders of the pixel units PX_1_1-PX 1 4
via a control device CTRL_B and switching modules
SW_B1-SW_B4. The switching modules SW_B1-SW_B4
are composed of switching units SW1-SW12, and utilized for
transferring the source driving signals S_1, S_2 to the corre-
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sponding sub-pixel units according to control signals MUX _
B1-MUX_B6 outputted from the control device CTRL._B. As
illustrated in FIG. 4, the pixel units PX_1_1-PX_1 4 are
divided into four groups. The pixel units PX_1_1, PX_1_2
have the same triggering order “red—green—blue”, but in
temporal domain, the triggering order of the pixel units
PX_1_2 follows that of the pixel units PX_1_1. Similarly, the
pixel units PX_1_3, PX_1_4 have the same triggering order
“blue—green—red”, while the trigger order of the pixel units
PX_1_4 follows that of the pixel units PX_1_3. Therefore,
when the control device CTRL_B sequentially outputs the
control signals MUX_B1-MUX_B6, the sub-pixel units of
the pixel units PX_1_1-PX_1_4 are charged by to different
orders and timing sequences. For example, when the control
signal MUX_B1 is pulsed “ON”, the switching units SW1,
SW12 respectively transfer the source driving signals S_1,
S_2 to the red sub-pixel unit R of the pixel unit PX_1_1 and
the blue sub-pixel unit B of the pixel unit PX_1_4. As aresult,
the pixel units in the same row charge the corresponding
sub-pixel units R, G, B by different orders and timing
sequence, so as to compensate color deviation via the aver-
aging tendency of human eyes.

[0024] As illustrated in FIG. 4, the “triggering order” of the
present invention represents differences of orders and timing
sequences. That is, although the pixel units PX_1_1,PX_1_2
have the same triggering order “red—=green—blue”, yet
sequentially, the pixel units PX_1_2 follows the pixel units
PX_1_1. In addition, similar to the control device CTRL_A
of FIG. 3, the control device CTRL_B is equivalent to four
control units respectively corresponding to the switching
modules SW_B1-SW_B4.

[0025] Finally, in FIG. 5, the multiplexing module 206
controls triggering orders of pixel units PX_1_1-PX_1_6 via
a control device CTRL_C and switching modules SW_C1-
SW_C6. The switching modules SW_C1-SW_C6 are com-
posed of switching units SW1-SW18 and utilized for trans-
ferring the source driving signals S_1, S_2 to corresponding
sub-pixel units according to control signals MUX_C1-
MUX_C9 outputted by the control device CTRL_C. As illus-
trated in FIG. 5, the pixel units are divided into six groups.
The pixel units PX_1_1, PX 1 2, PX_1_3 have the same
triggering order “red—green—blue”, while the triggering
order of the pixel units PX_1_3 follows the triggering order of
the pixel units PX_1_2, and the triggering order of the pixel
units PX_1_2 follows the triggering order of the pixel units
PX_1_1.Similarly, the pixelunits PX_1_4,PX_1_5PX 1_6
have the same triggering order “blue—green—red”, while
the triggering order of the pixel units PX_1_6 follows the
triggering order of the pixel units PX_1_5, and the triggering
order of the pixel units PX_1_5 follows the triggering order of
the pixel units PX_1_4. As a result, when the control device
CTRL_C sequentially outputs the control signals MUX_C1-
MUX_(C9, the sub-pixel units of the pixel units PX_1_1-PX_
1_6 are charged by different orders and sequences. For
example, when the control signal MUX_C1 is pulsed “ON”,
the switching units SW1, SW8 respectively transfer the
source driving signal S_1, S_2 to the red sub-pixel unit R of
the pixel unit PX_1_1 and the blue sub-pixel unit B of the
pixel unit PX_1_6. As aresult, the pixel units in the same row
charge the corresponding sub-pixel units R, G, B by different
orders and timing sequence, so as to compensate color devia-
tion via the averaging tendency of human eyes.

[0026] As illustrated in FIG. 5, the “triggering orders” of
the pixel units PX_1_1-PX_1_6 represent differences of

Jul. 22,2010

orders and timing sequences. In addition, similar to the con-
trol device CTRL_A of FIG. 3, the control device CTRL_C s
equivalent to six control units respectively corresponding to
the switching modules SW_C1-SW_C6.

[0027] Therefore, when displaying an image, the present
invention charges the sub-pixel units of pixel units in the same
row by different orders or timing sequences. As a result, in a
row of the LCD panel 20, sub-pixel units corresponding to
different colors are triggered at the same time, so as to com-
pensate color deviation via the averaging tendency of human
eyes.

[0028] Furthermore, operations of the LCD panel 20 can be
summarized into a color deviation compensating process 60,
as illustrated in FIG. 6. The color deviation compensating
process 60 comprises the following steps:

[0029] Step 600: Start.

[0030] Step 602: Divide the pixel units PX_1_1-PX_m_n
into a plurality of groups by columns, and each group is
corresponding to at least one column of the LCD panel 20.
[0031] Step 604: Drive pixel units of the plurality of groups
according to a plurality of triggering orders, where each of the
triggering orders is corresponding to a charging sequence of
sub-pixel units of pixel units corresponding to a group when
displaying an image.

[0032] Step 606: End.

[0033] Detailed description of the color deviation compen-
sating process 60 can be referred in the above, and is not
further narrated herein.

[0034] Inthepriorart, dueto defects of the LTPS TFT LCD,
the charged voltage levels of the sub-pixel units correspond-
ing to different colors differ by different charging sequences,
leading to the color deviation phenomenon. In comparison, in
the present invention, the sub-pixel units of different pixel
units in the same row are charged by different orders or timing
sequences, so as to compensate color deviation via the aver-
aging tendency of human eyes.

[0035] To sum up, the present invention charges the sub-
pixel units of different pixel units in the same row by different
orders or timing sequences, so as to compensate color devia-
tion via the averaging tendency of human eyes.

[0036] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A color deviation compensating method for a liquid
crystal display (LCD) panel, the LCD panel comprising a
plurality of pixel units arranged as a matrix, each of the pixel
units comprising a plurality of sub-pixel units corresponding
to a plurality of colors, the color deviation compensating
method comprising:

dividing the plurality of pixel units into a plurality of

groups by columns, each group corresponding to at least
one column of the LCD panel; and

driving pixel units of the plurality of groups according to a

plurality of triggering orders, each of the triggering
orders corresponding to a charging sequence of sub-
pixel units of pixel units corresponding to a group when
displaying an image.

2. The color deviation compensating method of claim 1,
wherein the plurality of colors are red, green and blue.
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3. The color deviation compensating method of claim 1,
wherein the plurality of triggering orders are different.

4. The color deviation compensating method of claim 1,
wherein the LCD panel is a low temperature polysilicon thin
film transistor LCD panel.

5. A driving device for a liquid crystal display (LCD) panel,
the LCD panel comprising a plurality of pixel units arranged
as a matrix, each of the pixel units comprising a plurality of
sub-pixel units corresponding to a plurality of colors, the
driving device comprising:

a gate driving circuit, for generating a plurality of gate
driving signals corresponding to a plurality of rows of
the LCD panel for the plurality of pixel units;

a source driving circuit, for generating a plurality of source
driving signals corresponding to a plurality of columns
of the LCD panel; and

a multiplexing module, coupled between the source driv-
ing circuit and the plurality of pixel units, for outputting
the plurality of source driving signals to the plurality of
pixel units according to the plurality of triggering orders,
each of the triggering orders corresponding to acharging
sequence of sub-pixel units of pixel units corresponding
to at least one column of the plurality of columns when
displaying an image.

6. The driving device of claim 5, wherein the plurality of

colors are red, green and blue.

7. The driving device of claim 5, wherein the plurality of
triggering orders are different.

8. The driving device of claim 5, wherein the multiplexing
module comprises a plurality of switching modules, and each
switching module comprises:

a plurality of switching units, coupled between one of the
plurality of source driving signals and a plurality of
sub-pixel units of a column of the LCD panel, for out-
putting the source driving signal to the plurality of sub-
pixel units according to a plurality of control signals; and

acontrol unit, for generating the plurality of control signals
to the plurality of switching units according to one of the
plurality of triggering orders, to make the plurality of
switching units to output the source driving signal to the
plurality of sub-pixel units according to the triggering
order.
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9. The driving device of claim 5, wherein the LCD panel is
a low temperature polysilicon thin film transistor LCD panel.

10. A liquid crystal display (LCD) device comprising:

an LCD panel, comprising a plurality of pixel units
arranged as a matrix, each pixel unit comprising a plu-
rality of sub-pixel units corresponding to a plurality of
colors; and

a driving device, comprising:

a gate driving circuit, for generating a plurality of gate
driving signals corresponding to a plurality of rows of
the LCD panel for the plurality of pixel units;

a source driving circuit, for generating a plurality of
source driving signals corresponding to a plurality of
columns of the LCD panel; and

a multiplexing module, coupled between the source
driving circuit and the plurality of pixel units, for
outputting the plurality of source driving signals to
the plurality of pixel units according to the plurality of
triggering orders, each of the triggering orders corre-
sponding to a charging sequence of sub-pixel units of
pixel units corresponding to at least one column of the
plurality of columns when displaying an image.

11. The LCD device of claim 10, wherein the plurality of
colors are red, green and blue.

12. The LCD device of claim 10, wherein the plurality of
triggering orders are different.

13. The LCD device of claim 10, wherein the multiplexing
module comprises a plurality of switching modules, and each
switching module comprises:

a plurality of switching units, coupled between one of the
plurality of source driving signals and a plurality of
sub-pixel units of a column of the LCD panel, for out-
putting the source driving signal to the plurality of sub-
pixel units according to a plurality of control signals; and

acontrol unit, for generating the plurality of control signals
to the plurality of switching units according to one of the
plurality of triggering orders, to make the plurality of
switching units to output the source driving signal to the
plurality of sub-pixel units according to the triggering
order.

14. The LCD device of claim 10, wherein the LCD panel is

a low temperature polysilicon thin film transistor LCD panel.
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