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METHOD AND SOURCE DRIVER FOR
DRIVING LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a divisional application of, and
claims benefit of U.S. patent application Ser. No. 12/609,573,
filed Oct. 30, 2009, entitled “METHOD AND SOURCE
DRIVER FOR DRIVING LIQUID CRYSTAL DISPLAY;”
by Chao-Ching Hsu et al., which is hereby incorporated
herein in its entirety by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a liquid
crystal display (LCD), and more particularly, to a source
driver of a display panel for displaying an image data in an
adaptive column inversion and methods of driving same.

BACKGROUND OF THE INVENTION

[0003] Liquid crystaldisplay (LCD)is commonly used as a
display device because of its capability of displaying images
with good quality while using little power. An LCD apparatus
includes an LCD panel formed with liquid crystal cells and
pixel elements with each associating with a corresponding
liquid crystal cell and having a liquid crystal capacitor and a
storage capacitor, a thin film transistor (TFT) electrically
coupled with the liquid crystal capacitor and the storage
capacitor. These pixel elements are substantially arranged in
the form of a matrix having a number of pixel rows and a
number of pixel columns. Typically, scanning signals, gener-
ated from a gate driver, are sequentially applied to the number
of pixel rows, through a plurality of scanning lines along the
row direction, for sequentially turning on the pixel elements
row-by-row. When a scanning signal is applied to a pixel row
to turn on corresponding TFTs of the pixel elements of a pixel
row, source signals of an image to be displayed, generated
from a source driver, for the pixel row are simultaneously
applied to the number of pixel columns, through a plurality of
data lines arranged crossing over the plurality of scanning
lines along the column direction, so as to charge the corre-
sponding liquid crystal capacitor and storage capacitor of the
pixel row for aligning orientations of the corresponding liquid
crystal cells associated with the pixel row to control light
transmittance therethrough. By repeating the procedure for
all pixel rows, all pixel elements are supplied with corre-
sponding source signals of the image signal, thereby display-
ing the image signal thereon.

[0004] Liquid crystal molecules have a definite orienta-
tional alignment as a result of their long, thin shapes. The
orientations of liquid crystal molecules in liquid crystal cells
of an LCD panel play a crucial role in the transmittance of
light therethrough. It is known if a substantially high voltage
is applied between the liquid crystal layer fora long period of
time, the optical transmission characteristics of the liquid
crystal molecules may change. This change may be perma-
nent, causing an irreversible degradation in the display qual-
ity of the LCD panel. To prevent the LC molecules from being
deteriorated, the polarity of the voltage signals applied on the
LC cell has to be changed continuously. Usually, a source
driver is configured to generate such voltage signals having
their polarity alternated according to an inversion scheme
such as frame inversion, row inversion, column inversion, dot
inversion, or 2-line inversion.
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[0005] Typically, the display quality of an image in a dot
inversion or a 2-line inversion is better than that in other
inversion schemes; however, the power consumption is
higher comparing to that in the other inversion schemes. The
column invention may result in a low consumption of power,
but there are issues such as crosstalks and vertical flickers. For
a zig-zag arrangement of pixels, the display quality of an
image is similar to that of the dot inversion, while its power
consumption is similar to that of the column invention. How-
ever, crosstalks and horizontal bright and dark lines may
occur in the zig-zag scheme.

[0006] Therefore, a heretofore unaddressed need exists in
the art to address the aforementioned deficiencies and inad-
equacies.

SUMMARY OF THE INVENTION

[0007] In one aspect, the present invention relates to a
source driver for driving a display panel to display an image
data in an adaptive column inversion, where the display panel
comprises a plurality of pixels spatially arranged in a matrix
form and a plurality of data lines, each data line being asso-
ciated with pixels of a corresponding pixel column, where the
image data is decomposed into a number of frames, and each
frame of the image data is mapped onto the pixel matrix with
grey levels such that a grey level associated with a pixel is
corresponding to the shade of grey of the frame to be dis-
played at the pixel.

[0008] In one embodiment, the source driver includes a
data processing unit adapted for determining the grey levels
of the image data mapped onto the pixel matrix, a MUX
coupled to the data processing unit and adapted for receiving
a frame polarity control signal, FramePOL, and a pixel polar-
ity control signal, XPOL, and outputting a polarity control
signal, POL, that is corresponding one of FramePOL and
XPOL according to the determined grey levels of the image
data, and a switch module coupled to the MUX and controlled
by the polarity control signal POL, a first digital-to-analog
converter with a positive polarity (PDAC) adapted for receiv-
ing a first digital signal associated with the image data and
converting the first digital signal into a first analog signal, a
second digital-to-analog converter with a negative polarity
(NDAC) adapted for receiving a second digital signal associ-
ated with the image data and converting the second digital
signalinto a second analog signal, a first operational amplifier
coupled to the PDAC and the NDAC through the switch
module and adapted for receiving one of the first analog
signal from the PDAC and the second analog signal from the
NDAC and outputting a first data signal to an odd data line of
the plurality of data line, and a second operational amplifier
coupled to the PDAC and the NDAC through the switch
module and adapted for receiving the other of the first analog
signal from the PDAC and the second analog signal from the
NDAC and outputting a second data signal to an even data line
of the plurality of data line.

[0009] In one embodiment, when the determined grey lev-
els are greater than Lm or less than Ln, the polarity control
signal POL is the frame polarity control signal FramePOL,
and otherwise the polarity control signal POL is the pixel
polarity control signal XPOL, where O<Ln<L.m<Lmax, and
Lmax=(2"-1) being the maximal grey level of n bits.

[0010] In one embodiment, when the determined grey lev-
els are greater than Lim or less than L, pixels of the pixel
matrix associated with the determined grey levels are driven
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with a column inversion, and the other pixels of the pixel
matrix are driven with one of a dot inversion and a 2-line
inversion.

[0011] In one embodiment, the data processing unit com-
prises a logic circuit adapted for determining N most-signifi-
cant bits (MSBs) of the image data mapped onto two neigh-
boring data lines, such that when all of the N MSBs is equal
to 1 or 0, the output of the logic circuit is 1, otherwise, the
output of the logic circuit is 0, N being a positive integer,
where when the output of the logic circuit is 1, the MUX
selects the frame polarity control signal FramePOL, and
when the output of the logic circuit is 0, the MUX selects the
pixel polarity control signal POL. In one embodiment, N=4.
[0012] In one embodiment, the first and second analog
signals have positive and negative polarities, respectively.
The first and second data signals have positive and negative
polarities, respectively.

[0013] Inoneembodiment, the polarity control signal POL
has a low state and a high state, where when the polarity
control signal POL is in the high state, each odd data line of
the plurality of data line receives the first data signal, while
each even data line of the plurality of data line receives the
second data signal, and where when the polarity control sig-
nal POL is in the low state, each odd data line of the plurality
of data line receives the second data signal, while each even
data line of the plurality of data line receives the first data
signal.

[0014] In another aspect, the present invention relates to a
source driver for driving a display panel to display an image
data in an adaptive column inversion, where the display panel
comprises a plurality of pixels spatially arranged in a matrix
form and a plurality of data lines, each data line being asso-
ciated with pixels of a corresponding pixel column, where the
image data is decomposed into a number of frames, and each
frame of the image data is mapped onto the pixel matrix with
grey levels such that a grey level associated with a pixel is
corresponding to the shade of grey of the frame to be dis-
played at the pixel. In one embodiment, the source driver
includes a data processing unit having a logic circuit adapted
for determining N MSBs of image data signals mapped onto
two neighboring data lines, such that when all of the N MSBs
is equal to 1 or 0, the output of the logic circuit is 1, otherwise,
the output of the logic circuit is 0, where N is a positive
integer, and a MUX coupled to the data processing unit and
adapted for receiving a frame polarity control signal, Frame-
POL, and a pixel polarity control signal, XPOL, and selec-
tively outputting the frame polarity control signal FramePOL
when the output of the logic circuit is 1, or the pixel polarity
control signal POL when the output of the logic circuit is 0, as
a polarity control signal, POL. When the MUX selects the
frame polarity control signal FramePOL, pixels of the pixel
matrix associated with the neighboring data lines are driven
with a column inversion, while the other pixels of the pixel
matrix are driven with one of a dot inversion and a 2-line
inversion.

[0015] In one embodiment, the source driver further
includes a switch module coupled to the MUX and controlled
by the polarity control signal POL, a PDAC adapted for
receiving a first digital signal associated with the image data
and converting the first digital signal into a first analog signal,
a NDAC adapted for receiving a second digital signal associ-
ated with the image data and converting the second digital
signalinto a second analog signal, a first operational amplifier
coupled to the PDAC and the NDAC through the switch
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module and adapted for receiving one of the first analog
signal from the PDAC and the second analog signal from the
NDAC and outputting a first data signal to an odd data line of
the plurality of data line, and a second operational amplifier
coupled to the PDAC and the NDAC through the switch
module and adapted for receiving the other of the first analog
signal from the PDAC and the second analog signal from the
NDAC and outputting a second data signal to an even data line
of the plurality of data line.

[0016] In one embodiment, the first and second analog
signals have positive and negative polarities, respectively.
The first and second data signals have positive and negative
polarities, respectively.

[0017] Inoneembodiment, the polarity control signal POL
has a low state and a high state, where when the polarity
control signal POL is in the high state, each odd data line of
the plurality of data line receives the first data signal, while
each even data line of the plurality of data line receives the
second data signal, and where when the polarity control sig-
nal POL is in the low state, each odd data line of the plurality
of data line receives the second data signal, while each even
data line of the plurality of data line receives the first data
signal.

[0018] Inyetanotheraspect, the present invention relates to
amethod for driving a display panel to display an image data
in an adaptive column inversion, where the display panel
comprises a plurality of pixels spatially arranged in a matrix
form and a plurality of data lines, each data line being asso-
ciated with pixels of a corresponding pixel column. In one
embodiment, the method comprises the steps of inputting an
image data to be displayed, where the image data is decom-
posed into a number of frames, and each frame of the image
data is mapped onto the pixel matrix with grey levels such that
a grey level associated with a pixel is corresponding to the
shade of grey of the frame to be displayed at the pixel, deter-
mining N MSBs of image data signals mapped onto two
neighboring data lines, N being a positive integer, selecting a
frame polarity control signal, FramePOL, when all of the N
MSBs of the image data signals mapped onto the two neigh-
boring data lines is equal to 1 or 0, or a pixel polarity control
signal, XPOL, when the N MSBs comprise 1 and 0, as a
polarity control signal, POL, and displaying the image data in
a column inversion in pixels of the pixel matrix when the
frame polarity control signal FramePOL is selected and in
one ofa dot inversion and a 2-line inversion in the other pixels
of the pixel matrix when the pixel polarity control signal
XPOL is selected. In one embodiment, N=4,

[0019] In one embodiment, the determining step is per-
formed with a data processing unit having a logic circuit
adapted such that when all of the N MSBs is equal to 1 or 0,
the output of the logic circuit is 1, otherwise, the output of the
logic circuit is 0, where N is a positive integer.

[0020] In one embodiment, the selecting step is performed
with a MUX adapted such that when the output of the logic
circuit is 1, the MUX selects the frame polarity control signal
FramePOL, and when the output of the logic circuit is 0, the
MUZX selects the pixel polarity control signal POL.

[0021] Ina further aspect, the present invention relates to a
source driver for driving a display panel to display an image
data in an adaptive column inversion, wherein the display
panel comprises a plurality of pixels spatially arranged in a
matrix form and a plurality of data lines, each data line being
associated with pixels of a corresponding pixel column,
wherein the image data is decomposed into a number of
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frames, and wherein each frame of the image data is mapped
onto the pixel matrix with grey levels such that a grey level
associated with a pixel is corresponding to the shade of grey
of the frame to be displayed at the pixel.

[0022] In one embodiment, the source driver comprises a
data processing unit having a logic circuit adapted for deter-
mining the grey levels of image data signals mapped onto
each 2n neighboring data lines of the plurality of data lines,
such that when the determined grey levels are greater than Lm
or less than Ln, the output of the logic circuit is 1, otherwise,
the output of the logic circuit is 0, wherein n is a positive
integer, and wherein 0<Ln<Lm<Lmax, and Lmax=(2*~1)
being the maximal grey level of k bits.

[0023] Further, the source driver comprises a MUX
coupled to the data processing unit and adapted for receiving
a frame polarity control signal, FramePOL, and a pixel polar-
ity control signal, XPOL, and selectively outputting the frame
polarity control signal FramePOL when the output of the
logic circuit is 1, or the pixel polarity control signal POL
when the output of the logic circuit is 0, as a polarity control
signal, POL, and a plurality of driver modules coupled to the
MUZX, each driver module adapted for receiving two corre-
sponding image data signals and selectively outputting them
to a corresponding odd data line and a corresponding even
data line of the 2n neighboring data lines according to the
control signal POL.

[0024] In one embodiment, the logic circuit comprises a
plurality of EX-NOR gates and an AND gate coupled to the
plurality of EX-NOR gates, adapted for determining N most-
significant bits (MSBs) of the image data signals mapped
onto each 2n neighboring data lines, such that when all of the
N MSBs are equal to 1 or 0, the output of the logic circuit is
1, otherwise, the output of the logic circuit is 0, wherein N is
a positive integer.

[0025] Inone embodiment, the driver module has a switch
module coupled to the MUX and controlled by the polarity
control signal POL, a first digital-to-analog converter with a
positive polarity (PDAC) adapted for receiving a first digital
signal associated with the image data and converting the first
digital signal into a first analog signal, a second digital-to-
analog converter with a negative polarity (NDAC) adapted for
receiving a second digital signal associated with the image
data and converting the second digital signal into a second
analog signal, a first operational amplifier coupled to the
PDAC and the NDAC through the switch module and adapted
for receiving one of the first analog signal from the PDAC and
the second analog signal from the NDAC and outputting a
first data signal to an odd data line of the plurality of data line,
and a second operational amplifier coupled to the PDAC and
the NDAC through the switch module and adapted for receiv-
ing the other of the first analog signal from the PDAC and the
second analog signal from the NDAC and outputting a second
data signal to an even data line of the plurality of data line. In
one embodiment, the first and second analog signals have
positive and negative polarities, respectively. The first and
second data signals have positive and negative polarities,
respectively.

[0026] In one embodiment, when the MUX selects the
frame polarity control signal FramePOL, pixels of the pixel
matrix associated with the 2n neighboring data lines are
driven with a column inversion, while the other pixels of the
pixel matrix are driven with one of a dot inversion and a 2-line
inversion.
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[0027] When the determined grey levels are greater than
Lm or less than Ln, the control signal POL is the frame
polarity control signal FramePOL, and otherwise the polarity
control signal POL is the pixel polarity control signal XPOL.
[0028] These and other aspects of the present invention will
become apparent from the following description of the pre-
ferred embodiment taken in conjunction with the following
drawings, although variations and modifications therein may
be affected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

[0030] FIG. 1 shows schematically a block diagram of a
source driver according to one embodiment of the present
invention;

[0031] FIG. 2 shows schematically (a) a logic circuit of the
source driver, and (b) and (c) most-significant bits of grey
levels of an image signal to be displayed;

[0032] FIG. 3 shows schematically an image displayed
with (a) a 2-dot inversion and (b) an adaptive column inver-
sion according to one embodiment of the present invention;
[0033] FIG. 4 shows schematically time charts of driving
signals according to one embodiment of the present inven-
tion,;

[0034] FIG. 5 shows schematically one frame of an image
displayed with an adaptive column inversion according to one
embodiment of the present invention;

[0035] FIG. 6 shows schematically another frame of the
image displayed with the adaptive column inversion; and
[0036] FIG. 7 shows schematically a block diagram of a
source driver according to another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Thepresent invention is more particularly described
in the following examples that are intended as illustrative only
since numerous modifications and variations therein will be
apparent to those skilled in the art. Various embodiments of
the invention are now described in detail. Referring to the
drawings, like numbers indicate like components throughout
the views. As used in the description herein and throughout
the claims that follow, the meaning of “a”, “an”, and “the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein and
throughout the claims that follow, the meaning of “in”
includes “in” and “on” unless the context clearly dictates
otherwise.

[0038] The terms used in this specification generally have
their ordinary meanings in the art, within the context of the
invention, and in the specific context where each term is used.
Certain terms that are used to describe the invention are
discussed below, or elsewhere in the specification, to provide
additional guidance to the practitioner regarding the descrip-
tion of the invention. The use of examples anywhere in this
specification, including examples of any terms discussed
herein, is illustrative only, and in no way limits the scope and
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meaning of the invention or of any exemplified term. Like-
wise, the invention is not limited to various embodiments
given in this specification.

[0039] As used herein, the term “grey level” refers to one of
(discrete) shades of grey for an image, or an amount of light
perceived by a human for the image. If the brightness of the
image is expressed in the form of shades of grey in n bits, n
being an integer greater than zero, the grey level takes values
from zero representing black, up to (2”-1) representing
white, with intermediate values representing increasingly
light shades of grey. In an LCD device, the amount of light
that transmits through liquid crystals is adjusted to represent
the grey level.

[0040] As used herein, the terms “comprising,” “includ-
ing,” “having,” “containing,” “involving,” and the like are to
be understood to be open-ended, i.e., to mean including but
not limited to.

[0041] Thedescription will be made as to the embodiments
of the present invention in conjunction with the accompany-
ing drawings of FIGS. 1-7. In accordance with the purposes of
this invention, as embodied and broadly described herein, this
invention, in one aspect, relates to a source driver for driving
adisplay panel to display an image data in an adaptive column
inversion. The display panel has a plurality of pixels spatially
arranged in a matrix form and a plurality of data lines, each
data line being associated with pixels of a corresponding pixel
column. The image data is decomposed into a number of
frames, where each frame of the image data is mapped onto
the pixel matrix with grey levels such that a grey level asso-
ciated with a pixel is corresponding to the shade of grey of the
frame to be displayed at the pixel. In other words, the image
data is processed by for example, a video device (not shown),
into a plurality of image data signals expressed in the form of
grey levels in k bits, and each image data signal is input to a
corresponding data line for display in a pixel column associ-
ated with the corresponding data line. For example, for a
4-bit, an image data signal in a pixel can be expressed in one
of 2=64 grey levels depending the shades of grey of the
image in the pixel.

[0042] Referring to FIG. 1, a source driver 100 is shown
according to one embodiment of the present invention. The
source driver 100 includes, among other components, a data
processing unit 110, a MUX 120 coupled to the data process-
ing unit 110, a switch module 130 coupled to the MUX 120,
a first digital-to-analog converter with a positive polarity
(PDAC) 141, a second digital-to-analog converter with a
negative polarity (NDAC) 142, and a first operational ampli-
fier 151 and a second operational amplifier 152 coupled to the
PDAC 141 and the NDAC 142 through the switch module
130.

[0043] The data processing unit 110 is adapted for deter-
mining the grey levels of the image data 190 mapped onto the
pixel matrix, so as to select one or more inversion driving
methods to drive the display panel to display the image. Inone
embodiment, the data processing unit 110 determines the
grey levels of image data signals 190 associated with (or input
to) two neighboring data lines 171 and 172. Alternatively, as
shown below, the data processing unit 110 determines N
most-significant bits (MSBs) of the image data signals 190.
[0044] The MUX 120 is adapted for receiving a frame
polarity control signal, FramePOL, and a pixel polarity con-
trol signal, XPOL, and outputting a polarity control signal,
POL, that is corresponding one of FramePOL and XPOL
according to the determined grey levels of the image data. For

LI

Sep. 18,2014

example, when the determined grey levels are greater than
Lm or less than Ln, the polarity control signal POL is the
frame polarity control signal FramePOL, and otherwise the
polarity control signal POL is the pixel polarity control signal
XPOL, where 0<I.n<Lm<Lmax, and L max=(2*~1) being the
maximal grey level of k bits. Ln and Lm are two predeter-
mined grey levels. Alternatively, when the determined grey
levels are greater than Lm or less than Ln, pixels of the pixel
matrix associated with the determined grey levels are driven
with a column inversion, and the other pixels of the pixel
matrix are driven with one of a dot inversion and a 2-line
inversion. The pixel polarity control signal XPOL is genet-
ated from a timing controller (T-con, not shown) and used to
determine a data inversion scheme.

[0045] The switch module 130 may includes a pair of
switches SW1and SW2 thatare coupled to the PDAC 141, the
NDAC 142, the first operational amplifier 151 and the second
operational amplifier 152 and controlled by the polarity con-
trol signal POL. For example, when the polarity control signal
POL is inahigh state (H), the output signals of the PDAC 141,
the NDAC 142 are respectively delivered to the first opera-
tional amplifier 151 and the second operational amplifier 152.
Otherwise, when the polarity control signal POL is in a low
state (L), the output signals of the PDAC 141, the NDAC 142
are respectively delivered to the second operational amplifier
152 and the first operational amplifier 151.

[0046] The PDAC 141 is adapted for receiving a first digital
signal 191 of the image data and converting the first digital
signal 191 into a firstanalog signal. The NDAC 142 is adapted
for receiving a second digital signal 192 of the image data and
converting the second digital signal 192 into a second analog
signal. The image data 190 and the first digital signal 191 and
the second digital signal 192 are processed of the image to be
displayed. In one embodiment, the image data 190 includes at
least the first digital signal 191 and the second digital signal
192. The first and second analog signals have positive and
negative polarities, respectively. The first operational ampli-
fier 151 and the second operational amplifier 152 are coupled
to the PDAC 141 and the NDAC 142 through the switch
module 130. The first operational amplifier 151 is adapted for
receiving one of the first analog signal from the PDAC 141
and the second analog signal from the NDAC 142, and out-
putting a first data signal to an odd data line 161, while the
second operational amplifier 152 is adapted for receiving the
other of the first analog signal from the PDAC 141 and the
second analog signal from the NDAC 142 and outputting a
second data signal to an even data line 162. The first and
second data signals have positive and negative polarities,
respectively.

[0047] Inoperation, whenthe polarity control signal POL is
in the high state (H), the odd data line 161 receives the first
data signal, while the even data line 162 receives the second
data signal, and when the polarity control signal POL is in the
low state (L), the odd data line 161 receives the second data
signal, while the even data line 162 receives the first data
signal.

[0048] In one embodiment, the data processing unit 110
includes a logic circuit for determining N MSBs of the image
data mapped onto two neighboring data lines. As shown in
FIG. 2(a), the logic circuit includes a first EX-NOR gate 111,
asecond EX-NOR gate 112 and an AND gate 113 coupled to
each other. In the exemplary embodiment, N=4. The output of
the first EX-NOR gate 111 (or the second EX-NOR gate 112)
is true, indicated by 1, only when all of four inputs are the
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same, i.., all of the four inputs are 0 or all of the four inputs
are 1 in the binary. Otherwise, it is false. Additionally, the
output of the AND gate 113 is true, indicated by 1, only when
all of the outputs of the first EX-NOR gate 111 and the second
EX-NOR gate 112 are true (1). The first EX-NOR gate 111
and the second EX-NOR gate 112 are utilized to determine
four (4) MSBs of data signals of two neighboring data lines,
respectively.

[0049] When all of the four MSBs, indicated by A, B, C and
D, respectively, of the data signals are equal to 1, as shown in
FIG. 2(b) or 0, as shown in FIG. 2(c), the output of the logic
circuit is true, indicated by 1. Otherwise, the output of the
logic circuit is false, indicated by 0. When the output of the
logic circuit is true, 1, the MUX selects the frame polarity
control signal FramePOL as the polarity control signal POL,
i.e., a column inversion. When the output of the logic circuit
is false, the MUX selects the pixel polarity control signal
XPOL as the polarity control signal POL, i.e., a dot inversion
or a 2-dot inversion.

[0050] FIG. 3(a) shows schematically an image displayed
with a 2-dot inversion. FIG. 3(b) shows schematically the
image displayed with an adaptive column inversion, that is,
S1 and S2 columns are in the column inversion, and S3 and S4
column are in the 2-dot inversion.

[0051] Referring to FIG. 4, time charts of driving/control
signals are shown according to one embodiment of the
present invention. In the charts, YDIO is corresponding to a
start pulse of image frames. Each frame has a polarity, Frame-
POL, which is opposite to that of its immediately prior and/or
next frame. In other words, FramePOL changes every frame.
XSTB rising edge latch XPOL determines the polarity of
each horizontal line.

[0052] FIGS. 5 and 6 are two consecutive frames of an
image displayed with an adaptive column inversion. The grey
levels of the image in area 520 are near or close to the maxi-
mal grey level, i.e., greater than a predetermined value, for
example, Lm=L59, FramePOL is adapted to control the
PDAC, the NDAC, the first and second operational amplifi-
ers, accordingly, the image is displayed in a column inversion.
Further , the grey levels of the image in area 530 are near or
close to the minimal grey level, i.e., less than a predetermined
value, for example, Ln=I 4, FramePOL is adapted to control
the PDAC, the NDAC, the first and second operational ampli-
fiers, accordingly, the image is displayed in a column inver-
sion. However, when the grey levels of the image are between
Ln=L4 and Lm=[.59, XPOL is adapted to control the PDAC,
the NDAC, the first and second operational amplifiers,
accordingly, the image is displayed in a 2-dot column inver-
sion, as indicated in area 510.

[0053] In another aspect, the present invention relates to a
method for driving a display panel to display an image data in
an adaptive column inversion. In one embodiment, the
method includes the following steps: at first, an image data to
be displayed is provided. The image data is decomposed into
a number of frames, where each frame of the image data is
mapped onto the pixel matrix with grey levels such that a grey
level associated with a pixel is corresponding to the shade of
grey of the frame to be displayed at the pixel.

[0054] Then, N MSBs of image data signals mapped onto
two neighboring data lines are determined.

[0055] Next, when all of the N MSBs of the image data
signals mapped onto the two neighboring data lines is equal to
1 or 0, a frame polarity control signal FramePOL is selected
as a polarity control signal POL, or when the N MSBs com-
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prise 1 and 0, a pixel polarity control signal XPOL is selected
as the polarity control signal, POL.

[0056] Theimage datais displayed in a column inversion in
pixels of the pixel matrix when the frame polarity control
signal FramePOL is selected and in one of a dot inversion and
a2-line inversion in the other pixels of the pixel matrix when
the pixel polarity control signal XPOL is selected.

[0057] In one embodiment, the determining step is per-
formed with a data processing unit having a logic circuit
adapted such that when all of the N MSBs is equal to 1 or 0,
the output of the logic circuit is 1, otherwise, the output of the
logic circuit is 0, wherein N is a positive integer. The selecting
step is performed with a MUX adapted such that when the
output of the logic circuit is 1, the MUX selects the frame
polarity control signal FramePOL, and when the output of the
logic circuit is 0, the MUX selects the pixel polarity control
signal POL.

[0058] FIG. 7 shows schematically a block diagram of a
source driver 700 according to another embodiment of the
present invention. In this embodiment, the source driver 700
comprises a data processing unit 710, a MUX 720 coupled to
the data processing unit 710, and a plurality of driver mod-
ules, DM1, DM2, . . ., DMn, 780 coupled to the MUX 720.
[0059] Thedata processing unit 710 included a logic circuit
adapted for determining the grey levels of image data signals
mapped onto each 2n neighboring data lines, S1, S2, ..., S2n,
of the plurality of data lines, such that when the determined
grey levels are greater than Lm or less than Ln, the output of
the logic circuit is 1, otherwise, the output of the logic circuit
is 0, where n is a positive integer, and 0<Ln<Lm<Lmax, and
Lmax=(2*-1) being the maximal grev level of k bits.

[0060] As shown in FIG. 7, the logic circuit includes 2n
EX-NOR gates, D1, D2, .. ., D2n, and an AND gate coupled
to the 2n EX-NOR gates, D1, D2, . .., D2n. Each EX-NOR
gate is configured to receive a corresponding image data
signal and output 0 or 1 based on the input image data signal.
Specifically, if all of N most-significant bits (MSBs) of the
input image data signal are equal to 1, or 0, the EX-NOR gate
outputs 1, otherwise, it outputs 0. When all of N most-signifi-
cant bits (MSBs) of the input image data signal are equal to 1,
the grey levels of the input image data signal are greater than
Lm. When all of N most-significant bits (MSBs) of the input
image data signal are equal to 0, the grey levels of the input
image data signal are less than Ln.

[0061] For such a logic circuit, when each and every EX-
NOR gate outputs 1 or 0, the output of the logic circuit is 1,
otherwise, the output of the logic circuit is 0.

[0062] The MUX 720 is coupled to the logic circuit and
adapted for receiving a frame polarity control signal, Frame-
POL, and a pixel polarity control signal, XPOL. When the
output of the logic circuit is 1, the MUX 720 selects the frame
polarity control signal FramePOL as the polarity control sig-
nal POL, i.e., a column inversion. When the output of the
logic circuit is 0, the MUX 720 selects the pixel polarity
control signal XPOL as the polarity control signal POL, i.e.,
a dot inversion or a 2-dot inversion.

[0063] Each driver module 780 is adapted for receiving two
corresponding image data signals 791 and 792 and selectively
outputting them to a corresponding odd data line 761 and a
corresponding even data line 762 of the 2n neighboring data
lines, S1, 82, . . ., S2n, according to the control signal POL.
The corresponding odd data line 761 is one of S1, 83, . . .,
S2n-1, while the corresponding even data line 762 if one of
S2,54,...,S2n.
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[0064] The driver module 780 has a switch module 730
coupled to the MUX 720, a first digital-to-analog converter
with a positive polarity (PDAC) 741, a second digital-to-
analog converter with a negative polarity (NDAC) 742, and a
first operational amplifier 751 and a second operational
amplifier 752 coupled to the PDAC 741 and the NDAC 742
through the switch module 730.

[0065] The switch module 730 may includes a pair of
switches SW1and SW2 thatare coupled to the PDAC 741, the
NDAC 742, the first operational amplifier 751 and the second
operational amplifier 752 and controlled by the polarity con-
trol signal POL. For example, when the polarity control signal
POL is inahigh state (H), the output signals of the PDAC 741,
the NDAC 742 are respectively delivered to the first opera-
tional amplifier 751 and the second operational amplifier 752.
Otherwise, when the polarity control signal POL is in a low
state (L), the output signals of the PDAC 741, the NDAC 742
are respectively delivered to the second operational amplifier
752 and the first operational amplifier 751.

[0066] ThePDAC 741 is adapted for receiving a first digital
signal 791 of the image data and converting the first digital
signal 791 into a firstanalog signal. The NDAC 742 is adapted
for receiving a second digital signal 792 of the image data and
converting the second digital signal 792 into a second analog
signal. The image data 790 and the first digital signal 791 and
the second digital signal 792 are processed of the image to be
displayed. In one embodiment, the image data 790 includes at
least the first digital signal 791 and the second digital signal
792. The first and second analog signals have positive and
negative polarities, respectively. The first operational ampli-
fier 751 and the second operational amplifier 752 are coupled
to the PDAC 741 and the NDAC 742 through the switch
module 730. The first operational amplifier 751 is adapted for
receiving one of the first analog signal from the PDAC 741
and the second analog signal from the NDAC 742, and out-
putting a first data signal to an odd data line 761, while the
second operational amplifier 752 is adapted for receiving the
other of the first analog signal from the PDAC 741 and the
second analog signal from the NDAC 742 and outputting a
second data signal to an even data line 762. The first and
second data signals have positive and negative polarities,
respectively.

[0067] In operation, when the MUX selects the frame
polarity control signal FramePOL, pixels of the pixel matrix
associated with the 2n neighboring data lines S1,S2, . . ., S2n,
are driven with a column inversion, while the other pixels of
the pixel matrix are driven with one of a dot inversion and a
2-line inversion.

[0068] According to the present invention, the display qual-
ity of an image in a display device can be substantially
improved, while the power consumption can be reduced sig-
nificantly.

[0069] The foregoing description of the exemplary
embodiments of the invention has been presented only for the
purposes of illustration and description and is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in
light of the above teaching.

[0070] The embodiments were chosen and described in
order to explain the principles of the invention and their
practical application so as to activate others skilled in the art
to utilize the invention and various embodiments and with
various modifications as are suited to the particular use con-
templated. Alternative embodiments will become apparent to
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those skilled in the art to which the present invention pertains
without departing from its spirit and scope. Accordingly, the
scope of the present invention is defined by the appended
claims rather than the foregoing description and the exem-
plary embodiments described therein.

What is claimed is:

1. A method for driving a display panel to display an image
data in an adaptive column inversion, wherein the display
panel comprises a plurality of pixels spatially arranged in a
matrix form and a plurality of data lines, each data line being
associated with pixels of a corresponding pixel column, com-
prising the steps of:

(a) inputting an image data to be displayed, wherein the
image data is decomposed into a number of frames, and
wherein each frame of the image data is mapped onto the
pixel matrix with grey levels such that a grey level asso-
ciated with a pixel is corresponding to the shade of grey
of the frame to be displayed at the pixel;

(b) determining N most-significant bits (MSBs) of image
data signals mapped onto two neighboring data lines, N
being a positive integer;

(c) selecting a frame polarity control signal, FramePOL,
when all of the N MSBs of the image data signals
mapped onto the two neighboring data lines is equal to 1
or 0, or a pixel polarity control signal, XPOL, when the
N MSBs comprise 1 and 0, as a polarity control signal,
POL; and

(d) driving pixels of the pixel matrix with a column inver-
sion when the frame polarity control signal FramePOL
is selected and the other pixels of the pixel matrix with
one of a dot inversion and a 2-line inversion when the
pixel polarity control signal XPOL is selected, so as to
display each frame of the image data.

2. The method of claim 1, wherein the determining step is
performed with a data processing unit having a logic circuit
adapted such that when all of the N MSBs is equal to 1 or 0,
the output of the logic circuit is 1, otherwise, the output of the
logic circuit is 0, wherein N is a positive integer.

3. The method of claim 2, wherein the selecting step is
performed with a MUX adapted such that when the output of
the logic circuit is 1, the MUX selects the frame polarity
control signal FramePOL, and when the output of the logic
circuit is 0, the MUX selects the pixel polarity control signal
XPOL.

4. The method of claim 1, wherein N=4.

5. A source driver for driving a display panel to display an
image data in an adaptive column inversion, wherein the
display panel comprises a plurality of pixels spatially
arranged in a matrix form and a plurality of data lines, each
data line being associated with pixels of a corresponding pixel
column, wherein the image data is decomposed into a number
of frames, and wherein each frame of the image data is
mapped onto the pixel matrix with grey levels such that a grey
level associated with a pixel is corresponding to the shade of
grey of the frame to be displayed at the pixel, comprising:

(a) a data processing unit having a logic circuit adapted for
determining the grey levels of image data signals
mapped onto each 2n neighboring data lines of the plu-
rality of data lines, such that when the determined grey
levels are greater than Lm or less than Ln, the output of
the logic circuit is 1, otherwise, the output of the logic
circuit is 0, wherein n is a positive integer. and wherein
0<Ln<ILm<Lmax, and Lmax=(2"-1) being the maximal
grey level of k bits;
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(b) a MUX coupled to the data processing unit and adapted
for receiving a frame polarity control signal, FramePOL,
and a pixel polarity control signal, XPOL, and selec-
tively outputting the frame polarity control signal
FramePOL when the output of the logic circuit is 1, or
the pixel polarity control signal POL when the output of
the logic circuit is 0, as a polarity control signal, POL;
and

(¢) aplurality of driver modules coupled to the MUX, each
driver module adapted for receiving two corresponding
image data signals and selectively outputting them to a
corresponding odd data line and a corresponding even
data line of the 2n neighboring data lines according to
the control signal POL.

6. The source driver of claim 5, wherein the logic circuit
comprises a plurality of EX-NOR gates and an AND gate
coupled to the plurality of EX-NOR gates, adapted for deter-
mining N most-significant bits (MSBs) of the image data
signals mapped onto each 2n neighboring data lines, such that
when all of the N MSBs are equal to 1 or 0, the output of the
logic circuit is 1, otherwise, the output of the logic circuit is 0,
wherein N is a positive integer.

7. The source driver of claim 5, wherein the each driver
module comprises

(a) a switch module coupled to the MUX and controlled by
the polarity control signal POL;

(b) a first digital-to-analog converter with a positive polar-
ity (PDAC) adapted for receiving a first digital signal
associated with the image data and converting the first
digital signal into a first analog signal,

(¢) a second digital-to-analog converter with a negative
polarity (NDAC) adapted for receiving a second digital
signal associated with the image data and converting the
second digital signal into a second analog signal,

(d) a first operational amplifier coupled to the PDAC and
the NDAC through the switch module and adapted for
receiving one of the first analog signal from the PDAC
and the second analog signal from the NDAC and out-
putting a first data signal to an odd data line of the
plurality of data line; and

(e) asecond operational amplifier coupled to the PDAC and
the NDAC through the switch module and adapted for
receiving the other of the first analog signal from the
PDAC and the second analog signal from the NDAC and
outputting a second data signal to an even data line of the
plurality of data line.

8. The source driver of claim 7, wherein the first and second
analog signals have positive and negative polarities, respec-
tively.

9. The source driver of claim 7 wherein the first and second
data signals have positive and negative polarities, respec-
tively.

10. The source driver of claim 5, wherein when the MUX
selects the frame polarity control signal FramePOL, pixels of
the pixel matrix associated with the 2n neighboring data lines
are driven with a column inversion, while the other pixels of
the pixel matrix are driven with one of a dot inversion and a
2-line inversion.
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11. The source driver of claim 10, wherein when the deter-
mined grey levels are greater than Lm or less than Ln, the
control signal POL is the frame polarity control signal Frame-
POL, and otherwise the polarity control signal POL is the
pixel polarity control signal XPOL.

12. A method of driving a liquid crystal display (LCD), the
LCD including a plurality of pixels spatially arranged as a
matrix having a plurality of rows and a plurality of columns,
the method comprising the steps of:

(a) inputting an image to be displayed on the LCD, the
image comprisinga plurality of frames, each frame com-
prising a plurality of data signals, each data signal indi-
cating a grey level associated with a respective pixel in
the LCD;

(b) comparing each pair of data signals in a frame corre-
sponding to two neighboring columns in a row to a first
value and a second value;

(c) selecting a first inversion scheme to be applied to the
pair of data signals if each of the pair of data signals
indicates a grey level that is higher than the first value or
lower than the second value, or selecting a second inver-
sion scheme that is different from the first inversion
scheme to be applied to the pair of data signals if at least
one of the pair of data signals indicates a grey level that
is lower than or equal to the first value and higher than or
equal to the second value; and

(d) driving pixels of the pixel matrix that are associated
with each of the pair of data signals having the grey level
thatis higher than the first value or lower than the second
value with the first inversion scheme, and the other pix-
els of the pixel matrix with the second inversion scheme
so as to display each frame of the image data.

13. The method of claim 12, wherein the step of selecting

a first inversion scheme comprises the steps of?

(a) converting one of the pair of data signals to a positive
data signal and the other one of the pair of data signals to
a negative data signal; and

(b) inverting the polarities of the pair of data signals from
one frame to the next frame.

14. The method of claim 13, wherein the step of selecting

a second inversion scheme comprises the steps of:

(a) converting one of the pair of data signals to a positive
data signal and the other one of the pair of data signals to
a negative data signal; and

(b) inverting the polarities of the pair of data signals from
one row to the next row.

15. The method of claim 13, wherein the step of selecting

a second inversion scheme comprises the steps of:

(a) converting one of the pair of data signals to a positive
data signal and the other one of the pair of data signals to
a negative data signal; and

(b) inverting the polarities of the pair of data signals every
integer multiple of rows.

16. The method of claim 15, wherein the integer is equal to

two.
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