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adjacent columns of the sub-pixels. Therefore, the charging
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LIQUID CRYSTAL DISPLAY AND LIQUID
CRYSTAL DISPLAY PANEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on International Application No.
PCT/CN2012/085867 filed on Dec. 4, 2012, which claims
priority to  Chinese  National  Application  No.
201210138142.5 filed on May 4, 2012, the contents of which
are incorporated herein by reference.

TECHNICAL FIELD

Embodiments of the present invention relate to a display
and a display panel.

BACKGROUND

Atpresent, the structure of a liquid crystal display device is
illustrated in FIG. 1 mainly includes a display panel provided
with a sub-pixel array, a source driver for driving sources of
sub-pixels and having data lines, a gate driver for driving
gates of sub-pixels and having scan lines, a timing controllers
and a backlight unit.

For liquid crystal display devices in prior art, in order to
reduce costs, a dual-gate technology and a triple-gate tech-
nology are adopted, that is, to increase gate lines to 2 or 3
times or more. Although these two solutions can reduce costs,
but reduce charging time of pixels significantly, therefore
they can not satisfy requirements for high resolution and
charging time of pixels in 3D display.

SUMMARY

Embodiments of the present invention provide a display
and a display panel capable of satisfying high quality require-
ment and improving pixel charging time as well.

One aspect of the present invention provides a display
panel including: a plurality of data lines, a plurality of scan
lines and a plurality of sub-pixels arranged in matrix; wherein
three rows of scan lines are disposed between every two rows
of sub-pixels; one column of data line is disposed for every
one column or between two columns of sub-pixels.

In the above-mentioned display panel, for example, one
data line may be disposed on each of left and right sides of the
first column of sub-pixels in 3 adjacent columns of sub-
pixels.

In the above-mentioned display panel, for example, the
number of data lines may be less than or equal to % of the
number of sub-pixels inrow direction; and the number of scan
lines may be greater than or equal to 3/2 of the number of
sub-pixels in column direction.

In the above-mentioned display panel, for example, a first
scan line in every 3 adjacent scan lines may be connected with
a first sub-pixel in every 3 adjacent sub-pixels in an odd
numbered row and an even numbered row of sub-pixels
neighboring the first scan line; a second scan line in every 3
adjacent scan lines may be connected with a second sub-pixel
in every 3 adjacent sub-pixels in the odd numbered row and
the even numbered row of sub-pixels neighboring the second
scan line; and a third scan line in every 3 adjacent scan lines
may be connected with a third sub-pixel in every 3 adjacent
sub-pixels in the odd numbered row and the even numbered
row of sub-pixels neighboring the third scan line.

In the above-mentioned display panel, for example, an odd
numbered column of data lines may be connected with every
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2

3 adjacent sub-pixels in an odd numbered row of sub-pixels,
and an even numbered column of data lines may be connected
with every 3 adjacent sub-pixels in an even numbered row of
sub-pixels.

In the above-mentioned display panel, for example, an odd
numbered column of data lines may be connected with a first
and a third sub-pixels in every 3 adjacent sub-pixels in an odd
numbered row of sub-pixels and a second sub-pixel in every
3 adjacent sub-pixels in an even numbered row of sub-pixels;
and an even numbered column of data lines may be connected
with a first and a third sub-pixels in the every 3 adjacent
sub-pixels in the even numbered row of sub-pixels and a
second sub-pixel in the every 3 adjacent sub-pixels in the odd
numbered row of sub-pixels.

In the above-mentioned display panel, for example, a
group of n rows and m columns of sub-pixels corresponds to
n rows and M*m columns of sub-pixel in matrix; for the
sub-pixels of the i” and the i+1 lines, the 3j+1% column of
sub-pixels may be connected with the (3i-1)/2" scan line G
((3i-1)/2), the 3j+2” colunmin of sub-pixels may be connected
with the (3i+1)/2” scan line G ((3i+1)/2), and the 3j+3”
column of sub-pixels may be connected with the (3i+3)/2”
scan line G ((31+3)/2); whereinn is an even number, 1 is an odd
number greater than or equal to 1 and less than or equal to
n-1, j is an integer greater than or equal to 0 and less than or
equal to (M*m/3)-1, and M equals to the number of primary
colors of the display panel.

In the above-mentioned display panel, for example, the
display panel may use three primary colors of red, green and
blue, four primary colors of red, green, blue and white, four
primary colors of red, green, blue and yellow or five primary
colors of red, green, blue, yellow and white, and M equals 3,
4or5.

Inthe above-mentioned display panel, for example, the odd
numbered column of data lines being connected with the
every 3 adjacent sub-pixels in the odd numbered row of
sub-pixels and the even numbered column of data lines being
connected with the every 3 adjacent sub-pixels in the even
numbered row of sub-pixels comprises: the 2k-1" data line
S(2k-1) may be connected with sub-pixels of the 3k-27,
3k-1" and 3k™ columns of the odd numbered row of sub-
pixels in the sub-pixel matrix; the 2k” data line S(2k) may be
connected with sub-pixels of the 3k-2%, 3k-1% and 3k*
columns of the even numbered rows of sub-pixels in the
sub-pixel matrix, wherein k is an integer greater than or equal
to 1 and less than or equal to M*m/3.

In the above-mentioned display panel, for example, the
2k-1” data line S(2k-1) may be connected with the sub-
pixels of the 3k-2" and 3k” columns of the odd numbered
rows of sub-pixels and the sub-pixels of the 3k-1? column of
the even numbered rows of sub-pixels in the sub-pixel matrix;
the 2k data line S(2k) may be connected with the sub-pixels
of the 3k—1” column of the odd numbered rows of sub-pixels,
and the sub-pixels of the 3k-2" and the 3k™ columns of the
even numbered rows of sub-pixels in the sub-pixel matrix,
wherein k is an integer greater than or equal to 1 and less than
or equal to M*ny/3.

In the above-mentioned display panel, for example, in the
same frame of picture, pixels on a same data line have a same
polarity, pixels on the 4g-37 and the 4g—-2 data lines have
opposite polarities to each other, pixels on the 4g—1" and the
4gth data lines have opposite polarities to each other, pixels
on the 4g-3", the 4g-2", the 4g—1” and 4gth data lines have
polarities of “positive, negative, negative, positive” or “nega-
tive, positive, positive negative”, and g is an integer greater
than or equal to 1 and less than or equal to M*m/6.
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For example, in a current frame of picture and a next frame
picture, pixels on the same data lines have opposite polarities.

For example, this display panel further includes a timing
control circuit; in a frame of picture, when the timing control
circuit controls the 1* scan line in every 3 adjacent scan lines
to turn on, an odd numbered column of data lines writes data
into the 1* sub-pixel in the every 3 adjacent sub-pixels in an
odd numbered row of sub-pixels connected with the 1% scan
line, an even numbered column of data lines writes data into
the 1* sub-pixel in the every 3 adjacent sub-pixels in an even
numbered row of sub-pixels connected with the 1* scan line;
when the timing contro] circuit controls the 27 scan line in the
every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 2" sub-pixel in the
every 3 adjacent sub-pixels in the odd numbered row of
sub-pixels connected with the 2" scan line, the even num-
bered column of data lines writes data into the 2" sub-pixel in
the every 3 adjacent sub-pixels in the even numbered row of
sub-pixels connected with the 2”¢ scan line; when the timing
control circuit controls the 3 scan line in every 3 adjacent
scan lines to turn on, the odd numbered column of data lines
writes data into the 3™ sub-pixel in the every 3 adjacent
sub-pixels in the odd numbered row of sub-pixels connected
with the 3 scan line, the even numbered column of data lines
writes data into the 3™ sub-pixel in the every 3 adjacent
sub-pixels in the even numbered row of sub-pixels connected
with the 3" scan line.

As another example, this display panel further includes a
timing control circuit; in a frame of picture, when the timing
control circuit controls the 1% scan line in every 3 adjacent
scan lines to turn on, an odd numbered column of data lines
writes data into the 1° sub-pixel in the every 3 adjacent
sub-pixels in an odd numbered row of sub-pixels connected
with the 1% scan line, an even numbered column of data lines
writes data into the 1% sub-pixel in the every 3 adjacent
sub-pixels in an even numbered row of sub-pixels connected
with the 1* scan line; when the timing control circuit controls
the 2" scan line in the every 3 adjacent scan lines to turn on,
the odd numbered column of data lines writes data into the 2
sub-pixel in the every 3 adjacent sub-pixels in the odd num-
bered row of sub-pixels connected with the 2nd scan line, the
even numbered column of data lines writes data into the 2nd
sub-pixel in the every 3 adjacent sub-pixels in the even num-
bered row of sub-pixels connected with the 2" scan line;
when the timing control circuit controls the 3’# scan line in
every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 3'% sub-pixel in the
every 3 adjacent sub-pixels in the odd numbered row of
sub-pixels connected with the 3" scan line, the even num-
bered column of data lines writes data into the 3™ sub-pixel in
the every 3 adjacent sub-pixels in the even numbered row of
sub-pixels connected with the 3rd scan line.

In the above-mentioned display panel, for example, the
inversion mode for the sub-pixel is dot inversion.

The present invention further provides a display including
the above-mentioned display panel; the display further
includes: a source driver and a gate driver; the source driver is
connected with the data line for providing data signal to the
display panel; the gate driver is connected with the scan lines
for providing scanning signal to the display panel.

In embodiments of the present invention, the display panel
includes: a plurality of data lines, a plurality of scan lines and
aplurality of sub-pixels arranged in matrix; three rows of scan
lines being disposed between every two rows of sub-pixels;
one column of data line being disposed for every one column
or between two columns of sub-pixels. Thus, when the scan
lines of the gate driver are turned on, sub-pixel data of the i*
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and the i+1” rows are written into corresponding sub-pixels
through respective data lines, and therefore, the gate driver
units becomes 1.5 times more than the gate driver units in
prior art, increasing pixel charging time with respect to dual
gate technology and triple gate technology. At the same time,
the number of data lines is %5 of the original number of data
lines, which reduces costs with respect to prior art. Further,
scan lines of corresponding sub-pixels in every two rows of
pixels are connected together, which can reduce the amount
of existing parasitic capacitance and parasitic resistance.
Therefore, the driving voltage required to ensure the scan
lines for the last column of sub-pixels can be normally turned
on is small, which facilitates power consumption reduction.
At the same time, with comparison to the Dual-Gate technol-
ogy and the Triple-Gate technology, the technical solution of
embodiments of the present invention can increase charging
time of pixels.

In summary, with comparison to prior art, pixel charging
time is increased, power consumption is reduced, and thus
stringent demands for pixel charging time by 3D and high
resolution products in the future development trends and high
quality requirements for 240 Hz frame frequency 3D high
resolution display can be met.

BRIEF DESCRIPTION OF DRAWINGS

For better understanding technical proposals according to
embodiments of the present invention, drawings of the
embodiments will be described briefly below. Obviously,
drawings in the following description only relate to some
embodiments of the present invention, not to limit the present
invention.

FIG. 1 1s a structural representation of implementing a
liquid crystal display in prior art;

FIG. 2 is a first schematic diagram of a sub-pixel array
where adopting red green and blue three primary colors in the
present invention;

FIG. 3 is a comparison schematic diagram of pixel polarity
reversal for two adjacent frames of pictures where adopting
red green and blue three primary colors in the present inven-
tion;

FIGS. 4 and 5 are a pixel array schematic diagram of pixel
polarity reversal for two adjacent frames of pictures where
adopting red green and blue three primary colors in the
present invention;

FIG. 6 is a second schematic diagram of a sub-pixel array
where adopting red green and blue three primary colors in the
present invention;

FIG. 7 is a schematic diagram of pixel polarity reversal on
data lines for different frames of pictures where adopting red
green and blue three primary colors in the present invention;

FIGS. 8 and 9 are schematic diagrams of pixel polarity
reversal for different frames of pictures where adopting red
green and blue three primary colors in the present invention;

FIG. 10 is a first schematic diagram of a sub-pixel array
where adopting red, green, blue and vellow four primary
colors in the present invention;

FIG. 11 is a comparison schematic diagram of pixel polar-
ity reversal for two adjacent frames of pictures where adopt-
ing red, green, blue and yellow four primary colors in the
present invention;

FIG. 12 is a second schematic diagram of a sub-pixel array
where adopting red, green, blue and yellow four primary
colors in the present invention;

FIG. 13 is a first schematic diagram of a sub-pixel array
where adopting red, green, blue, yellow and white five pri-
mary colors in the present invention;
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FIG. 14 is a comparison schematic diagram of pixel polar-
ity reversal for two adjacent frames of pictures where adopt-
ing red, green, blue, yellow and white five primary colors in
the present invention;

FIGS. 15 and 16 are a pixel array schematic diagrams of
pixel polarity reversal for two adjacent frames of pictures
where adopting red, green, blue, yellow and white five pri-
mary colors in the present invention;

FIG. 17 is a second schematic diagram of a sub-pixel array
where adopting red, green, blue, yellow and white five pri-
mary colors in the present invention; and

FIGS. 18 and 19 are a pixel array schematic diagrams of
pixel polarity reversal for two adjacent frames of pictures
where adopting red, green, blue, yellow and white five pri-
mary colors in the present invention.

Reference numerals: 101: liquid crystal display panel; 102:
source driver; 103: gate driver; 104: timing controller; 103:
backlight unit

DETAIL DESCRIPTION

In order to make the purpose, technology solution and
advantages of embodiments of the present invention more
clear, technology solutions according to embodiments of the
present invention will be described clearly and completely
below with respect to drawings of embodiments of the present
invention. It is to be understood that the described embodi-
ments are part of but not all of embodiments of the present
invention. Based on the described embodiments of the present
invention, all other embodiments obtained by those of ordi-
nary skill in the art without any creative labor fall into the
protecting scope of the present invention.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the
present invention belongs. The terms “first,” “second,” etc.,
which are used in the description and the claims of the present
application for invention, are not intended to indicate any
sequence, amount or importance, but distinguish various
components. Also, the terms such as “a,” “an,” efc., are not
intended to limit the amount, but indicate the existence of at
lease one. The terms “comprises,” “comprising,” “includes,”
“including,” etc., are intended to specify that the elements or
the objects stated before these terms encompass the elements
or the objects and equivalents thereof listed after these terms,
but do not preclude the other elements or objects. The phrases
“connect”, “connected”, etc., are not intended to define a
physical connection or mechanical connection, but may
include an electrical connection, directly or indirectly. “On,”
“under,” “right,” “left” and the like are only used to indicate
relative position relationship, and when the position of the
object which is described is changed, the relative position
relationship may be changed accordingly.

The display panel according to an embodiment of the
present invention includes: a plurality of data lines, a plurality
of scan lines, a plurality of sub-pixels arranged in matrix
form; three (3) row scanning lines disposed between every
two rows of sub-pixels; and one (1) column data line disposed
between every one or every two columns of sub-pixels.

FIG. 1 is a structural representation of implementing a
liquid crystal display in prior art. As illustrated in FIG. 1, this
liquid crystal display includes a liquid crystal display panel
101 provided with a sub-pixel array, a source driver 102, a
gate driver 103, a timing controller 104 and a backlight unit
105. The source driver 102 is connected with the liquid crystal
display panel 101 and the data lines, for providing data sig-
nals to the liquid crystal display panel. The gate driver 103 is
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connected with the liquid crystal display panel 101 and the
scan lines, for providing scanning signals to the liquid crystal
display panel. The timing controller 104 is connected with the
source driver 102 and the gate driver 103, for controlling
operation of the source driver 102 and the gate driver 103. The
backlight unit 105 is configured to provide a backlight source
required by the liquid crystal display panel 101.

In an embodiment of the present invention, 3 row scanning
lines are disposed between every two rows of adjacent sub-
pixels; and 1 column data line is disposed for every one
column or between two columns of sub-pixels. One data line
is disposed on each of the left and right sides of the first
column of pixels in 3 adjacent columns of sub-pixels.

The number of the datalines is less than or equalto 25 of the
number of the sub-pixels in the row direction; the number of
the scan lines is greater than or equal to 3/2 of the number of
the sub-pixels in the column direction. Since integrated cir-
cuits (ICs) for source driver are expensive, with comparison
to the prior art, the number of 1Cs for the source driver can be
reduced and the costs can be lowered. The first scan line in
every 3 adjacent scan lines is connected with the first sub-
pixel in every 3 adjacent sub-pixels in the odd numbered row
and the even numbered row of sub-pixels neighboring this
scan line. The second scan line in the every 3 adjacent scan
lines is connected with the second sub-pixel in every 3 adja-
cent sub-pixels in the odd numbered row and the even num-
bered row of sub-pixels neighboring this scan line. The third
scan line in the every 3 adjacent scan lines is connected with
the third sub-pixel in every 3 adjacent sub-pixels in the odd
numbered row and the even numbered row of sub-pixels
neighboring this scan line.

An odd numbered column of data lines is connected with
every 3 adjacent sub-pixels in odd numbered rows of sub-
pixels, and an even numbered column of data lines is con-
nected with every 3 adjacent sub-pixels in even numbered
rows of sub-pixels. Or, an odd numbered column of data lines
is connected with the first and the third sub-pixels in every 3
adjacent sub-pixels in odd numbered rows of sub-pixels and
the second sub-pixel in every 3 adjacent sub-pixels in even
numbered row of sub-pixels; an even numbered column of
data lines is connected with the first and the third sub-pixels in
every 3 adjacent sub-pixels in even numbered rows of sub-
pixels and the second sub-pixel in every 3 adjacent sub-pixels
in odd numbered row of sub-pixels.

Description will be given below with a liquid crystal dis-
play with resolution of m*n as an example. There are n rows
by m columns of sub-pixels on the liquid crystal display panel
101 of the liquid crystal display with a resolution of m*n.
Three primary colors red green blue (RGB), four primary
colors red green blue white (RGBW), four primary colors red
green blue yellow (RUBY) and five primary colors red green
blue yellow white (RGBY W) may be used. Correspondingly,
there are n rows by M*m columns of sub-pixels on the liquid
crystal display panel 101, where M equals to the number of
primary colors, i.e., one of 3, 4 or 5.

The liquid crystal display panel 101 has a plurality of data
lines, a plurality of scan lines and a plurality of pixels
arranged in matrix. The source driver 102 is configured to
drive the sources of the sub-pixels, and the gate driver 103 is
configured to drive the gates of sub-pixels.

In an embodiment of the present invention, in the nrows by
m columns of sub-pixels, for the sub-pixels of the i and the
i+17 rows, the 3j+17 column of sub-pixels are connected
with the (3i-1)/2 scanline G ((3i-1)/2), the 3j+2 column of
sub-pixels are connected with the (31+1)/2” scan line G ((3i+
1)/2), and the 3j+3” column of sub-pixels are connected with
the (3i+3)/2” scan line G ((3i+3)/2); wherein n is an even
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numbet, i is an odd number greater than or equal to 1 and less
than or equal to n-1, and j is an integer greater than or equal
to 0 and less than or equal to (M*m/3)-1.

At the same time, data lines are connected in the following
two modes.

First mode. The 2k-17” data line S(2k-1) is connected with
the sub-pixels of the 3k-2", 3k-1% and 3k™ columns of the
odd numbered rows of sub-pixels in the sub-pixel matrix; the
2kth data line S(2k) is connected with the sub-pixels of the
3k-2%, 3k-1” and 3k” columns of the even numbered rows
of sub-pixels in the sub-pixel matrix, wherein k is an integer
greater than or equal to 1 and less than or equal to M*m/3.

Second mode. The 2k-17 data line S(2k-1) is connected
with the sub-pixels of the 3k—27 and 3k™ columns of the odd
numbered rows of sub-pixels and the sub-pixels of the 3k—1*
column of the even numbered rows of sub-pixels in the sub-
pixel matrix; the 2k™ data line S(2k) is connected with the
sub-pixels ofthe 3k—1” columns of the odd numbered rows of
sub-pixels, and the sub-pixels of the 3k-2” and 3k” columns
of the even numbered rows of sub-pixels in the sub-pixel
matrix, wherein k is an integer greater than or equal to 1 and
less than or equal to M*m/3.

In the embodiment of the present invention, the number of
scan lines is 1.5n, and the number of data lines is 2M*m/3.
With comparison to the prior art solution with n scan lines by
M*m data lines, the number of scan lines in the embodiment
of the present invention is increased by 1.5 times, while the
number of data lines is decreased by %5, therefore the costs are
reduced with respect to the prior art solution. Furthermore,
the scan lines of corresponding sub-pixels in every two rows
of pixels in the embodiment of the present invention are
connected together, which produces less parasitic capaci-
tance and parasitic resistance with comparison to the techni-
cal solution of the Publication No. CN101494020; and in
order to ensure scan lines for the last column of sub-pixels can
be normally turned on, the required driving voltage is small,
which is advantageous for reducing power consumption. At
the same time, with comparison to the Dual-Gate technology
and the Triple-Gate technology, the technical solution of the
embodiment of the present invention can increase charging
time of pixels. In summary, embodiments of the present
invention can compromise among pixel charging time, cost
and power consumption.

Embodiment I

As illustrated in FIG. 2, in this embodiment, taking a liquid
crystal display of three primary colors RGB and with a reso-
lution of n*m as an example, that is, m equals to 3, a pixel
group of n rows by m columns corresponds to sub-pixels ofn
rows by 3m columns. The RGB sub-pixels of a same pixel are
arranged horizontally to form a pixel group. The following
embodiments are similar in this arrangement. There are
totally 1.5n scan lines and 2m data lines.

For the sub-pixels of the i and the i+17 rows, the 3j+i”
column of sub-pixels are connected with the (3i-1)/2 scan
line G ((3i-1)/2), the 3j+2” column of sub-pixels are con-
nected with the (3i+1)/2% scan line G ((3i+1)/2), and the
3j+3% column of sub-pixels are connected with the (3i+3)/2%
scan line G ((3i+3)/2); wherein i is an odd number greater
than or equal to 1 and less than or equal to n-1, and j is an
integer greater than or equal to 0 and less than or equal to m-1.
At the same time, the 2k-1” data line S(2k-1) is connected
with the sub-pixels of the 3k-2%, 3k—1% and 3k™ columns of
the odd numbered rows of sub-pixels in the sub-pixel matrix;
The 2k data line S(2k) is connected with the sub-pixels of
the 3k-27, 3k-1” and 3k™ columns of the even numbered
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rows of the sub-pixels in the sub-pixel matrix, whereink is an
integer greater than or equal to 1 and less than or equal to m.
FIG. 2 is only a partial schematic diagram of the pixel matrix
showing 6 scan lines and 8 data lines, however the scope of
the present embodiment is not limited thereto.

The implementation of a frame of picture includes the
following process.

When G1 is turned on, the sub-pixel data for the 17 and 2"/
lines are written into corresponding sub-pixels through
respective data lines; for example, the red sub-pixel dataR,
of the 1* row, 1* column are output over S1, the red sub-pixel
dataR, , of the 2" row, 1% column are output over S2, . . ., the
red sub-pixel data R, of the 1™ row, m” column are output
over S(2m-1), and the red sub-pixel data R, ,, of the 2" row,
m™ column are output over S(2m).

When G2 is turned on, the sub-pixel data for the 1 and 2"/
rows are written into corresponding sub-pixels through
respective data lines. For example, the green sub-pixel data
Gy, of 1% row, 1* column are output over S1, the green
sub-pixel data of 2”7 row, 1% column G, are output over
S2,. .., the green sub-pixel data G, ,, of 1 row, m” column
are output over S(2m-1), and the green sub-pixel data G, ,, of
2" row, m” column are output over S(2m).

When G3 is turned on, the sub-pixel data for the 1stand 2nd
rows are written into corresponding sub-pixels through
respective data lines. For example, the blue sub-pixel data
B, ; of 1" row, 1* column are output over S1, the blue sub-
pixel data B, of 2/ row, 1* column are output over
S2, ..., the blue sub-pixel data B, ,,, of 1 row, m” column
are output over S(2m-1), and the blue sub-pixel data B, ,, of
2" row, m” column are output over S(2m).

When G(1.5n-2) is turned on, the sub-pixel data for the
n-1? and nth rows are written into corresponding sub-pixels
through respective data lines. For example, the red sub-pixel
dataR,_; ; ofn-1"row, 1* column are output over S1, the red
sub-pixel data R, | of n” row, 15 column are output over 82,
the red sub-pixel data R,_, ,,. n~1” row, m” column are out-
put over S(2m-1), and the red sub-pixel data R, ,, of n” row,
m” column are output over S(2m).

When G(1.5n-1) is turned on, the sub-pixel data for the
n-1? and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the green sub-
pixel data G,,_, ; of n-1? row, 1 column are output over S1,
the green sub-pixel data G,, ; of n” row, 15 column are output
over S2, the green sub-pixel data G,_, ,, of n-1" row, m”
column are output over S(2m-1), and the green sub-pixel
data. G,, ,, of n” row, m” column are output over S(2m).

When G(1.5n) is turned on, the sub-pixel data for the n—1"
and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the blue sub-pixel
data B, _, , of n-1% row, 1° column are output over S, the
blue sub-pixel dataB,, ; of n” row, 1 column are output over
S2, the blue sub-pixel data B, ; ,, ofn-17 row,m” columnare
output over S(2m-1), and the blue sub-pixel data B, ,, of n”
row, m” column are output over S(2m).

As can be seen from the above-described process, in a
frame of picture, when the timing control circuit controls the
1° scan line in every 3 adjacent scan lines to turn on, an odd
numbered column of data lines writes data into the 1°* sub-
pixel in the every 3 adjacent sub-pixels in an odd numbered
row of sub-pixels connected with the 1 scan line, and an even
numbered column of data lines writes data into the 1** sub-
pixel in the every 3 adjacent sub-pixels in an even numbered
row of sub-pixels connected with the 1°* scan line. As can be
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seen in FIG. 2, all R sub-pixels in the two rows of sub-pixels
adjacent to the turned-on scan line from above and below are
written with data.

When the timing control circuit controls the 2*“scan line in
the every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 2" sub-pixel in the
every 3 adjacent sub-pixels in the odd numbered row of
sub-pixels connected with the 2nd scan line, and the even
numbered column of data lines writes data into the 2™ sub-
pixel in the every 3 adjacent sub-pixels in the even numbered
row of sub-pixels connected with the 2nd scan line. As can be
seen in FIG. 2, all G sub-pixels in the two rows of sub-pixels
adjacent to the turned-on scan line from above and below are
written with data.

When the timing control circuit controls the 3™ scan line in
every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 3’7 sub-pixel in the
every 3 adjacent sub-pixels in the odd numbered row of
sub-pixels connected with the 3™ scan line, and an even
numbered column of data lines writes data into the 3™ sub-
pixel in the every 3 adjacent sub-pixels in the even numbered
row of sub-pixels connected with the 3rd scan line. As can be
seen in FIG. 2, all B sub-pixels in the two rows of sub-pixels
adjacent to the turned-on scan line from above and below are
written with data.

Data writing modes in the following embodiments II1 and
V are the same as embodiment I.

It is assumed that the frame frequency is 60 Hz, charging
time for each pixel unit (i.e., sub-pixel) of the dual-gate driven
liquid crystal display device is 1/(60%2n)s, and charging time
for each pixel unit of the triple-gate driven liquid crystal
display device is 1/(60*3n)s. While in this example, the
charging time for each pixel unit of the liquid crystal display
device 1s 1/(60*1.5n)s.

To reduce twinkling, as illustrated in FIG. 3, the inversion
mode of an entire picture is dot inversion. Dot inversion
means that when writing of one frame of picture is completed
and before the next frame of picture is written, the voltage
polarity stored by each sub-pixel is opposite to that of the
adjacent upper, lower, left and right sub-pixels, while voltage
polarities stored in a same sub-pixel of two adjacent frames
are also opposite to each other. As to the liquid crystal display
panel as illustrated in FIG. 2, if dot inversion is adopted, the
data line needs to be inversed for several times for displaying
one frame of picture. As illustrated in FIGS. 4 and 5. “+” and
“~"labeled on pixels denote the polarities of the pixels. When
G1 is turned on, in order to charge the red sub-pixel of 1st row,
1st column in the pixel group, the polarity of S1 is positive.
When G2 is turned on, in order to charge the green sub-pixel
of 1strow, 1st column in the pixel group, the polarity on S1 is
negative. When G3 is turned on, in order to charge the blue
sub-pixel of 1st row, 1st column in the pixel group, the polar-
ity on Sl is positive. Frequent polarity inversion on the data
lines consumes a large amount of energy and the consumed
energy will be converted into heat to heat the driving circuits,
which is disadvantageous for the life of liquid crystal display.
The following embodiment II can solve this problem.

Embodiment I1

As illustrated in FIG. 6, in this embodiment, taking a liquid
crystal display of three primary colors RGB and with a reso-
lution of n*m as an example, that is, m equals to 3, The RGB
sub-pixels of a same pixel are arranged horizontally. There
are totally 1.5n scan lines and 2m data lines.

For the sub-pixels of the i” and the i+1? rows, the 3j+1%
column of sub-pixels are connected with the (3i-1)/2" scan
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line G ((3i-1)/2), the 3j+2” column of sub-pixels are con-
nected with the (31+1)/2% scan line G ((3i+1)/2), and the
3j+3™ column of sub-pixels are connected with the (3i+3)/2”
scan line G ((3i+3)/2); wherein i is an odd number greater
than or equal to 1 and less than or equal to n-1, and j is an
integer greater than or equal to 0 and less than or equal tom-1.
At the same time, the 2k-1” data line S(2k-1) is connected
with the sub-pixels of the 3k-27 and the 3k” columns of the
odd numbered rows of sub-pixels and the sub-pixels of the
3k-17 column of the even numbered rows of sub-pixels inthe
sub-pixel matrix; and the 2k data line S(2k) is connected
with the sub-pixels of the 3k-1% columns of the odd num-
bered rows of sub-pixels, and the sub-pixels of the 3k-2" and
the 3k™ columns of the even numbered rows of sub-pixels in
the sub-pixel matrix, wherein k is an integer greater than or
equal to 1 and less than or equal to m. FIG. 6 is only a partial
schematic diagram of the pixel matrix showing 6 scan lines
and 8 data lines, however the scope of the present embodi-
ment is not limited thereto.

The implementation of a frame of picture includes the
following process.

When G1 is turned on, the sub-pixel data for the 1 and 2"/
rows are written into corresponding sub-pixels through
respective data lines. For example, the red sub-pixel data R,
of 1 row, 1¥ column are output over S1, the red sub-pixel
dataR, ; of 2"?row, 1 column are output overS2,...,thered
sub-p1xel data R, ,, of 1* row, m™ column are output over
S(2m-1), and the "red sub- pixel data R, ,, of 2" row, m”
column are output over S(2m).

When G2 is turned on, the sub-pixel data for the 17 and 2"/
rows are written into corresponding sub-pixels through
respective data lines. For example, the green sub-pixel data

G, of 2° row, 1* column are output over S1, the green
sub -pixel data G, of 1" row, 1¥ column are output over
S2,. .., the green sub-pixel data Gy, 0f 2" row, m™ column
are output over S(2m-1), and the green sub-pixel data G, , of
1 row, m™ column are output over S(2m).

When G3 is turned on, the sub-pixel data for the 1 and 2"
rows are written into corresponding sub-pixels through
respective data lines. For example, the blue sub-pixel data

B, of 1 row, 1% column are output over S1, the blue sub-

p1xel data B, of 2" row, 1 column are output over

..the blue sub-pixel data B, 0l 1 row, m” columnare

output over $(2m-1), and the blue sub-pixel data B, ,, of 2d
row, m” column are output over S(2m).

When G(1.5n-2) is turned on, the sub-pixel data for the
n-1? and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the red sub-pixel
dataR,_; , ofn-1” row, l” column are output over S1, the red
sub-p1xel data R, ; of n™ row, 1% column are output over

., thered sub- pixeldataR, , , ofn- 1” row, m” column
are output over S(2m-1), and the redsub -pixel dataR,, , of n”
row, m” column are output over S(2m).

When G(1.5n-1) is turned on, the sub-pixel data for the
n-1? and n rows are written into corresponding sub-pixels
through respective data lines. For example, the green sub-
pixel data G,, | of 0 row, 1° column are cutput over S1, the
greensub-pixel data G, , ; of n-1” row, 1/ column are output
over S2, . . ., the green sub-p1xel data G, ,, of n” row, m”
column are output over S(2m-1), and the green sub-pixel data
of n-1% row, m” column are output over S(2m).

When G(1.5n) is turned on, the sub-pixel data for the n-1#
and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the blue sub-pixel
data B, ; of n-1% row, 1% column are output over S1, the
blue sub plxel dataB,, | ofn’ n” row, 1 column are output over
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S2,. .., the blue sub-pixel data of B, , ,, of n-1? row, m”
column are output over S(2m-1), and the blue sub-pixel data
B, of n” row, m” column are output over S(2m).

As can be seen from the above-described process, in a
frame of picture, when the timing control circuit controls the
1* scan line in every 3 adjacent scan lines to turn on, an odd
numbered column of data lines writes data into the 1° sub-
pixel in the every 3 adjacent sub-pixels in an odd numbered
row of sub-pixels connected with the 1° scan line, an even
numbered column of data lines writes data into the 1% sub-
pixel in the every 3 adjacent sub-pixels in an even numbered
row of sub-pixels connected with the 1st scan line. As can be
seen in FIG. 6, all R sub-pixels in the two rows of sub-pixels
adjacent to the turned-on scan line from above and below are
written with data.

When the timing control circuit controls the 2*“scan line in
the every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 2" sub-pixel in the
every 3 adjacent sub-pixels in the odd numbered row of
sub-pixels connected with the 2nd scan line, the even num-
bered column of data lines writes data into the 2" sub-pixel in
the every 3 adjacent sub-pixels in the even numbered row of
sub-pixels connected with the 2nd scan line. As can be seen in
FIG. 6, all G sub-pixels in the two rows of sub-pixels adjacent
to the turned-on scan line from above and below are written
with data.

When the timing control circuit controls the 3™ scan line in
every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 3" sub-pixel in the
every 3 adjacent sub-pixels in the odd numbered row of
sub-pixels connected with the 3" scan line, the even num-
bered column of data lines writes data into the 3™ sub-pixel in
the every 3 adjacent sub-pixels in the even numbered row of
sub-pixels connected with the 3rd scan line. As can be seen in
FIG. 6, all B sub-pixels in the two rows of sub-pixels adjacent
to the turned-on scan line from above and below are written
with data.

Data writing modes in embodiments IV and VI are the
same as embodiment II.

It is assumed that the frame frequency is 60 Hz, charging
time for each pixel unit of the dual-gate driven liquid crystal
display device is 1/(60*2n)s, and charging time for each pixel
unit of the triple-gate driven liquid crystal display device is
1/(60*3n)s. While in this example, the charging time for each
pixel unit of the liquid crystal display device is 1/(60%*1.5n)s.

As illustrated in FIGS. 7 t0 9, in order to realize the dot
inversion for the entire picture, in a same frame of picture,
pixels on a same data line have a same polarity, pixels on the
4g-3" and the 4g-2" data lines have opposite polarities to
each other, pixels on the 4g-17 and the 4g™ data lines have
opposite polarities to each other, pixels on the 4g-3", 4g-2",
4g-1" and 4g™ data lines have polarities of “positive, nega-
tive, negative, positive” (“+-—+") or “negative, positive, posi-
tive, negative” (“—++-"), wherein g is an integer greater than
orequalto 1 and less than or equal to m/2. For different frames
of pictures, pixels on the same data lines have opposite polari-
ties.

Embodiment III

As illustrated in FIG. 10, in this embodiment, taking a
liquid crystal display of four primary colors RGBW and with
a resolution n*m as an example, that is, m equals to 4, the
RGBW sub-pixels of a same pixel are arranged horizontally.
There are totally 1.5n scan lines and 8m/3 data lines.

For the sub-pixels of the i” and the i+1? rows, the 3j+1%
column of sub-pixels are connected with the (3i-1)/2" scan
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line G ((3i-1)/2), the 3j+2” column of sub-pixels are con-
nected with the (31+1)/2% scan line G ((3i+1)/2), and the
3j+3™ column of sub-pixels are connected with the (3i+3)/2”
scan line G ((3i+3)/2); wherein i is an odd number greater
than or equal to 1 and less than or equal to n-1, and j is an
integer greater than or equal to 0 and less than or equal tom-1.
At the same time, the 2k-1” data line S(2k-1) is connected
with the sub-pixels of the 3k-27, 3k-17 and 3k” columns of
the odd numbered rows of sub-pixels in the sub-pixel matrix;
the 2k™ data line S(2k) is connected with the sub-pixels of the
3k=27 3k-1” and 3k” columns of the even numbered rows
of sub-pixels in the sub-pixel matrix, wherein k is an integer
greater than or equal to 1 and less than or equal to 4m/3. FIG.
10 is only a partial schematic diagram of the pixel matrix
showing 6 scan lines and 8 data lines, however the scope of
the present embodiment is not limited thereto.

The implementation of a frame of picture includes the
following process.

When G1 is turned on, the sub-pixel data for the 1 and 2%
rows are written into corresponding sub-pixels through
respective data lines. For example, the red sub-pixel data R |
of 1" row, 1% column are output over S1, the red sub-pixel
data R, | of 2% row, 1 column are output over S2, ..., the
green sub-pmel data G, ,, of 1 row, m” % column are output
over S(8m/3-1), and the green sub-pixel data G, ,,, of 2" row,

* column are output over S(8m/3).

When G2 is turned on, the sub-pixel data for the 1 and 2”7
rows are written into corresponding sub-pixels through
respective data lines. For example, the green sub-pixel data

G, , of 1" row, 1* column are output over 81, the green
sub-p1xel data G, of 2" row, 1 column are output over

., theblue sub- pixeldataB, , of 1* row, m” column are
output over S(8m/3 1), and the blue sub-pixel data B, ,, of
24 row, m” column are output over S(8m/3).

When G3 is turned on, the sub-pixel data for the 1% and 2"¢
rows are written into corresponding sub-pixels through
respective data lines. For example, the blue sub-pixel data

B, , of 1 row, 1* column are output over S1, the blue sub-
plxel data B,, of 2" row, 1% column are output over
S2,...,the white sub-pixel data W, , of 1 row, m* column
are output over S(8m/3-1), and the wh1te sub-pixel data W, ,
of 27 row, m” column are output over S(8m/3).

When G(1.5n-2) is turned on, the sub-pixel data for the
17 and n™ rows are written into corresponding sub-pixels
through respective data lines. For example, the red sub-pixel
dataR,_, , ofn-1”row, l” column are output over S1, the red
sub plxel data R, ; of n” row, 1 column are output over
S2, ..., the green sub-pixel data G,_, , of n-1” row, m”
column are output over S(8m/3 1), and the green sub-pixel
data G, , of n” row, m” column are output over S(8m/3).
When G(1.5n-1) is turned on, the sub-pixel data for the
n-1? and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the green sub-
pixel data G, ; of n-17row, 1% column are output over S1,
the green sub p1xel data G, , of 0 row, 1°* column are output
over S2, ..., the blue sub-p1xel dataB,, , of n-17 row, m*
column are output over S(8m/3-1), and the blue sub-pixel
data B, ,, of n” row, m” column are output over S(8m/3).
When G(1.5n) is turned on, the sub-pixel data for the n—1*
and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the blue sub-pixel
data B, | | of n-1" row, 15’ column are output over S1, the
blue sub- plxel dataB, , of n* row, 1% columr are output aver
S2, ..., the white sub pixel data W, ,, of n-1? row, m”
column are output over S(8m/3-1), and the white sub-pixel
data W, ,, of n row, m” column are output over S(8m/3).
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Tt is assumed that the frame frequency is 60 Hz, charging
time for each pixel unit of the dual-gate driven liquid crystal
display device is 1/(60*2n)s, and charging time for each pixel
unit of the triple-gate driven liquid crystal display device is
1/(60*3n)s. While in this example, the charging time for each
pixel unit of the liquid crystal display device is 1/(60*1.5n)s.

In order to decrease twinkling, as illustrated in FIG. 11, the
inversion mode of the entire picture is dot inversion. As to the
liquid crystal display panel as illustrated in FIG. 10, if dot
inversion is adopted, the data line needs to be inversed for
several times for displaying one frame of picture, with the
polarity inversion diagram as illustrated in FIGS. 4 and 5.
FIGS. 4 and 5 illustrate a polarity inversion diagram for three
primary colors. Embodiment III represents a polarity inver-
sion diagram for four primary colors. However, after remov-
ing sub-pixel labels, the polarity inversion diagram of
embodiment [ is the same with embodiment III. The “+” and
“~” labeled on pixels denote the polarity of the pixel. When
G1is turned on, in order to charge the red sub-pixel of 1* row,
1* column in the pixel group, the polarity on S1 is positive.
When G2 is turned on, in order to charge the green sub-pixel
of 1 row, 1* column in the pixel group, the polarity on S1 is
negative. When G3 is turned on, in order to charge the blue
sub-pixel of 1% row, 1% column in the pixel group, the polarity
on S1 is positive. Frequent polarity inversion on the data lines
consumes a large amount of energy and the consumed energy
is converted into heat to heat the driving circuits, which is
disadvantageous for the life of liquid crystal display. The
following embodiment IV can solve this problem.

Embodiment IV

As illustrated in FIG. 12, in this embodiment, taking a
liquid crystal display of four primary colors RGBW and with
aresolution n*m as an example, that is, m equals to 4, RGBW
sub-pixels of a same pixel are arranged horizontally. There
are totally 1.5n scan lines and 8m/3 data lines.

For the sub-pixels of the i” and the i+1” rows, the 3j+1”
column of sub-pixels are connected with the (3i-1)/2” scan
line G ((3i-1)/2), the 3j+2” column of sub-pixels are con-
nected with the (3i+1)/2% scan line G ((3i+1)/2), and the
3j+3™ column of sub-pixels are connected with the (3i+3)/2”
scan line G ((3i+3)/2); wherein i is an odd number greater
than or equal to 1 and less than or equal to n-1, and j is an
integer greater than or equal to 0 and less than or equal to m-1.
At the same time, the 2k-1” data line S(2k-1) is connected
with the sub-pixels of the 3k—2" and 3k columns of the odd
numbered rows of sub-pixels and the sub-pixels of the 3k-17
column of the even numbered rows of sub-pixels in the sub-
pixel matrix; The 2kth data line S(2k) is connected with the
sub-pixels of the 3k—17” columns of the odd numbered rows of
sub-pixels, and the sub-pixels of the 3k-2" and the 3k™
columns of the even numbered rows of sub-pixels in the
sub-pixel matrix, wherein k is an integer greater than or equal
to 1 and less than or equal to 4m/3. FIG. 12 is only a partial
schematic diagram of the pixel matrix showing 6 scan lines
and 8 data lines, however the scope of the present embodi-
ment is not limited thereto.

The implementation of a frame of picture includes the
following process.

When G1 is turned on, the sub-pixel data for the 1* and 2™
rows are written into corresponding sub-pixels through
respective data lines. For example, the red sub-pixel data R,
of 1 row, 1* column are output over S1, the red sub-pixel
dataR, ; of 2" row, 1 column are output over S2, . . . , the
green sub-pixel data G, ,, of 1 row, m™ column are output
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over S(8m/3-1), and the green sub-pixel data G, ,, of 2" row,
m™ column are output over S(8m/3).

When G2 is turned on, the sub-pixel data for the 17" and 2"/
rows are written into corresponding sub-pixels through
respective data lines. For example, the green sub-pixel data
Gy, of 2" row, 1% column are output over S1, the green
sub-pixel data G, of 1" row, 1¥* column are output over
S2,...,the blue sub-pixel data B, , of 274 row, m? column
are output over S(8m/0.3-1), and the blue sub-pixel data B, ,,
of 1* row, m™ column are output over S(8m/3).

When G3 is turned on, the sub-pixel data for the 17 and 2"/
rows are written into corresponding sub-pixels through
respective data lines. For example, the blue sub-pixel data
B, ; of 1" row, 1* column are output over S1, the blue sub-
pixel data B, of 2" row, 1 column are output over
S2,. .., the white sub-pixel data W, ,, of 1* row, m” column
are output over S(8m/3-1), and the white sub-pixel data W, ,,
of 27 row, m™ column are output over S(8m/3).

When G(1.5n-2) is turned on, the sub-pixel data for the
n-1? and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the red sub-pixel
dataR, | , ofn-1"row, I* column are output over S1, the red
sub-pixel data R, ; of n” row, 1 column are output aver
S2, ..., the green sub-pixel data G,_, , of n-1? row, m”
column are output over S(8m/3-1), and the green sub-pixel
data G,, ,, of n”” row, m” column are output over S(8m/3).

When G(1.5n-1) is turned on, the sub-pixel data for the
n-1? and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the green sub-
pixel data G, ; of n” row, 1" column are output over S1, the
greensub-pixeldata G, , , ofn— 1% row, 1°* column are output
over 82, . . ., the blue sub-pixel data B, ,, of n” row, m”
column are output over S(8m/3-1), and the blue sub-pixel
data B, , ,of n-1% row, m™ column are output over S(8m/3).

When G(1.5n) is turned on, the sub-pixel data for the n—1"
and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the blue sub-pixel
data B, ; of n-1” row, 1* column are output over SI, the
blue sub-pixel data B, | of n* row, 1 column are output over
82, ..., the white sub-pixel data W,,_, ,, of n-17 row, m”
column are output over S(8m/3-1), and the white sub-pixel
data W, ,, of n” row, m” column are output over S(8m/3).

It is assumed that the frame frequency is 60 Hz, charging
time for each pixel unit of the dual-gate driven liquid crystal
display device is 1/(60*2n)s, and charging time for each pixel
unit of the triple-gate driven liquid crystal display device is
1/(60*3n)s. While in this example, the charging time for each
pixel unit of the liquid crystal display device is 1/(60%*1.5n)s.

The polarity inversion diagramis illustrated in FIGS. 7t0 9.
Here, although FIGS. 7to 9 show a polarity inversion diagram
for three primary colors, and embodiment [V represents a
polarity inversion diagram for four primary colors. However,
after removing sub-pixel labels, the polarity inversion dia-
gram of embodiment 11 is the same with embodiment IV.

In order to realize the dot inversion for the entire picture, in
the same frame of picture, pixels on a same data line have a
same polarity, pixels on the 4g—3” and the 4g—2 data lines
have opposite polarities to each other, pixels on the 4g-17 and
the 4g” data lines have opposite polarities to each other,
pixels on the 4g—3", 4g-2, 4g-1% and 4g” data lines have
polarities of “positive, negative, negative, positive” (“+--+"
or “negative, positive, positive, negative” (“~++-"), wherein
g is an integer greater than or equal to 1 and less than or equal
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to 2m/3. For different frames of pictures, pixels on the same
data lines have opposite polarities.

Embodiment V

As illustrated in FIG. 13, in this embodiment, taking a
liquid crystal display of five primary colors RGBWY and
with aresolution n*m as an example, that is, m equalsto 5, the
RGBWY sub-pixels of a same pixel are arranged horizon-
tally. There are totally 1.5n scan lines and 10m/3 data lines.

For the sub-pixels of the i” and the i+1% rows, the 3j+1”
column of sub-pixels are connected with the (3i-1)/2% scan
line G ((3i-1)/2), the 3j+2” column of sub-pixels are con-
nected with the (3i+1)/2” scan line G ((3i+1)/2), and the
3j+3™ column of sub-pixels are connected with the (3i+3)/2”
scan line G ((3i+3)/2); wherein i is an odd number greater
than or equal to 1 and less than or equal to n-1, and j is an
integer greater than or equal to 0 and less than or equal to
(5m/3)-1. At the same time, the 2k-17 data line S(2k-1) is
connected with the sub-pixels of the 3k-2", 3k-1? and 3k*
columns of the odd numbered rows of sub-pixels in the sub-
pixel matrix; the 2k” data line S(2k) is connected with the
sub-pixels of the 3k-2", 3k-1? and 3k” columns of the even
numbered rows of sub-pixels in the sub-pixel matrix, wherein
kis an integer greater than or equal to 1 and less than or equal
to Sm/3. FIG. 13 is only a partial schematic diagram of the
pixel matrix showing 6 scan lines and 10 data lines, however
the scope of the present embodiment is not limited thereto.

The implementation of a frame of picture includes the
following process.

When G1 is turned on, the sub-pixel data for the 1% and 2"
rows are written into corresponding sub-pixels through
respective data lines. For example, thered sub-pixel data R, |
of 1°* row, 1* column are output over S1, the red sub-pixel
data R, ; of 2% row, 1 column are output overS2, ..., the
blue sub -pixel data B, , of 1*row, m™ column are output over
S(10m/3-1), and the blue sub-pixel data B, ,, of 2" row, m”
column are output over S(10m/3).

When G2 is turned on, the sub-pixel data for the 1% and 2”7
rows are written into corresponding sub-pixels through
respective data lines. For example, the green sub-pixel data

G, , of I row, 1*" column are output over S1, the green
sub pixel data G, , of 2" row, 1° column are output over

., the white sub-pixel data W, ,, of 1*row, m” column
are output over S(lOn1/3 1), and the white sub-pixel data
W, ,, of 2% row, m™ column are output over S(10m/3).

When G3 is turned on, the sub-pixel data for the 17 and 2
rows are written into corresponding sub-pixels through
respective data lines. For example, the blue sub-pixel data

B, ; of 1" row, 1* column are output over S1, the blue sub-
pixel data B, of 2" yow, 1 column are output over

., the yellow sub-pixel dataY, ,, of 1" row, m” column
are output over S(10m/3-1), and the yellow sub-pixel data
Y, of 2" row, m™ column are output over $(10m/3).

When G(1.5n-2) is turned on, the sub-pixel data for the
n-1? and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the red sub-pixel
dataR,_; , ofn-1”row, l” column are output over S1, thered
sub- pixel data R, | of n” row, 1 column are output over
S2, ..., the blue sub-pixel data B,..,, of n-1” row, m”
column are output over S(10n1/3 1), and the blue sub-pixel
data B, , of 0 row, m” column are output over S(10m/3).

When G(l 5n-1) is turned on, the sub-pixel data for the

n-1? and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the green sub-
pixel data G, _, | of n-1? row, 1" column are output over S1,
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the green sub-pixel data G,, ; of n” row, 1" column are output
overS2, ..., thewhite sub-pixel data W, , ., of n-1"”row, m”
column are output over S(lOm/3 1), and the white sub-pixel
data W, of n row, m” column are output over S(10m/3).

When G(l 5n) is turned on, the sub-pixel data for the n-1"
and n” rows are written into corresponding sub-pixels
through respective datalines. For example, the blue sub-pixel
dataB,_, ; of n-1 " row, 15 collunn are output over S1, the
blue sub- pixel dataB, , of n*” row, 1% column are output over
S2, ..., the yellow sub pixel data Y,,., ,, of n-1” row, m”
column are outputover S(10m/3-1), and the yellow sub-pixel
data, , of n” row, m” column are output over S(10m/3).

It is assumed that the frame frequency is 60 Hz, charging
time for each pixel unit of the dual-gate driven liquid crystal
display device is 1/(60*2n)s, and charging time for each pixel
unit of the triple-gate driven liquid crystal display device is
1/(60*3n)s. While in this example, the charging time for each
pixel unit of the liquid crystal display device is 1/(60%*1.5n)s.

In order to decrease twinkling, as illustrated in FIG. 14, the
inversion mode for the entire picture is dot inversion. Asto the
liquid crystal display panel as illustrated in FI1G. 13, if dot
inversion is adopted, the data line needs to be inversed for
several times for displaying one frame of picture, as illus-
trated in FIGS. 15 and 16. The “+” and “~” labeled on pixels
denote polarities of the pixels. When G1 is turned on, in order
to charge the red sub-pixel of 1* row, 1* column in the pixel
group, the polarity on S1 is positive. When G2 is turned on, in
order to charge the green sub-pixel of 1%row, 1% column in the
pixel group, the polarity on S1 is negative. When G3 is turned
on, in order to charge the blue sub-pixel of 1 row, 1% column
in the pixel group, the polarity on S1 is positive. Frequent
polarity inversion on the data lines consumes a large amount
of energy and the consumed energy is converted into heat to
heat the driving circuits, which is disadvantageous for the life
of liquid crystal display. The following embodiment VI can
solve this problem.

Embodiment VI

As illustrated in FIG. 17, in this embodiment, taking a
liquid crystal display of five primary colors RGBWY and
with aresolution n*m as an example, that is, m equals to 5, the
RGBWY sub-pixels of a same pixel are arranged horizon-
tally. There are totally 1.5n scan lines and 10m/3 data lines.

For the sub-pixels of the i” and the i+1” rows, the 3j+1”
column of sub-pixels are connected with the (3i-1)/2" scan
line G ((3i-1)/2), the 3j+2” column of sub-pixels are con-
nected with the (3i+1)/2% scan line G ((3i+1)/2), and the
3j+3” column of sub-pixels are connected with the (3i+3 /2
scan line G ((3i+3)/2); wherein i is an odd number greater
than or equal to 1 and less than or equal to n-1, and j is an
integer greater than or equal to 0 and less than or equal to
(5m/3)-1. At the same time, the 2k—1” data line S(2k-1) is
connected with the sub-pixels of the 3k—2" and 3k™ columns
of the odd numbered rows of sub-pixels and the sub-pixels of
the 3k-1? column of the even numbered rows of sub-pixels in
the sub-pixel matrix; the 2k™ dataline S(2k) is connected with
the sub-pixels of the 3k-1% columns of the odd numbered
rows of sub-pixels, and the sub-pixels of the 3k—2% and the
3k” columns of the even numbered rows of sub-pixels in the
sub-pixel matrix, wherein k is an integer greater than or equal
to 1 and less than or equal to 5m/3. FIG. 17 is only a partial
schematic diagram of the pixel matrix showing 6 scan lines
and 10 data lines, however the scope of the present embodi-
ment is not limited thereto.

The implementation of a frame of picture includes the
following process.



US 9,293,092 B2

17

When G1 is turned on, the sub-pixel data for the 1 and 277
rows are written into corresponding sub-pixels through
respective data lines. For example, the red sub-pixel data R,
of 1 row, 1* column are output over S1, the red sub-pixel
data R, , of 2"“row, 1* column are output overS2,...,the
blue sub- -pixel dataG, ,, of 1" row, m" % column are output over
S(10m/3-1), and the blue sub-pixel data B ,, of 2" row, m™
column are output over S(10m/3).

When G2 is turned on, the sub-pixel data for the 1% and 2"
rows are written into corresponding sub-pixels through
respective data lines. For example, the green sub-pixel data
G, of 2 row, 1¥ column are output over S1, the green
sub-pixel data G, ; of 1" row, 1" column are output over
S2. ..., the white sub- -pixel data W, of 2" row, m” column
are output over S(10m/3 1), and the white sub-pixel data
W, ,, of 1°* row, m™ column are output over S(10m/3).

When G3 is turned on, the sub-pixel data for the 1% and 2"
rows are written into corresponding sub-pixels through
respective data lines. For example, the blue sub-pixel data

1,1 of 1" row, 1% column are output over S1, the blue sub-

plxel data B, of 2" row, 1% column are output over

., the yellow sub-pixel data Y, ,, of 1*" row, m” % column

are output over S(10m/3-1), and the yellow sub-pixel data
Y, of 274 row, m” column are output over S(10m/3).

When G(1.5n-2) is turned on, the sub-pixel data for the
n-1% and n” rows are written into corresponding sub-pixels
through respective data lines. For example, the red sub-pixel
dataR,_, ; ofn-1" row, 1" column are output over S1, thered
sub-pixel data R, , of n™ row, 1 column are output over
S2, . .., the blue sub-pixel data B, , ,, of n-1” row, m”
column are output over S(10m/3 1), and the blue sub-pixel
data B, ,, of n row, m™ column are output over S(10m/3).

When G(l 5n-1) is turned on, the sub-pixel data for the

n-1% and n™ rows are written into corresponding sub-pixels
through respective data lines. For example, the green sub-
pixel data G, ; of n” row, 1** column are output over S1, the
green sub-pixel dataG,, , ; ofn- 17 row, 1 column are output
over S2, . . ., the white sub-pixel data W, ,, of n” row, m”
column are output over S(10m/3-1), and the white sub-pixel
dataW, , , of n-1? row, m” column are output over S(10m/
3).

When G(1.5n) is turned on, the sub-pixel data for the n-1#
and n” rows are written into corresponding sub-pixels
through respective datalines. For example, the blue sub-pixel
data B, , , of n-1 " row, 1 column are output over S1, the
blue sub-plxel dataB, | of n” row, 1* column are output over
S2,...,theyellow sub-pixel data of n—1% row, m* column are
output over S(lOm/3 1), and the yellow sub-pixel data Y,
of n” row, m™ column are output over S(10m/3).

It is assumed that the frame frequency is 60 Hz, charging
time for each pixel unit of the dual-gate driven liquid crystal
display device is 1/(60*2n)s, and charging time for each pixel
unit of the triple-gate driven liquid crystal display device is
1/(60*3n)s. While in this example, the charging time for each
pixel unit of the liquid crystal display device is 1/(60%*1.5n)s.

Asillustrated in FIGS. 18 and 19, in order to realize the dot
inversion for the entire picture, in the same frame of picture,
pixels on a same data line have a same polarity, pixels on the
4g-3" and the 4g-2" data lines have apposite polarities to
each other, pixels on the 4g-17 and the 4g™ data lines have
opposite polarities to each other, pixels on the 4g—3%, 452"
4g-1" and 4g™ data lines have polarities of “positive, nega-
tive, negative, positive” (“+-—+") or “negative, positive, posi-
tive, negative” (“—++-"), wherein g is an integer greater than
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or equal to 1 and less than or equal to 5m/6. For different
frames of pictures, pixels on the same data lines have opposite
polarities.

Display panels of the embodiments of the present invention
may also be applicable to other types of displays, such as
organic luminescence display (OLED), including, but not
limited to, a display panel, a source driver and a gate driver;
the display panel is the display panel described in any of the
above-mentioned embodiments; the source driver is con-
nected with the data lines for providing data signals to the
display panel; the gate driver is connected with the scan lines
for providing scanning signal to the display panel.

The above is only exemplary implementations of the
present invention, rather than for limiting protection scope of
the present invention, which is defined by the appended
claims.

The invention claimed is:

1. A display panel comprising:

a plurality of data lines;

a plurality of scan lines;

a plurality of sub-pixels arranged in matrix;

wherein, three scan lines are disposed between every two
rows of sub-pixels, and one column of data line is dis-
posed for every one column or between two columns of
sub-pixels;

a first scan line in every 3 adjacent scan lines is connected
with a first color of sub-pixel in every 3 adjacent sub-
pixels in an odd numbered row and an even numbered
row of sub-pixels neighboring the first scan line;

a second scan line in the every 3 adjacent scan lines is
connected with a second color of sub-pixel in every 3
adjacent sub-pixels in the odd numbered row and the
even numbered row of sub-pixels neighboring the sec-
ond scan line; and

a third scan line in the every 3 adjacent scan lines is con-
nected with a third color of sub-pixel in every 3 adjacent
sub-pixels in the odd numbered row and the even num-
bered row of su-pixels neighboring the third scan line.

2. The display panel of claim 1, wherein

one data line is disposed on each of the left and right sides
of the first column of sub-pixels in 3 adjacent columns of
sub-pixels.

3. The display panel of claim 1, wherein

a number of the data lines is less than or equal to %5 of a
number of sub-pixels in row direction; and

a number of the scan lines is greater than or equal to 3/2 of
a number of sub-pixels in column direction.

4. The display panel of claim 1, wherein

the first scan line in every 3 adjacent scan lines is connected
with a first sub-pixel inevery 3 adjacent sub-pixelsinthe
odd numbered row and the even numbered row of sub-
pixels neighboring the first scan line;

the second scan line in the every 3 adjacent scan lines is
connected with a second sub-pixel in every 3 adjacent
sub-pixels in the odd numbered row and the even num-
bered row of sub-pixels neighboring the second scan
line; and

the third scan line in the every 3 adjacent scan lines is
connected with a third sub-pixel in every 3 adjacent
sub-pixels in the odd numbered row and the even num-
bered row of sub-pixels neighboring the third scan line.

5. The display panel of claim 4, wherein

an odd numbered column of data lines is connected with
every 3 adjacent sub-pixels in an odd numbered row of
sub-pixels; and
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an even numbered column of data lines is connected with
every 3 adjacent sub-pixels in an even numbered row of
sub-pixels.
6. The display panel of claim 5, wherein the odd numbered
column of data lines being connected with the every 3 adja-
cent sub-pixels in the odd numbered row of sub-pixels and the
even numbered column of data lines being connected with the
every 3 adjacent sub-pixels in the even numbered row of
sub-pixels comprises:
the 2k-17 data line S(2k-1) is connected with sub-pixels
of the 3k-27, 3k-1? and 3k? columns of the odd num-
bered row of sub-pixels in the sub-pixel matrix; and

the 2k data line S(2k) is connected with sub-pixels of the
3k-2% 3k-1% and 3k” columns of the even numbered
rows of sub-pixels in the sub-pixel matrix,

wherein k is an integer greater than or equal to 1 and less

than or equal to M*m/3.

7. The display panel of claim 5, further comprising a timing
control circuit;

in a frame of picture, when the timing control circuit con-

trols the 1* scan line in every 3 adjacent scan lines to turn
on, an odd numbered column of data lines writes data
into the 1**sub-pixel in the every 3 adjacent sub-pixelsin
an odd numbered row of sub-pixels connected with the
1¥* scan line, an even numbered column of data lines
writes data into the 1 sub-pixel in the every 3 adjacent
sub-pixels in an even numbered row of sub-pixels con-
nected with the 1°* scan line;

when the timing control circuit controls the 27 scan line in

the every 3 adjacent scan lines to turn on, the odd num-
bered column of data lines writes data into the 27 sub-
pixel in the every 3 adjacent sub-pixels in the odd num-
bered row of sub-pixels connected with the 2nd scan
line, the even numbered column of data lines writes data
into the 27 sub-pixel in the every 3 adjacent sub-pixels
in the even numbered row of sub-pixels connected with
the 2”4 scan line; and

when the timing control circuit controls the 3™ scan line in

every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 3" sub-pixel in
the every 3 adjacent sub-pixels in the odd numbered row
of sub-pixels connected with the 3’ scan line, the even
numbered column of data lines writes data into the 3™
sub-pixel in the every 3 adjacent sub-pixels in the even
numbered row of sub-pixels connected with the 3" scan
line.

8. The display panel of claim 4, wherein

an odd numbered column of data lines is connected with a

first and a third sub-pixels in every 3 adjacent sub-pixels
in an odd numbered row of sub-pixels and a second
sub-pixel in every 3 adjacent sub-pixels in an even num-
bered row of sub-pixels; and

an even numbered column of data fines is connected with a

first and a third sub-pixels in the every 3 adjacent sub-
pixels in the even numbered row of sub-pixels and a
second sub-pixel in the every 3 adjacent sub-pixels in the
odd numbered row of sub-pixels.

9. The display panel of claim 8, wherein

the 2k-1” data line S(2k-1) is connected with the sub-

pixels of the 3k—2" and 3k” columns of the odd num-
bered rows of sub-pixels and the sub-pixels of the 3k-17
column of the even numbered row of sub-pixels in the
sub-pixel matrix; and

the 2k data line S(2k) is connected with the sub-pixels of

the 3k-1" column of the odd numbered rows of sub-
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pixels, and the sub-pixels of the 3k-2” and the 3k™
columns of the even numbered rows of sub-pixels in the
sub-pixel matrix,

wherein k is an integer greater than or equal to 1 and less
than or equal to M*m/3.

10. The display panel of claim 8, wherein

in the same frame of picture, pixels on a same data line have
a same polarity, pixels on the 4g-3" and the 4g-2" data
lines have opposite polarities to each other, pixels on the
4g-1" and the 4g™ data lines have opposite polarities to
each other, pixels on the 4g-3", 4g-2", 4g—1" and 4g”
data lines have polarities of “positive, negative, negative,
positive” or “negative, positive, positive, negative”, and
wherein g is an integer greater than or equal to 1 and less
than or equal to M*m/6, and

ina current frame of picture and a next frame picture, pixels
on the same data lines have opposite polarities.

11. The display panel of claim 8, further comprising a

timing control circuit;

in a frame of picture, when the timing control circuit con-
trols the 1% scan line in every 3 adjacent scan lines to turn
on, an odd numbered column of data lines writes data
into the 1** sub-pixel in the every 3 adjacent sub-pixels in
an odd numbered row of sub-pixels connected with the
1°* scan line, an even numbered column of data lines
writes data into the 1% sub-pixel in the every 3 adjacent
sub-pixels in an even numbered row of sub-pixels con-
nected with the 1° scan line;

when the timing control circuit controls the 2" scan line in
the every 3 adjacent scan lines to turn on, the odd num-
bered column of data lines writes data into the 2™ sub-
pixel in the every 3 adjacent sub-pixels in the odd num-
bered row of sub-pixels connected with the 2" scan line,
the even numbered column of data lines writes data into
the 2”7 sub-pixel in the every 3 adjacent sub-pixels in the
even numbered row of sub-pixels connected with the
2nd scan line; and

when the timing control circuit controls the 3™ scan line in
every 3 adjacent scan lines to turn on, the odd numbered
column of data lines writes data into the 3" sub-pixel in
the every 3 adjacent sub-pixels in the odd numbered row
of sub-pixels connected with the 3™ scan line, the even
numbered column of data lines writes data into the 3™
sub-pixel in the every 3 adjacent sub-pixels in the even
numbered row of sub-pixels connected with the 3’7 scan
line.

12. The display panel of claim 4, wherein

agroup of n rows and m columns of sub-pixels corresponds
to n rows and M*m columns of sub-pixel in matrix;

for sub-pixels of the i” and the i+Ith rows, the 3j+1th
column of sub-pixels are connected with the (3i-1)/2"
scan line G ((3i-1)/2), the 3j+2™ column of sub-pixels
are connected with a (3i+1)/2” scan line G ((3i+1)/2)
and the 3j+3” column of sub-pixels are connected with
the (3i+3)/27 scan line G ((3i+3)/2);

wherein n is an even number, i is an odd number greater
than or equal to 1 and less than or equal to n-1, j is an
integer greater than or equal to 0 and less than or equal to
(M*m/3)-1, and M equals to the number of primary
colors of the display panel.

13. The display panel of claim 12, wherein

the display panel uses three primary colors of red, green
and blue, four primary colors of red, green, blue and
white, four primary odors of red, green, blue and yellow,
or five primary colors of red, green, blue, yellow and
white; and

M equals to 3, 4 or 5.
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14. The display panel of claim 1, wherein in the display
panel, an inversion mode for the sub-pixels is dot inversion.

15. A display comprising:

the display panel of claim 1;

a source driver; 5

a gate driver;

wherein the source driver is connected with the data lines
for providing data signals to the display panel; and the
gate driver is connected with the scan lines for providing
scanning signals to the display panel. 10
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