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An exemplary liquid crystal display device includes pixel
units. Each pixel unit includes a first sub pixel unit and a
second sub pixel unit. The first sub pixel unit is associated
with one of three primary colors, and the second sub pixel unit
is associated with one of three complementary colors of the

three primary colors. An exemplary method for driving the
(22) Filed: Aug, 26,2008 liquid crystal display device is also provided.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING SAME

FIELD OF THE INVENTION

[0001] The present disclosure relates to a liquid crystal
display (LCD) device and a method for driving the LCD
device.

BACKGROUND

[0002] LCD devices are commonly used as displays for
compact electronic apparatuses, because they provide good
quality images with little power consumption and are very
thin. The LCD device includes a liquid crystal panel having a
thin film transistor (TFT) substrate, a color filter substrate,
and a liquid crystal layer interposed between the two sub-
strates. Since the liquid crystal material in the LCD device
does not emit light, a backlight module for supplying light
should be disposed adjacent to a rear surface of the liquid
crystal panel. Transmittance of the light emitted from the
backlight module is adjusted according to an arrangement
state of liquid crystal molecules controlled by an electric
field. Thus, the LCD device can display images such as texts
and pictures.

[0003] Usually, display characteristics of the LCD device
are defined by viewing angle, capability of displaying a mov-
ing image, color reproducibility, etc. The LCD device con-
ventionally uses three primary colors of red, green, and blue
1o display color images. However, when only three primary
colors of red, green, and blue are used to display the images,
there are drawbacks in that color expression for complemen-
tary colors of the three primary colors and color reproducibil-
ity are limited.

[0004] Therefore, an improved LCD device is desired to
overcome the above-described deficiencies.

SUMMARY

[0005] An aspect of the invention relates to an LCD device
including a plurality of pixel units. Each pixel unit includes a
first sub pixel unit and a second sub pixel unit. The first sub
pixel unit is associated with one of three primary colors, and
the second sub pixel unit is associated with one of three
complementary colors of the three primary colors.

[0006] Other novel features and advantages will become
more apparent from the following detailed description and
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The components in the drawings are not necessarily
drawn to scale, the emphasis instead placed upon clearly
illustrating the principles of at least one embodiment. In the
drawings, like reference numerals designate corresponding
parts throughout the various views.

[0008] FIG.1isablock diagram ofa first embodiment of an
LCD device, the LCD device including a plurality of pixel
units.

[0009] FIG. 2 is an enlarged block diagram of one embodi-
ment of a pixel unit of FIG. 1.

[0010] FIG. 3 is a block diagram of a second embodiment
of an LCD device, the LCD device including a plurality of
pixel units.
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[0011] FIG. 4 is an enlarged block diagram of one embodi-
ment of a pixel unit of FIG. 3.

DETAILED DESCRIPTION

[0012] Reference will now be made to the drawings to
describe the embodiments in detail.

[0013] Referring to FIG. 1, a first embodiment of an LCD
device 1 includes a TFT substrate 10, a gate driving circuit 11,
adata driving circuit 12, and a plurality of pixel units 101. The
TFT substrate 10 includes a plurality of first gate lines 111, a
plurality of second gate lines 112, and a plurality of data lines
121. The first gate lines 111 and the second gate lines 112 are
connected to the gate driving circuit 11, and are arranged
alternately and parallel to each other. The gate driving circuit
11 provides gate signals to the first gate lines 111 and the
second gate lines 112. The data lines 121 are connected to the
data driving circuit 12, and are perpendicular to the first and
second gate lines 111, 112. The data driving circuit 12 pro-
vides data signals to the data lines 121.

[0014] The LCD device 1 further includes a color filter
substrate (not shown) opposite to the TFT substrate 10, and a
liquid crystal layer (not shown) interposed between the two
substrates. The color filter substrate includes a color filter.
The color filter includes a plurality of three primary color
filter units of red, green, and blue, and a plurality of three
complementary color filter units of magenta, yellow, and
cyan. [t may be understood that the colors of the three comple-
mentary color filter units are not limited to magenta, yellow,
and cyan. In an alternative embodiment, the color filter can be
disposed on the TFT substrate 10. It may be understood that
the three primary colors and the three complementary colors
correspond to various color wavelengths in the visible light
spectrum.

[0015] Referring also to FIG. 2, one of the pixel units 101
includes a first sub pixel unit 102 and a second sub pixel unit
103. The first sub pixel unit 102 corresponds to one of the
three primary color filter units of red, green, and blue or one
of the three complementary color filter units of magenta,
yellow, and cyan. The second sub pixel unit 103 corresponds
to one of the three complementary color filter units of
magenta, yellow, and cyan or one of the three primary color
filter units of red, green, and blue. In the illustrated embodi-
ment, the first sub pixel unit 102 corresponds to a red color
filter unit, and the second sub pixel unit 103 corresponds to a
magenta color filter unit. Adjacent pixel units 101 correspond
to a different primary color filter unit and a complementary
color filter unit. The first sub pixel unit 102 includes a first
pixel electrode 104 and a first TFT 106. The first TFT 106
includes a gate electrode 1061, a source electrode 1062, and
a drain electrode 1063. The gate electrode 1061 is connected
to a corresponding first gate line 111, the source electrode
1062 is connected to a corresponding data line 121, and the
drain electrode 1063 is connected to the first pixel electrode
104. The second sub pixel unit 103 includes a second pixel
electrode 105 and a second TFT 107. The second TFT 107
includes a gate electrode 1071, a source electrode 1072, and
a drain electrode 1073. The gate electrode 1071 is connected
to a corresponding second gate line 112, the source electrode
1072 is connected to the data line 121 the source electrode
1062 of the first TFT 106 is connected to, and the drain
electrode 1073 is connected to the second pixel electrode 105.
[0016] When the LCD device 1 displays images, the gate
driving circuit 11 provides gate-on signals to the first and
second gate lines 111, 112, and the data driving circuit 12
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provides data signals to the data lines 121. The images cor-
respond to displaying various frames n on a display of the
LCD device. It maybe understood that n is a natural number.
In frame n-1, where n=2, the first gate line 111 is turned on
and the data driving circuit 12 provides image data signals to
the first sub pixel units 102. When the second gate line 112 is
turned on, the data driving circuit 12 provides monochro-
matic data signals to the second sub pixel units 103, whete the
monochromatic data signals maybe black or gray data sig-
nals. In frame n, when the first gate line 111 is turned on, the
data driving circuit 12 provides monochromatic data signals
10 the first sub pixel units 102. When the second gate line 112
is turned on, the data driving circuit 12 provides image data
signals to the second sub pixel units 103. In frame n+1, the
situation in frame n-1 is repeated. In frame n+2, the situation
in frame n is repeated. Thus, frame n—1 and frame n define a
minimum period. In frame n+1 and the following frames, the
same sequence and situation of the minimum period are
repeated, and the first sub pixel units 102 and the second sub
pixel units 103 respectively display the corresponding image
data signals and the monochromatic data signals alternately
in every two adjacent frames.

[0017] The data driving circuit 12 provides image data sig-
nals at an updating frequency of 120 Hz, and provides same
image data signals to the first sub pixel units 102 and the
second sub pixel units 103 for every two adjacent frames.
[0018] Because the LCD device 1 uses the first sub pixel
units 102 corresponding to the three primary color filter units
of red, green, and blue, and the second sub pixel units 103
corresponding to the three complementary color filter units of
magenta, yellow, and cyan to display color images, or vice
versa, more of a variety of colors can be displayed as com-
pared with only using the conventional colors red, green, and
blue. Thus, color expression and color reproducibility of the
LCD device 1 are improved. Furthermore, the LCD device 1
uses the first sub pixel units 102 and the second sub pixel units
103 respectively to display the corresponding image data
signals and the monochromatic data signals alternately in
every two adjacent frames. This driving method reduces a
holding time of the image data signals. Thus, flickering phe-
nomenon and after or residual image phenomenon when dis-
playing a moving image can be reduced or substantially
eliminated.

[0019] Referring to FIG. 3, a second embodiment of an
LCD device 2 includes a TFT substrate 20, a gate driving
circuit 21, a data driving circuit 22, and a plurality of pixel
units 201. The TFT substrate 20 includes a plurality of gate
lines 211, a plurality of first data lines 221, and a plurality of
second data lines 222. The first data lines 221 and the second
data lines 222 are connected to the data driving circuit 22, and
are arranged alternately and parallel to each other. The data
driving circuit 22 provides data signals to the first data lines
221 and the second data lines 222. The gate lines 211 are
connected to the gate driving circuit 21, and are perpendicular
1o the first and second data lines 221, 222. The gate driving
circuit 21 provides gate signals to the gate lines 211.

[0020] The LCD device 2 further includes a color filter
substrate (not shown) opposite to the TFT substrate 20, and a
liquid crystal layer (not shown) interposed between the two
substrates. The color filter substrate includes a color filter.
The color filter includes a plurality of three primary color
filter units of red, green, and blue, and a plurality of three
complementary color filter units of magenta, yellow, and
cyan. It may be understood that the colors of the three comple-
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mentary color filter units are not limited to magenta, yellow,
and cyan. In an alternative embodiment, the color filter can be
disposed on the TFT substrate 10.

[0021] Referring also to FIG. 4, one of the pixel units 201
includes a first sub pixel unit 202 and a second sub pixel unit
203. The first sub pixel unit 202 corresponds to one of the
three primary color filter units of red, green, and blue or one
of the three complementary color filter units of magenta,
yellow, and cyan, and the second sub pixel unit 203 corre-
sponds to one of the three complementary color filter units of
magenta, yellow, and cyan or one of the three primary color
filter units of red, green, and blue. In the illustrated embodi-
ment, the first sub pixel unit 202 corresponds to a red color
filter unit, and the second sub pixel unit 203 corresponds to a
magenta color filter unit. Adjacent pixel units 201 correspond
to different primary color filter unit and complementary color
filter unit. The first sub pixel unit 202 includes a first pixel
electrode 204 and a first TFT 206. The first TFT 206 includes
a gate electrode 2061, a source electrode 2062, and a drain
electrode 2063. The gate electrode 2061 is connected to a
corresponding gate line 211, the source electrode 2062 is
connected to a corresponding first data line 221, and the drain
electrode 2063 is connected to the first pixel electrode 204.
The second sub pixel unit 203 includes a second pixel elec-
trode 205 and a second TFT 207. The second TFT 207
includes a gate electrode 2071, a source electrode 2072, and
a drain electrode 2073. The gate electrode 2071 is connected
to the gate line 211 the gate electrode 2061 of the first TFT
206 is connected to, the source electrode 2072 is connected to
a corresponding second data line 222, and the drain electrode
2073 is connected to the second pixel electrode 205.

[0022] When the LCD device 2 displays images, in frame
n-1 (nz2), the gate driving circuit 21 provides gate-on sig-
nals to the gate lines 211, and the data driving circuit 22
provides image data signals to the first data lines 221 and
monochromatic data signals to the second data lines 222. The
monochromatic data signals maybe black or gray data sig-
nals. Thus, the first sub pixel units 202 display image data
signals, and the second sub pixel units 203 display monochro-
matic data signals. In frame n, the gate driving circuit 21
provides gate-on signals to the gate lines 211, and the data
driving circuit 22 provides image data signals to the second
data lines 222 and monochromatic data signals to the first data
lines 221. The monochromatic data signals maybe black or
gray data signals. Thus, the first sub pixel units 202 display
monochromatic data signals, and the second sub pixel units
203 display image data signals. In frame n+l, the situation in
frame n-1 is repeated. In frame n+2, the situation in frame n
is repeated. Thus, frame n-1 and frame n define a minimum
period. In frame n+1 and the following frames, the same
sequence and situation of the minimum period are repeated,
and the first sub pixel units 202 and the second sub pixel units
203 respectively display the corresponding image data sig-
nals and the monochromatic data signals alternately in every
two adjacent frames.

[0023] The data driving circuit 22 provides image data sig-
nals at an updating frequency of 120 Hz, and provides same
image data signals to the first sub pixel units 202 and the
second sub pixel units 203 in every two adjacent frames.
[0024] Because the LCD device 2 uses the first sub pixel
units 202 corresponding to the three primary color filter units
of red, green, and blue, and the second sub pixel units 203
corresponding to the three complementary color filter units of
magenta, yellow, and cyan to display color images, or vice
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versa, more of a variety of colors can be displayed as com-
pared with only using the conventional colors red, green, and
blue. Thus, color expression and color reproducibility of the
LCD device 2 are improved. Furthermore, the LCD device 2
uses the first sub pixel units 202 and the second sub pixel units
203 respectively to display the corresponding image data
signals and the monochromatic data signals alternately in
every two adjacent frames, this driving method reduces a
holding time of the image data signals. Thus, flickering phe-
nomenon and after or residual image phenomenon when dis-
playing a moving image can be reduced or substantially
eliminated.

[0025] Tt is to be understood that even though numerous
characteristics and advantages of the present embodiments
have been set forth in the foregoing description with details of
the structures and functions of the embodiments, the disclo-
sureis illustrative only, and changes made in detail, especially
in matters of shape, size, and arrangement of parts, within the
principles of the embodiments, to the full extent indicated by
the broad general meaning of the terms in which the appended
claims are expressed.

What is claimed is:

1. A liquid crystal display device, comprising:

a plurality of pixel units;

wherein each pixel unit comprises a first sub pixel unit and

asecond sub pixel unit, the first sub pixel unit associated
with one of three primary colors, and the second sub
pixel unit associated with one of three complementary
colors of the three primary colors.

2. The liquid crystal display device of claim 1, wherein the
first sub pixel unit is associated with one of three primary
colors of red, green, and blue.

3. The liquid crystal display device of claim 2, wherein the
second sub pixel unit is associated with one of three comple-
mentary colors of magenta, yellow, and cyan.

4. The liquid crystal display device of claim 3, further
comprising a thin film transistor substrate, wherein the thin
film transistor substrate comprises a gate driving circuit and a
data driving circuit, the gate driving circuit configured for
providing gate signals to the pixel units, and the data driving
circuit configured for providing data signals to the pixel units.

5. The liquid crystal display device of claim 4, wherein the
thin film transistor substrate further comprises a plurality of
first gate lines, a plurality of second gate lines, and a plurality
of data lines, the first and second gate lines connected to the
gate driving circuit, and arranged alternately and parallel to
each other, the data lines connected to the data driving circuit,
and perpendicular to the first and second gate lines.

6. The liquid crystal display device of claim 5, wherein the
first sub pixel unit comprises a first pixel electrode and a first
thin film transistor, and the second sub pixel unit comprises a
second pixel electrode and a second thin film transistor, the
first thin film transistor comprising a gate electrode, a source
electrode, and a drain electrode, the gate electrode connected
10 a corresponding first gate line, the source electrode con-
nected to a corresponding data line, and the drain electrode
connected to the first pixel electrode; the second thin film
transistor comprising a gate electrode, a source electrode, and
a drain electrode, the gate electrode connected to a corre-
sponding second gate line, the source electrode connected to
the data line the source electrode of the first thin film transis-
tor is connected to, and the drain electrode connected to the
second pixel electrode.

Mar. 5, 2009

7. The liquid crystal display device of claim 4, wherein the
thin film transistor substrate further comprises a plurality of
gate lines, a plurality of first data lines, and a plurality of
second data lines, the first and second data lines connected to
the data driving circuit, and arranged alternately and parallel
to each other, the gate lines connected to the gate driving
circuit, and perpendicular to the first and second data lines.

8. The liquid crystal display device of claim 7, wherein the
first sub pixel unit comprises a first pixel electrode and a first
thin film transistor, and the second sub pixel unit comprises a
second pixel electrode and a second thin film transistor, the
first thin film transistor comprising a gate electrode, a source
electrode, and a drain electrode, the gate electrode connected
to a corresponding gate line, the source electrode connected
to a corresponding first data line, and the drain electrode
connected to the first pixel electrode; the second thin film
transistor comprising a gate electrode, a source electrode, and
adrain electrode, the gate electrode connected to the gate line
the gate electrode of the first thin film transistor is connected
to, the source electrode connected to a corresponding second
data line, and the drain electrode connected to the second
pixel electrode.

9. A method for driving a liquid crystal display device,
comprising;

(a) providing a plurality of pixel units;

wherein each pixel unit comprises a first sub pixel unit and
a second sub pixel unit, the first sub pixel unit associated
with one of three primary colors, and the second sub
pixel unit associated with one of three complementary
colors of the three primary colors;

(b) displaying monochromatic data signals in a frame n-1
via the second sub pixel units, and displaying corre-
sponding image data signals via the first sub pixel units,
wherein n=2;

(c) displaying monochromatic data signals in a frame n via
the first sub pixel units, and displaying corresponding
image data signals via the second sub pixel units;

repeating (b)-(c) for n+1 and greater frames.

10. The method of claim 9, wherein the first sub pixel unit
1s associated with one of three primary colors of red, green,
and blue.

11. The method of claim 10, wherein the second sub pixel
unit is associated with one of three complementary colors of
magenta, yellow, and cyan.

12. The method of claim 11, wherein the liquid crystal
display device further comprises a thin film transistor sub-
strate, the thin film transistor substrate comprising a gate
driving circuit and a data driving circuit, the gate driving
circuit configured for providing gate signals to the pixel units,
and the data driving circuit configured for providing data
signals to the pixel units.

13. The method of claim 12, wherein the thin film transistor
substrate further comprises a plurality of first gate lines, a
plurality of second gate lines, and a plurality of data lines, the
first and second gate lines connected to the gate driving cir-
cuit, and arranged alternately and parallel to each other, the
data lines connected to the data driving circuit, and perpen-
dicular to the first and second gate lines.

14. The method of claim 13, wherein the gate driving
circuit provides gate-on signals to the first and second gate
lines, and the data driving circuit provides data signals to the
data lines; in frame n-1, when the first gate line is turned on,
the data driving circuit provides image data signals to the first
sub pixel units, and when the second gate line is turned on, the
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data driving circuit provides monochromatic data signals to
the second sub pixel units; in frame n, when the first gate line
1s turned on, the data driving circuit provides monochromatic
data signals to the first sub pixel units, and when the second
gate line is turned on, the data driving circuit provides image
data signals to the second sub pixel units.

15. The method of claim 12, wherein the thin film transistor
substrate further comprises a plurality of gate lines, a plurality
of first data lines, and a plurality of second data lines, the first
and second data lines connected to the data driving circuit,
and arranged alternately and parallel to each other, the gate
lines connected to the gate driving circuit, and perpendicular
to the first and second data lines.
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16. The method of claim 15, wherein in frame n-1, the gate
driving circuit provides gate-on signals to the gate lines, and
the data driving circuit provides image data signals to the first
data lines and monochromatic data signals to the second data
lines; in frame n, the gate driving circuit provides gate-on
signals to the gate lines, and the data driving circuit provides
image data signals to the second data lines and monochro-
matic data signals to the first data lines.

17. The method of claim 9, wherein the monochromatic
data signals are black data signals.

18. The method of claim 9, wherein the monochromatic
data signals are gray data signals.
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