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LIQUID CRYSTAL PANEL WITH IMPROVED
CHROMATICITY AND BRIGHTNESS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Divisional of pending U.S.
patent application Ser. No. 10/921,655, filed Aug. 19, 2004
and entitled “LIQUID CRYSTAL PANEL WITH
IMPROVED CHROMATICITY AND BRIGHTNESS,”
incorporated herein by reference.

BACKGROUND

[0002] The present invention relates in general to a liquid
crystal display (LCD), and more particularly, to a liquid
crystal panel with improved color and brightness.

[0003] Due to the characteristics of thin profile and low
power consumption, liquid crystal displays (LCDs) are
widely employed in electronic products, such as portable
personal computers, digital cameras, projectors, and the like.
Generally, LCD devices are classified into transmissive,
reflective, and transflective types. The transmissive LCD
employs a backlight module as the light source. The reflec-
tive LCD employs the ambient light as the light source. The
transflective LCD employs the backlight module or the
ambient light as the light source.

[0004] FIG.1 illustrates a pixel structure in a conventional
liquid crystal panel and FIG. 2 is a cross-section along line
2-2 line shown in FIG. 1. The pixel structure 101 of the
liquid crystal panel comprises a red sub-pixel 101R, a green
sub-pixel 101G, and a blue sub-pixel 101B. Each sub-pixel
comprises a lower substrate 100, a device layer 104, a liquid
crystal layer 106, a color filter 103, 105, or 107, and an upper
substrate 102. The device layer 104 is disposed on the lower
substrate 100, which may comprise gate lines, data lines,
transistors, passivation layers, and pixel electrodes. In order
to simplify the diagram, only a flat layer is depicted. The
upper substrate 102 is disposed opposite to the lower sub-
strate 100. The color filters 103, 105, and 107 are disposed
on the upper substrate 102 and face the lower substrate 100.
The color filters 103, 105, and 107 respectively correspond
to the red sub-pixel 101R, the green sub-pixel 101G, and the
blue sub-pixel 101B. The liquid crystal layer 106 is disposed
between the device layer 104 and the color filters 103, 105,
and 107.

[0005] In order to meet the high chromaticity requirement
for transmissive or reflective liquid crystal panels, the thick-
ness of the color filter or the concentration of the pigment in
the color filters must be increased. As a result, transmittance
of the transmissive liquid crystal panel or reflectivity of the
reflective liquid crystal panel is reduced, resulting in lower
brightness. Additionally, for the transflective liquid crystal
panel, since the light must pass through the color filter twice
in reflective mode, higher chromaticity is obtained than
transmissive mode. Moreover, brightness of the transflective
liquid crystal panel may be reduced. Brightness of the
transflective liquid crystal panel can be improved by increas-
ing the area of the reflective area therein. It is useless,
however, to reduce chromaticity in reflective mode. That is,
the color balance problem still exists.

[0006] Since liquid crystal display technology has gradu-
ally replaced conventional cathode ray tube (CRT) technol-
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ogy, new pixel structures are required to improve color and
brightness of liquid crystal panels to increase display quality.

SUMMARY

[0007] An embodiment of the invention provides a liquid
crystal panel. The panel comprises a plurality of pixels
arranged in a matrix. Each pixel comprises a red sub-pixel,
a green sub-pixel, a blue sub-pixel, and an auxiliary sub-
pixel with a transflective, transmissive, or reflective area.
The auxiliary sub-pixel comprises a white, yellow, or green
color filter, or a dual-color filter, such as a white/green or
white/yellow color filter. The red, green, and blue sub-pixels
have a transflective, transmissive, or reflective area. The red,
green, blue, and auxiliary sub-pixels are arranged in a strip
or mosaic.

[0008] An embodiment of the invention additionally pro-
vides a liquid crystal display. The display comprises a liquid
crystal panel, a light detector, a contrast calculating device,
a color controlling device, and a liquid crystal panel driver.
The liquid crystal panel comprises a plurality of pixels
arranged in a matrix. Each pixel comprises a red sub-pixel,
a green sub-pixel, a blue sub-pixel, and an auxiliary sub-
pixel with a transflective, transmissive, or reflective area.
The light detector outputs a detection signal after detecting
brightness of ambient light. The contrast calculating device
calculates contrast of the liquid crystal panel according to
the detection signal and outputs a first contrast adjusting
signal. The color controlling device transfers a color image
signal according to the first contrast adjusting signal. The
liquid crystal panel driver receives the transferred color
image signal and outputs a driving signal to drive the liquid
crystal panel. Moreover, the display further comprises a
manual controlling device and a switching device. The
manual controlling device outputs a second contrast adjust-
ing signal. The switching device receives the first and
second contrast adjusting signals and outputs one of the
signals to the color controlling device, thereby transferring
the color image signal. Moreover, the red, green, and blue
sub-pixels have a transflective, transmissive, or reflective
area. Furthermore, the red, green, blue, and auxiliary sub-
pixels are arranged in a strip or mosaic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the invention will become more
fully understood from the detailed description given here-
inbelow and the accompanying drawings, given by way of
illustration only and thus not intended to be limitative of the
invention.

[0010] FIG. 1 is a top view of a pixel structure in a
conventional liquid crystal panel.

[0011] FIG. 2 is a cross-section along line 2-2 shown in
FIG. 1.

[0012] FIG. 3 is a top view of a liquid crystal panel of an
embodiment of the invention.

[0013] FIG. 4A is a top view of a pixel in a transflective
liquid crystal panel of an embodiment of the invention.

[0014] FIG. 4B is atop view of a pixel in a reflective liquid
crystal panel of an embodiment of the invention.

[0015] FIG. 4C is a top view of a pixel in a transmissive
liquid crystal panel of an embodiment of the invention.
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[0016] FIG. 5 is a top view of an auxiliary sub-pixel with
a dual-color filter of an embodiment of the invention.

[0017] FIG. 6A is a top view of a dual-color auxiliary
sub-pixel having a transmissive area of an embodiment of
the invention.

[0018] FIG. 6B is a top view of a dual-color auxiliary
sub-pixel having a reflective area of an embodiment of the
invention.

[0019] FIG. 7 is a top view of a pixel with a mosaic
arrangement in a liquid crystal panel of an embodiment of
the invention.

[0020] FIG. 8 is a block diagram of a liquid crystal display
of an embodiment of the invention.

DETAILED DESCRIPTION

[0021] Referring to FIGS. 3 and 4A, FIG. 3 illustrates a
liquid crystal panel of an embodiment of the invention and
FIG. 4A illustrates a pixel in a transflective liquid crystal
panel of an embodiment of the invention. In FIG. 3, the
liquid crystal panel 200 comprises a plurality of pixels 201
arranged in a matrix. Here, in order to simplify the diagram,
each pixel 201 is depicted as a blank block.

[0022] Next, in FIG. 4A, each pixel 201 comprises a red
sub-pixel 201R, a green sub-pixel 201G, a blue sub-pixel
201B, and an auxiliary sub-pixel 201A. Moreover, sub-
pixels are arranged in a strip.

[0023] In this embodiment, the auxiliary sub-pixel 201A
has a transflective area 206 which comprises a transmissive
area 202 and a reflective area 204. Moreover, for example,
the red, green, and blue sub-pixels 201R, 201G, and 201B
also have the transflective area 206. Each sub-pixel com-
prises a color filter used for displaying different primary
colors. For example, the red, green, and blue sub-pixels
201R, 201G, and 201B comprise a red color filter 203, a
green color filter 205, and a blue color filter 207, respec-
tively. Moreover, the auxiliary sub-pixel 201 A comprises an
auxiliary color filter 209. The transmittance of the auxiliary
color filter 209 must be higher than that of the red or blue
color filter, thereby increasing the brightness of the pixel
201. For example, the auxiliary color filter 209 can be a
white color (achromatic or transparent) filter, a yellow color
filter, or a green color filter.

[0024] FIG. 4B illustrates a pixel in a reflective liquid
crystal panel of an embodiment of the invention, in which
the same reference numbers as FIG. 4A are used in FIG. 4B.
A pixel 201 of the reflective type liquid crystal panel 200
also comprises a red sub-pixel 201R, a green sub-pixel
201G, a blue sub-pixel 201B, and an auxiliary sub-pixel
201A. The sub-pixels are arranged in a strip.

[0025] In FIG. 4B, auxiliary sub-pixel 201A has a trans-
flective area 206 which comprises a transmissive area 202
and a reflective area 204. Moreover, the red, green, and blue
sub-pixels 201R, 201G, and 201B, for example, comprise
reflective area 204. Each sub-pixel comprises a color filter
used for displaying different primary colors. For example,
the red, green, and blue sub-pixels 201R, 201G, and 201B
comprise a red color filter 203, a green color filter 205, and
a blue color filter 207, respectively. The auxiliary sub-pixel
201A comprises an auxiliary color filter 209. The auxiliary
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color filter 209 can be, for example, a white color (achro-
matic or transparent) filter, a yellow color filter, or a green
color filter.

[0026] FIG. 4C illustrates a pixel in a transmissive liquid
crystal panel of an embodiment of the invention, in which
the same reference numbers as FIG. 4A are used in FIG. 4C.
A pixel 201 of the transmissive liquid crystal panel 200 also
comprises a red sub-pixel 201R, a green sub-pixel 201G, a
blue sub-pixel 201B, and an auxiliary sub-pixel 201A. The
sub-pixels are arranged in a strip.

[0027] In FIG. 4C, auxiliary sub-pixel 201A has a trans-
flective area 206 which comprises a transmissive area 202
and a reflective area 204. The red, green, and blue sub-pixels
201R, 201G, and 201B, for example, comprise transmissive
area 202. Each sub-pixel comprises a color filter used for
displaying different primary colors. For example, the red,
green, and blue sub-pixels 201R, 201G, and 201B comprise
a red color filter 203, a green color filter 205, and a blue
color filter 207, respectively. Moreover, the auxiliary sub-
pixel 201A comprises an auxiliary color filter 209. For
example, the auxiliary color filter 209 can be a white color
(achromatic or transparent) filter, a yellow color filter, or a
green color filter.

[0028] When the liquid crystal panel is fabricated, chro-
maticity and brightness of pixels 201 can be adjusted by
controlling the area ratio between the transmissive area 202
and the reflective area 204 in the auxiliary sub-pixel 201A.
Here, employing the white color filter achieves two aims.
One is to adjust color of the panel by mixture of white light.
The second is to increase brightness through high transmit-
tance (or low absorptance) of the white color filter. Addi-
tionally, since the naked eye is more sensitive to yellow or
green color in a high brightness environment, higher color
saturation of yellow or green color is required. Therefore, a
yellow or green color filter can be employed. Moreover,
since white, yellow, or green color filters have a higher
transmittance than blue or red color filters, they are useful
for improving brightness.

[0029] The auxiliary color filter 209 can be a single color
filter or a dual-color filter. FIG. 5 illustrates an auxiliary
sub-pixel with a dual-color filter of an embodiment of the
invention, in which the same reference numbers as FIG. 4A
are used in FIG. 5. The auxiliary color filter 209 comprises
at least one white color portion 209" and at least one yellow
or green color portion 209". For example, the transmissive
area 202 of the auxiliary sub-pixel 201A comprises white
color portion 209" and yellow or green color portion 209".
The reflective area 204 of the auxiliary sub-pixel 201A also
comprises white color portion 209" and yellow or green color
portion 209". In embodiments of the invention, the trans-
missive, reflective, or transflective liquid crystal panel 200
can employ the auxiliary dual-color filter 209 to improve
brightness and chromaticity. For the auxiliary dual-color
filter 209, the white color portion 209" is employed to adjust
chromaticity of the panel 200 by the mixture of light
mixture. Moreover, the yellow or green color portion 209"
is employed to compensate for yellow or green color satu-
ration. In the embodiment shown in FIG. 5, the transmissive
area 202 of the auxiliary sub-pixel 201A has a white color
portion 209' and a yellow or green color portion 209" as well
as the reflective area 204. The transmissive area 202 and the
reflective area 204 of the auxiliary sub-pixel 201A, however,
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can comprise a plurality of white color portions 209' and a
plurality of yellow or green color portions 209", respec-
tively.

[0030] In the embodiment shown in FIG. 5, the dual-color
auxiliary sub-pixel 201A comprises transflective area 206.
The dual-color auxiliary sub-pixel 201A, however, may
comprise only a transmissive or reflective area, as shown in
FIGS. 6A and 6B. FIG. 6A illustrates a dual-color auxiliary
sub-pixel having a transmissive area of an embodiment of
the invention and FIG. 6B illustrates a dual-color auxiliary
sub-pixel with a dual-color filter having a reflective area of
an embodiment of the invention, in which the same refer-
ence numbers as FIG. 5 are used in FIGS. 6A and 6B. In
FIG. 6A, the dual-color auxiliary sub-pixel 201A with a
transmissive area 202 comprises a dual-color filter 209 with
a white color portion 209' and a yellow or green color
portion 209". Additionally, the dual-color filter 209 may
comprises a plurality of white color portions 209" and a
plurality of yellow or green color portions 209".

[0031] Moreover, in FIG. 6B, the dual-color auxiliary
sub-pixel 201A with a reflective area 204 comprises a
dual-color filter 209 with a white color portion 209' and a
yellow or green color portion 209". Additionally, the dual-
color filter 209 may comprise a plurality of white color
portions 209' and a plurality of yellow or green color
portions 209".

[0032] In embodiments of the invention, the sub-pixels
201R, 201G, 201B, and 201 A of each pixel 201 in the liquid
crystal panel 200 are arranged as a strip. However, those
sub-pixels 201R, 201G, 201B, and 201 A may be arranged in
a mosaic, as shown in FIG. 7. Here, in order to simplify the
diagram, each sub-pixel is depicted as a blank block.

[0033] FIG. 8illustrates a block diagram of a liquid crystal
display of an embodiment of the invention. The liquid
crystal display comprises a liquid crystal panel 200, a light
detector 10, a contrast calculating device 12, a manual
controlling device 14, a switching device 16, a color con-
trolling device 18, and a liquid crystal panel driver 20. The
liquid crystal panel 200 comprises a plurality of pixels 201
arranged in a matrix, as shown in FIG. 3. Each pixel 201
comprises a red sub-pixel 201R, a green sub-pixel 201B, a
blue sub-pixel 201B, and an auxiliary sub-pixel 201A hav-
ing a transflective area 206, as shown in FIGS. 4A, 4B, and
4C.

[0034] The auxiliary sub-pixel 201A comprises an auxil-
iary color filter 209 which may be a white color (achromatic
or transparent) filter, a yellow color filter, a green color filter,
or a dual-color filter (as shown in FIG. 5). For example, the
dual-color filter may be a white/green or white/yellow color
filter. Moreover, the auxiliary sub-pixel 201 A with auxiliary
dual-color filter 209 may comprise only a transmissive area
202 (as shown in FIG. 6A) or a reflective area 204 (as shown
in FIG. 6B). The sub-pixels 201R, 201G, 201B, and 201A
may be arranged in a strip (as shown in FIG. 4A, 4B, or 4C)
or a mosaic (as shown in FIG. 7).

[0035] Since contrast of the liquid crystal panel 200 is
lowered when ambient light is bright, the image cannot be
easily or clearly discerned by the naked eye. Accordingly, in
this embodiment, the light detector 10 detects brightness of
ambient light and then outputs a detection signal 11. The
contrast calculating device 12 receives the detection signal
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11 and then transfers it into a brightness value. Thereafter,
the contrast calculating device 12 calculates contrast of the
liquid crystal panel 200 according to the brightness value
and then outputs a first contrast adjusting signal 13. The
color controlling device 18 transfers an input color image
signal 17 according to the first contrast adjusting signal 13.
The liquid crystal panel driver 20 receives the transferred
color image signal 19 and outputs a driving signal 21 to
drive the liquid crystal panel 200, thereby automatically
adjusting the tilt angle of the liquid crystal molecules in the
liquid crystal panel 200. Additionally, the switching device
16 can be optionally connected between the contrast calcu-
lating device 12 and the manual controlling device 14. The
manual controlling device 14 is used for output of a second
contrast adjusting signal 15. After the switching device 16
receives the first and second contrast adjusting signals 13 or
15, one of the signals 13 and 15 is selected by the switching
device 16 and the selected signal is then output to the color
controlling device 18, thereby transferring the color image
signal 17. Note that the switching device 16 outputs the
received first contrast adjusting signal 13 to the color
controlling device 18 only if the switching device 16 does
not receive the second contrast adjusting signal 15. Accord-
ingly, in this embodiment, contrast of the liquid crystal panel
can be automatically or manually adjusted. Moreover, con-
trast of the liquid crystal panel can be further adjusted by the
pixel structure with four sub-pixels, thereby enhancing chro-
maticity and brightness.

[0036] While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited thereto. To the
contrary, it is intended to cover various modifications and
similar arrangements (as would be apparent to those skilled
in the art). Therefore, the scope of the appended claims
should be accorded the broadest interpretation to encompass
all such modifications and similar arrangements.

What is claimed is:
1. A liquid crystal panel, comprising:

a plurality of pixels arranged in a matrix, each pixel
comprising a red sub-pixel, a green sub-pixel, a blue
sub-pixel, and an auxiliary sub-pixel with a transmis-
sive or reflective area comprising a dual-color filter.

2. The panel as claimed in claim 1, wherein the dual-color
filter is a white/green or white/yellow color filter.

3. The panel as claimed in claim 1, wherein the red, green,
and blue sub-pixels have a transflective area or the trans-
missive or reflective area.

4. The panel as claimed in claim 1, wherein the red, green,
blue, and auxiliary sub-pixels are arranged in a strip or
mosaic.

5. A liquid crystal display, comprising:
a liquid crystal panel comprising:

a plurality of pixels arranged in a matrix, each pixel
comprising a red sub-pixel, a green sub-pixel, a blue
sub-pixel, and an auxiliary sub-pixel with a transmis-
sive or reflective area comprising a dual-color filter;

a light detector outputting a detection signal after detect-
ing brightness of ambient light;
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a contrast calculating device calculating contrast of the
liquid crystal panel according to the detection signal
and outputting a first contrast adjusting signal;

a color controlling device transferring a color image
signal according to the first contrast adjusting signal;
and

a liquid crystal panel driver receiving the transferred color
image signal and outputting a driving signal to drive the
liquid crystal panel.

6. The display as claimed in claim 5, further comprising:

a manual controlling device outputting a second contrast
adjusting signal; and
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a switching device receiving the first and second contrast
adjusting signals and outputting one of the signals to
the color controlling device to transfer the color image
signal.

7. The display as claimed in claim 5, wherein the dual-

color filter is a white/green or white/yellow color filter.

8. The display as claimed in claim 5, wherein the red,
green, and blue sub-pixels comprise the transflective area or
a transmissive or reflective area.

9. The display as claimed in claim 5, wherein the red,
green, blue, and auxiliary sub-pixels are arranged in a strip
or mosaic.
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