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FOUR-COLOR TRANSFLECTIVE COLOR LIQUID
CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is related to patent appli-
cation Docket No. 890-008.027, assigned to the assignee of
the present invention.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a liquid
crystal display panel and, more particularly, to a transflec-
tive-type liquid crystal display panel.

BACKGROUND OF THE INVENTION

[0003] Due to the characteristics of thin profile and low
power consumption, liquid crystal displays (LCDs) are
widely used in electronic products, such as portable personal
computers, digital cameras, projectors, and the like. Gener-
ally, LCD panels are classified into transmissive, reflective,
and transflective types. A transmissive LCD panel uses a
back-light module as its light source. A reflective LCD panel
uses ambient light as its light source. A transflective LCD
panel makes use of both the back-light source and ambient
light.

[0004] As known in the art, a color LCD panel 1 has a
two-dimensional array of pixels 10, as shown in FIG. 1.
Each of the pixels comprises a plurality of sub-pixels,
usually in three primary colors of red (R), green (G) and blue
(B). These RGB color components can be achieved by using
respective color filters. FIG. 2A illustrates a plan view of a
pixel 10 in a conventional transflective liquid crystal panel.
The pixel 10 is divided into three color sub-pixels 12R, 12G
and 12B and each sub-pixel can be divided into a transmis-
sion area (TA) and a reflection area (RA). The pixel 10 is
associated with a gate line, Gate n. The color sub-pixels 12R,
12G and 12B are separately associated with data lines Datay
m, Datag m and Datagy m. The color filter for use with a pixel
10 is shown in FIG. 2B. In FIG. 2B, the color filter has three
color filter sections R, G, B corresponding to the color
sub-pixels 12R, 12G, 12B of the pixel 10. A cross sectional
view of a color sub-pixel 12 is shown in FIG. 3. As shown,
the color sub-pixel 12 has an upper layer structure, a lower
layer structure and a liquid crystal layer 900 disposed
between the layer structures. The upper layer structure
comptises an upper substrate 810, a color filter 820 and an
upper electrode 830. The lower layer structure comprises a
lower substrate 870, a device layer 860, a passivation layer
850 and an electrode layer. The electrode layer comprises a
reflective electrode 842 in the reflection area electrically
connected to the device layer through a via 852, and a
transmissive electrode 844 in the transmission area electri-
cally connected to the reflective electrode 842. The trans-
missive electrode 844 and the upper electrode are made from
a transparent material such as indium-tin oxide (ITO). The
reflective electrode 842 also serves as a reflector and is made
from one or more highly reflective metals such as Al, Ag, Cr,
Mo, Ti and AINd.

[0005] If the overall reflectivity in the reflection areas is
insufficient to produce a desired color density, voids or
colorless filters within the color filter sections in the reflec-
tion areas are used to increase the reflectivity, as shown in
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FIG. 2B. With this color correction method, the color image
quality of the LCD panel may not be desirable.

[0006] Tt is thus advantageous and desirable to provide a
method and a sub-pixel structure for use in a transflective
color LCD panel for increasing the reflectivity in the pixel
without unduly degrading the color quality of the panel.

SUMMARY OF THE INVENTION

[0007] The pixel in a transflective color LCD panel of the
present invention has an additional sub-pixel area. Accord-
ing to the present invention, a pixel is divided into a plurality
of sub-pixels. At least three of the sub-pixels are color
sub-pixels in R, G, B and at least one of the sub-pixels is a
sub-pixel M. Each of the color sub-pixels R, G and B is
divided into a transmission area and a reflection area. The
sub-pixel M can be entirely reflective or partially reflective.
The color filter for use in the pixel comprises R, G, B color
filter segments corresponding to the R, G, B color sub-pixels
and possibly a filter segment for the sub-pixel M. The filter
segment for the sub-pixel M can be entirely colorless or
partially colorless. Furthermore, one or more of the R, G, B
color filer segments associated with the reflection area may
have a colorless sub-segment.

[0008] Preferably, the number of sub-pixels is four, with
three sub-pixels being color sub-pixels in R, G and B and
one pixel being the sub-pixel M. However, it is possible to
have six sub-pixels in a pixel. Among these six sub-pixels,
one is the sub-pixel M and five are color sub-pixels, for
example. It is also possible to have eight sub-pixels. Among
these eight sub-pixels, two are sub-pixels M and six are
color sub-pixels in R, G and B, for example.

[0009] The colorless sub-segment is referred to as the
white sub-segment W, which can be used to control the
brightness and the color quality of the display panel. The
color signal provided to the sub-segment W is computed
based on the color signals provided to the R, G, B color
sub-segment. In particular, the present invention uses two or
more algorithms to compute the W color signal so that one
of the algorithms can be used based on the brightness of the
environment, on the preference of a user or on a predeter-
mined criterion.

[0010] Alternatively, the “colorless sub-segment” is used
to provide a non-primary color and the color signal provided
to this sub-segment is yellow, magenta, cyan or the combi-
nation thereof.

[0011] The present invention will become apparent upon
reading the description taken in conjunction with FIGS.
4A-13C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic representation of a typical
LCD panel.
[0013] FIG. 2A is a schematic representation showing a

plan view of the pixel structure of a conventional transflec-
tive color LCD panel.

[0014] FIG. 2B is a schematic representation showing a
color filter for use with a pixel.

[0015] FIG. 3 is schematic representation showing a cross
sectional view of a sub-pixel in a conventional transflective
color LCD panel.
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[0016] FIG. 3 is schematic representation showing a cross
sectional view of a sub-pixel in the conventional transflec-
tive LCD panel, and the reflection and transmission of light
beams in the sub-pixel.

[0017] FIG. 4A-4H are schematic representations of vari-
ous sub-pixel structures, according to the present invention,
wherein a pixel is divided into three color sub-pixels R, G,
B and a fourth sub-pixel M and wherein each of the color
sub-pixels R, G, B is divided into a transmission area and a
reflection area.

[0018] FIG. 4A shows a pixel wherein the areas of the
sub-pixels R, G, B and M are substantially the same, and the
reflection areas in those sub-pixels are also substantially
equal to each other.

[0019] FIG. 4B shows a pixel wherein the areas of the
sub-pixels R, G, B and M are substantially the same, but the
reflection area in the sub-pixel M is larger than the reflection
area in sub-pixels R, G and B.

[0020] FIG. 4C shows a pixel wherein the area of the
sub-pixels R, G, B and M are substantially the same, but the
sub-pixel M is entirely reflective.

[0021] FIG. 4D shows a pixel wherein the areas of the
sub-pixels R, G, B and M are substantially the same, but the
reflection area in the sub-pixel M is smaller than the reflec-
tion area in sub-pixels R, G and B.

[0022] FIG. 4E shows a pixel wherein the areas of the
sub-pixels R, G, B and M are substantially the same, but the
reflection area in the sub-pixel M and the reflection area in
sub-pixel G are different from the reflection area in sub-
pixels R and B.

[0023] FIG. 4F shows a pixel wherein the area of the
sub-pixel M is smaller than the area of the sub-pixels R, G,
B and the sub-pixel M is partially reflective.

[0024] FIG. 4G shows a pixel wherein the area of the
sub-pixel M is smaller than the area of the sub-pixels R, G,
B and the sub-pixel M is entirely reflective.

[0025] FIG. 4H shows a pixel wherein the areas of the
sub-pixels R, G, B and M are substantially the same, but the
reflection area in the sub-pixel M is larger than the reflection
area in sub-pixels R, G and B and the sub-pixel M is located
between two color sub-pixels.

[0026] FIG.5A-5G are schematic representations showing
various color filters for use in the sub-pixel structures,
according to the present invention, wherein a color filter is
divided into three color filter segments R, G, B and a fourth
filter segment.

[0027] FIG. 5A shows a color filter wherein the areas of
the color filter segments R, G, B and the fourth filter segment
are substantially the same, and the fourth filter segment is
partially colorless.

[0028] FIG. 5B shows a color filter wherein the areas of
the color filter segments R, G, B and the fourth filter segment
are substantially the same, and the fourth filter segment is
entirely colorless.

[0029] FIG.5C shows a color filter wherein the area of the
fourth filter segment is smaller than the area of the color
filter segments R, G, B, and the fourth filter segment is
partially colorless.
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[0030] FIG. 5D shows a color filter wherein the area of the
fourth filter segment is smaller than the area of the color
filter segments R, G, B, and the fourth filter segment is
entirely colorless.

[0031] FIG. SE shows a color filter wherein the color filter
in the reflection area has three color filter sections of R, G,
B and a fourth section of colorless filter, whereas the color
filter in the transmission area has only three color filter
sections of R, G and B.

[0032] FIG. 5F shows a color filter wherein the areas of
the color filter segments R, G, B and the fourth filter segment
are substantially the same, and the fourth filter segment is
partially colorless and wherein the filter segment is located
between two color filter segments.

[0033] FIG. 5G shows a color filter wherein one or more
of the R, G, B color filter segments associated with the
reflection area of the pixel may have a colorless sub-
segment.

[0034] FIG. 6A is a schematic representation showing a
cross sectional view of a pixel with three transmissive
electrodes.

[0035] FIG. 6B is a schematic representation showing a
cross sectional view of a pixel with four transmissive
electrodes.

[0036] FIG. 6C is a schematic representation showing a
cross section view of a pixel with four reflective electrodes.

[0037] FIG. 7 is a block diagram showing various com-
ponents in the display system, according to the present
invention.

[0038] FIG. 8 is a block diagram showing an algorithm
selector.
[0039] FIG. 9A is a block diagram showing one of the

algorithm computation module.

[0040] FIG. 9B is a block diagram showing another algo-
rithm computation module.

[0041] FIG. 10 shows a relationship between brightness
level and gray level for different gamma curves.

[0042] FIG. 11 shows a simulated relationship between
reflective NTSC and digital gamma.

[0043] FIG. 12A is a schematic representation of a differ-
ent sub-pixel structure, according to the present invention,
wherein a pixel is divided into six sub-pixels, and wherein
each of the sub-pixels is divided into a transmission area and
a reflection area.

[0044] FIG. 12B shows a pixel divided into six sub-pixels,
wherein one of the sub-pixel is entirely reflective.

[0045] FIG. 12C shows a pixel divided into six sub-pixels,
wherein the reflection area in one of the sub-pixel is larger
than that in the other sub-pixels.

[0046] FIGS. 12D-12H are schematic representations of a
sub-pixel structure wherein a pixel is divided into eight
sub-pixels with each of six sub-pixels being divided into a
transmission area and a reflection area and the remaining
two sub-pixels being partially reflective or totally reflective,
wherein:
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[0047] FIG. 12D shows each of the remaining two sub-
pixels being divided into a transmission area and a reflective
area, similar to the other six sub-pixels;

[0048] FIGS. 12E and 12G show each of the remaining
two sub-pixels being totally reflective; and

[0049] FIGS. 12F and 12H show each of the remaining
two sub-pixels being partially reflective with its reflection
area being larger than that in the other six sub-pixels.

[0050] FIG. 13A shows a pixel being divided into six
sub-pixels, wherein the filter segment for one of the sub-
pixels is colorless.

[0051] FIG. 13B shows a pixel being divided into eight
sub-pixels, wherein the filter segments for two of the sub-
pixels are colorless.

[0052] FIG. 13C shows a pixel being divided into eight
sub-pixels, wherein the filter segments for two of the sub-
pixels are colorless in a different arrangement.

DETAILED DESCRIPTION OF THE
INVENTION

[0053] The pixel in a transflective color LCD panel of the
present invention uses at least one additional sub-pixel
having a colorless (W) filter segment and a reflective elec-
trode associated with that filter segment. Alternatively, the
additional sub-pixel has a filter segment in a non-primary
color such as yellow, magenta, cyan or a combination
thereof. According to the present invention, a pixel is
divided into a plurality of sub-pixels, wherein at least three
of the sub-pixels are color sub-pixels in R, G, B and at least
one of sub-pixels is a sub-pixel M. Fach of the color
sub-pixels R, G and B is divided into a transmission area and
a reflection area. Accordingly, each of the color sub-pixels
R, G, B has a transmissive electrode in the transmission area
and a reflective electrode in the reflection area. The sub-
pixel M can be entirely reflective or partially reflective.
Thus, the sub-pixel M may or may not have a transmissive
electrode. The color filter for use in the pixel comprises R,
G, B color filter segments corresponding to the R, G, B color
sub-pixels and a filter segment for the fourth sub-pixel. The
filter segment for the fourth sub-pixel can be entirely col-
otless or partially colorless. The filter segment for the fourth
sub-pixel can be at least partially in a non-primary color,
such as yellow, magenta, cyan or a combination thereof.

[0054] Because there are numerous combinations in the
sizes and in the arrangement of electrodes and filter seg-
ments in the sub-pixel M, the embodiments disclosed herein
and associated drawings are only examples for illustration
purposes. In general, a pixel is divided into four sub-pixels
R, G, B and M. As shown in FIGS. 4A-4H, each of the color
sub-pixels R, G, B is divided into a transmission area and a
reflection area, but the sub-pixel M can be entirely or
partially reflective. As shown in FIG. 4A, the areas of the
sub-pixels R, G, B and M are substantially the same, and the
reflection areas in those sub-pixels are also substantially
equal to each other. In FIG. 4B, the areas of the sub-pixels
R, G, B and M are substantially the same, but the reflection
area in the sub-pixel M is larger than the reflection areas in
sub-pixels R, G and B. In FIG. 4C, the sub-pixel M is
entirely reflective. In FIG. 4D, the reflection area in the
sub-pixel M is smaller than the reflection area in sub-pixels
R, G and B. In FIG. 4E, the sub-pixels R, G, B and M are
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substantially the same, but the reflection area in the sub-
pixel M and the reflection area in sub-pixel B are larger than
the reflection areas in sub-pixels R and G. It is noted that the
arrangement of sub-pixels as shown is for illustrative pur-
pose only, and other arrangements are possible. For
example, the reflection area in the sub-pixel M and the
reflection area in sub-pixel G are larger than the reflection
areas in sub-pixels R and B.

[0055] The pixel structures as shown in FIGS. 4F and 4G
are essentially the same as those shown in FIGS. 4B and 4C
except that the area of sub-pixel M is smaller than the area
of the color sub-pixels. In FIG. 4H, sub-pixel M is located
between two of the color sub-pixels.

[0056] The color filter for use in a pixel as shown in FIGS.
4A to 4H can have many different designs. In general, the
color filter must have three color filter segments in R, G, B,
each corresponding to a color sub-pixel. The color filter also
has a fourth filter segment. The fourth filter segment can be
partially colorless, as shown in FIGS. 5A, 5C, 5E and 5F, but
it can be entirely colorless (transparent, W), as shown in
FIGS. 5B and 5D. The width of the fourth filter segment is
generally the same as the width of the fourth sub-pixel M
(see FIGS. 4A-4H). In a color filter where the fourth filter
segment is partially colorless, the color of the remaining part
of the fourth filter segment can be R, G or B. For example,
the color of the remaining part is G, as shown in FIGS. 5A
and 5C. In FIGS. 5A, 5C, 5E and 5F, the color combination
in the fourth filter segment is W/G. However, the color
combination can also be W/B or W/R. Alternatively, the
letter W is used to represent a non-primary color, such as
yellow, magenta, cyan or a combination thereof.

[0057] In a pixel where the fourth filter segment is par-
tially colotless as shown in FIGS. 5A, 5C, SE, and 5F, the
transmission area of the pixel has three transmissive elec-
trodes and one of these transmissive electrode is electrically
connected to the transmissive electrode for the fourth sub-
pixel. For example, when the color of the remaining part of
the fourth filter segment is G, then the transmissive electrode
for the fourth sub-pixel (M) is electrically connected to the
transmissive electrode for the G sub-pixel, as shown in FIG.
6A. Accordingly, three switching elements (TFTs) are used
to control the liquid crystal layers associated with the R, B
and G/M transmissive electrodes.

[0058] In a different embodiment, the fourth filter section
is entirely colorless and one or more of the color filter
segments in R, G and B associated with the reflection area
(see FIGS. 4A, 4B, 4C, 4D, 4E and 4H) have a colorless
sub-segment. For example, all three color filter segments in
R, G and B associated with the reflection area have a
colorless sub-segment, as shown in FIG. 5G. The colorless
sub-segments can be equal in size to each other or different
in size.

[0059] In apixel where the fourth filter segment is entirely
colorless (W) as shown in FIGS. 5B, 5D and 5G, the
transmission area has four transmissive electrodes such that
each of the transmissive electrodes is separately controlled
by a switching element. The four separate transmissive
electrodes for R, B, G and W are shown in FIG. 6B.

[0060] As shown in FIGS. 5A-5G, there is a W sub-
segment in the reflection area. Thus, the reflection area has
four reflective electrodes such that each of the reflective
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electrodes is separately controlled by a switching element.
The four separate reflective electrodes for R, B, G and W are
shown in FIG. 6C.

[0061] The data signal in the M sub-segment, according to
the present invention, is calculated from the data signals for
R, G and B with a number of algorithms. As such, the
brightness or color quality of the display panel can be
improved. FIG. 7 is a block diagram showing a display
system, according to the present invention. As shown in FIG.
7, the display system 100 comprises a transflective LCD
panel 110 driven by one or more Gate driver ICs (not
shown). The image data in three colors, R, G, B, is provided
by one or more Data IC 120, which provides the color image
data to the LCD panel 110. A back-lighting source 190 is
used to provide the image brightness in the transmission
mode of the LCD panel 110.

[0062] The data signal for the M sub-segment is provided
by a computation module 130. The computation module 130
may have two or more algorithms (see FIG. 8) to compute
the M data signal. The display system 100 may comprise an
algorithm selector 140 to select one of the algorithms. The
selection can be made by a user through a wired or wireless
control 150 or by the optical sensor signal 160.

[0063] For example, the M data signal can be computed
based on a linear relationship with the data signal for each
of the color components. In the algorithm as shown below,
the M data signal is a weighted sum of the data signals R,
G and B:

M=aR+pG+yB, o

with a being in the range of about 0.08 to about 0.4, § being
in the range of about 0.3 to about 0.8 and y being in the range
of about 0.1 to about 0.3. It is preferred that

a+p+y=1 2.

However, the sum o+p+y can be smaller or greater than 1.
According to Equation 1, even when one or two of R, G, B
color image data signals are equal to zero, M is always
greater than zero.

[0064] In another algorithm, the M data signal has an
exponential relationship with the data signal for each of the
color components, for example. As shown below, the data
signal for each of the color components is modified by an
exponential index gamma>1. The range of gamma can be
between 1 and 4, for example.

Yrep = Trmar(R/MAX)E™M 4 3
Yema (G [MAXPE™™ + ¥ gy (B /MAX)E4

. YRGB 1/gamma
M = MAX #| —)
“Yrceuax

where Y, . Yomax @nd Y are the maximum brightness
levels of the display; and Yygppax 15 the sum of Yy ..,
Y 6maw Ymer 10 a display where the brightness level of
each color is expressed in the number of bits, n, the
maximum brightness level is 2°. MAX is the maximum
input signal level expressed in gray scale. If the gray scale
is expressed in the number of bits, m. then MAX is equal to
2™, In the above equations, R, G, B are input digital data for
the color components. According to Equation 3, even when

Bmax
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one or two of the R, G, B color image data signals are equal
to zero, M is always greater than zero.

[0065] Preferably, the data for the color components Ry,
Gy, B, provided to the display panel 110 are the same as the
input data R, G, B. Furthermore, the gamma voltage for the
M sub-pixel can be changed by a gamma voltage generator
(not shown) so as to achieve different brightness levels at
different gray levels as shown in FIG. 10. As such, a different
reflective NTSC can be achieved, as shown in FIG. 11.
Reflective NTSC can be measured when the LCD is oper-
ated at reflective mode with the back-lighting source is
turned off.

[0066] Inordertocompute the W data signal with different
algorithms, the computation module 130 can have a number
of software or hardware sub-modules 134i, with i=1, 2,3 .
... These sub-modules can be selected through a multiplexer
132 under the control of a selector input 142 and the output
of the sub-modules can be linked to a summing device 136,
as shown in FIG. 8.

[0067] It should be noted that a transflective LCD panel is
normally used along with a back-lighting source 190 (FIG.
7) so that light from the back-lighting source can be trans-
mitted through the transmissive electrode in the transmission
area of each color sub-pixel. In addition, part of the image
brightness of the panel is the result of reflection of ambient
light by the reflective electrode in the reflection area of each
color sub-pixel. When the ambient light is sufficiently low,
the transflective LCD panel is essentially operated as a
transmissive display panel. When the ambient light is
adequate, the transflective display panel uses the transmis-
sion mode or the reflection mode. When the ambient light is
so strong that the transmission mode becomes insignificant,
the back-lighting source can be switched off so that the
transflective display panel can be operated as a reflective
display panel.

[0068] It is possible that the algorithms are selected auto-
matically based on the brightness of the ambient light. For
example, a photo-sensor 160 can be placed on or near the
display panel 110 to monitor the ambient brightness. The
photo-sensor 160 is operatively connected to the algorithm
selector 140 for algorithm selection. For example, when the
brightness is below a certain level, e.g. 5 kLux, the compu-
tation of the M data signal according to Equation 1 may be
used. Above the 5 kILux level, Equation 3 may be used. But
when the brightness reaches a certain higher level, such as
100 kLux, the back-lighting source 190 can be turned off,
and a different algorithm may be used, for example. Thus,
the input signal to the fourth sub-pixel can be related to
whether the back-lighting source is turned on or turned off.

[0069] An exemplary hardware module for computing the
M data signal based on Equation 1 is shown in FIG. 9A, and
an exemplary hardware module for computing the M data
signal based on Equation 2 is shown in FIG. 9B. These
hardware modules use known electronic components such as
multipliers and summing devices to carry out necessary
computation. It is possible that one of the algorithms to be
selected in FIG. 8 is M=0. It is also possible to use a separate
hardware module to modify the gamma curve of the M
sub-segment so that it is different from the gamma curve for
the color sub-segments. Gamma curve modification can also
be achieved by a look-up table (LUT), for example.

[0070] In sum, the present invention uses two or more
algorithms to compute an auxiliary data signal based on the
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data signals for the color sub-pixels in a transflective LCD
panel. The auxiliary data signal can be white (W), for
example. The auxiliary data signal can be a weighted sum of
the data signals for the color sub-pixels in a linear relation-
ship or an exponential relationship. The selection of algo-
rithms can be made by a user, or carried out automatically
based on the brightness of the ambient light. Algorithm
selection can also be linked to the operation modes of the
transflective LCD panel, wherein the transflective TCD
panel is operable in a transflection mode, a reflection mode
and a transmission mode. The auxiliary data signal can be a
non-primary color such as yellow, magenta, cyan or a
combination thereof. In that case, one of the algorithms
computes the image data for the fourth sub-pixel based on a
complementary relationship of the color image data.

[0071] Furthermore, even when one or two of the data
signals for the color sub-pixels are substantially equal to
zero, the auxiliary data signal is greater than zero.

[0072] In the preferred embodiment of the present inven-
tion, a pixel is divided into four sub-pixels, wherein three of
the sub-pixels are color sub-pixels and one is a sub-pixel M.
In another embodiment of the present invention, a pixel is
divided into six sub-pixels, wherein five of the sub-pixels are
color sub-pixels and one is a sub-pixel M (the middle lower
sub-pixel). The sub-pixel M can be divided into a transmis-
sion area and a reflection area, similar to the other five
sub-pixels, as shown in FIG. 12A. However, the sub-pixel M
can be totally reflective, as shown in FIG. 12B. Alterna-
tively, the sub-pixel M has a larger reflection area than that
in the other five sub-pixels, as shown in FIG. 12C.

[0073] In yet another embodiment of the present inven-
tion, a pixel is divided into eight sub-pixels, wherein six of
the sub-pixels are color sub-pixels and the remaining two are
sub-pixels M (corresponding to the location of filter seg-
ments W in FIG. 13B or 13C). Each of the sub-pixels M can
be divided into a transmission area and a reflection area,
similar to the other six sub-pixels, as shown in FIG. 12D.
However, the sub-pixels M can be totally reflective, as
shown in FIGS. 12F and 12G. Alternatively, each of the
sub-pixels M has a larger reflection area than that in the other
six sub-pixels, as shown in FIGS. 12F and 12H.

[0074] The color filter associated with the pixel structures
as shown in FIG. 12A-12C may comprise a colorless filter
segment and five color filter segments, as shown in FIG.
13A. The color filter associated with the pixel structures as
shown in FIGS. 12E and 12F may comprise two colorless
filter segments and six color filter segments, as shown in
FIG. 13B. As shown in FIG. 13B, each of the upper and
lower parts of the color filter comprises four different filter
segments. The color filter associated with the pixel struc-
tures as shown in FIGS. 12G and 12H may comprise two
colorless filter segments and six color filter segments, as
shown in FIG. 13C. As shown in FIG. 13C, both colorless
filter segments are located in the lower part of the color filter.

[0075] Thus, although the invention has been described
with respect to one or more embodiments thereof, it will be
understood by those skilled in the art that the foregoing and
various other changes, omissions and deviations in the form
and detail thereof may be made without departing from the
scope of this invention.
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What is claimed is:
1. A display panel comprising:

a transflective liquid crystal display having a plurality of
pixels, comprising:

a first substrate having a common electrode;
a second substrate; and

a liquid crystal layer disposed between the first and
second substrate, the liquid crystal layer comprising
a plurality of layer segments associated with a plu-
rality of pixels, wherein at least some of the pixels
comprise a plurality of sub-pixels and wherein at
least three of the sub-pixels are color sub-pixel and
at least one of the sub-pixels is a fourth sub-pixel,
and wherein each of the color sub-pixels comprises
a transmission area having a transmissive electrode
disposed on the second substrate and a reflection area
having a reflective electrode disposed on the second
substrate, and the fourth sub-pixel comprises a fur-
ther electrode disposed on the second substrate,
wherein the further electrode is at least partially
reflective;

a data input device to provide color image data to the
color sub-pixels;

a computation module to compute further image data for
the fourth sub-pixel based on the color image data, the
computation module have two or more sub-modules for
computing the further image data using different algo-
rithms; and

a selector operatively connected to computation module

for selecting the algorithms.

2. The display panel of claim 1, wherein one of the
algorithms sets the further image data for the fourth sub-
pixel to a value substantially equal to zero.

3. The display panel of claim 1, wherein one of the
algorithms computes the further image data for the fourth
sub-pixel based on a weighted sum of the color image data.

4. The display panel of claim 3, wherein said one algo-
rithm has a form of

M=0R+PG+yB,

with « being substantially in the range of 0.08 to 0.4; p
being substantially in the range of 0.3 to 0.8; and y
being substantially in the range of 0.1 to 0.3, and where
M is the further image data for the fourth sub-pixel and
R, G, B are color image data provided to the color
sub-pixels.

5. The display panel of claim 1, wherein one of the
algorithms computes the further image data for the fourth
sub-pixel based on the color image data modified by an
exponential index.

6. The display panel of claim 5, wherein said one algo-
rithm has a form of

gamma gamma gamma

Yrcp = YRmax (RIMAX) + YCmax (GIMAX) + ¥pmax (BIMAX)

1/ gamma

5

Yrc )

M =MAX
: ( YrGemax

where gamma is the exponential index greater than 1,
Yrmaxs Y Gmax 804 Yg,.., are maximum brightness levels of
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the display for the color sub-pixels; Yrgpyiax 18 the sum of
Yrmaxs Y Gmaxs Y pmaxe MAX is the maximum input signal
level expressed in gray scale; M is the further image data for
the fourth sub-pixel and R, G, B are color image data
provided to the color sub-pixels.

7. The display panel of claim 1, wherein the transflective
liquid crystal display is operable in a transflection mode, a
reflection mode and a transmission mode, and the further
image data can be used in one of the modes.

8. The display panel of claim 1, further comprising means
for sensing ambient light so as to allow the selector to select
the algorithms based on the sensed ambient light.

9. The display panel of claim 8, further comprising a
back-lighting source which is operable in an “ON” state and
in an “OFF” state based on the sensed ambient light, wherein
the selecting of the algorithms is based on the operated state
of the back-lighting source.

10. The display panel of claim 1, wherein when one or
two of the color image data of the three color sub-pixels is
greater than to zero, the further image data for the fourth
sub-pixel is greater than zero.

11. The display panel of claim 1, wherein the color image
data R, G, B provided to the color sub-pixels are substan-
tially identical the respective input data to the data input
device.

12. The display panel of claim 1, wherein the further
electrode is entirely reflective.

13. A method to improve viewing quality of a transflective
liquid crystal display having a plurality of pixels, wherein
each of at least some of the pixels is partitioned into a
plurality of sub-pixels, wherein at least three of the sub-
pixels are color sub-pixels and at least one of the sub-pixels
is a fourth sub-pixel, each of said color sub-pixels parti-
tioned into a transmission area having a transmissive elec-
trode and a reflection area having a reflective electrode to
display color image data, said method comprising the steps
of:

providing a further electrode in the fourth sub-pixel to
display a further image data, where the further elec-
trode is at least partially reflective;

computing the further image data based on the color
image data with two or more algorithms; and

selecting one of the algorithms for displaying the further
image data.
14. The method of claim 13, wherein one of the algo-
rithms sets the further image data for the fourth sub-pixel to
a value substantially equal to zero.
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15. The method of claim 13, wherein one of the algo-
rithms computes the further image data for the fourth
sub-pixel based on a weighted sum of the color image data.

16. The method of claim 15, wherein said one algorithm
has a form of

M=0R+BG+yB,

with a being substantially in the range of 0.08 to 0.4; B
being substantially in the range of 0.3 to 0.8; and y
being substantially in the range of 0.1 to 0.3, and where
M is the further image data for the fourth sub-pixel and
R, G, B are color image data provided to the color
sub-pixels.

17. The method of claim 13, wherein one of the algo-
rithms computes the further image data for the fourth
sub-pixel based on the color image data modified by an
exponential index.

18. The method of claim 17, wherein said one algorithm
has a form of

amma

Yr6z = Y Rmax (RIMAX ™™ 4 Y Gyax (GIMAXF ™™ + Y (BIMAX)* ™™

1/ gamma

Yras )

M =MAX
: ( YrGBuax

where gamma is the exponential index greater than 1,
Yrmax Y Gmax a0 Yg,., are maximum brightness levels of
the display for the color sub-pixels; Yy gprax 15 the sum of
Yrmaxs Y Gmaxs Y B MAX is the maximum input signal
level expressed in gray scale; M is the further image data for
the fourth sub-pixel and R, G, B are color image data
provided to the color sub-pixels.

19. The method of claim 13, wherein the transflective
liquid crystal display is operable in a transflection mode, a
reflection mode and a transmission mode, and the further
image data can be used in one of the modes.

20. The method of claim 13, wherein one of the algo-
rithms computes the further image data for the fourth
sub-pixel based on a complementary relationship of the
color image data.

21. The method of ¢laim 13, wherein when one or two the
color image data of the three color sub-pixels is substantially
equal to zero, the further image date signal for the fourth
sub-pixel is greater than zero.

22. The method of claim 13, wherein the further electrode
is entirely reflective.
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