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(57) ABSTRACT

Within a reflective display section R, a part of a light that
reaches a reflective electrode through a color filter exits to
the outside through slits and a part of a light that reaches the
reflective electrode through the slits exits to the outside
through the color filter. In addition, a light reaching the
reflective electrode through the color filter and exiting to the
outside through the color filter, and a light having no
opportunity to pass through the slits also can be observed.
Therefore, a mean film thickness of color filter through
which all lights pass during the time in which they travel the
associated distance after they are inputted to the inside until
they are outputted to the outside becomes nearly equal to
that could be observed in the transmissive section T.
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COLOR LIQUID CRYSTAL PANEL, METHOD FOR
MANUFACTURING THE SAME, AND COLOR
LIQUID CRYSTAL DISPLAY DEVICE
EMPLOYING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a color liquid
crystal panel suitably used as a display of a portable tele-
phone, a method for manufacturing the same, and further a
color liquid crystal display device employing the same,
more particularly, to a color liquid crystal panel having an
enhanced capability of displaying high quality images, a
method for manufacturing the same, and further a color
liquid crystal display device employing the same.

[0003] 2. Description of the Related Art

[0004] Ttis conventionally known that a semi-transmissive
liquid crystal display device consisting of a plurality of
pixels, each having a transmissive display section and a
reflective display section therein, has been developed as a
liquid crystal display device equipped with both features of
a transmissive liquid crystal display device and a reflective
liquid crystal display device. In such a semi-transmissive
liquid crystal display device, a color filter for a transmissive
display section and a color filter for a reflective display
section are provided corresponding to each color to be
displayed and therefore, totally six kinds of color filters are
to be provided corresponding to each color. Accordingly, in
order to manufacture a color liquid crystal display device
having the above-described construction of color filter, it is
necessary that six kinds of photoresist films are prepared
corresponding to those color filters and then, six photoli-
thography steps are carried out. Consequently, there has
been found a drawback in that the semi-transmissive liquid
crystal display device manufactured in accordance with the
above-described method results in a low yield and high
manufacturing cost thereof.

[0005] In consideration of the above-stated drawback, the
following semi-transmissive liquid crystal display device
has recently been disclosed in publications such as Japanese
Patent Application Laid-open No. 2000-111902. That is, a
semi-transmissive liquid crystal display device is con-
structed such that only one kind of color filter is formed
corresponding to each color and a region in which no color
filter exists is formed within a reflective display section.

[0006] FIG. 1is a plan view illustrating a layout of a TFT
substrate included in a conventional semi-transmissive lig-
uid crystal display device disclosed in Japanese Patent
Application Laid-open No. 2000-111902 and FIG. 2 is a
cross sectional view of a liquid crystal panel employed in the
conventional semi-transmissive liquid crystal display
device, taken along the line A-A of FIG. 1.

[0007] In the conventional semi-transmissive liquid crys-
tal display device disclosed in the publication, a red color
pixel 101R, a green color pixel 101G and a blue color pixel
101B are disposed in this order in a direction in which a
scanning signal line extends. In each pixel, a thin film
transistor (TFT) 102 is formed. The thin film transistor 102
consists of a gate electrode 103a projecting from a gate line
103 as the scanning signal line and a drain electrode 1044
projecting from a drain line 104 that extends in a direction

1. Technical Field of the Invention
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perpendicular to the gate line. The gate line 103 and the gate
electrode 103a are formed on a transparent substrate 100a
and further, an insulation film 105 is formed on the trans-
parent substrate 100a covering the gate line 103 and the gate
electrode 103a. The drain line 104 is formed on the insula-
tion film 105. An amorphous silicon layer 106 is formed on
the insulation film 105 to face the gate electrode 103a and
the drain electrode 104a is formed extending on the amor-
phous silicon layer 106. Furthermore, a source electrode 107
is formed extending from the amorphous silicon layer 106 in
a direction apart from the drain electrode 104¢ while a part
of the source electrode is at least positioned on and inside the
amorphous silicon layer.

[0008] Within a reflective display section of each pixel,
projecting portions 108 are formed on the insulation film
105 and within a transmissive display section, a transparent
electrode 109 is formed on the insulation film 105. Note that
the reflective display section is formed to surround the
transmissive display section. Furthermore, within a region
excluding the transmissive display section in each pixel, an
insulation film 110 covering the projecting portions 108, the
thin film transistor 102 and the like is formed and further, a
contact hole 111 is formed in the insulation film 110 so as to
reach the surface of the source electrode 107. A reflective
electrode 112 is formed within the contact hole 111 and on
the insulation film 105. The reflective electrode 112 has a
convex-concave surface reflecting the profile of the project-
ing portions 108. The reflective electrode 112 is connected
also to the transparent electrode 109. Furthermore, a retat-
dation film 113 and a polarizer 114 are formed on the
transparent substrate 100a on a side thereof defined as the
surface on which elements such as the thin film transistor
102 are not formed. The elements constructed as described
above constitute a TFT substrate.

[0009] Additionally, another transparent substrate 1004 is
disposed in parallel with the transparent substrate 100 on a
side thereof defined as the surface on which the thin film
transistor 102 is formed. A color filter (CF) 121 and an
opposing electrode 122 are formed on a surface of the
transparent substrate 1006 on a side thereof facing the
transparent substrate 100a. As shown in FIG. 1, the color
filter 121 is formed extending in parallel with the drain line
104 and further, when viewing a pixel in a direction per-
pendicular to a surface of the associated transparent sub-
strate, the transparent electrode 109 is being formed inside
with respect to both end lines of the color filter 121 whereas
the reflective electrode 112 is being formed to have a width
extending beyond the both lines thereof. Furthermore, a
retardation film 123 and a polarizer 124 are formed on the
transparent substrate 1005 on a side thereof defined as the
surface on which elements such as the color filter 121 are not
formed. The elements constructed as described above con-
stitute a CF substrate.

[0010] In addition to the above-described construction of
liquid crystal panel, a liquid crystal 130 is interposed
between the TFT substrate and the CF substrate to constitute
the liquid crystal panel.

[0011] The conventional color liquid crystal display
device constructed as described above has one kind of color
filter therein corresponding to each color and therefore, can
be manufactured through a reduced number of process steps,
thereby improving a yield thereof.
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[0012] Furthermore, as the color filter 121 of the CF
substrate employed in the above-described color liquid
crystal display device has a region therein, facing the
reflective electrode 112, in which the color filter 121 is not
formed, the color liquid crystal display device can offer a
display brightness greater than that could be achieved in a
color liquid crystal display device developed before the
emergence of color liquid crystal display device employing
such construction of the color filter 121.

[0013] Moreover, the conventional reflective liquid crystal
display device has projecting portions formed under the
reflective electrode and extending in all directions. The
projecting portions are designed to have a pattern optimal in
terms of paths of an incident light and a reflected light. FIG.
3 illustrates a layout of projecting portions employed in the
conventional liquid crystal display device. In a reflective
liquid crystal display device, the projecting portions 108 are
formed without especially taking into account the effect of
boundaries between pixels. In addition, a liquid crystal
display device having a transmissive display section and a
reflective display section therein includes such projecting
portions only within the reflective display section.

[0014] However, it has been found a problem in that the
conventional semi-transmissive liquid crystal display device
employing one kind of color filter corresponding to each
pixel in order to, for example, reduce the number of process
steps to be carried out to manufacture the device has an
image quality inferior to that of a device employing two
kinds of color filters therein, which has been developed
before the emergence of the device employing one kind of
color filter.

[0015] Furthermore, it has also been found another prob-
lem in that both a reflective liquid crystal display device and
a semi-transmissive liquid crystal display device have dis-
played images appearing pale yellow in color thereon.

SUMMARY OF THE INVENTION

[0016] An object of the present invention is to provide a
color liquid crystal panel capable of improving quality of
images to be displayed in a semi-transmissive liquid crystal
display device, a method for manufacturing the same, and
further a color liquid crystal display device employing the
samie.

[0017] A color liquid crystal panel according to the first
aspect of the present invention comprises a thin film tran-
sistor, a reflective electrode connected to the thin film
transistor and a transparent electrode in each pixel thereof.
Furthermore, the color liquid crystal panel is constructed
such that a display surface of the color liquid crystal panel
allows a light emitted from a backlight to exit from the
display surface through the transparent electrode and
another light inputted to the display surface to exit from the
display surface after being reflected by the reflective elec-
trode. Additionally, the color liquid crystal panel is con-
structed such that the color liquid crystal panel has a color
filter therein so that at least one opening varying an area
thereof depending on a color to be displayed is formed in the
color filter in a part thereof facing the reflective electrode,
and color reproduction ranges of the light exiting from the
display surface through the transparent electrode and the
another light exiting from the display surface after being
reflected by the reflective electrode substantially coincide
with each other.
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[0018] Itshould be noted that the color liquid crystal panel
of the first aspect of the present invention is further and
preferably constructed as follows. That is, a red color filter,
a green color filter and a blue color filter are respectively
formed as the color filter and a ratio of an area of the at least
one opening formed in the color filter with respect to an area
of the color filter becomes maximum in the event the green
color filter is selected as the color filter to calculate the ratio.
The color liquid crystal panel is more preferably constructed
as follows. That is, in the case where a white-colored light
source is employed as the backlight, the ratio of an area of
the at least one opening formed in the green color filter with
respect to an area of the green color filter is made two to four
times the ratio of an area of the at least one opening formed
in one of the red color filter and the blue color filter with
respect to an area of associated one of the red color filter and
the blue color filter.

[0019] Additionally, the color liquid crystal panel of the
first aspect of the present invention described so far is
preferably constructed as follows. That is, the ratio of an
area of the at least one opening formed in the color filter with
respect to an area of the color filter in the color filter in a part
thereof facing the reflective electrode is set at a value of not
greater than 50% and further, the at least one opening is
formed shaped like a slit and a width of the slit is set at a
value of 1 m to 10 m.

[0020] A color liquid crystal panel constructed in accor-
dance with the second aspect of the present invention has a
thin film transistor, a reflective electrode connected to the
thin film transistor and a transparent electrode in each pixel
thereof. Furthermore, the color liquid crystal panel is con-
structed such that a display surface of the color liquid crystal
panel allows a light emitted from a backlight to exit from the
display surface through the transparent electrode and
another light inputted to the display surface to exit from the
display surface after being reflected by the reflective elec-
trode. Additionally, the color liquid crystal panel comprises
a color filter and a transparent film formed between the color
filter and a transparent substrate while varying a volume
thereof depending on a color to be displayed, in which color
reproduction ranges of the light exiting from the display
surface through the transparent electrode and the another
light exiting from the display surface after being reflected by
the reflective electrode substantially coincide with each
other.

[0021] A color liquid crystal panel constructed in accor-
dance with the third aspect of the present invention com-
prises a transparent substrate, a thin film transistor formed in
each pixel on the transparent substrate, an insulation film
formed on the transparent substrate to have a convex-
concave surface within the each pixel, a reflective electrode
formed on the insulation film and connected to the thin film
transistor in the each pixel, in which the insulation film has
projecting portions each extending along a boundary
between adjacent pixels and having a width substantially
equal to that of projecting portions constituting the convex-
concave surface within the each pixel.

[0022] To solve the above-described problems, the inven-
tors of the application have energetically and repeatedly
carried out experiments and studies, and finally found the
following problems included in the conventional technology
that is disclosed such as in Japanese Patent Application
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Laid-open No. 2000-111902. That is, in a transmissive and
reflective liquid crystal display device having one kind of
color filter formed corresponding to a color to be displayed,
respective patterns of openings formed in associated color
filters coincide with each other even though human visual
sensitivity varies depending on a color to be displayed.
Accordingly, this construction of color filter having such
opening therein makes the color reproduction ranges of a
transmissive display section and a reflective display section
within a pixel different from each other, thereby preventing
the transmissive and reflective liquid crystal display device
from offering the desirable quality of images to be displayed.
Taking into account an adverse effect on the quality of
images to be displayed, the present invention has been
conceived to have the following construction of liquid
crystal panel. That is, as described above, an area of open-
ings formed in a color filter within a reflective display
section is made to vary depending on a color to be displayed
or a transparent film is formed between a color filter and a
transparent substrate while varying the volume of the trans-
parent film depending on a color to be displayed. This
construction of liquid crystal panel makes the color repro-
duction ranges of a transmissive display section and a
reflective display section coincide with each other corre-
sponding to a color to be displayed, in other words, with
respect to individual colors to be displayed, thereby creating
color balanced viewable images corresponding to a color to
be displayed, in other words, with respect to individual
colors to be displayed, and further achieving high quality
images.

[0023] Furthermore, the inventors found that images
appearing pale yellow in color are caused by the difference
in gaps between two substrates at positions thereof located
within a pixel and between pixels. Normally in a reflective
liquid crystal display device, a black matrix is not formed at
the boundary between pixels to make a display bright. For
this reason, it is believed that the above-described difference
in gaps makes a light travel different distances through a
liquid crystal to generate phase difference of light, making
images appear pale yellow in color. Therefore, the liquid
crystal panel of the present invention is constructed such that
projecting portions are formed also at the boundary between
pixels to reduce the difference in gaps to thereby reduce pale
yellow in color and achieve high quality images.

[0024] A method for manufacturing a color liquid crystal
panel according to the present invention is constructed as
follows. First, the color liquid crystal panel has a thin film
transistor, a reflective electrode connected to the thin film
transistor and a transparent electrode in each pixel thereof,
and is further constructed such that a display surface of the
color liquid crystal panel allows a light emitted from a
backlight to exit from the display surface through the
transparent electrode and another light inputted to the dis-
play surface to exit from the display surface after being
reflected by the reflective electrode. Secondly, the method
for manufacturing the above-described color liquid crystal
panel comprises the steps of: preparing a photomask in such
a manner that at least one opening is formed in the photo-
mask so as to vary an area of the at least one opening
depending on a color to be displayed; and forming the
pattern in a raw material film constituting the color filter by
using the photomask to make the color filter have the at least
one opening therein varying depending on a color to be
displayed and facing the reflective electrode.
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[0025] Tt should be noted that it is preferable for the
method for manufacturing a color liquid crystal panel to
further have a step of forming a transparent film covering all
color filters formed corresponding to colors to be displayed
and a step of flattening the transparent film after a step of
forming the color filter.

[0026] According to the above-described method for
manufacturing a color liquid crystal panel, the color liquid
crystal panel constructed in accordance with the first aspect
of the present invention and capable of displaying high
quality images can be fabricated.

[0027] Moreover, a color liquid crystal display device of
the present invention comprises a liquid crystal panel con-
structed in accordance with one of the first, second and third
aspects of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a plan view illustrating a layout of a TFT
substrate included in a conventional semi-transmissive lig-

uid crystal display device disclosed in Japanese Patent
Application Laid-open No. 2000-111902;

[0029] FIG. 2 is a cross sectional view of a liquid crystal
panel employed in the conventional semi-transmissive lig-
uid crystal display device, taken along the line A-A of FIG.
1,

[0030] FIG. 3 illustrates a layout of projecting portions
employed in the conventional liquid crystal display device;

[0031] FIG. 4is a plan view of a layout of a TFT substrate
employed in a liquid crystal panel of the first embodiment
constructed in accordance with the present invention;

[0032] FIG. 51is a cross sectional view taken along the line
A-A of FIG. 4;

[0033] FIG. 6 is a cross sectional view taken along the line
B-B of FIG. 4;

[0034] FIG. 7 is a cross sectional view taken along the line
C-C of FIG. 4;

[0035] FIG. 8 is a graphic illustration of a spectrum of a
standard light CIE “C”;

[0036] FIG. 9 is a graphic illustration of a spectrum of a
light emitted from a white-colored LED;

[0037] FIG. 10 is a CIE chromaticity diagram showing an
optimal color reproduction range to be employed in televi-
sion display and defined by NTSC;

[0038] FIG. 11 is a graphic illustration of a spectrum of a
light emitted from the first three-wavelength light source;

[0039] FIG. 12 is a graphic illustration of a spectrum of a
light emitted from the second three-wavelength light source;

[0040] FIGS. 13A, 13B and 13C are plan views illustrat-
ing patterns of various color filters within associated pixels;

[0041] FIG. 14 is a cross sectional view, taken along the
line A-A of FIG. 4, of a liquid crystal panel of the second
embodiment constructed in accordance with the present
invention;

[0042] FIG. 15 is a cross sectional view, taken along the
line B-B of FIG. 4, of a liquid crystal panel of the second
embodiment constructed in accordance with the present
invention;
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[0043] FIG. 16 is a cross sectional view, taken along the
line C-C of FIG. 4, of a liquid crystal panel of the second
embodiment constructed in accordance with the present
invention;

[0044] FIG. 17A is a layout diagram indicating projecting
portions formed under a reflective electrode in the liquid
crystal panel of the third embodiment of the present inven-
tion and FIG. 17B is a schematic cross sectional view of the
liquid crystal panel,

[0045] FIG. 18 is a schematic diagram to explain the
relationship between a width of projecting portion and a
height thereof that varies depending on the width;

[0046] FIGS.19A and 19B are schematic diagrams show-
ing the method for manufacturing the projecting portions
through two exposure steps;

[0047] FIGS. 20A and 20B are schematic diagrams show-
ing the method for manufacturing the projecting portions
through two exposure steps and illustrate process steps
subsequent to the steps of FIGS. 19A and 19B in order;

[0048] FIG. 21 is a schematic diagram showing the
method for manufacturing the projecting portions through

two exposure steps and illustrates a process step subsequent
to the steps of FIGS. 20A and 20B;

[0049] FIGS. 22A and 22B are schematic diagrams show-
ing the method for manufacturing the projecting portions
through one exposure step;

[0050] FIGS. 23A and 23B are schematic diagrams show-
ing the method for manufacturing the projecting portions
through one exposure step and illustrate process steps sub-
sequent to the steps of FIGS. 22A and 22B in order;

[0051] FIG. 24 is a block diagram illustrating the configu-
ration of a portable information terminal constructed in
accordance with the embodiment of the present invention;
and

[0052] FIG. 25 is a block diagram illustrating the configu-
ration of a portable telephone constructed in accordance
with the embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0053] A liquid crystal panel constructed in accordance
with embodiments of the present invention, a method for
manufacturing the same and a liquid crystal display device
employing the same will be described in detail below with
reference to the attached drawings. FIG. 4 is a plan view of
a layout of a TFT substrate employed in a liquid crystal
panel constructed in accordance with the first embodiment
of the present invention. FIG. 5 is a cross sectional view
taken along the line A-A of FIG. 4, FIG. 6 is a cross sectional
view taken along the line B-B of FIG. 4 and FIG. 7 is a cross
sectional view taken along the line C-C of FIG. 4.

[0054] The first embodiment also employs the following
construction of liquid crystal panel similar to that described
in the conventional liquid crystal display device. That is, the
liquid crystal panel of the first embodiment is constructed
such that a red color pixel 101R, a green color pixel 101G
and a blue color pixel 101B are disposed in this order in a
direction in which a scanning signal line extends. In each
pixel, a thin film transistor (TFT) 102 is formed. The thin

Feb. &,2007

film transistor 102 consists of a gate electrode 103a project-
ing from a gate line 103 as the scanning signal line and a
drain electrode 104a projecting from a drain line 104 that
extends in a direction perpendicular to the gate line. The gate
line 103 and the gate electrode 103a are formed on a
transparent substrate 100a and further, an insulation film 105
is formed on the transparent substrate 100a covering the gate
line 103 and the gate electrode 103a. The drain line 104 is
formed on the insulation film 105. An amorphous silicon
layer 106 is formed on the insulation film 105 to face the
gate electrode 103a and the drain electrode 104a is formed
extending on the amorphous silicon layer 106. Furthermore,
a source electrode 107 is formed extending from the amor-
phous silicon layer 106 in a direction apart from the drain
electrode 104a while a part of the source electrode is at least
positioned on and inside the amorphous silicon layer.

[0055] Furthermore, in the embodiment, each pixel is
partitioned into, for instance, nearly two equal sections, i.e.,
a reflective display section R and a transmissive display
section T, by a line extending in parallel with the scanning
signal line. In this case, the reflective display section R is
disposed in a pixel in a section thereof including the thin film
transistor 102.

[0056] Moreover, within the reflective display section R of
each pixel, projecting portions 8 are formed on the insulation
film 105. The projecting portions 8 consist of, for example,
an insulation film. In addition, an insulation film 10 is
formed covering the projecting portions 8, the thin film
transistor 102 and the like and further, a contact hole 11 is
formed in the insulation film 10 so as to reach the surface of
the source electrode 107. Furthermore, in the reflective
display section R, a reflective electrode 12 is formed within
the contact hole 11 and on the insulation film 10. The
reflective electrode 12 has a convex-concave surface reflect-
ing the profile of the projecting portions 8. On the other
hand, within the transmissive display section T, a transparent
electrode 9 is formed on the insulation film 10 and the
reflective electrode 12 and the transparent electrode 9 over-
lap each other around the boundary between the reflective
display section R and the transmissive display section T.
Additionally, a retardation film 113 and a polarizer 114 are
formed on the transparent substrate 100a on a side thereof
defined as the surface on which elements such as the thin
film transistor 102 are not formed. The elements constructed
as described above constitute a TFT substrate.

[0057] Moreover, another transparent substrate 1005 is
disposed in parallel with the transparent substrate 100a on a
side thereof defined as the surface on which the thin film
transistor 102 is formed. A color filter (CF) 21 is formed on
a surface of the transparent substrate 1005 on a side thereof
facing the transparent substrate 100a. As shown in FIGS. 4
through 7, the color filter 21 is formed extending in parallel
with the drain line 104 and further, when viewing a pixel in
a direction perpendicular to a surface of the associated
transparent substrate, the transparent electrode 9 and the
reflective electrode 12 are formed inside with respect to both
end lines of the color filter 21. In addition, within the
reflective display section R, slits 21a are formed in the color
filter 21. The slits 21a are formed to have a width of, for
instance, 1 m to 10 m and further, to occupy, for instance,
below 50% of an area of the color filter 21 within the
reflective display section R. Note that the ratio of an area
occupied by the slits 21a with respect to an area of the color
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filter 21 within the reflective display section R varies
depending on a color to be displayed and in the embodiment,
the ratio of an area occupied by the slits 21a that are formed
in the green color pixel 101G is made, for example, three
times the respective ratio of an area occupied by the slits 21a
that are formed in the red color pixel 101R and the blue color
pixel 101B. Note that although the embodiment is con-
structed such that the slits 21a are formed extending in a
direction in parallel with the color filter 21, the embodiment
is not limited to the above-described construction of slits and
therefore, may be constructed by employing another slits
that have patterns different from that of the slits 21a.

[0058] Furthermore, an overcoat layer 25 is formed on the
transparent substrate 1005 filling the slits 21a while cover-
ing the color filter 21 and an opposing electrode 122 is
formed on the overcoat layer 25. The overcoat layer 25
consists of, for example, a transparent resin and the oppos-
ing electrode 122 consists of, for example, an ITO (Indium
Tin Oxide). A retardation film 123 and a polarizer 124 are
formed on a surface of the transparent substrate 1005 on a
side thereof defined as the surface on which elements such
as the color filter 21 are not formed. The elements con-
structed as described above constitute a CF substrate.

[0059] Subsequently, a liquid crystal 130 is interposed
between the TFT substrate and the CF substrate.

[0060] In the first embodiment constructed as described
above, in the transmissive display section T, a light emitted
from a backlight (not shown) exits to the outside through the
color filter 21. In the reflective display section R, a part of
a light reaching the reflective electrode 12 through the color
filter 21 exits to the outside through the slits 21a and a part
of a light reaching the reflective electrode 12 through the
slits 21a exits to the outside through the color filter 21. Also,
the following phenomenon can be seen in the reflective
display section R. That is, a light reaching the reflective
electrode 12 through the color filter 21 exits to the outside
through the color filter 21 and a light reaching the reflective
electrode 12 through the slits 214 exits to the outside through
the slits 21a. Therefore, a mean film thickness of a color
filter through which lights exiting from the reflective display
section R transmit during the time in which the lights travel
the associated distance after they are inputted to the inside
until they are outputted to the outside becomes nearly equal
to that could be observed in the transmissive region T. In
addition, as the embodiment employs the ratio of an area of
the slits 21a with respect to an area of the color filter within
the reflective display section R (hereinafter, the ratio is
referred to as “aperture ratio”) varying depending on a color
to be displayed, it is possible to make the color reproduction
ranges of the reflective display section R and the transmis-
sive display section T coincide with each other with respect
to acolor to be displayed. As a result, the color liquid crystal
display panel constructed as described above can display
high quality images.

[0061] Subsequently, the relationship between an aperture
ratio and a color balance will be explained below.

[0062] The inventors of this application carried out a
simulation in the following manner to make the above-
described relationship clearer: first, decide to use a white-
colored light emitting diode (LED) as a backlight; secondly,
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vary the film thickness of color filter; thirdly, with respect to
various film thicknesses of color filter, calculate the aperture
ratio so as to take the value for allowing chromaticity
coordinates of the transmissive display section to substan-
tially match to the CIE (Center for International Education)
chromaticity coordinates of a white display. In this case, a
standard light CIE “C” was used as a light incident on the
reflective display section. FIG. 8 is a graphic illustration of
a spectrum of the standard light CIE “C” and FIG. 9 is a
graphic illustration of a spectrum of a light emitted from a
white-colored LED. Note that an intensity of light along the
longitudinal axis shown in FIGS. 8 and 9 is normalized such
that the maximum intensity of light takes the value of one.
The results obtained by carrying out the above-mentioned
simulation will be illustrated in the following Tables 1
through 7.

TABLE 1
Film thickness
0.8 m
X y
Aperture  coordinate coordinate NTSC

Hue ratio value value ratio
Transmissive  Red — 0.417 0328
display Green — 0.329 0377
section Blue — 0.229 0.288

White — 0.321 0.366 0.040
Reflective Red 0.20 0.417 0319
display Green 0.38 0.319 0.378
section Blue 0.27 0.239 0.288
(having White — 0.318 0.334 0.042
optimal slits)
Reflective Red 0 0.487 0.306
display Green 0 0.316 0417
section Blue 0 0.171 0.247
(having no White — 0.311 0.336 0.142
slits)
[0063]

TABLE 2
Film thickness
1.0m
x
Aperture  coordinate coordinate NTSC

Hue ratio value value ratio
Transmissive  Red — 0.430 0328 —
display Green — 0.328 0.385 —
section Blue — 0.217 0.279 —

White — 0.321 0.337 0.054
Reflective Red 0.18 0.430 0.320 —
display Green 0.37 0.318 0.385 —
section Blue 0.24 0.231 0.280 —
(having White — 0.318 0.335 0.055
optimal slits)
Reflective Red 0 0.508 0.308 —
display Green 0 0.314 0.435 —
section Blue 0 0.161 0.236 —
(having no White — 0.311 0.341 0.183

slits)
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[0064]
TABLE 5-continued
TABLE 3
Film thickness
Film thickness 1.6 m
1.2m
X y
X y Aperture  coordinate coordinate NTSC
Aperture  coordinate coordinate NTSC Tue ratio value value ratio
Hue ratio value value ratio
o ﬂ Reflective Red 0 0.566 0.316 —
dTFa“lsmlss“’e gﬁi - 8‘3“2‘; 8?38 - display Green 0 0306 0482  —
1spiay reen - : 7 - section Blue 0 0.141 0.209 —
section Blue — 0.206 0.271 — havi Whit. 0312 0353 0310
White — 0.320 0338  0.069 (having no e - 2t : :
Reflective ~ Red 0.17 0440 032  — slits)
display Green 0.36 0.317 0.392 o Reflective Red 0.2 0.440 0327 —
scction Blue 0.20 0219 0271 — display Green 0.2 0312 0429 -
(having White _ 0.317 0336 0.069 section Blue 0.20 0.218 0.264 —
optimal slits) (having White — 0.316 0.346 0.097
Reflective Red 0 0.527 0.310 — constant
display Green 0 0.311 0.451 — aperture ratio
section Blue 0 0.153 0.227 — regardless of
(having no ‘White — 0.311 0.345 0.224 a color to be
slits) displayed)
[0065] [0067]
TABLE 4 TABLE 6
Film thickness Film thickness
14m 1.8 m
X X y
Aperture  coordinate coordinate NTSC Aperture  coordinate coordinate NTSC
Hue ratio value value ratio Hue ratio value value ratio
Transmissive  Red — 0.455 0.328 — Transmissive  Red — 0.490 0.330 —
display Green — 0.327 0.401 — display Green — 0.326 0.416 —
section Blue — 0.196 0.263 — section Blue — 0.175 0.243 —
White — 0.319 0.338 0.086 White — 0.319 0.340 0.131
Reflective Red 0.15 0.454 0.323 — Reflective Red 0.11 0.488 0.327 —
display Green 0.35 0.316 0.398 — display Green 0.30 0.313 0.414 —
section Blue 0.15 0.204 0.258 — section Blue 0.11 0.189 0.240 —
(having White — 0.316 0336 0.088 (having White — 0.317 0.340 0.130
optimal slits) optimal slits)
Reflective Red 0 0.544 0.313 — Reflective Red 0 0.584 0.320 —
display Green 0 0.309 0.467 — display Green 0 0.304 0.496 —
section Blue 0 0.147 0.219 — section Blue 0 0.136 0.201 —
(having no White — 0.311 0.348 0.264 (having no White — 0.312 0.356 0.354
slits) slits)
[0066] [0068]
TABLE 5 TABLE 7
Film thickness Film thickness
16m 2.0m
X X
Aperture  coordinate coordinate NTSC Aperture  coordinate coordinate NTSC
Hue ratio value value ratio Hue ratio value value ratio
Transmissive  Red — 0.473 0.329 — Transmissive  Red — 0.506 0.331 —
display Green — 0.327 0.408 — display Green — 0.325 0.423 —
section Blue — 0.185 0.252 — section Blue — 0.167 0.234 —
White — 0.319 0.339 0.108 White — 0.319 0.341 0.154
Reflective Red 0.12 0.476 0.324 — Reflective Red 0.09 0.506 0328 —
display Green 0.31 0.314 0.409 — display Green 0.2 0.312 0.421 —
section Blue 0.14 0.200 0.251 — section Blue 0.10 0.186 0.234 —
(having White — 0.317 0339 0.111 (having White — 0.318 0.343 0.152

optimal slits)

optimal slits)



US 2007/0030422 Al Feb. 8, 2007
TABLE 7-continued TABLE 8
Film thickness Film thickness
20m 12m
X X y
Aperture  coordinate coordinate NTSC Aperture  coordinate coordinate NTSC
Hue ratio value value ratio Hue ratio value value ratio
Reflective Red 0 0.599 0.323 — Transmissive ~ Red — 0.447 0.291 —
display Green 0 0.301 0.508 — display Green — 0.335 0.387 —
section Blue 0 0.133 0.194 — section Blue — 0.216 0.252 —
(having no White — 0313 0360 0394 White — 0329 0317  0.084
slits) Reflective Red 0.15 0.448 0.321 —
display Green 0.40 0.317 0.387 —
section Blue 0.10 0.191 0.252 —
o . (having White — 0.313 0.331 0.082
[0069] It should be noted that the NTSC ratio is a ratio of ~ optimal slits)
an area of a color reproduction range of the associated
display section with respect to an area of a color reproduc-
tion range most suitable for television display and defined by [0072]
NTSC (National Television System Committee) FIG. 10 is
a CIE chromaticity diagram showing a color reproduction TABLE 9
range most suitable for television display and defined by Film thickness
NTSC. 1.6m
[0070] As shown in the above-described Tables 1 through x
7, in a case where slits are formed in the color filter to make Aperture  coordinate  coordinate  NTSC
. . Hue ratio value value ratio
the color filter have the appropriate aperture ratio, the
chromaticity coordinates and NTSC ratio calculated with Transmissive ~ Red — 0476 0.292 —
respect to the transmissive display section substantially g;%ljz glrzzn - 8'?3 8"2121 -
match to those calculated with respect to the reflective White _ 0.330 0320 0198
display section. On the other hand, in a case where slits are Reflective Red 0.12 0476 0324 —
not formed in the color filter within the reflective display ~ display Green 031 0314 0.409 -
section, the chromaticity coordinates and NTSC ratio cal- section Blue 008 0178 0236 1y
> U Y i . (having White — 0.314 0337  0.124
culated with respect to the transmissive display section are  ptimal slits)
extensively different from those calculated with respect to Reflective Red 0.15 0.461 0326 —
the reflective display section. Furthermore, also in a case  display Green 0.15 0.311 0440 —
. . section Blue 0.15 0.204 0.254 —
where slits are formed in the color filter to make the color (having White o 0315 0317 0127
filter have the same aperture ratio within the reflective constant
display section regardless of a color to be displayed, as aperture ratio
shown in Table 5, difference in the color reproduction ranges ~ regardless sf
of respective display sections is not large. However, as the zg;llz;ets) ©
saturations of color observed in a green color pixel increase
whereas the saturations of color observed in a red color pixel
and a blue color pixel decrease, difference in respective hues [0073]
observed in the transmissive display section and the reflec-
tive display section results. TABLE 10
[0071] Furthermore, the inventors of this application car- Film thickness
ried out a simulation in the following manner: first, decide 20m
to use a three-wavelength light source (the first three-
wavelength light source) as a backlight; secondly, vary the X Y
. gth ligh ) . ght: Ys vary Aperture  coordinate coordinate NTSC
film thickness of color filter; thirdly, with respect to various Hue tatio valie valte  rafio
film thicknesses of color filter, calculate the aperture ratio so
as to take the value for allowing chromaticity coordinates of ~ Transmissive  Red - 0507 0296 -
o . . . display Green — 0.332 0.426 —
the transmissive display section to substantially match to the section Blue _ 0182 014 _
CIE (Center for International Education) chromaticity coor- White _ 0.331 0324 0.179
dinates. In this case, a standard light CIE “C” was used as Reflective Red 0.08 0.514 0.328 —
a light incident on the reflective display section. FIG. 11is ~ display glfeeﬂ 8-?5 8-?2 8-‘2?2 -
E : : : section ue .0 .162 . —
a graphic illustration of a spectrum of the light emitted from (having White o 0315 0342 o8

the first three-wavelength light source. Note that an intensity
of light along the longitudinal axis shown in FIG. 11 is
normalized such that the maximum intensity of light takes
the value of one. The results obtained by carrying out the
above-mentioned simulation will be illustrated in the fol-
lowing Tables 8 through 10.

optimal slits)

[0074] As shown in the above-indicated Tables 8 through
10, in a case where slits are formed in the color filter to make
the color filter have an appropriate aperture ratio, the chro-
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maticity coordinates and NTSC ratio calculated with respect
to the transmissive display section substantially match to
those calculated with respect to the reflective display section
even when the light source used in the simulation changes.
On the other hand, in a case where slits are formed in the
color filter to make the color filter have the same aperture
ratio regardless of a color to be displayed, as shown in Table
9, difference in the color reproduction ranges of respective
display sections is not large. However, as the saturations of
color observed in a green color pixel increase whereas the
saturations of color observed in a red color pixel and a blue
color pixel decrease, difference in respective hues observed
in the transmissive display section and the reflective display
section results.

[0075] In the following description, relationship between
an aperture ratio and a light source will be explained. When
a spectrum of a light emitted from the light source varies, the
chromaticity coordinates of a light exiting to the outside
through a color filter within a transmissive display section
vary correspondingly. This explanation will also be under-
stood by comparing the figures of associated items indicated
in the above-described Tables 1 through 7 with the figures of
associated items indicated in the above-described Tables 8
through 10. To make the relationship between an optimal
aperture ratio and a light source clearer, the inventors carried
out a simulation. In the simulation, the film thickness of a
color filter is fixed to be 1.6 m and the aforementioned
white-colored LED, the first three-wavelength light source
and an additional three-wavelength light source (the second
three-wavelength light source) are employed as a light
source. FIG. 12 is a graphic illustration of a spectrum of a
light emitted from the second three-wavelength light source.
Note that an intensity of light along the longitudinal axis
shown in FIG. 12 is normalized such that the maximum
intensity of light takes the value of one. The results obtained
by carrying out the above-mentioned simulation will be
illustrated in the following Tables 11 through 13 in which the
white-colored LED, the first three-wavelength light source
and the second three-wavelength light source are employed,
respectively.

TABLE 11
X y
Aperture  coordinate coordinate NTSC
Hue ratio value value ratio
Transmissive Red — 0.473 0.329 —
display section Green — 0.327 0.408 —
Blue — 0.185 0.252 —
White — 0.319 0.339 0.108
Reflective Red 012 0.476 0.324 —
display section Green 031 0.314 0.409 —
(having optimal ~ Blue 0.14 0.200 0.251 —
slits) White — 0.317 0.339 0.111
[0076]
TABLE 12
X y
Aperture  coordinate coordinate NTSC
Hue ratio value value ratio
Transmissive Red — 0.476 0.292 —
display section Green — 0.333 0.407 —
Blue — 0.197 0.234 —
White — 0.330 0.320 0.128
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TABLE 12-continued

X y
Aperture  coordinate coordinate NTSC
Hus ratio value value ratio
Reflective Red 0.12 0.476 0.324 —
display section Green 0.31 0.314 0.409 —
(having optimal ~ Blue 0.08 0.178 0.236 —
slits) White — 0.314 0337 0.124
[0077]
TABLE 13
X y
Aperture  coordinate coordinate NTSC
Hue ratio value value ratio
Transmissive Red — 0.437 0.286 —
display section Green — 0311 0.428 —
Blue — 0.195 0.243 —
White — 0.303 0.331 0.126
Reflective Red 0.20 0.440 0.327 —
display section Green 0.20 0.312 0.429 —
(having optimal ~ Blue 0.10 0.186 0.241 —
slits) White — 0311 0.343 0.116

[0078] As shown in Table 13, in the case where the second
three-wavelength light source is employed in the simulation,
an optimal color reproduction range is obtained when 10
aperture ratios applied to a red color filter and a green color
filter coincide with each other.

[0079] The results obtained by those simulations tell that
regardless of a light source to be employed in the simulation,
it is desirable to make the aperture ratio applied to the green
color filter largest among three aperture ratios applied to the
red, green and blue color filters. Specifically, in the case
where a white-colored light source is employed in the
simulation, it is preferable that the aperture ratio applied to
the green color filter is made two to four times those applied
to the red and blue color filters.

[0080] It should be noted that it is preferable that the slits
of the color filter are formed to have a width of 1 m to 10
m. When the slits are formed to have a width narrower than
1 m, operation for forming associated patterns in the color
filter becomes difficult. On the other hand, when the slits are
formed to have a width wider than 10 m, operation for
flattening an overcoat layer formed on the color filter
becomes difficult.

[0081] As already mentioned in the above-described
explanation, the openings of the color filter is not limited to
the above-described slits and therefore, may be constructed
by employing another openings that have patterns different
from those of the slits. Furthermore, a positional relationship
relatively observed between the reflective display section
and the transmissive display section is not limited to the
above-described construction of reflective display and trans-
missive display sections. FIGS. 13A, 13B and 13C are plan
views illustrating patterns of various color filters and posi-
tional relationship between reflective display and transmis-
sive display sections within a pixel.

[0082] For instance, as shown in FIG. 13A, in the case
where the reflective display section R and the transmissive
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display section T are partitioned in the same manner shown
in the above-described embodiment, the liquid crystal panel
of the present invention may employ an opening 41a that is
formed in the color filter 41 so as to be positioned in the
center of the reflective display section R.

[0083] In addition, as shown in FIG. 13B, also in a case
where the reflective display section R and the transmissive
display section T are partitioned such that the reflective
display section R is surrounded by the transmissive display
section T, the liquid crystal panel of the present invention
may employ an opening 42q that is formed in a color filter
42 so as to be positioned in the center of the reflective
display section R.

[0084] Moreover, as shown in FIG. 13C, in a case where
the reflective display section R and the transmissive display
section T are partitioned such that the transmissive display
section T is interposed between the two reflective display
sections R, the liquid crystal panel of the present invention
may employ the following construction of pixel. That is, the
pixel is constructed such that a color filter 43 is formed to
have its end lines 43a positioned nearer the transmissive
display section T than the outer end lines of the two
reflective display sections R, thereby creating regions in the
pixel in which the color filter 43 is not formed.

[0085] Tt should be noted that regardless of a pattern of
color filter, it is preferable that the ratio of an area of
openings with respect to that of the reflective display section
is made equal to or less than 50%. In other words, it would
be desirable to form the color filter so as to occupy at least
50% of an entire area of the reflective display section. The
reason is as follows. That is, when the color filter is formed
to occupy less than 50% of an entire area of the reflective
display section, the ratio of lights that have no opportunities
to transmit through the color filter during the time in which
the lights travel the associated distance after they are input-
ted to the inside until they are outputted to the outside with
respect to entire lights associated with the reflective display
section increases, thereby making it difficult for the color
reproduction range of the reflective display section to coin-
cide with that of the transmissive display section.

[0086] The second embodiment of the present invention
will be described below. In the second embodiment, the film
thickness of color filter within a reflective display section is
made thinner than that within a transmissive display section.
FIGS. 14, 15 and 16 are cross sectional views, each illus-
trating a structure of a liquid crystal panel of the second
embodiment constructed in accordance with the present
invention, taken along the line A—A of FIG. 4, the line
B—B of FIG. 4 and the line C—C of FIG. 4, respectively.
Note that the parts and components used in the second
embodiment shown in FIGS. 14, 15, 16 and also used in the
first embodiment shown in FIGS. 4, 5, 6, 7, 8 are denoted by
the same numerals as those referred in the first embodiment,
thereby omitting detailed explanation thereof.

[0087] The second embodiment also includes the follow-
ing construction of liquid crystal panel similar to that
described in the first embodiment. That is, the liquid crystal
panel of the second embodiment is constructed such that
each pixel is partitioned into, for example, nearly two equal
sections, 1.e., a reflective display section R and a transmis-
sive display section T, by a line extending in parallel with the
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scanning signal line. Furthermore, a TFT substrate is con-
structed in the same manner as that employed in the first
embodiment.

[0088] A CF substrate of the second embodiment is con-
structed such that a color filter 51 is formed on a surface of
a transparent substrate 1005 on a side thereof facing a
transparent substrate 100a. In addition, within the reflective
display section R, a transparent resin layer 52 is formed
between the color filter 51 and the transparent substrate
1005. In this case, the ratio of a volume of the transparent
resin layer 52 with respect to an entire volume of the color
filter 51 and the transparent resin layer 52 within the
reflective display section R (hereinafter, the ratio is referred
to as “volume ratio”) is set at a value of, for example, 35%
to 65%. The volume ratio can be adjusted by varying a film
thickness or an area of the transparent resin layer 52. Note
that the volume ratio varies depending on a color to be
displayed and in the embodiment, the volume ratio applied
to a green color pixel 101G is made, for example, about
three times the volume ratio applied to a red color pixel
101R and a blue color pixel 101B. Furthermore, although
the embodiment is constructed such that the transparent
resin layer 52 is formed completely overlapping the color
filter 51, the embodiment is not limited to the above-
described construction of transparent resin layer and color
filter. Additionally, it would be desirable that the color filter
51 has a flat surface in the same plane over two areas thereof
corresponding to the reflective display section R and the
transmissive display section T.

[0089] In the liquid crystal panel of the second embodi-
ment constructed as described above, within the transmis-
sive display section T, a light emitted from a backlight (not
shown) exits to the outside through the color filter 51. Within
the reflective display section R, a light reaching the reflec-
tive electrode 12 through the color filter 51 exits to the
outside through the color filter 51. In this case, as the film
thickness of the color filter 51 within the reflective display
section R is being made approximately half that of the color
filter 51 within the transmissive display section T, the
substantial film thickness of color filter through which lights
transmit during the time in which the lights travel the
associated distance after they are inputted to the inside until
they are outputted to the outside becomes nearly equal to
that could be observed within the transmissive display
section T. Furthermore, in the embodiment, as the volume
ratio calculated with respect to the volume of the transparent
resin layer 52 is made to vary depending on a color to be
displayed, it becomes possible for the color reproduction
range of the reflective display section R to coincide with that
of the transmissive display section T, thereby allowing the
liquid crystal panel to display high quality images.

[0090] Subsequently, the relationship between a volume
ratio and a color balance will be explained below. The
inventors of this application carried out the simulation
similar to that performed in the first embodiment to make the
above-described relationship clearer: first, decide to use a
white-colored LED as a backlight; secondly, vary the film
thickness of color filter and at the same time, vary the area
of transparent resin layer; thirdly, with respect to various
film thicknesses of color filter, calculate the volume ratio so
as to take the value for allowing chromaticity coordinates of
the transmissive display section to substantially match to the
CIE (Center for International Education) chromaticity coor-
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dinates. In this case, a standard light CIE “C” is used as a
light incident on the reflective display section. The results
obtained through the above-described simulation will be
indicated in the following Tables 14 and 15.

TABLE 14

Film thickness
2.2m

X
Area Volume coordinate coordinate NTSC

Hue ratio  ratio value value ratio
Transmissive Red — — 0.518 0.333
display Green — — 0.325 0.43
section Blue — — 0.161 0.227

White — — 0.319 0.342 0.175
Reflective Red 0.82  0.58 0.51 0.309
display Green 098 041 0.314 0.427
section Blue 0.70 048 0.158 0.23
(having White — — 0.313 0.34 0.18
optimal
transparent
resin layer)
[0091]

TABLE 15
Film thickness
2.0m
X y
Area Volume coordinate coordinate NTSC

Hue ratio  ratio value value ratio
Transmissive Red — — 0.506 0.331
display Green — — 0.325 0.423
section Blue — — 0.167 0.234

White — — 0.319 0.341 0.154
Reflective Red 0.80  0.60 0.501 0.308
display Green 1.00 042 0.316 0.417
section Blue 0.70 048 0.163 0.235
(having White — — 0.313 0.337 0.158
optimal
transparent

resin layer)

[0092] Tt should be noted that “area ratio” indicated in the
tables represents the ratio of an area of transparent resin
layer with respect to an area of color filter within the
reflective display section and “volume ratio” represents the
ratio of a volume of transparent resin layer with respect to
an entire volume of color filter and transparent resin layer
within the reflective display section. In addition, “film
thickness” represents a film thickness of color filter within
the transmissive display section, coinciding with an entire
film thickness of color filter and transparent resin layer
within the reflective display section.

[0093] As indicated in the above-described Tables 14 and
15, in a case where a transparent resin layer is formed within
the reflective display section to have an appropriate volume
ratio, the chromaticity coordinates and NTSC ratio calcu-
lated with respect to the transmissive display section sub-
stantially match to those calculated with respect to the
reflective display section.

[0094] A method for manufacturing the liquid crystal
panel of the first embodiment will be explained below. A
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TFT substrate can be manufactured by using the same
method as that employed to manufacture the conventional
liquid crystal panel. On the other hand, a CF substrate can
be manufactured using, for instance, the following method:
first, coat a photosensitive resin film as a raw material film
that constitutes a monochrome color filter on a transparent
substrate 1005; secondly, expose the photosensitive resin
film using a photomask that has a predetermined slit pattern
therein and then, develop the photosensitive resin film.
Through those steps, the photosensitive resin film is pat-
terned to constitute a monochrome color filter 21 having slits
21a therein. Those steps are carried out to form three color
filters 21 respectively. Note that the ratio of an area of a
pattern to be formed in the photomask corresponding to the
slits with respect to an area of the photomask, for example,
is made maximum when using a photomask to form a green
color filter. That is, the ratios applied to the associated color
filters are individually adjusted. In other words, the photo-
masks are individually formed to have a pattern associated
with a slit pattern formed in the color filter and correspond-
ing to a color to be displayed. In a case where a white-
colored light source is employed in the liquid crystal display
device, it is preferable that the ratio of an area of slit pattern
with respect to an area of the photomask used to form a
green color filter is made about two to four times that should
be applied to a photomask to form a red or blue color filter.

[0095] After formation of three color filters, an overcoat
layer is formed on an entire surface of the transparent
substrate 1005 while achieving flatness thereof and further,
an opposing electrode is formed thereon. Furthermore, a
retardation film and a polarizer are formed on a surface of
the transparent substrate 1005 on a side thereof defined as
the surface on which the color filter is not formed.

[0096] A method for manufacturing the liquid crystal
panel of the second embodiment will be explained below. A
TFT substrate can be manufactured by using the same
method as that employed to manufacture the conventional
liquid crystal panel. On the other hand, a CF substrate can
be manufactured using, for instance, the following method:
first, previously prepare photomasks in such a manner that
the photomasks each are formed corresponding to a color to
be displayed to have a pattern therein corresponding to a
pattern of transparent resin film; secondly, coat a raw
material film that constitutes a transparent resin film on a
transparent substrate 1005; thirdly, form an associated pat-
tern in the raw material film using the above-described
photomask followed by formation of a transparent resin film
52 on the transparent substrate 1005; fourthly, coat another
raw material film that constitutes a color filter on the
transparent substrate 1005 and then, carry out associated
process steps of, for instance, exposing and developing the
another raw material film to form the color filter so as to
have a flat surface thereof corresponding to a color to be
displayed. Note that the ratio of an area of a pattern formed
in the photomask and corresponding to a pattern of trans-
parent resin film with respect to an area of photomask, for
example, is made maximum when using the photomask to
form a green color filter. That is, the ratios applied to the
associated color filters are individually adjusted. In other
words, the photomasks are individually formed to have a
pattern corresponding to a pattern of transparent resin film
and a color to be displayed. In a case where a white-colored
light source is employed in the liquid crystal display device,
it is preferable that the ratio of an area of a pattern formed
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in the photomask with respect to an area of photomask,
which is applied to a photomask used to form a green color
filter, is made about two to four times that should be applied
to a photomask to form a red or blue color filter.

[0097] After formation of three color filters, an overcoat
layer is formed on an entire surface of the transparent
substrate 1005 while achieving flatness thereof and further,
an opposing electrode is formed thereon. Furthermore, a
retardation film and a polarizer are formed on the transparent
substrate 1005 on a backside thereof defined as the surface
on which the color filter is not formed.

[0098] It should be noted that although the liquid crystal
panel employed in the first and second embodiments does
not have a black matrix between the adjacent color filters of
the CF substrate, the liquid crystal panel may be constructed
such that the black matrix is formed between the adjacent
color filters of the CF substrate. Furthermore, although the
liquid crystal panel employed in the first and second
embodiments have a color filter formed on a transparent
substrate on which a thin film transistor is not formed, the
liquid crystal panel may be constructed such that the color
filter is formed on a substrate on which a thin film transistor
is formed. In this case, the color filter is formed on, for
example, a reflective electrode or a transparent electrode.

[0099] The third embodiment of the present invention will
be described below. An object of the third embodiment is to
provide a liquid crystal display device in which an improve-
ment in the chromaticness of color is performed. FIG. 17A
is a layout diagram indicating projecting portions formed
under a reflective electrode in the liquid crystal panel of the
third embodiment of the present invention and FIG. 17B is
a schematic cross sectional view of the liquid crystal panel.

[0100] Inthe first and second embodiments, the projecting
portions 8 are formed under the reflective electrode in all
directions to make the reflective electrode have a convex-
concave surface that reflects the profile of the projecting
portions. In the embodiment, in addition to the projecting
portions 8, projecting portions 58 formed in the same step
through which the projecting portions 8 are formed are
formed in boundary regions between pixels that are located
adjacent to each other in a direction in which a scanning
signal line (gate line) extends. The width and height of the
projecting portion 58 are substantially the same as those of
the projecting portion 8.

[0101] According to the third embodiment constructed as
described above, as shown in FIG. 17B, difference between
a gap “d1” between a color filter 21 and an insulation film
10 under the reflective electrode within a pixel and a gap
“d2” between a transparent substrate 1005 and the insulation
film 10 in the boundary regions between pixels is made to
become shorter than that observed in the conventional liquid
crystal panel. In more detail, as undesirable boundary
regions in which the projecting portions 108 are not formed
exist in boundary regions between pixels in the conventional
liquid crystal panel, a gap between the undesirable boundary
regions and the transparent substrate 1005 becomes
extremely long in comparison with the gap observed in the
embodiment in which such undesirable boundary regions
never exist. According to the liquid crystal panel of the
embodiment, images appearing pale yellow in color are
substantially eliminated from a display thereof.

[0102] Tt should be noted that assuming a width of the
projecting portion 58 is designed to be W1 and a width of the
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projecting portion 8 is designed to be W2, it is preferable
that the projecting portions 58 and 8 are formed satisfying
the following equation:

(W2-1).W1.(W2+1) (unit:m)

Furthermore, it is more preferable that the projecting por-
tions 58, 8 are formed satisfying the following equation:

(W2-0.5).W1.(92+0.5) (unit:.m)

FIG. 18 is a schematic diagram to explain the relationship
between a width of projecting portion and a height thereof
that varies depending on the width. In a case where “W2” is
made longer than “W1”, when the projecting portions are
subjected to heat treatment (liquefaction of a material
through baking) in an associated manufacturing step, dif-
ference between surface tensions of the projecting portions
8 and 58 makes the material constituting the projecting
portion 8 flow, as indicated by the arrow “A.” into the
projecting portion 58. As a result, the height of the projecting
portion 58 becomes longer than the designed value whereas
the height of the projecting portion 8§ becomes shorter than
the designed value. On the contrary, in a case where “W2”
is made shorter than “W1”, the height of the projecting
portion 58 becomes shorter than the designed value whereas
the height of the projecting portion 8 becomes longer than
the designed value, thereby making it impossible to elimi-
nate the difference between the gaps “d1” and “d2.” Accord-
ingly, it is desirable to design the values of “W1”and “W2”
to become substantially equal to each other while securing
the above-described margin in the equations. Note that if the
cross sectional view shown in FIG. 17B is accurately drawn
so as to correspond to FIG. 17A, the projecting portion 8
should also be drawn in FIG. 17B. However, for simplicity,
in the cross sectional view shown in FIG. 17B, the projecting
portions 8 are omitted whereas the projecting portions 58 are
drawn. Furthermore, it should be understood by those skilled
in the art that the liquid crystal panel shown in FIG. 14 and
FIG. 16 is also constructed as described above, that is,
constructed such that the projecting portions 58 having the
same width and height as those of the projecting portions 8
are being formed in addition to the projecting portions 8.

[0103] A method for manufacturing projecting portions
under a reflective electrode using a single photosensitive
resin film will be explained below. First, a method for
manufacturing the projecting portions through two exposure
steps will be explained and then, a method for manufactur-
ing the same through one exposure step will be explained.
FIGS. 19A, 19B, 20A, 20B and 21 are schematic diagrams
showing the method for manufacturing the projecting por-
tions through two exposure steps in order.

[0104] First, as shown in FIG. 19A, after formation of a
TFT (not shown) and the like, coat a resist film 71 consisting
of a photosensitive resin on a transparent substrate 100a.
Until the above-described coating is completed, prepare a
photomask 72 in such a manner that a Cr film 73 that prevent
a light from being incident on the resist film 71 on a part
thereof corresponding to the projecting portions is formed
on a transparent substrate 74.

[0105] Subsequently, as shown in FIG. 19B, expose the
resist film 71 consisting of a photosensitive resin using the
photomask 72 to form exposed portions 71a in the resist film
71. In this case, the depth of exposure is preferably limited
to the position located, for example, about half the film
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thickness of the resist film 71 consisting of a photosensitive
resin down from the surface of the resist film.

[0106] Thereafter, as shown in FIG. 20A, prepare a pho-
tomask 75 in such a manner that a Cr film 76 having an
opening only in a part thereof corresponding to a contact
hole 11 is formed on a transparent substrate 74. Then, expose
the resist film 71 consisting of a photosensitive resin using
the photomask 75 to form another exposed portion 71a in the
resist film 71, which corresponds to the portion of the resist
film where the contact hole 11 will be formed later on, so as
to reach the surface of a source electrode (not shown).

[0107] After that, as shown in FIG. 20B, develop the resist
film to remove the exposed portions 71a.

[0108] Subsequently, as shown in FIG. 21, bake the resist
film 71 consisting of a photosensitive resin to flow to round
the steps existing at the surface of the resist film 71 con-
sisting of a photosensitive resin. As a result, the projecting
portions and the contact hole 11 are formed.

[0109] A method for manufacturing the projecting por-
tions through one exposure step will be explained below.
FIGS. 22A, 22B, 23A and 23B are schematic diagrams
showing the method for manufacturing the projecting por-
tions through one exposure step in order.

[0110] First, as shown in FIG. 22A, after formation of a
TFT (not shown), coat a resist film 71 consisting of a
photosensitive resin on a transparent substrate 100a. Until
the above-described coating is completed, prepare a photo-
mask 82 in the following manner. That is, a semi-transparent
film 83 having an opening only in a part thereof correspond-
ing to a contact hole 11 is formed on a transparent substrate
84 and further, a Cr film 85 that prevents a light from being
incident on the resist film 71 on a part thereof corresponding
to the projecting portions is formed on the semi-transparent
film. In this case, the semi-transparent film 83 consists of,
for instance, a metal oxide film.

[0111] Subsequently, as shown in FIG. 22B, expose the
resist film 71 consisting of a photosensitive resin using the
photomask 82 to form exposed portions 715. In this case, the
depth of exposure through the semi-transparent film 83 is
preferably limited to the position located, for example, about
half the film thickness of the resist film 71 consisting of a
photosensitive resin down from the surface of the resist film.
As a result, the exposed portion 715 is formed in the resist
film 71 consisting of a photosensitive resin. A portion,
corresponding to the contact hole 11, out of the exposed
portion 715, directly receives an exposure light that does not
transmit through the semi-transparent film 83 and therefore,
the depth of exposure is positioned in proximity to the
surface of a source electrode (not shown).

[0112] Thereafter, as shown in FIG. 23A, develop the
resist film to remove the exposed portions 71b.

[0113] Subsequently, as shown in FIG. 23B, bake the resist
film 71 consisting of a photosensitive resin to flow to round
the steps existing at the surface of the resist film 71 con-
sisting of a photosensitive resin. As a result, the projecting
portions and the contact hole 11 are formed.

[0114] It should be noted that although the embodiment
employs a resist film consisting of a photosensitive resin to
form projecting portions, instead of it, the embodiment may
employ the following method for manufacturing projecting
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portions. That is, for example, form a plurality of projecting
portions consisting of an insulation film and further, form
another insulation film thereon covering an entire surface of
the insulation film, thereby forming a convex-concave sur-
face within pixels and in a boundary between pixels.

[0115] Furthermore, the liquid crystal panel of the present
invention may be constructed by combining one of the
constructions of liquid crystal panel employed in the first
and second embodiments with the construction of liquid
crystal panel employed in the third embodiment.

[0116] The liquid crystal panel constructed in accordance
with those embodiments can be applied to, for example, a
monitor of a portable information terminal, a portable tele-
phone, a portable personal computer, a notebook-size per-
sonal computer or a disk-top personal computer. FIG. 24 is
a block diagram illustrating the configuration of a portable
information terminal constructed in accordance with the
embodiment of the present invention. In addition, FIG. 25 is
a block diagram illustrating the configuration of a portable
telephone constructed in accordance with an embodiment of
the present invention.

[0117] A portable information terminal 250 constructed in
accordance with the embodiment of the present invention
includes a display unit 268 comprised of a liquid crystal
panel 265, a backlight unit 266 and an image signal pro-
cessing unit 267 for processing an image signal. Further-
more, the portable information terminal 250 includes a
control unit 269 for controlling components that constitute
the portable information terminal 250, a storage unit 271 for
storing programs executed by the control unit 269 and
various data, a communication unit 272 for transmitting data
to and receiving data from external devices, an input unit
273 comprised such as of a keyboard or a pointer and a
power supply unit 274 for supplying power to the compo-
nents that constitute the portable information terminal 250.
Note that the first, second and third embodiments described
above are applied to the liquid crystal panel 265.

[0118] The portable information terminal 250 thus con-
structed in accordance with the embodiment is able to
display high quality images by creating color balanced
viewable images or suppressing pale yellow in color.

[0119] A portable telephone 275 constructed in accor-
dance with the embodiment of the present invention includes
a display unit 276 comprised of a liquid crystal panel 265,
a backlight unit 266 and an image signal processing unit 267
for processing an image signal. Furthermore, the portable
telephone 275 includes a control unit 277 for controlling
components that constitute the portable telephone 275, a
storage unit 278 for storing programs executed by the
control unit 277 and various data, a transmission unit 281 for
transmitting a radio signal to external devices, an input unit
282 comprised such as of a keyboard or a pointer and a
power supply unit 283 for supplying power to the compo-
nents that constitute the portable telephone 275. Note that
the first, second and third embodiments described above are
applied to the liquid crystal panel 265.

[0120] The portable telephone 275 thus constructed in
accordance with the embodiments also is able to display
high quality images by creating color balanced viewable
images or suppressing pale yellow in color.

[0121] As described so far, according to the present inven-
tion of claims 1 to 10, as an opening occupying an area
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varying depending on a color to be displayed is formed in a
color filter whereas only one kind of color filter is formed
corresponding to each pixel, it is possible for a liquid crystal
panel of the present invention to make color reproduction
ranges of a reflective display section and a transparent
display section substantially coincide with each other within
each pixel. This construction of liquid crystal panel makes it
possible for a liquid crystal panel to achieve high quality
images without increase in process steps for manufacturing
a liquid crystal panel. Specifically, in the case where an
aperture ratio applied to a color filter that is used to display
a green color of high visibility is made maximum, difference
in color reproduction ranges of a reflective display section
and a transparent display section can further be reduced.
Furthermore, according to the present invention of claim 11,
as variation in a gap between substrates interposing a liquid
crystal therebetween is reduced, pale yellow in color
observed in the conventional liquid crystal panel can be
reduced.

[0122] In addition, according to the method of the present
invention of claims 12 and 13, a color liquid crystal panel
having such advantages in the construction of color filter can
be manufactured.

[0123] Moreover, according to the present invention of
claims 14 to 16, a color liquid crystal panel having advan-
tageous constructions of color liquid crystal panel described
so far can be applied to a color liquid crystal display device.

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

a display surface with plural pixels, each of said plural
pixels comprising,

a thin film transistor,

areflective electrode connected to said thin film electrode,

a transparent electrode, and

plural color filters that each has a different color and a first
part facing said reflective electrode and a second part
facing said transparent electrode, wherein said first part
has at least one opening whose area depends on the
color; and
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said panel further comprising a backlight that is arranged
so that light from said backlight exits said display
surface after passing through said transparent electrode
and said second part,

wherein external light input into said display surface and
through said first part and said at least one opening is
reflected by said reflective electrode and exits said
display surface after again passing through said first
part and said at least one opening.

2. The panel of claim 1, wherein said first and second parts
and said at least one opening have sizes so that color
reproduction ranges of (a) the light that exits said display
surface after passing through said transparent electrode and
(b) the external light that exits said display surface after
again passing through said first part and said at least one
opening, substantially coincide with each other.

3. The panel of claim 2, wherein said first and second parts
are substantially the same size.

4. The panel of claim 3, comprising three of said color
filters that are red, green, and blue, and wherein said at least
one opening in said first part of said green color filter is
larger than said at least one opening in each said first part of
said red and blue color filters.

5. The panel of claim 4, wherein said second part does not
have an opening therein.

6. The panel of claim 1, wherein said first and second parts
are substantially the same size.

7. The panel of claim 1, comprising three of said color
filters that are red, green, and blue, and wherein said at least
one opening in said first part of said green color filter is
larger than said at least one opening in each said first part of
said red and blue color filters.

8. The panel of claim 1, wherein said second part does not
have an opening therein.

9. The panel of claim 1, wherein said at least one opening
causes a color reproduction range of the external light that
exits said display surface after again passing through said
first part and said at least one opening to be narrower than
if said at least one opening were not present in said first part.
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