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SEMI-TRANSMISSIVE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
MANUFACTURE THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates to semi-transmissive liquid
crystal display devices and methods of manufacture thereof,
and more particularly to semi-transmissive liquid crystal
display devices in which a color material in a reflection area
is provided with an opening and methods of manufacture
thereof.

[0003]

[0004] Inatypical semi-transmissive liquid crystal display
device, a substrate on which a TFT (thin film transistors) is
formed (hereafter also called a TFT array substrate) is
provided with a transmission area transmitting backlight,
and a reflection area reflecting external light that has entered
a liquid crystal layer, for each pixel. In a position facing the
TFT array substrate, there is provided a substrate on which
a color filter using red, green and blue color materials is
formed (hereafter also called a color filter substrate). The
TFT array substrate and the color filter substrate hold a
liquid crystal layer therebetween.

[0005] The semi-transmissive liquid crystal display device
includes both the transmission area having high visibility in
a dark place and low visibility in a bright place where
external light is brighter than backlight, and the reflection
area having high visibility in a bright place and low visibility
in a dark place. The semi-transmissive liquid crystal display
device therefore has good optical characteristics under
intense external light as well as in a dark closed environ-
ment. On the TFT array substrate formed is a pixel electrode
to be connected to the TFT. The pixel electrode is provided
with a transmission electrode acting as the transmission area
and a reflection electrode acting as the reflection area.

[0006] On the color filter substrate formed are a light-
shielding film (hereafter also called a black matrix (BM)), a
transparent resin layer, and a transparent electrode layer
around the color filter using red, green and blue color
materials. The black matrix is a metal film and the like for
shielding light unnecessary for display in the transmission
area and the reflection area. The transparent resin layer is an
insulating film for covering unevenness resulting from a
difference in thickness between the color materials, overlap
between adjacent color materials, overlap between the black
matrix and the color materials or the like, and easing the
steps. The transparent electrode layer is a conductive film
formed as an opposed electrode to the pixel electrode.

2. Description of the Background Art

[0007] In the semi-transmissive liquid crystal display
device, transmitted light in the transmission area passes
through the color filter only once, whereas reflected light in
the reflection area passes through the color filter twice upon
entrance and exit. This causes a difference in optical con-
centration between the transmitted light in the transmission
area and the reflected light in the reflection area, resulting in
an insufficient quantity of the reflected light in the reflection
area. To address this problem, conventional semi-transmis-
sive liquid crystal display devices have employed a method
of providing an opening and thus partially not providing a
color material in a color filter in the reflection area, a method
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of changing transmittivity of a color material between the
transmission area and the reflection area, and so on. The
method of partially not providing a color material in a color
filter in the reflection area is described in detail in Japanese
Patent Application Laid-Open No. 2003-215560, for
example.

[0008] Also in the semi-transmissive liquid crystal display
device, the thickness of the liquid crystal layer (also called
a gap between the TFT array substrate and the color filter
substrate, or a cell gap) is changed between the transmission
area and the reflection area in order to improve the lumi-
nance characteristics of the reflected light. More specifically,
letting “dt” denote the thickness of the liquid crystal layer in
the transmission area, the thickness of the liquid crystal layer
in the reflection area is defined as “Y dt”. The thickness of
the liquid crystal layer is changed by providing an organic
film structure on the color filter substrate side or the TFT
array substrate side. In the above method of partially not
providing a color material in a color filter in the reflection
area, an opening where the color material has been extracted
(hereafter called a color material opening) is filled with the
organic film to thereby prevent the thickness of the liquid
crystal layer from changing in that portion.

[0009] In such ways, the semi-transmissive liquid crystal
display device controls the optical characteristics of the
reflected light by providing the color material opening in the
reflection area. As the optical characteristics of the reflected
light are controlled by the area of the color material opening,
however, the dimensional accuracy of the color material
opening has a direct influence upon the optical characteris-
tics of the reflected light. A problem is thus encountered that
variations in dimensional accuracy of the color material
opening cause variations in optical characteristics of the
reflected light.

[0010] Furthermore, considering a cross section of the
portion where the color material opening is provided, the
color material opening is filled with the organic film as
described above. However, since the color material is rela-
tively thick, it is difficult to fill the color material opening
with the organic film completely smoothly, resulting in the
occurrence of slight steps in that portion. A problem is thus
encountered that such steps cause variations in reflectivity,
which is one of the optical characteristics of the reflected

light.
SUMMARY OF THE INVENTION

[0011] It is an object of this invention to provide a semi-
transmissive liquid crystal display device capable of reduc-
ing variations in optical characteristics of reflected light.

[0012] In an aspect of the invention, a semi-transmissive
liquid crystal display device includes: a first substrate having
a transmission pixel electrode that forms a transmission
area, and a reflection pixel electrode that forms a reflection
area; a second substrate having a color filter formed by using
a color material, and a light-shielding film provided around
the color filter; and a liquid crystal held between the first
substrate and the second substrate. The semi-transmissive
liquid crystal display device further includes: an opening
provided in the color material in the reflection area, and
having at least two sides formed over the light-shielding film
of finished dimensional accuracy higher than that of the
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color material; and a resin film formed to cover the color
material while burying the opening.

[0013] The semi-transmissive liquid crystal display device
includes the opening having at least two sides formed over
the light-shielding film of finished dimensional accuracy
higher than that of the color material. This improves the
dimensional accuracy of the opening, thereby reducing
variations in optical characteristics of reflected light.

[0014] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a plan view illustrating a TFT array
substrate in a semi-transmissive liquid crystal display device
according to a first preferred embodiment of this invention;,

[0016] FIGS. 2A to 2E are cross-sectional views illustrat-
ing the TFT array substrate in the semi-transmissive liquid
crystal display device according to the first preferred
embodiment;

[0017] FIG. 3 is a plan view illustrating a color filter
substrate in the semi-transmissive liquid crystal display
device according to the first preferred embodiment;

[0018] FIGS. 4A to 4F are cross-sectional views illustrat-
ing the color filter substrate in the semi-transmissive liquid
crystal display device according to the first preferred
embodiment;

[0019] FIG. 5 is a plan view illustrating a color filter for
one picture element in a semi-transmissive liquid crystal
display device;

[0020] FIG. 6 is a plan view illustrating a color filter for
one pixel according to the first preferred embodiment;

[0021] FIG.7 illustrates area variations of a color material
opening according to the first preferred embodiment;

[0022] FIG. 8 is a plan view illustrating a color filter for
one picture element according to a second preferred embodi-
ment of this invention;

[0023] FIG.9 illustrates area variations of a color material
opening according to the second preferred embodiment;

[0024] FIG. 10 is a plan view illustrating a color filter for
one picture element according to a third preferred embodi-
ment of this invention;

[0025] FIG. 11 illustrates area variations of a color mate-
rial opening according to the third preferred embodiment;

[0026] FIG. 12 is a plan view illustrating a color filter for
one picture element according to a fourth preferred embodi-
ment of this invention;

[0027] FIG. 13 illustrates area variations of a color mate-
rial opening according to the fourth preferred embodiment;

[0028] FIG. 14A is a plan view illustrating a color filter
for one pixel according to a fifth preferred embodiment of
this invention;

[0029] FIG. 14B illustrates a color material opening
according to the fifth preferred embodiment;
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[0030] FIG. 15 explains the relationship between the area
of the color material opening and a step on a transparent
resin layer according to the fifth preferred embodiment;

[0031] FIG. 16 explains the relationship between the
thickness of a liquid crystal layer and the transmittivity of
the liquid crystal,

[0032] FIG. 17A is a plan view illustrating another color
filter for one pixel according to the fifth preferred embodi-
ment;

[0033] FIG.17B illustrates another color material opening
according to the fifth preferred embodiment; and

[0034] FIG. 18 illustrates a color material opening in a
semi-transmissive liquid crystal display device according to
a sixth preferred embodiment of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

[0035] FIG. 1 is a plan view schematically illustrating a
TFT array substrate 10 in a semi-transmissive liquid crystal
display device according to a first preferred embodiment of
this invention. In FIG. 1, a transmission area T transmitting
light, and a reflection area S reflecting ambient light that has
entered a liquid crystal layer are formed for each pixel
provided on the TFT array substrate 10. FIGS. 2A to 2E are
cross-sectional views explaining a method of manufacturing
the TFT array substrate 10. In FIGS. 2A to 2E, cross
sections of the transmission area T, the reflection area S, a
TFT, an intersection of a source line and a gate line (S/G
cross section), a source terminal section, and a gate terminal
section are imaginarily illustrated as a single cross-sectional
view.

[0036] In FIGS. 1 and 2A to 2E, on a transparent insu-
lation substrate 1 such as a glass substrate formed are a gate
line 22 including a gate electrode 21 made of a first
conductive film, and a storage capacitance line 24 including
a first storage capacitance electrode 23 provided in the
reflection area S and a second storage capacitance electrode
25 provided in the transmission area T. The first and second
storage capacitance electrodes 23 and 25, and the storage
capacitance line 24 are provided for preventing light leakage
from a backlight and maintaining a voltage over a fixed
period of time.

[0037] A first insulating film 3 is provided over the gate
line 22 and the like. A semiconductor active film 4 which is
a semiconductor layer, and an ohmic contact film 5 are
formed on the gate electrode 21 via the first insulating film
(gate insulating film) 3. The ohmic contact film 5 has its
central portion removed and is divided into two areas, one
of which has a source electrode 61 made of a second
conductive film laminated thereon, and the other has a drain
electrode 62 made of the second conductive film laminated
thereon. The semiconductor active film 4, the ohmic contact
film 5, the gate electrode 21, the source electrode 61, and the
drain electrode 62 form a TFT 64 acting as a switching
element.

[0038] A reflection pixel electrode 65 extending from the
drain electrode 62 is formed in the reflection area S. Namely,
the reflection pixel electrode 65 is made of the second
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conductive film. Thus the second conductive film is made of
a material having a metal film of high reflectivity in its
surface layer. A source line 63 connected to the source
electrode 61 is also made of the second conductive film.

[0039] A second insulating film 7 is provided to cover the
reflection pixel electrode 65 and the like, and then part of the
second insulating film 7 over the reflection pixel electrode
65 is removed to form a contact hole 81. A transmission
pixel electrode 91 made of a conductive film of high
transmittivity (hereafier also called a transparent conductive
film) is formed over the second insulating film 7, to form the
transmission area T. The transmission pixel electrode 91 is
electrically connected to the reflection pixel electrode 65 via
the contact hole 81, and further electrically connected to the
drain electrode 62 via the reflection pixel electrode 65. A
contrast-reduction-preventing electrode 95 is provided in a
spacing between the reflection pixel electrode 65 and the
source line 63 via the second insulating film 7. The contrast-
reduction-preventing electrode 95 is a transparent conduc-
tive film, and is formed simultaneously with the transmis-
sion pixel electrode 91. The contrast-reduction-preventing
electrode 95 is formed along and almost parallel to the
source line 63.

[0040] Next, the method of manufacturing the TFT array
substrate 10 in the semi-transmissive liquid crystal display

device according to the first preferred embodiment will be
described with reference to FIGS. 2A to 2E.

[0041] Firstly, the transparent insulation substrate 1 such
as a glass substrate is washed to cleanse its surface. Then, as
illustrated in FIG. 2A, the first conductive film is formed on
the transparent insulation substrate 1 by sputtering and the
like. The first conductive film is a thin film made of an alloy
and the like having chromium (Cr), molybdenum (Mo),
tantalum (Ta), titanium (T1), aluminum (Al) or the like as the
main component. In the first preferred embodiment, the first
conductive film is made of a chromium film having a
thickness of 400 nm, or an aluminum alloy film having a
thickness of 250 nm.

[0042] Then, a first photolithography process is performed
by patterning the first conductive film to form the gate
electrode 21, the gate line 22, the first storage capacitance
electrode 23, the storage capacitance line 24, and the second
storage capacitance electrode 25. The first storage capaci-
tance electrode 23 is formed almost on the whole surface of
the reflection area S, while the second storage capacitance
electrode 25 is formed partially in the transmission area T to
become parallel to the source line 63. The storage capaci-
tance line 24 is formed to be electrically connected to the
first storage capacitance electrode 23, and along the source
line 63. In the first photolithography process, firstly, the
substrate is washed, then applied with a photosensitive
resist, then dried, and then exposed using a mask of a
prescribed pattern. Then in the first photolithography pro-
cess. the exposed substrate is developed to thereby form a
resist based on the mask pattern having been transferred
onto the substrate. The resist is then hardened by the
application of heat, and the first conductive film is subse-
quently etched to pattern the first conductive film. After
patterning the first conductive film, the photosensitive resist
is stripped off in the first photolithography process.

[0043] The first conductive film can be etched by wet
etching with a known etchant. When the first conductive film
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is chromium, for example, a mixed solution of diammonium
cerilum nitrate and nitric acid is used. In addition, it is
desirable that the first conductive film be etched by taper
etching where a cross section of a pattern edge is rendered
into a trapezoidal taper shape, in order to improve coverage
of the insulating films in steps of the pattern edge to thereby
prevent a short circuit with other lines.

[0044] Next, as illustrated in FIG. 2B, the first insulating
film 3, the semiconductor active film 4, and the ohmic
contact film 5 are successively formed by plasma CVD and
the like. The first insulating film 3 acting as a gate insulating
film is made of a single layer film that is one of a SiNx film,
a SiOy film, and a SiOzNw film, or a multilayer film having

[T L T T )

those films laminated therein (the signs “x”, “y”, “z” and
“w” are positive numbers indicative of stoichiometric com-
positions). When the first insulating film 3 is thin, a short
circuit occurs easily at the intersection of the gate line 22 and
the source line 63, and when the first insulating film 3 is
thick, the ON current of the TFT 64 decreases to reduce the
display characteristics. It is therefore desirable that the first
insulating film 3 be formed as thin as possible while being
thicker than the first conductive film. Also, the first insulat-
ing film 3 should be formed in several stages in order to
prevent an interlayer short circuit due to the occurrence of a
pin hole and the like. In the first preferred embodiment, the
first insulating film 3 is made of a SiN film having a
thickness of 400 nm by forming a SiN film having a
thickness of 300 nm, and further forming a SiN film having
a thickness of 100 nm.

[0045] The semiconductor active film 4 is made of an
amorphous silicon (a-Si) film, a polysilicon (p-Si) film, and
the like. When the semiconductor active film 4 is thin, the
film disappears in the course of dry etching on the ohmic
contact film 5 as described later, and when the semiconduc-
tor active film 4 is thick, the ON current of the TFT 64
decreases. The thickness of the semiconductor active film 4
is therefore determined in consideration of controllability of
the amount of etching in the course of dry etching on the
ohmic contact film 5, and a required value of the ON current
of the TFT 64. In the first preferred embodiment, the
semiconductor active film 4 is made of an a-Si film having
a thickness of 150 nm.

[0046] The ohmic contact film 5 is made of an n-type a-Si
film in which a-Si is doped with a small quantity of
phosphorus (P), or an n-type p-Si film. In the first preferred
embodiment, the ohmic contact film 5 is made of an n-type
a-Si film having a thickness of 30 nm.

[0047] Subsequently, a second photolithography process
is performed by patterning at least a portion where the TFT
64 is to be formed of the semiconductor active film 4 and the
ohmic contact film 5. The breakdown voltage can be
increased by leaving the semiconductor active film 4 and the
ohmic contact film 5 not only in the portion where the TFT
64 1s to be formed, but at the intersection of the gate line 22
and the source line 63 (S/G cross section) and in a portion
where the source line 63 is to be formed. The semiconductor
active film 4 and the ohmic contact film 5 can be etched by
dry etching with a known gas composition (mixed gas of SF
and O, or mixed gas of CF, and O,, for example).

[0048] Next, as illustrated in FIG. 2C, the second con-
ductive film is formed by sputtering and the like. The second
conductive film includes a first layer 6a made of an alloy
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including chromium, molybdenum, tantalum, titanium and
the like, or having those elements as the main component,
and a second layer 65 made of an alloy including aluminum
and silver (Ag), or having those elements as the main
component. The first layer 6a is formed on and in direct
contact with the ohmic contact layer 5 and the first insulating
film 3. The second layer 65 is formed thereon in direct
contact with the first layer 6a. The second conductive film,
which will be used as the source line 63 and the reflection
pixel electrode 65, needs to be formed in consideration of
wiring resistance and the reflection characteristics of its
surface layer. In the first preferred embodiment, the first
layer 6a of the second conductive film is made of a chro-
mium film having a thickness of 100 nm, and the second
layer 6 of an AlCu film having a thickness of 300 nm.

[0049] On the second conductive film, the contact hole 81
is to be formed by dry etching in a step as described later,
followed by formation of a conductive thin film (transparent
conductive film) partially in the contact hole 81 for estab-
lishing electrical connection. For this reason, the second
conductive film should be made of a metal thin film resistant
to surface oxidation, or a metal thin film having conductivity
even after undergoing oxidation. When using an Al system
material for the second conductive film, an Al nitride film,
or a Cr, Mo, Ta, or Ti film should be formed on the surface
in order to prevent conductivity deterioration resulting from
surface oxidation.

[0050] Subsequently, a third photolithography process is
performed by patterning the second conductive film to form
the source line 63 including the source electrode 61, and the
reflection pixel electrode 65 including the drain electrode
62. The drain electrode 62 and the reflection pixel electrode
65 are continuously formed of the same layer, and electri-
cally connected to each other in the same layer. The second
conductive film can be etched by wet etching with a known
etchant.

[0051] Processing then continues with etching removal of
the central portion of the ohmic contact film 5 of the TFT 64,
to expose the semiconductor active film 4. The ohmic
contact film 5 can be etched by dry etching with a known gas
composition (mixed gas of SF4 and O, or mixed gas of CF,
and O,, for example).

[0052] Moreover, a contact area (not shown) may be
formed by removing the second layer 65 made of AlCu in a
portion where the contact hole 81 as described later is to be
formed. This contact area can be formed by performing
exposure such as halftone exposure so that a photoresist
thickness will be finished thin in the removed portion,
reducing the resist with oxygen plasma and the like after dry
etching the ohmic contact film 5 to thereby remove the resist
only in the removed portion, and wet etching the AlCu, in
the course of the third photolithography process. Conse-
quently, the surface of the second conductive film in contact
with the transmission pixel electrode 91 as described later
becomes the chromium film of the first layer 6a, thus
attaining a contact surface having good conductivity.

[0053] A halftone exposure process is described. Halftone
exposure takes place through a halftone photomask (photo-
mask having a pattern made of Cr with variable density, for
example), so that the exposure intensity is adjusted to
control a remaining thickness of a photoresist. Then, etching
takes place on a film in a portion where the photoresist has
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been completely removed. Next, the photoresist is reduced
with oxygen plasma and the like to thereby remove the
photoresist only in a portion with a small remaining thick-
ness. Lastly, etching takes place on the film in the portion
with the small remaining thickness (where the photoresist
has been removed). This allows two steps’ worth of pat-
terning by a single photolithography process.

[0054] When forming an Al nitride film (AICuN, for
example) and the like on the surface of the second conduc-
tive film, the reflectivity is slightly reduced but good contact
is obtained with the transmission pixel electrode 91 as
described later. Thus it is unnecessary to form a contact area
(not shown), which eliminates the halftone exposure pro-
cess.

[0055] Next, as illustrated in FIG. 2D, the second insu-
lating film 7 is formed by plasma CVD and the like. The
second insulating film 7 can be formed of the same material
as the first insulating film 3, and its thickness should be
determined in consideration of coverage of a lower layer
pattern. In the first preferred embodiment, the second insu-
lating film 7 is made of a SiN film having a thickness of 200
nm to 330 nm.

[0056] Then, still as illustrated in FIG. 2D, a fourth
photolithography process is performed by patterning the
second insulating film 7 to form the contact hole 81 over the
reflection pixel electrode 65. The second insulating film 7
can be etched either by wet etching with a known etchant,
or by dry etching with a known gas composition.

[0057] Then, as illustrated in FIG. 2E, a transparent
conductive film to form the transmission pixel electrode 91
as described later is formed by sputtering and the like. The
transparent conductive film may be made of ITO (indium-
tin-oxide), SnO2 and the like, and should be made of ITO in
particular in terms of chemical stability. While the ITO may
be either crystallized ITO or amorphous 1TO (a-ITO), the
a-ITO needs to be crystallized by the application of heat to
the crystallization temperature of 180° C. or more after
patterning. In the first preferred embodiment, the transparent
conductive film is made of a-ITO having a thickness of 80
nm.

[0058] Lastly, still as illustrated in FIG. 2E, a fifth pho-
tolithography process is performed by patterning the trans-
parent conductive film to form the transmission pixel elec-
trode 91 in the transmission area T. In consideration of
deviations and the like in the course of patterning, the
transmission pixel electrode 91 is formed to overlap the
reflection pixel electrode 65 via the second insulating film 7
in a boundary portion between the reflection area S and the
transmission area T. A sidewall portion of the contact hole 81
acting as a connection portion of the reflection pixel elec-
trode 65 and the transmission pixel electrode 91 is covered
with the transparent conductive film.

[0059] Next, the structure of a color filter substrate 30 in
the semi-transmissive liquid crystal display device accord-
ing to the first preferred embodiment will be described. FIG.
3 is a plan view illustrating the color filter substrate 30 for
one picture element (a group of three pixels of a red pixel,
a green pixel, and a blue pixel). Each of the pixels shown in
FIG. 3 is divided into the transmission area T and the
reflection area S, and a transparent resin layer 31 is arranged
in the reflection area S in order to change the thickness of the
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liquid crystal layer between the transmission area T and the
reflection area S. The transparent resin layer 31 may be
arranged below or above a color material 32, and is arranged
above the color material 32 in the first preferred embodi-
ment. A red color material 32R, a green color material 32G,
and a blue color material 32B are formed on the red pixel,
the green pixel, and the blue pixel, respectively. A light-
shielding film 34 is further provided to prevent light leakage
from the gate line 22, the source line 63, and the like. The
above elements will be described later in detail with respect
to a method of manufacturing the color filter substrate 30.

[0060] The provision of the transparent resin layer 31 in
the reflection area S leads to the occurrence of steps on the
boundary with the transmission area T, causing disorder of
an orientation state of liquid crystals near the boundary. A
semi-transmissive liquid crystal display device has a con-
trast that differs greatly between reflection mode and trans-
mission mode, which is typically 100 or more in transmis-
sion mode and about 50 at the highest in reflection mode.
This 1s a difference in principle caused by the addition of
surface reflection of the liquid crystal display device to
luminance of black display, as the reflection mode utilizes
external light for display. It is therefore required either to
shield light by providing a light-shielding film (black
matrix) in the portion where the orientation state of liquid
crystals falls into disorder (step portion), or to arrange the
step portion in the reflection area S. In the first preferred
embodiment, the step portion is arranged in the reflection
area S as illustrated in FIG. 3, so that the reflection area S
should not be reduced. In consideration of misalignment
between the TFT array substrate 10 and the color filter
substrate 30, the forming position accuracy and deviations
therefrom of the transparent resin layer 31, the forming
position accuracy and deviations therefrom of the reflection
pixel electrode 65 and so on, the distance from the step
portion to the transmission area T is set to 8 um in the first
preferred embodiment.

[0061] Reflected light in the reflection area S, which
passes through the color filter twice upon entrance and exit,
becomes dark in hue and decreases in luminance by the
square of the transmittivity of the color materials. For this
reason, in the semi-transmissive liquid crystal display device
according to the first preferred embodiment, a color material
opening 35 is provided in the reflection area S of each pixel
by partially extracting the color material. The reflected light
1s not colored in the color material opening 35 that has high
transmittivity, so the reflected light in the whole of the
reflection area S with the color material opening 35 becomes
light in hue and increases in luminance. The color material
opening 35 is filled with the transparent resin layer 31 and
flattened so that unevenness that develops on the surface of
the transparent resin layer 31 measures 0.4 um or less.

[0062] InFIG. 3, a columnar spacer 33 is arranged near a
position facing the gate line 22 on the color filter substrate
30. The columnar spacer 33 may alternatively be arranged
near a position facing the source line 63 where the light-
shielding film 34 is formed, or near a position facing the TFT
64. In FIG. 3, the positions facing the gate line 22 and the
source line 63 are indicated by dashed lines.

[0063] The height of the columnar spacer 33 is optimized
in accordance with the thickness of the liquid crystal layer
in the reflection area S. The set optimum value depends on
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the materials on the opposed TFT array substrate 10 and the
materials for a base film of the columnar spacer 33, and
needs to be optimized for each device. Note that the thick-
ness of the liquid crystal layer in the transmission area T
cannot be significantly increased due to restrictions in terms
of the response speed characteristics. On the other hand,
when the thickness of'the liquid crystal layer in the reflection
area S is increased too much, white display at the time of
reflection will be tinged with too much yellow. Further, as
described above, the thickness of the liquid crystal layer in
the reflection area S needs to be set to about half the
thickness of the liquid crystal layer in the transmission area
T. In consideration of these facts, the thickness of the liquid
crystal layer in the reflection area S needs to be set to about
1 to 3 pM. In the first preferred embodiment, the thickness
of the liquid crystal layer in the reflection area S is set to 2
pm, and the height of the columnar spacer 33 is set to 2.2
um. The thickness of the liquid crystal layer in the trans-
mission area T is set to 3.8 um.

[0064] The color materials 32 in the semi-transmissive
liquid crystal display device according to this invention are
arranged in a stripe pattern or a dot pattern. Adjacent color
materials 32 are arranged while overlapping each other, or
with a certain interval therebetween. The color material 32
has a thickness of about 0.5 to 3.5 wm, which depends on the
desired color characteristics. The color material 32 in the
first preferred embodiment has a thickness of 1.2 pm to
attain a color reproduction range (Gamut) of 50%. This
thickness is the same for red, blue and green, in order to
prevent a change in color caused by a difference in thickness
of the liquid crystal layer in the reflection area S. Further in
the first preferred embodiment, the color materials 32 have
a stripe shape and are adjacently arranged with an interval of
5 um in consideration of the positional accuracy and varia-
tions in shape of the color materials 32, as adjacent color
materials 32 having the same thickness can cause, when
being superimposed, a short circuit with the opposed TFT
array substrate 10.

[0065] Next, a method of manufacturing the color filter
substrate 30 in the semi-transmissive liquid crystal display
device according to the first preferred embodiment will be
described with reference to FIGS. 4A to 4F.

[0066] Firstly, a transparent insulation substrate 2 such as
a glass substrate is washed to cleanse its surface. After the
wash, as illustrated in FIG. 4A, a film 37 having light-
shielding properties is formed on the transparent insulation
substrate 2 by sputtering, spin coating, and the like. The film
37 having light-shielding properties is then patterned to form
a light-shielding film 34, as illustrated in FIG. 4B. More
specifically, the film 37 having light-shielding properties is
applied with a photosensitive resist, and then exposed and
developed by photolithography, to thereby form the pattern
of the light-shielding film 34. The film 37 having light-
shielding properties may be of multilayer structure including
a Cr oxide film, a Ni oxide film and the like, which blacken
the transparent insulation substrate 2 when viewed from
outside. In the first preferred embodiment, the film 37 is
made of a multilayer film of Cr oxide having a thickness of
150 nm.

[0067] Next, as illustrated in FIG. 4C, the color material
32 is applied to the transparent insulation substrate 2 on
which the light-shielding film 34 has been formed. The color
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material 32 may be applied in any given order, which is
applied, although not shown, in the order of the red color
material 32R, then the green color material 32G, and then
the blue color material 32B in the first preferred embodi-
ment. The application of the red color material 32R is
described in detail, whose application steps will be repeated
for each of the color materials 32. First, the red color
material 32R is applied to the whole surface of the substrate
by spin coating and the like, and controlled to have a
thickness of 1.2 um as described above. Then, exposure and
development are performed by photolithography to form the
red color material 32R of a prescribed pattern. Further, the
color material opening 35 is formed partially in the color
material 32 in the reflection area S in the course of the above
patterning by photolithography.

[0068] Then, as illustrated in FIG. 4D, the transparent
resin layer 31 is formed only in the reflection area S in order
1o adjust the thickness of the liquid crystal layer between the
reflection area S and the transmission area T. The transparent
resin layer 31 is applied to the transparent insulation sub-
strate 2 in a desired thickness by spin coating and the like,
then exposed, and then developed to be completed. The
thickness of the transparent resin layer 31 is set in such a
manner that a difference in thickness of the liquid crystal
layer between the transmission area T and the reflection area
S is 2.0 wm. In the course of forming the transparent resin
layer 31, the color material opening 35 is filled with the
transparent resin layer 31.

[0069] Next, as illustrated in FIG. 4E, a transparent elec-
trode 38 is formed on the color material 32, the transparent
resin layer 31, and the like. More specifically, the transparent
electrode 38 which is an ITO film is formed on the color
material 32, the transparent resin layer 31, and the like by
mask sputtering, evaporation, and the like. In the first
preferred embodiment, the transparent electrode 38 is
formed by mask sputtering, and has a thickness of 1450
angstroms (0.145 pm).

[0070] Lastly, as illustrated in FIG. 4F, the columnar
spacer 33 is formed on the transparent resin layer 31 via the
transparent electrode 38. A typical process for this is that a
transparent resin film is applied by slit & spin and the like,
and then the pattern of the columnar spacer 33 is formed by
photolithography. Since the columnar spacer 33 needs to be
applied uniformly and hard, NN 780 of JSR Corporation,
with its thickness being set to 2.2 pm, is used in the first
preferred embodiment.

[0071] Although not shown, the TFT array substrate 10
and the color filter substrate 30 thus formed are applied with
orientation films in a subsequent cell step, and subjected to
a rubbing process in a fixed direction. A sealing material for
bonding those substrates is then applied to one of the
substrates. At the same time the sealing material is applied,
a transfer electrode for electrically connecting those sub-
strates is arranged as well. The TFT array substrate 10 and
the color filter substrate 30 are superimposed so that their
respective orientation films face each other, aligned, and
then bonded to each other by hardening the sealing material.

[0072] The sealing material is made of thermosetting
epoxy system resin, photo-setting acrylic system resin, and
the like. MP-3900 of Nippon Kayaku Co., Ltd., a sealing
material made of thermosetting epoxy system resin, is used
in the first preferred embodiment. The transfer electrode is
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made of silver paste, conductive particles present in the
sealing material, and the like. Micropearl® (diameter: 5 pum)
with Au coating of Sekisui Chemical Co., Ltd. is used for the
transfer electrode in the first preferred embodiment. After
bonding the TFT array substrate 10 and the color filter
substrate 30, a liquid crystal is injected between the sub-
strates. A polarizing plate is bonded on both sides of the
liquid crystal panel thus formed, and then a backlight unit is
attached to the rear surface, thereby completing the semi-
transmissive liquid crystal display device.

[0073] Moreover, the plurality of gate lines 22 and the
plurality of source lines 63 are formed on the liquid crystal
panel, with the TFTs 64 being formed at the respective
intersections of the gate lines 22 and the source lines 63. The
TFT 64 has a gate connected to the gate line 22 via the gate
electrode 21, a source connected to the source line 63 via the
source electrode 61, and a drain connected to a pixel
electrode (the reflection pixel electrode 65 and the transmis-
sion pixel electrode 91) via the drain electrode 62, respec-
tively. Also on the liquid crystal panel, pixels formed by the
TFTs 64 and the pixel electrodes (the reflection pixel elec-
trodes 65 and the transmission pixel electrodes 91) are
arranged in a matrix. Since the pixels are arranged in a
matrix, a pixel displaying red, a pixel displaying green, and
a pixel displaying blue are repeatedly connected to a single
gate line 22.

[0074] In this liquid crystal panel, the TFT 64 connected
to the gate line 22 having been selected enters an ON state,
and an image signal supplied to the source line 61 is applied
to the pixel electrode to thereby display a desired image. The
orientation of liquid crystal molecules is controlled by the
voltage applied to the pixel electrode, so the transmittivity of
light passing through the liquid crystal layer can be con-
trolled. The source line 63 has one side connected to the TFT
64, and the other side to the source terminal section outside
a display area. The source terminal section is connected to
a terminal of a tape carrier package via an anisotropic
conductive sheet and the like, to be connected to a source
driver mounted on the tape carrier package.

[0075] The gate line 22 has one side connected to the TFT
64, and the other side to the gate terminal section outside the
display area. The gate terminal section is connected to a
terminal of the tape carrier package via an anisotropic
conductive sheet and the like, to be connected to a gate
driver mounted on the tape carrier package.

[0076] The color filter substrate 30 has the transparent
electrode 38 as an opposed electrode causing an electric field
with the pixel electrode provided on the TFT array substrate
10, the orientation film for orientating the liquid crystal, the
color material 32, the light-shielding film 43, and the like
formed thereon. The color filters that are formed using the
color materials 32 are provided correspondingly to the
pixels. For example, the red color materials 32 are provided
correspondingly to the pixels supplied with a red image
signal on the TFT array substrate 10. The green and blue
color materials 32 are provided in much the same way. As
the pixels supplied with a red image signal are provided
along the source line 63, the red color materials 32 are
formed in a dot pattern or a stripe pattern along the source
line 63 as well. The green and blue color materials 32 are
provided in much the same way.

[0077] The TFT array substrate 10 and the color filter
substrate 30 hold a liquid crystal therebetween. The source
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electrode 61 on the TFT array substrate 10 is connected to
metal films such as ITO forming the transmission pixel
electrode 91 and Al forming the reflection pixel electrode 65.
The reflection pixel electrode 65 may be formed above an
organic film or an inorganic film, or below an inorganic film,
acting as a pixel electrode and a reflection material. An area
where this reflection pixel electrode 65 is formed becomes
the reflection area S. And an area where the transmission
pixel electrode 91 is formed becomes the transmission area
T. In addition, the storage capacitance line 24 forming
storage capacitance and the like are formed between the
metal layer connected to the source electrode 61 and the
transparent insulation substrate 1.

[0078] In the transmission area T, light from the backlight
provided on the rear surface of the TFT array substrate 10 is
colored via the color material 32 of the color filter, to exit
from the display surface. In the reflection area S, on the other
hand, external light passes through the color material 32 of
the color filter to enter the liquid crystal panel, is reflected
by the reflection pixel electrode 65, and again passes through
the color material 32 of the color filter, to exit from the liquid
crystal panel. In the first preferred embodiment, the color
material opening 35 is provided partially in the color mate-
rial 32 in the reflection area S. The color material opening 35
1s filled with the transparent resin layer 31, so the steps on
the surface of the transparent resin layer 31 caused by the
presence or absence of the color material opening 35 mea-
sures 0.4 um or less. The transparent resin layer 31 may be
formed in a stripe pattern to cover the adjacent pixels, or in
a dot pattern for each pixel.

[0079] As recited in the Background Art section, the
optical characteristics of the reflected light can be controlled
by providing the color material opening 35. Namely, the
optical characteristics of the reflected light can be controlled
by the ratio of the area of the color material 32 to the area
of the color material opening 35 in the reflection area S. It
is therefore important to accurately form the area of the color
material opening 35.

[0080] In the conventional semi-transmissive liquid crys-
tal display devices, a color filter for one picture element is
formed as depicted in FIG. 5. In FIG. 5, the color material
32 is arranged in the order of the red color material 32R, the
green color material 32G, and the blue color material 32B
from left to right, with the light-shielding film 34 being
formed around the color material 32. Each of the color
materials 32 is divided into the transmission area T and the
reflection area S, and the color material opening 35 is
provided in the reflection area S. The color material opening
35 depicted in FIG. 5 is in contact with the color material
32 in all sides. The color material 32, which is typically
made of a mixed material of an organic resist and ink such
as a pigment, is processed with lower dimensional accuracy
than a metal film processed by photolithography. Thus,
when forming the color material openings 35 in contact with
the color material 32 in all sides, the color material openings
35 vary in area from pixel to pixel.

[0081] Therefore, in the semi-transmissive liquid crystal
display device according to the first preferred embodiment,
three sides of the color material opening 35 are formed by
the light-shielding film 34. Namely, as depicted in FIG. 6,
the color material opening 35 having three sides surrounded
by the light-shielding film 34 and the remaining one side
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surrounded by the color material 32 is formed in the reflec-
tion area S. The area of the color material opening 35 is set
to attain desired reflectivity. When the color material 32 has
a stripe pattern, the color material opening 35 may be
formed in such a shape as to separate the stripe, or when the
color material 32 has a dot pattern, the color material
opening 35 may be formed in such a shape as to cut out part
of the dot.

[0082] Letting X dencte the horizontal length of the color
material opening 35 shown in FIG. 6 and Y the vertical
length, the ratio of the side in contact with the color material
32 to the perimeter of the color material opening 35 is
expressed by the equation, X/(2X+2Y)=1/2(1+Y/X)<1/2
(where Y/X is always a positive value). In short, the ratio of
the side in contact with the color material 32 to the perimeter
of the color material opening 35 is less than 50%. Stated
another way, the color material opening 35 according to the
first preferred embodiment is formed in such a manner that
the sum of the lengths of the sides in contact with the
light-shielding film 34 is longer than the sum of the length
of the side in contact with the color material 32.

[0083] With respect to the color material opening 35
shown in FIG. 5 that is surrounded by the color material 32
in four sides (where A denotes the horizontal length and B
the vertical length), the area thereof is determined by
(Axdouble dimensional accuracy of the color material 32)x
(Bxdouble dimensional accuracy of the color material 32).
On the other hand, the area of the color material opening 35
according to the first preferred embodiment is determined by
(Xxdouble dimensional accuracy of the light-shielding film
34)x(Yxdimensional accuracy of the color material
32+dimensional accuracy of the light-shielding film 34).
Note that the dimensional accuracy of the color material 32
is lower than that of the light-shielding film 34 which is
typically a metal film processed by photolithography. More
specifically, the dimensional accuracy of the color material
32 is about 3 um, whereas the dimensional accuracy of the
light-shielding film 34, when made of chromium which is a
metal film, is increased to about 0.5 pm. Accordingly, the
area of the color material opening 35 according to the first
preferred embodiment can be finished more accurately than
the area of the color material opening 35 shown in FIG. 5,
reducing variations from pixel to pixel.

[0084] To give specific examples, when setting a desired
area of the color material opening 35 to 1600 um?, the color
material opening 35 shown in FIG. 5 has a horizontal length
of A=40 um and a vertical length of B=40 pm, while the
color material opening 35 according to the first preferred
embodiment has a horizontal length of X=80 um and a
vertical length of Y=20 um. The ratio of the side in contact
with the color material 32 to the perimeter of the color
material opening 35 according to the first preferred embodi-
ment is 40%.

[0085] In this case, with the dimensional accuracy of the
color material 32 being 3 um, the area of the color material
opening 35 shown in FIG. 5 varies over a range from
(40-6)x(40-6)=1156 um’> to (40+6)x(40+6)=2116 um>.
Meanwhile, with the dimensional accuracy of the light-
shielding film 34 made of chromium being 0.5 pum, the area
of the color material opening 35 according to the first
preferred embodiment varies over a range from (80-1)x(20-
0.5-3)=1303.5 um® to (80+1)x(20+0.5+3)=1903.5 yum .
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[0086] That is, by changing the color material opening 35
shown in FIG. 5 to the color material opening 35 according
to the first preferred embodiment, the variation with refer-
ence to the desired area from about +32.3% to about -27.8%
can be improved to from about +19.0% to about -18.5%.
FIG. 7 illustrates the area variation of the color material
opening 35 shown in FIG. 5, and the area variation of the
color material opening 35 shown in FIG. 6 according to the
first preferred embodiment.

[0087] As described above, the liquid crystal display
device according to the first preferred embodiment includes
the color material opening 35 provided in the color material
32 in the reflection area S, and having the sum of the lengths
of the sides in contact with the light-shielding film 34 longer
than the sum of the length of the side in contact with the
color material 32. This improves the area variation of the
color material opening 35, thereby reducing variations in
optical characteristics of reflected light.

[0088] While the light-shielding film 34 is made of chro-
mium which is a metal film in the semi-transmissive liquid
crystal display device according to the first preferred
embodiment, the scope of this invention is not delimited by
this. As long as it is of higher dimensional accuracy than the
color material 32, the light-shielding film 34 may be made
of black resin and the like.

Second Preferred Embodiment

[0089] A semi-transmissive liquid crystal display device
according to a second preferred embodiment of this inven-
tion has the same structure as the first preferred embodiment,
except the color material opening 35 formed over the color
filter substrate 30. Thus, the color material opening 35 will
be described below and descriptions of the other elements
are omitted.

[0090] FIG. 8 depicts the structure of a color filter for one
picture element with reflection priority in the semi-trans-
missive liquid crystal display device according to the second
preferred embodiment. In FIG. 8, the color material 32 is
arranged in the order of the red color material 32R, the green
color material 32G, and the blue color material 32B from left
to right, with the light-shielding film 34 being formed
around the color material 32. Each of the color materials 32
is divided into the transmission area T and the reflection area
S, and the color material opening 35 is provided in the
reflection area S.

[0091] As depicted in FIG. 8, again in the semi-transmis-
sive liquid crystal display device according to the second
preferred embodiment, three sides of the color material
opening 35 are formed by the light-shielding film 34.
Namely, the color material opening 35 having three sides
surrounded by the light-shielding film 34 and the remaining
one side surrounded by the color material 32 is formed in the
reflection area S. The area of the color material opening 35
is set to attain desired reflectivity. When the color material
32 has a stripe pattern, the color material opening 35 may be
formed in such a shape as to separate the stripe, or when the
color material 32 has a dot pattern, the color material
opening 35 may be formed in such a shape as to cut out part
of the dot.

[0092] InFIG. 8, “a” denotes the horizontal length and the
vertical length of one picture element, X/3 denotes the
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horizontal length of the color material opening 35, and X
(X<a) denotes the vertical length of the color material
opening 35. In this case, the ratio of the side in contact with
the color material 32 to the perimeter of the color material
opening 35 is expressed by the equation, (X/3)/(2X+2X/3)=
1/8. In short, the ratio of the side in contact with the color
material 32 to the perimeter of the color material opening 35
is 12.5%. Stated another way, the color material opening 35
according to the second preferred embodiment is formed in
such a manner that the sum of the lengths of the sides in
contact with the light-shielding film 34 is eight times as long
as the sum of the length of the side in contact with the color
material 32.

[0093] With respect to the color material opening 35
shown in FIG. 5 that is surrounded by the color material 32
in four sides (where A denotes the horizontal length and B
the vertical length), the area thereof is determined by
(Atdouble dimensional accuracy of the color material 32)x
(Bxdouble dimensional accuracy of the color material 32).
On the other hand, the area of the color material opening 35
according to the second preferred embodiment is determined
by ((X/3)xdouble dimensional accuracy of the light-shield-
ing film 34)x(X+dimensional accuracy of the color material
32+dimensional accuracy of the light-shielding film 34).
Note that the dimensional accuracy of the color material 32
is lower than that of the light-shielding film 34 which is
typically a metal film processed by photolithography.
Accordingly, the area of the color material opening 35
according to the second preferred embodiment can be fin-
ished more accurately than the area of the color material
opening 35 shown in FIG. 5.

[0094] To give specific examples, when setting a desired
area of the color material opening 35 to 19200 um?, the color
material opening 35 shown in FIG. 5 has a horizontal length
of A=75 um and a vertical length of B=256 um, while the
color material opening 35 according to the second preferred
embodiment has a horizontal length of X/3=80 um and a
vertical length of X=240 um. The ratio of the side in contact
with the color material 32 to the perimeter of the color
material opening 35 according to the second preferred
embodiment is 12.5%.

[0095] In this case, with the dimensional accuracy of the
color material 32 being 3 pm, the area of the color material
opening 35 shown in FIG. 5 varies over a range from
(75-6)x(256-6)=17250 um* to (75+6)x(256+6)=21222
um®. Meanwhile, with the dimensional accuracy of the
light-shielding film 34 made of chromium being 0.5 um, the
area of the color material opening 35 according to the second
preferred embodiment varies over a range from (80-1)x
(249—0.5—3)=18685 um® to (80+1)x(240+0.5+3)=19722
pm-.

[0096] That is, by changing the color material opening 35
shown in FIG. 5 to the color material opening 35 according
to the second preferred embodiment, the variation with
reference to the desired area from about +10.5% to about
-10.2% can be improved to from about +2.7% to about
-3.3%. FIG. 9 illustrates the area variation of the color
material opening 35 shown in FIG. 5, and the area variation
of the color material opening 35 shown in FIG. 8 according
to the second preferred embodiment.

[0097] As described above, in the liquid crystal display
device according to the second preferred embodiment, the
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sum of the length of the side in contact with the color
material 32 in the color material opening 35 amounts to
12.5% to the perimeter of the color material opening 35.
This improves the area variation of the color material
opening 35, thereby reducing variations in optical charac-
teristics of reflected light.

Third Preferred Embodiment

[0098] A semi-transmissive liquid crystal display device
according to a third preferred embodiment of this invention
has the same structure as the first preferred embodiment,
except the color material opening 35 formed over the color
filter substrate 30. Thus, the color material opening 35 will
be described below and descriptions of the other elements
are omitted.

[0099] FIG. 10 depicts the structure of a color filter for
one picture element in the semi-transmissive liquid crystal
display device according to the third preferred embodiment.
In FIG. 10, the color material 32 is arranged in the order of
the red color material 32R, the green color material 32G, and
the blue color material 32B from left to right, with the
light-shielding film 34 being formed around the color mate-
rial 32. Each of the color materials 32 is divided into the
transmission area T and the reflection area S, and the color
material opening 35 is provided in the reflection area S.

[0100] The area of the color material opening 35 is set to
20 pm (400 um?®) or less, which is incapable of being
formed by an opening in contact with the color material 32
in four sides.

[0101] InFIG.10,X/3 denotes the horizontal length of the
color material opening 35, and Y (when Y is extremely short
with reference to (X/3)) denotes the vertical length of the
color material opening 35. In this case, the ratio of the side
in contact with the color material 32 to the perimeter of the
color material opening 35 is expressed by the equation,
(X/3)=1/2((3Y/X)+1). Y<<X/3 leads to 3Y/X<<1,whereby
172((3Y/X)+1) is approximated to 1/2.

[0102] To give specific examples, when setting a desired
area of the color material opening 35 to 400 um?, the color
material opening 35 shown in FIG. 5 has a horizontal length
of A=20 um and a vertical length of B=20 um, while the
color material opening 35 according to the third preferred
embodiment has a horizontal length of X/3=80 um and a
vertical length of Y=5 um. The ratio of the side in contact
with the color material 32 to the perimeter of the color
material opening 35 according to the third preferred embodi-
ment is 47.1%, which is almost 50%.

[0103] The dimensional accuracy of this color material 32
with the minute opening is lower than those in the first and
second preferred embodiments, to become 4 um to 5 um. In
this case, with the finished dimensional accuracy of the color
material 32 being 4.5 pm, the area of the color material
opening 35 shown in FIG. 5 varies over a range from
(20-2%4.5)x(20-2%4.5)=121 wm* to
(40+2x4.5)x(20+2x4.5)=841 pm*. Meanwhile, with the
dimensional accuracy of the light-shielding film 34 made of
chromium being 0.5 pm, and the dimensional accuracy of
the color material 32 shown in FIG. 10 being 3 pm which
is equivalent to those of the first and second preferred
embodiments, the area of the color material opening 35
according to the third preferred embodiment varies over a
range from (80-2x0.5)x(5-0.5-3)=118.5 um® to (80+2x
0.5)x(5+0.5+3)=688.5 pum>.

Dec. 28, 2006

[0104] That is, by changing the color material opening 35
shown in FIG. 5 to the color material opening 35 according
to the third preferred embodiment, the variation with refer-
ence to the desired area from about +110% to about -69.8%
can be improved to from about +72.1% to about -70.4%.
FIG. 11 illustrates the area variation of the color material
opening 35 shown in FIG. 5, and the area variation of the
color material opening 35 shown in FIG. 10 according to the
third preferred embodiment.

[0105] As described above, in the liquid crystal display
device according to the third preferred embodiment, the sum
of the length of the side in contact with the color material 32
in the color material opening 35 amounts to 50% or less to
the perimeter of the color material opening 35. This
improves the area variation of the color material opening 35,
thereby reducing variations in optical characteristics of
reflected light. It is understood from the results of the second
and third preferred embodiments that an optimum color
material opening 35 should be such that the sum of the
length of the side in contact with the color material 32 in the
color material opening 35 is 12.5% or more and 50% or less
to the perimeter of the color material opening 35.

Fourth Preferred Embodiment

[0106] A semi-transmissive liquid crystal display device
according to a fourth preferred embodiment of this invention
has the same structure as the first preferred embodiment,
except the color material opening 35 formed over the color
filter substrate 30. Thus, the color material opening 35 will
be described below and descriptions of the other elements
are omitted.

[0107] FIG. 12 depicts the structure of a color filter for
one picture element in the semi-transmissive liquid crystal
display device according to the fourth preferred embodi-
ment. In FIG. 12, the color material 32 is arranged in the
order of the red color material 32R, the green color material
32G, and the blue color material 32B from left to right, with
the light-shielding film 34 being formed around the color
material 32. Bach of the color materials 32 is divided into the
transmission area T and the reflection area S, and the color
material opening 35 is provided in the reflection area S.

[0108] As depicted in FIG. 12, in the semi-transmissive
liquid crystal display device according to the fourth pre-
ferred embodiment, two sides of the color material opening
35 are formed by the light-shielding film 34. Namely, the
color material opening 35 having two sides surrounded by
the light-shielding film 34 and the remaining two sides
surrounded by the color material 32 is formed in the reflec-
tion area S. The area of the color material opening 35 is set
to attain desired reflectivity. When the color material 32 has
a stripe pattern, the color material opening 35 may be
formed in such a shape as to separate the stripe, or when the
color material 32 has a dot pattern, the color material
opening 35 may be formed in such a shape as to cut out part
of the dot.

[0109] InFIG. 12, a/3 denotes the horizontal length of one
pixel, x(x<(a<3)) denotes the horizontal length of the color
material opening 35, and y(y<a) denotes the vertical length
of the color material opening 35. In this case, the ratio of the
sides in contact with the color material 32 to the perimeter
of the color material opening 35 is expressed by the equa-
tion, (X+y)/(2x+2y)=1/2. In short, the ratio of the sides in
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contact with the color material 32 to the perimeter of the
color material opening 35 is 50%. Stated another way, the
color material opening 35 according to the fourth preferred
embodiment is formed in such a manner that the sum of the
lengths of the sides in contact with the light-shielding film
34 is equal to the sum of the lengths of the sides in contact
with the color material 32.

[0110] With respect to the color material opening 35
shown in FIG. 5 that is surrounded by the color material 32
in four sides (where A denotes the horizontal length and B
the vertical length), the area thereof is determined by
(Azdouble dimensional accuracy of the color material 32)x
(Bxdouble dimensional accuracy of the color material 32).
On the other hand, the area of the color material opening 35
according to the fourth preferred embodiment is determined
by (xxdimensional accuracy of the color material 32+dimen-
sional accuracy of the light-shielding film 34)x
(ytdimensional accuracy of the color material 32+dimen-
sional accuracy of the light-shielding film 34). Note that the
dimensional accuracy of the color material 32 is lower than
that of the light-shielding film 34 which is typically a metal
film processed by photolithography. Accordingly, the area of
the color material opening 35 according to the fourth pre-
ferred embodiment can be finished more accurately than the
area of the color material opening 35 shown in FIG. 5.

[0111] To give specific examples, when setting a desired
area of the color material opening 35 to 1600 um?, the color
material opening 35 shown in FIG. 5 has a horizontal length
of A=40 pm and a vertical length of B=40 pm, while the
color material opening 35 according to the fourth preferred
embodiment has a horizontal length of x=40 pm and a
vertical length of y=40 um. The ratio of the sides in contact
with the color material 32 to the perimeter of the color
material opening 35 according to the fourth preferred
embodiment is 50%.

[0112] In this case, with the dimensional accuracy of the
color material 32 being 3 um, the area of the color material
opening 35 shown in FIG. 5 varies over a range from
(40-6)x(40-6)=1156 um® to (40+6)x(40+6)=2116 um®.
Meanwhile, with the dimensional accuracy of the light-
shielding film 34 made of chromium being 0.5 pm, the area
of the color material opening 35 according to the fourth
preferred embodiment varies over a range from (40-0.5-

3)x(40-0.5-3)=1332.3 um’ to
(4040.5+3)x(40+0.543)=1892.3 um?.
[0113] That is, by changing the color material opening 35

shown in FIG. S to the color material opening 35 according
to the fourth preferred embodiment, the variation with
reference to the desired area from about +32.3% to about
-27.8% can be improved to from about +18.3% to about
-16.7%. FIG. 13 illustrates the area variation of the color
material opening 35 shown in FIG. 5, and the area variation
of the color material opening 35 shown in FIG. 12 according
to the fourth preferred embodiment.

[0114] As described above, the liquid crystal display
device according to the fourth preferred embodiment
includes the color material opening 35 having at least two
sides formed over the light-shielding film 34 of finished
dimensional accuracy higher than that of the color material
32. This improves the area variation of the color material
opening 35, thereby reducing variations in optical charac-
teristics of reflected light.
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Fifth Preferred Embodiment

[0115] A semi-transmissive liquid crystal display device
according to a fifth preferred embodiment of this invention
has the same structure as the first preferred embodiment,
except the color material opening 35 formed over the color
filter substrate 30. Thus, the color material opening 35 will
be described below and descriptions of the other elements
are omitted.

[0116] FIG. 14A is a plan view illustrating one pixel of the
color filter in the semi-transmissive liquid crystal display
device according to the fifth preferred embodiment. In FIG.
14A, the color material 32 is divided into the transmission
area T and the reflection area S, and the color material
opening 35 is provided in the reflection area S. FIG. 14B is
a cross-sectional view taken along the line A-A' in FIG. 14A
that includes the color material opening 35.

[0117] In the color filter substrate 30 shown in FIG. 14B,
the light-shielding film 34 and the color material 32 are
formed on the transparent insulation substrate 2, and the
color material opening 35 is provided partially in the color
material 32 in the reflection area S. Further in the color filter
substrate 30, the transparent resin layer 31 is formed to cover
the color material 32 in the reflection area S while burying
the color material opening 35. The transparent electrode 38
as an opposed electrode is laminated on the transparent resin
layer 31 and the color material 32. For the purpose of
indicating the thickness of the liquid crystal layer, the
reflection pixel electrode 65 and the transmission pixel
electrode 91 on the TFT array substrate 10 side are illus-
trated in FIG. 14B, where D1 denotes the thickness of the
liquid crystal layer in the reflection area S, and D2 the
thickness of the liquid crystal layer in the color material
opening 35.

[0118] Letting AD denote a step between the thickness D1
of the liquid crystal layer in the reflection area S and the
thickness D2 of the liquid crystal layer in the color material
opening 35, the relationship between the step AD and the
area of the color material opening 35 is illustrated in FIG.
15. With the thickness of the color material 32 being set to
from 1.2 pm to 1.3 um, FIG. 15 shows that the step AD
becomes greater than 0 when the area of the color material
opening 35 exceeds about 30 um (30 umx30 pm=900
um?). It is thus shown that the transparent resin layer 31 on
the color material opening 35 becomes uneven when the
area of the color material opening 35 becomes greater than
about 30 um[.

[0119] In such ways, a change in thickness of the liquid
crystal layer in the reflection area S has an influence upon
transmittivity. The transmittivity of the liquid crystal
changes with the thickness of the liquid crystal layer, as
depicted in FIG. 16. For example, the transmittivity is about
21% with the liquid crystal layer thickness being 1.5 um, and
about 30% with the liquid crystal layer thickness being 2.5
pm. Accordingly, the thickness of the liquid crystal layer
varies in the reflection area S when the area of the color
material opening 35 exceeds about 30 um[d, causing the
transmittivity to change in the reflection area S, further
causing the reflectivity to vary in the reflection area S.

[0120] For this reason, the semi-transmissive liquid crystal
display device according to the fifth preferred embodiment
includes the color material opening 35 with an area of 30
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pm] or less. However, the area of the color material
opening 35 may become 30 um[J or more as its value is
determined in design terms. In such case, an adjustment is
made to obtain a desired opening area by providing a
plurality of color material openings 35 with an area of 30
pm0J or less.

[0121] FIG. 17A is a plan view illustrating another one
pixel of the color filter in the semi-transmissive liquid
crystal display device according to the fifth preferred
embodiment. In FIG. 17A, an opening with a desired area
1s formed by providing nine color material openings 35 with
an area of 30 pm[J or less. FIG. 17B is a cross-sectional
view taken along the line A-A' in FIG. 17A that includes the
color material openings 35.

[0122] FIG. 17B shows that due to the small area of the
color material openings 35, the transparent resin layer 31 on
the color material openings 35 filled with the transparent
resin layer 31 has a planar surface. Namely, in the FIG. 17B
case where the difference between the thickness D1 of the
liquid crystal layer in the reflection area S and the thickness
D2 of the liquid crystal layer in the color material opening
35 is small, the step AD becomes 0.1 pm or less. The
transmittivity is thus rendered uniform in the reflection area
S, thereby reducing variations in reflectivity in the reflection
area S.

[0123] The area of the color material openings 35 is set to
30 um or less when the color material 32 has a thickness
of 1.2 ym to 1.3 um. When the color material 32 has other
thicknesses, the area of the color material openings 35 is
limited to a prescribed area or less in such a manner that the
step AD becomes a prescribed value or less when the color
material opening 35 is filled with the transparent resin layer
31

[0124] As described above, the semi-transmissive liquid
crystal display device according to the fifth preferred
embodiment improves variations in reflectivity in the reflec-
tion area S by limiting the area of the color material
openings 35 to 30 pum{] or less. Combinations of the
semi-transmissive liquid crystal display device according to
the fifth preferred embodiment and those of the first to fourth
preferred embodiments allow further reductions in varia-
tions in optical characteristics of reflected light.

Sixth Preferred Embodiment

[0125] A semi-transmissive liquid crystal display device
according to a sixth preferred embodiment of this invention
has the same structure as the first preferred embodiment,
except the color material opening 35 formed over the color
filter substrate 30. Thus, the color material opening 35 will
be described below and descriptions of the other elements
are omitted.

[0126] FIG. 18 is a cross-sectional view illustrating one
pixel of the color filter in the semi-transmissive liquid
crystal display devices according to the first to fourth
preferred embodiments. In the color filter substrate 30
shown in FIG. 18, the light-shielding film 34 and the color
material 32 are formed on the transparent insulation sub-
strate 2, and the color material opening 35 is provided
partially in the color material 32 in the reflection area S.
Further in the color filter substrate 30, the transparent resin
layer 31 is formed to cover the color material 32 in the
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reflection area S while burying the color material opening
35. The transparent electrode 38 as an opposed electrode is
laminated on the transparent resin layer 31 and the color
material 32. For the purpose of indicating the thickness of
the liquid crystal layer, the reflection pixel electrode 65 and
the transmission pixel electrode 91 on the TFT array sub-
strate 10 side are illustrated in FIG. 18, where D1 denotes
the thickness of the liquid crystal layer in the reflection area
S, and D2 the thickness of the liquid crystal layer in the color
material opening 35. AD denotes a step between the thick-
ness D1 of the liquid crystal layer in the reflection area S and
the thickness D2 of the liquid crystal layer in the color
material opening 35.

[0127] Inthe sixth preferred embodiment, the transparent
resin layer 31 is polished, either chemically or physically,
before laminating the transparent electrode 38 thereon, to
thereby remove the step AD. Thus, the thickness D1 of the
liquid crystal layer in the reflection area S and the thickness
D2 of the liquid crystal layer in the color material opening
35 are rendered uniform. This makes the transmittivity
uniform and reduces variations in reflectivity in the reflec-
tion area S.

[0128] As described above, the semi-transmissive liquid
crystal display device according to the sixth preferred
embodiment chemically or physically polishes the transpar-
ent resin layer 31. This improves variations in reflectivity in
the reflection area S, allowing further reductions in varia-
tions in optical characteristics of reflected light.

[0129] A combination of the chemical or physical polish-
ing of the transparent resin layer 31 according to the sixth
preferred embodiment and the semi-transmissive liquid
crystal display device according to the fifth preferred
embodiment where the color material opening 35 has a
limited area allows removal of the step of about 0.1 pm
present on the transparent resin layer 31. This further
improves variations in reflectivity in the reflection area S.

[0130] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustra-
tive and not restrictive. It is therefore understood that
numerous modifications and variations can be devised with-
out departing from the scope of the invention.

What is claimed is:
1. A semi-transmissive liquid crystal display device com-
prising:

a first substrate including a transmission pixel electrode
that forms a transmission area, and a reflection pixel
electrode that forms a reflection area;

a second substrate including a color filter formed by using
a color material, and a light-shielding film provided
around said color filter; and

a liquid crystal held between said first substrate and said
second substrate,

said semi-transmissive liquid crystal display device fur-
ther comprising:

an opening provided in said color material in said reflec-
tion area, said opening having at least two sides formed
over said light-shielding film of finished dimensional
accuracy higher than that of said color material; and
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a resin film formed to cover said color material while
burying said opening.
2. A semi-transmissive liquid crystal display device com-
prising:

a first substrate including a transmission pixel electrode
that forms a transmission area, and a reflection pixel
electrode that forms a reflection area;

a second substrate including a color filter formed by using
a color material, and a light-shielding film provided
around said color filter; and

a liquid crystal held between said first substrate and said
second substrate,

said semi-transmissive liquid crystal display device fur-
ther comprising:

an opening provided in said color material in said reflec-
tion area, wherein the sum of a length of a side of said
opening in contact with said light-shielding film is
longer than the sum of a length of a side of said opening
in contact with said color material; and

a resin film formed to cover said color material while

burying said opening.

3. The semi-transmissive liquid crystal display device
according to claim 2, wherein the sum of a length of a side
in contact with said color material in said opening is 12.5%
or more and 50% or less to the perimeter of said opening.

4. The semi-transmissive liquid crystal display device
according to claim 1, wherein the area of said opening is
limited to 30 um1 (30 pmx30 pm=900 um?) or less when
said color material has a thickness of from 1.2 um to 1.3 pm.

5. The semi-transmissive liquid crystal display device
according to claim 2, wherein the area of said opening is
limited to 30 pmX (30 umx30 pm=900 um?) or less when
said color material has a thickness of from 1.2 pm to 1.3 pm.

6. A method of manufacturing a semi-transmissive liquid
crystal display device, said semi-transmissive liquid crystal
display device comprising:

a first substrate including a transmission pixel electrode
that forms a transmission area, and a reflection pixel
electrode that forms a reflection area;

a second substrate including a color filter formed by using
a color material, and a light-shielding film provided
around said color filter;

a liquid crystal held between said first substrate and said
second substrate;

an opening provided in said color material in said reflec-
tion area, said opening having at least two sides formed
over said light-shielding film of finished dimensional
accuracy higher than that of said color material; and
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a resin film formed to cover said color material while
burying said opening,

said method including chemical or physical polishing of
said resin film.
7. A method of manufacturing a semi-transmissive liquid
crystal display device, said semi-transmissive liquid crystal
display device comprising:

a first substrate including a transmission pixel electrode
that forms a transmission area, and a reflection pixel
electrode that forms a reflection area;

a second substrate including a color filter formed by using
a color material, and a light-shielding film provided
around said color filter;

a liquid crystal held between said first substrate and said
second substrate;

an opening provided in said color material in said reflec-
tion area, wherein the sum of a length of a side of said
opening in contact with said light-shielding film is
longer than the sum of a length of a side of said opening
in contact with said color material; and

a resin film formed to cover said color material while
burying said opening,

said method including chemical or physical polishing of
said resin film.
8. A semi-transmissive liquid crystal display device com-
prising:

a first substrate including a transmission pixel electrode
that forms a transmission area, and a reflection pixel
electrode that forms a reflection area;

a second substrate including a color filter formed by using
a color material, and a light-shielding film provided
around said color filter; and

a liquid crystal held between said first substrate and said
second substrate,

said semi-transmissive liquid crystal display device fur-
ther comprising:

an opening provided in said color material in said reflec-
tion area; and

a resin film formed to cover said color material while
burying said opening, wherein

the area of said opening is limited to 30 pmd (30 pmx30
um=900 um?®) or less when said color material has a
thickness of from 1.2 pm to 1.3 pm.
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