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7) ABSTRACT

A liquid crystal display device having a first sub pixel and a
second sub pixel. The first sub pixel corresponds to a first
color layer having a first color. The second sub pixel corre-
sponds to a second color layer having a second color. The first
and second sub pixels each have a rectangular shape that
includes a pair of longer sides. A first reflective region and a
second reflective region, in which first and second reflective
films are disposed, each extend across the first sub pixel and
the second sub pixel respectively between the longer sides. A
first transmissive region and a second transmission region, in
which the reflective films are not disposed, each extend
entirely across the first sub pixel and the second sub pixel
respectively between the longer sides. An area of the first
reflective region is different from an area of the second reflec-
tive region.
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LIQUID CRYSTAL DISPLAY DEVICE,
SUBSTRATE ASSEMBLY FOR LIQUID
CRYSTAL DISPLAY DEVICE, AND
ELECTRONIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional patent application of
U.S. Ser. No. 11/321,765 filed Dec. 29, 2005, which is a
continuation patent application of U.S. Ser. No. 10/316,985
filed Dec. 11, 2002, now U.S. Pat. No. 7,030,946 issued Apr.
18, 2006, claiming priority to Japanese Application Nos.
2001-378701 filed Dec. 12, 2001 and 2002-061049 filed Mar.
6, 2002, all of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to liquid crystal dis-
play devices, substrate assemblies used for liquid crystal dis-
play devices, and electronic apparatuses, and more particu-
larly, relates to a transflective liquid crystal display device
having superior visibility, in which sufficiently bright display
can be performed not only in a transmissive display mode but
also in a reflective display mode.

BACKGROUND ART

[0003] Since electrical power consumption has been small
since light sources such as a backlight are not provided,
reflective liquid crystal display devices have been widely
used for various portable electronic apparatuses. However, in
reflective liquid crystal display devices, since display is per-
formed using outside light such as natural light or illumina-
tion light, there has been a problem in that it has been difficult
to view the display in a dark place. Accordingly, a liquid
crystal display device has been proposed in which display can
be viewed in a bright place by using outside light, as is a
general reflective liquid crystal display device, and can also
be viewed in a dark place by using a built-in light source such
as a backlight. That is, in the liquid crystal display device
described above, areflective and a transmissive display mode
are both provided, and in accordance with anbient brightness,
the reflective or transmissive display mode can be selectively
used. As a result, while decreasing electrical power consump-
tion, clear display can be performed when it is dark. Herein-
after, in this specification, this type of liquid crystal display
device is called “transflective liquid crystal display device”.

[0004] In recent years, concomitant with advancement of
portable electronic apparatuses, OA apparatuses, and the like,
apparatuses having color liquid crystal displays have been
requested. In addition, in the field of the transflective liquid
crystal display apparatuses described above, color displays
have been increasingly desired. As a transflective liquid crys-
tal display device that can respond to the request described
above, the structure in which a color filter is provided on one
ofanupper substrate and a lower substrate has been proposed.
In the case of'the this type of transflective color liquid crystal
display device, in a reflective display mode, after passing
through the color filter, outside light incident from the upper
substrata side is reflected from a reflective layer and then
passes again through the color filter. On the other hand, in a
transmissive display mode, illumination light incident from
the lower substrate side by lighting means such as a backlight
passes through the color filter. In the general structure, in both
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a reflective display mode and a transmissive display mode,
display has been performed using the same color filter.
[0005] 1In this type of transflective liquid crystal display
device, as described above, incident light passes through the
color filer twice in a reflective display mode and once in a
transmissive display mode, thereby performing color display.
Accordingly, for example, in the case in which the color filter
having pale tints is used so as to preferentially display colors
in a reflective display mode in which light passes twice
through the color filter, it is difficult to obtain fine color
display in a transmissive display mode in which incident light
passes through the color filter only once. However. in order to
solve the problem described above, in the case in which a
color filter having dark tints are used so as to preferentially
display colors in a transmissive display mode in which light
passes once through the color filter, display in a reflective
display mode in which incident light passes twice through the
color filter becomes dark, and as a result, sufficient visibility
cannot be obtained. As described above, in conventional
transflective liquid crystal display devices, it has been diffi-
cult to perform display exhibiting fine colors and having high
visibility in both a reflective display mode and a transmissive
display mode.

[0006] Thepresent invention was made in order to solvethe
problems described above, and an object of the present inven-
tion is to provide a transflective liquid crystal display device
in which display exhibiting fine colors and having superior
visibility can be performed in both a reflective and a trans-
missive display mode. In addition, the present invention has
an object to provide a substrate assembly for forming the
liquid crystal display device described above and to provide
an electronic apparatus comprising the liquid crystal display
device that has superior visibility.

DISCLOSURE OF INVENTION

[0007] In accordance with a first aspect of the present
invention, a transflective liquid crystal display device com-
prises a pair of substrates which are an upper substrate and a
lower substrate and which faces each other; a liquid crystal
layer provided between the pair of substrates; reflective films
which are provided on the internal surface of the lower sub-
strate and which reflect light incident from the upper sub-
strate; color filters provided above the reflective films, each
containing a plurality of color layers which have different
colors and which are disposed so as to correspond to dots
forming a display region; and lighting means provided at the
outer surface of the lower substrate, each of the dots having a
reflective region in which the reflective film is present and a
transmissive region in which the reflective film is not present
for performing transflective display,

[0008] wherein each of the color filters has non-color
regions in regions each overlapping, in plan view, the reflec-
tive film in each dot.

[0009] According to this liquid crystal display device, since
the non-color regions are provided in the color filter corre-
sponding to the reflective films, the amount of light used in a
reflective display mode can be sufficiently secured, and the
chroma in a transmissive display mode can also be main-
tained. For example, even when the transmittance of the color
filter is decreased so that the chroma in a transmissive display
mode is improved, since a part of light reflected from the
reflective film is allowed to pass through the non-color region
of the color filter, decrease in amount of light can be sup-
pressed, and hence the brightness in a reflective display mode
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can be maintained. In this liquid crystal display device, open-
ing portions are preferably formed in the color filter so as to be
used as the non-color regions. The structure may be formed in
which the color filters are provided for the upper substrate. In
addition, of course, the color filters may also be provided for
the lower substrate.

[0010] As described above, in the liquid crystal display
device having the structure described above, since a part of
light incident from the upper substrate side passes through the
non-color region in a reflective display mode, in a reflective
display mode, light after passing through the color filter twice
comprises non-colored light passing through the non-color
region and colored light passing through a region (hereinafter
referred to as “color region”) in which the color layer is
present. On the otherhand, in a transmissive display mode, all
the light that is emitted from the lighting means and passes
through the transmissive region passes through the color
region, and hence all the light passing through the color filter
once in a transmissive display mode is colored light. As
described above, since the difference in tint of color between
light passing through the color filter twice in a reflective
display mode and light passing through the color filter once in
a transmissive display mode can be reduced, when the color
layers of the color filter are optimized, display exhibiting fine
colors in both a reflective and a transmissive display mode
and having superior visibility can be obtained. That is, since
the reflective region and the transmissive region are provided
in each dot (that is, in each subpixel), and the non-color region
is provided in the reflective region, by the behavior of incident
light as described above, display exhibiting fine colors in both
areflective and a transmissive display mode and having supe-
rior visibility can be obtained.

[0011] When a liquid crystal display device having the
structure described above is realized using a general method,
in amanufacturing process, problems may arise in some cases
in that variation in area of the non-color region becomes large,
or misalignment occurs between the reflective region and the
no-color region. As a result, irregularities in image or color
displayed on a screen of one liquid crystal display device,
variation in display properties between liquid crystal display
devices, or the like may be generated thereby.

[0012] Accordingly, in accordance with a second aspect of
the present invention, a transflective liquid crystal display
device comprises a pair of substrates which are an upper
substrate and a lower substrate and which face each other; a
liquid crystal layer provided between the pair of substrates;
reflective films which are provided on the internal surface of
the lower substrate and which reflect light incident from the
upper substrate; color filters provided above the reflective
films, each containing a plurality of color layers which have
different colors and which are disposed so as to correspond to
dots forming a display region; and lighting means provided at
the outer surface side of the lower substrate, each of the dots
having a reflective region in which the reflective film is
present and a transmissive region in which the reflective film
is not present for performing transflective display. In the
liquid crystal display device described above, the reflective
films are formed in a strip shape extending along dot rows or
dot lines composed of the dots disposed in one direction, the
reflective films have width expansion portions in the respec-
tive dots, and non-color regions in which the color layers of
each color filter are not present are each provided in at least a
part of a region overlapping, in plan view, each width expan-
sion portion of the reflective film in the corresponding dot.
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[0013] 1In order to solve the problems of the liquid crystal
display device according to the first aspect of the present
invention, in the liquid crystal display device according to the
second aspect, the reflective film having a particular shape is
specified, and the position of the non-color region provided
with respect to the corresponding reflective film is specified.
That is, the features of the second aspect of the present inven-
tion are that the reflective films are formed in a strip shape
extending along the rows or the lines composed of the dots
disposed in one direction and have width expansion portions,
having a larger width than that of the other part, in the respec-
tive dots, and that the non-color region is disposed in the
region overlapping, in plan view, the width expansion portion
in the corresponding dot.

[0014] According to this structure, variation in area of the
non-color region or misalignment between the reflective
region and the no-color region in manufacturing process can
be reduced, and as a result, variation in display properties can
be suppressed. The reasons why the problems in that variation
in area of the non-color region or misalignment between the
reflective region and the no-color region are likely to occur in
the structure of the liquid crystal display device according to
the first aspect and the reasons why the problems described
above can be solved in the structure of the liquid crystal
display device according to the second aspect will be
described in detail in “Description of Preferred Embodi-
ments” with reference to drawings.

[0015] Inaddition, the liquid crystal display device accord-
ing to the second aspect may further comprise transparent
conductive films each disposed in the reflective region and the
transmissive region so as to cover at least the upper surface of
each of the reflective films, wherein these laminated films
each composed of the transparent conductive film and the
reflective film may be formed into strip-shaped electrodes
extending in the dot rows or the dot lines.

[0016] In this structure, since the transparent conductive
film and the reflective film cooperatively form the strip-
shaped electrode, due to the presence of the transparent con-
ductive film located in the transmissive region, application of
an electric field to the liquid crystal layer above the transmis-
sive region can be smoothly performed, and in addition, due
to the presence of the reflective film composed of a metal
having a small resistivity as compared to that of the transpar-
ent conductive film, an effect in that the resistance of the
entire electrode is reduced can be obtained. As described
above, the strip-shaped electrodes can be formed for a passive
matrix type liquid crystal display device or an active matrix
type liquid crystal display device using thin-film diodes
(hereinafter referred to as TFDs) as a switching element.
[0017] Inaddition,intheliquid crystaldisplay device of the
present invention, among the dots corresponding to different
colors, each of the dots corresponding to at least one of the
colors may have the non-color region having an area different
from that of the non-color region of each of the dots corre-
sponding to the other colors.

[0018] According to this structure, since the reflectance and
the chroma of each color light can be adjusted for the indi-
vidual dots corresponding to the color different from the
others, the reflectance and the chroma (for example, hue in
white display) of the entire reflected light can be optionally
adjusted, and hence display quality such as display brightness
and color in a reflective display mode can be improved.
[0019] Inmore particular, when the plurality of color layers
having different colors are composed of red layers, green
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layers, and blue layers, the area of the non-color region of
each of the dots corresponding to the green layers is prefer-
ably set to larger than the area of the non-color regions of each
of the dots corresponding to the red layers and the blue layers.
[0020] Green color has a significantly high spectral lumi-
nous factor for the human eyes as compared to that of each of
red and blue color. Accordingly, when the area of the non-
color region in the dot for green color is set to large as
compared to that of the non-color region in each of the dots for
red color and blue color, as the overall reflective light, the
reflectance and the color reproducibility can be improved.
[0021] In addition to the structure described above, among
the dots corresponding to different colors, each of the dots
corresponding to at least one of the colors may have the
transmissive region having an area different from that of the
transmissive region of each of the dots corresponding to the
other colors.

[0022] According to the structure described above, since
the transmittance and the chroma of each color can be
adjusted for individual dots corresponding to different colors,
the transmittance and the chroma (for example, hue in white
display) of the entire transmitted light can be optionally
adjusted. As a result, when this adjustment is performed
together with that of the areas of the non-color regions
described above, optical properties such as reflectance, trans-
mittance, chroma of reflected light, chroma of transmitted
light, and the like can be respectively adjusted, and hence
display quality in both a reflective display mode and a trans-
missive display mode can be equally optimized.

[0023] Inmore particular, when the plurality of color layers
having different colors are composed of red layers, green
layers, and blue layers, the area of the transmissive region in
each of the dots corresponding to the green layers is prefer-
ably set to smaller than the area of the transmissive regions of
each of the dots corresponding to the red layers and the blue
layers.

[0024] As described above, since green color has a high
spectral luminous factor as compared to that of each of red
color and blue color, when the area of the transmissive region
of the dot corresponding to green color is set to smaller than
that of the transmissive region of each of red and blue colors,
the color balance is not degraded, and in addition, a sufficient
transmittance can be maintained.

[0025] In addition, in the dot described above, it is prefer-
able that the reflective region and the transmissive region in
each of the dots be disposed adjacent to at least one side of a
plurality of sides defining the each of the dots and be disposed
adjacent to each other along said at least one side. In this case,
as the at least one side of the dot, a pair of sides opposing each
other among the plurality of sides defining the dot in an
approximately rectangular shape may be considered. Accord-
ing to this structure, due to errors in manufacturing, even
when a part of the dot in the vicinity of the periphery thereof
becomes unable to perform display, since the areas of the
reflective region and the transmissive region are both
decreased, decrease in area of only one of the regions
described above can be avoided. Accordingly, even when
manufacturing errors occur, the case in which the areal ratio
of the reflective region to the transmissive region is changed
from a predetermined areal ratio can be avoided, and as a
result, the balance of display quality between a reflective
display mode and a transmissive display mode can be main-
tained. For example, in a liquid crystal display device having
a shading layer shading the peripheries of dots, due to manu-
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facturing errors, the shading layer may overlap a part of the
dotin the vicinity of the periphery thereof, and hence this part
of the dot may become unable to perform display in some
cases. Even in this case, according to the present invention,
change in areal ratio of the reflective region to the transmis-
sive region from a predetermined (designed) areal ratio can be
suppressed.

[0026] Inaddition, on the lower substrate described above,
it is preferable that electrodes be provided for applying a
voltage to the liquid crystal described above and that the
reflective films have electrical conductivity and be electri-
cally connected to the electrodes described above. According
to this structure, compared to the case in which the electrodes
are independently (separately from the reflective films) pro-
vided, the resistance can be reduced.

[0027] Next, in order to solve the problems described
above, another transflective liquid crystal display device of
the present invention comprises a pair of substrates which are
an upper substrate and a lower substrate and which face each
other; a liquid crystal layer provided between the pair of
substrates; reflective films which are provided on the internal
surface of the lower substrate and which reflect light incident
from the upper substrate; color filters provided on the internal
surface of the upper substrate, each containing a plurality of
color layers which have different colors and which are dis-
posed so as to correspond to dots forming a display region;
and lighting means provided at the outer surface side of the
lower substrate, each of the dots having a reflective region in
which the reflective film is present and a transmissive region
in which the reflective film is not present for performing
transflective display. In the liquid crystal display device
described above, the color filters each have non-color regions
in which the color layers are not present, each non-color
region being provided in at least a part of region overlapping,
in plan view, the reflective region in each dot, and the distance
between the end of the reflective region and the end of the
non-color region, which oppose each other, is set to more than
15 pm.

[0028] According to this structure, since the end of the
reflective film and the end of the non-color region, which
oppose each other, is set to more than 15 pum, the non-color
region does not protrude outside toward the transmissive
region side, and hence the case in which desired optical prop-
erties are not obtained can be avoided. In addition, since
alignment allowance is increased, the structure having resis-
tance against bonding misalignment can be formed, and in
addition, desired optical properties can be easily obtained.
The detail will be described in “Description of Preferred
Embodiments”.

[0029] Inaddition, the present invention may be applied to
asubstrate assembly for use in a liquid crystal display device.
That is, the substrate assembly may be provided with reflec-
tive films and disposed at the rear side of a liquid crystal
display device or may be provided at the observer side of a
liquid crystal display device without having reflective films.
[0030] That is, the former substrate assembly is used for a
liquid crystal display device comprising dots corresponding
to different colors, and color filters which are provided to
overlap the dots, which transmit light having wavelengths
corresponding to the colors for the dots. The former substrate
assembly comprises a first substrate of a pair of substrates
opposing to each other, for holding liquid crystal with a
second substrate; and reflective films which are provided on
the first substrate, which overlap a part of the respective dots,



US 2008/0273150 A1l

entire peripherical edges of which are disposed in the dots and
which reflect light incident from a second substrate of the pair
of substrates, wherein the shape of each of the reflective films
is selected so that the opening portions are each disposed in a
region overlapping each of the reflective films in the respec-
tive dots. In this substrate assembly, the color filters described
above may be provided on the first substrate.

[0031] In addition, the latter substrate assembly is used for
aliquid crystal display device comprising a pair of substrates
opposing to each other for holding liquid crystal therebe-
tween, and dots corresponding to different colors. The latter
substrate assembly comprises a first substrate of a pair of
substrates opposing to each other for holding the liquid crys-
tal with a second substrate provided with reflective films
which overlap a part of the dots, entire peripheral edges of
which are disposed in the dots and which reflect light; and
color filters which are provided on the first substrate so as to
overlap the dots and which transmit light having wavelengths
corresponding to the colors for the dots, the color filters being
provided with opening portions in respective region each
overlapping one of the reflective films disposed in the respec-
tive dots.

[0032] Next, an electronic apparatus of the present inven-
tion comprises the liquid crystal display device described
above. According to this structure, an electronic apparatus
comprising a liquid crystal display device, which can exhibit
fine colors in both a reflective display mode and in a trans-
missive display mode and has superior visibility, can be pro-
vided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1is a cross-sectional view showing the struc-
ture of a liquid crystal panel according to a first embodiment
of a liquid crystal display device of the present invention.
[0034] FIG. 2 is a plan view showing the relationship
among common electrodes, segment electrodes, and reflec-
tive layers of the liquid crystal panel shown in FIG. 1.
[0035] FIG. 3 is a graph showing transmittance properties
of color filters of the liquid crystal panel shown in FIG. 1.
[0036] FIG. 4 is a cross-sectional view showing the rela-
tionship between the segment electrode and the reflective
layer of the liquid crystal panel shown in FIG. 1.

[0037] FIG. 5 includes a plan view and a cross-sectional
view showing the positional relationship among dots, the
color filters, and the reflective layers of the liquid crystal
panel shown in FIG. 1.

[0038] FIG. 6 includes views showing examples for illus-
trating en effect of the first embodiment for the sake of com-
parison.

[0039] FIG. 7 includes views for illustrating effects of the
first embodiment.

[0040] FIG. 8 is a cross-sectional view showing the struc-
ture of a liquid crystal panel according to a second embodi-
ment of a liquid crystal display device of the present inven-
tion.

[0041] FIG. 9 includes a plan view and a cross-sectional
view showing the positional relationship between dots, color
filters, and reflective layers of the liquid crystal panel shown
in FIG. 8.

[0042] FIG. 10 is a cross-sectional view showing the struc-
ture of a liquid crystal panel according to a modified embodi-
ment of the present invention.
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[0043] FIG. 11 is a cross-sectional view showing a sche-
matic structure according to a third embodiment of a liquid
crystal display device of the present invention.

[0044] FIG. 12 is an enlarged plan view showing a plurality
of pixels forming a display region of the liquid crystal display
device shown in FIG. 11.

[0045] FIG. 13 is an enlarged plan view showing a plurality
of pixels forming a display region according to a fourth
embodiment of a liquid crystal display device of the present
invention.

[0046] FIG. 14 is a plan view showing another example of
an expansion portion of a reflective film of a liquid crystal
display device according to the present invention.

[0047] FIG. 15is aplan view showing still another example
of the expansion portion of a reflective film of a liquid crystal
display device according to the present invention.

[0048] FIG. 16 is a view showing a planar pattern in which
areas of individual elements of structural example 1 of an
embodiment according to the present invention are realized in
a conventional structure.

[0049] FIG. 17 is a view showing a planar pattern in which
the areas of the individual elements of structural example 1 of
the embodiment according to the present invention are real-
ized in the structure of the present invention.

[0050] FIG. 18 is a view showing a planar pattern in which
areas of individual elements of structural example 2 of an
embodiment according to the present invention are realized in
the structure of the present invention.

[0051] FIG. 19 is a view showing a planar pattern in which
areas of individual elements of structural example 3 of the
embodiment according to the present invention are realized in
a conventional structure.

[0052] FIG. 20 is a view showing a planar pattern in which
the areas of the individual elements of structural example 3 of
the embodiment according to the present invention are real-
ized in the structure of the present invention.

[0053] FIG. 21 is a graph showing the spectral properties of
color filters used in structural example 2 of the embodiment of
the present invention.

[0054] FIG. 22 is a graph showing the spectral properties of
color filters used in structural example 3 of the embodiment of
the present invention.

[0055] FIG. 23 is an enlarged plan view showing a plurality
of pixels forming a display region of a liquid crystal display
device, which is already filed by the inventors of the present
invention.

[0056] FIG. 24 is a perspective view showing the structure
of a personal computer as an example of an electronic appa-
ratus to which a liquid crystal display device of the present
invention is applied.

[0057] FIG. 25 is a perspective view showing the structure
of a mobile phone as an example of an electronic apparatus to
which a liquid crystal display device of the present invention
is applied.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0058] Hereinafter, embodiments of the present invention
will be described with reference to drawings. In the embodi-
ments described below, the structures of the present invention
are disclosed, but are not intended to limit the present inven-
tion. In addition, any modification may be performed without
departing from the scope and sprit of the present invention. In
the figures shown below, in order to facilitate understanding
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of individual layers and constituent members, the reduction
scales thereof are made different from each other.

First Embodiment

[0059] First, referring to FIG. 1, an embodiment in which
the present invention is applied to a passive matrix type trans-
flective liquid crystal panel will be described. As shown in the
figure, aliquid crystal display device comprises a liquid crys-
tal panel 1 and a backlight unit 4. The liquid crystal panel 1
has the structure in which a first substrate (upper substrate) 10
and a second substrate (lower substrate) 20 opposing thereto
are bonded to each other with a sealing material 30 provided
therebetween, and liquid crystal 31 such as a TN (twisted
nematic) or a STN (super twisted nematic) type is enclosed in
a region surrounded by the two substrates described above
and the sealing material 30. The backlight unit 4 is disposed
at the second substrate 20 side of the liquid crystal panel 1.
Hereinafter, as shown in FIG. 1, a side opposite to the back-
light unit 4 with respect to the liquid crystal panel 4 is called
“observation side”. That is, the “observation side” means a
side at which an observer viewing a display image on the
liquid crystal panel 1 is present.

[0060] The backlight unit 4 contains a light source 41 and
light guide pale 42. The light source 41 is formed, for
example, of an LED (Light Emitting Diode) or a cold cathode
tube and irradiates a side-end surface of the light guide plate
42 with light. The light guide plate 42 is a plate member to
guide light incident on the side-end surface, emitted from the
light source 41, uniformly to a substrate surface of the liquid
crystal panel 1. In addition, a diffuser is adhered to the surface
of the light guide 42 opposing the liquid crystal panel 1 for
uniformly diffusing light incident from the light guide 42 to
the liquid crystal panel 1, and onto the surface of the light
guide 42 at the side opposite to that described above, a reflec-
tive layer is adhered for reflecting light to the liquid crystal
panel 1 side, which light is incident from the light guide plate
42 to the side opposite to the liquid crystal panel 1 (both of
then are not shown in the figure). In this structure, the light
source 41 is not always turned on, and when the liquid crystal
display device is used in a place at which outside light is not
sufficient, the light source 41 is turned on in accordance with
the instruction by a user or a detection signal from a sensor.

[0061] In addition, the first substrate 10 and the second
substrate 20 of the liquid crystal panel 1 are plate members,
for example, formed of as glass, quartz, or plastic, having
light transmission properties. Onto the outside (side opposite
to the liquid crystal 31) surface of the first substrate 10, a
retardation film 101 which compensates for interference
color and a polarizer 102 polarizing incident light are
adhered. In a manner similar to that described above, a retat-
dation film 201 and a polarizer 202 are adhered onto the
outside (side opposite to the liquid crystal 31) surface of the
second substrate 20.

[0062] On the first substrate 10, a plurality of common
electrodes 14 is provided. Inthis embodiment, FIG. 2 isa plan
view of showing the structure of some elements forming the
liquid crystal panel 1. A cross-sectional view taken along the
line A-A' in FIG. 2 corresponds to the view shown in FIG. 1.
As shown in FIGS. 1 and 2, each common electrode 14 is a
strip-shaped electrode formed of a transparent conductive
material such as ITO (Indium Tin Oxide), and extends in the
X direction shown in the figure.

[0063] Inaddition, on the second substrate 20, a plurality of
segment electrodes 22 is provided. As is the common elec-
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trode 14, each segment electrode 22 is a strip-shaped elec-
trode formed of a transparent conductive material such as ITO
and extends in the direction intersecting the common elec-
trode 14 (that is, in the Y-direction in the figure). As shown in
FIG. 1, the surface of the first substrate 10 provided with the
common electrodes 14 thereon and the surface of the second
substrate 20 provided with the segment electrodes 22 thereon
are covered with alignment films 15 and 23, respectively. The
alignment films 15 and 23 are each an organic film formed, for
example, of a polyimide resin and are processed by rubbing
treatment for determining the orientation of the liquid crystal
31 when a voltage is not applied thereto.

[0064] Theliquid crystal 31 held between the first substrate
10 and the second substrate 20 changes its orientation direc-
tion in accordance with a voltage applied between the com-
mon electrode 14 and the segment electrode 22. Hereinafter,
in this embodiment, as shown in a lower right portion in FIG.
2, a region 5 at which the common electrode 14 and the
segment electrode 22 oppose each other is referred to as
“dot”. That s, the dot 5 is a minimum unit of aregion in which
the orientation direction of the liquid crystal 31 is changed in
accordance with a voltage applied thereto. As shown in FIG.
2, a plurality of the dots 5 is disposed in the X direction and
the Y direction to form a matrix, and each of the dots corre-
sponds to one of red color (R), green color (G), and blue color
(B). In addition, one set of three dots (subpixel) 5R, 5G, and
5B corresponding to these three colors mentioned above
forms one pixel (subpixel) which is a minimum unit of a
display image.

[0065] Next, as shown in FIG. 1, on the internal surface (the
liquid crystal 31 side) of the first substrate 10, a shading layer
11, color filters 12, and an overcoat layer 13 are formed.
Among those mentioned above, the overcoat layer 13 is
formed of a resin material, such as an acrylic or epoxy resin,
and serves to planarize steps formed by the shading layer 11
and the color filters 12. The common electrodes 14 described
above are formed on the surface of this overcoat layer 13.
[0066] The shading layer 11 has a grating shape so as to
cover gaps (that is, regions other than those at which the
common electrodes 14 and the segment electrodes 22 oppose
each other) formed between the dots 5 disposed in a matrix
and serves to shade the peripheries of the dots 5. This shading
layer 11 is formed, for example, of a black resin material
containing carbon black or the like dispersed therein or a
metal such as chromium (Cr).

[0067] Next, the color filters 12 (12R, 12G, and 12B) are
formed of resin layers so as to correspond to the dots 5 and are
colored by dyes or pigments corresponding to the colors of
the dots 5, that is, are each colored in one of red (R), green (G),
and blue (B). Accordingly, of light passing through the liquid
crystal 31 and entering the first substrate 10, light having a
wavelength corresponding to the color of each color filter 12
is selectively emitted to the observation side. In addition, as
shown in FIG. 1, in the color filters 12, opening portions 121
are formed at positions each corresponding to an approxi-
mately central portion of each dot 5, and these openings 121
will be described later. In this embodiment, the structure
(so-called stripe pattern) is shown by way of example in
which the color filters 12 having the same color are aligned
along a plurality of the dots 5 disposed in the Y direction.
[0068] FIG. 3isa graph showing the transmittance proper-
ties of the color filters 12 used in this embodiment. In FIG. 3,
the transverse axis represents the wavelength of light incident
on the color filters 12, and the vertical axis represents the
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transmittance (ratio of amount of emitted light to that of
incident light). As shown in the figure, the color filter 12R has
ahigh transmittance for light having a wavelength of approxi-
mately 600 nm or more corresponding to red color; the color
filter 12G has a high transmittance for light having a wave-
length of approximately 500 to 600 nm corresponding to
green color; and the color filter 12B has a high transmittance
for light having a wavelength of approximately 400 to S00 nm
corresponding to blue color. In addition, when the maximum
transmittances of the color filters 12 shown in FIG. 3 are
compared to each other, the maximum transmittance (ap-
proximately 0.92) of the color filter 12R for red color is
highest, and the maximum transmittance (approximately
0.89) of the color filter 12B for blue color and the maximum
transmittance (approximately 0.84) of the color filter 12G for
green color are decreased in that order. That is, when each
color filter 12 is irradiated with the same amount of light, the
amount of light emitted from the color filter 12G for green
color is smaller than those emitted from the color filter 12R
for red color and the color filter 12B for blue color.

[0069] Inaddition, asshownin FIGS. 1 and 2, a plurality of
reflective layers 21 is formed on the internal (the liquid crystal
31 side) surface of the second substrate 20. Each reflective
layer 21 is a layer for reflecting light incident from the first
substrate 10 side and is a thin film having light reflection
properties, which is formed, for example, of a pure metal such
as aluminum or silver or an alloy primarily composed of the
metal mentioned above. The reflective layer 21 of this
embodiment is formed of an alloy containing silver as a
primary component, palladium (Pd), and copper (Cu). In
addition, the internal surface of the second substrate 20 is
roughened to form light scattering structures (irregularities)
on the surfaces of the reflective layers 21; however, they are
omitted in the figure. In this embodiment, instead of the
structure having the irregularities on the surface of each
reflective layer 21, a so-called front light-scattering method
may be used imparting light-scattering properties to the sur-
face of the polarizer 102 located at the observation side.

[0070] FIG. 41s a view showing the positional relationship
between the reflective layer 21 and the segment electrode 22
and shows a cross-section (that s, a cross-section perpendicu-
lar to the extending direction of the segment electrode 22) of
the structure when viewed from the line B-B' shown in FIG. 2.
As shown in the figure, all around the cross-sectional periph-
ery of the reflective layer 21, which is in the direction perpen-
dicular to the segment electrode 22, is covered with the seg-
ment electrode 22. In more particular, as shown in FIG. 4, a
first layer 221 forming a part of the segment electrode 22 is
formed on the internal surface of the second substrate 20, and
the reflective layer 21 is formed so as to cover a part of the first
layer 221 in the width direction. In addition, a second layer
222 forming the segment electrode 22 is formed so as to cover
the reflective layer 21 from the surface thereof parallel to the
second substrate 20 to the peripheries (end surfaces) of the
reflective layer 21 in the width direction. According to this
structure, the segment electrode 22 and the reflective layer 21
are electrically connected to each other. ITO forming the
segment electrode 22 has a relatively high resistance, and in
contrast, an APC alloy forming the reflective layer 21 has a
low resistance. As a result, since the segment electrode 22 and
the reflective layer 21 are in contact with each other as shown
in FIG. 4, the wiring resistance can be reduced.

[0071] In the surface parallel to the surface of the second
substrate 20, the reflective layers 21 are each provided so as to
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overlap a part of each dot 5, as shown in FIG. 2. In addition,
the entire periphery of each reflective layer 21 is located
inside the dot 5. In other words, the reflective layers 21 are
each disposed in the corresponding dot 5 and are separated
from each other to form a matrix pattern.

[0072] A region of the dot 5 which overlaps the reflective
layer 21 (hereinafter referred to as “reflective region 51”)
serves as a region reflecting light incident from the first sub-
strate 10 side for performing reflective display. That is, when
reflective display is performed, outside light such as sunlight
or interior illumination light incident on the liquid crystal
panel 1 from the observation side is placed in a predetermined
polarized state after passing through the polarizer 102 and the
retardation film 101 and then reaches the reflective layer 21
after passing through the first substrate 10, the color filter 12,
the common electrode 14, the liquid crystal 31, and the seg-
ment electrodes 22 in that order. Subsequently, the light is
reflected from the surface of the reflective layer 21 and then
retraces the route through which it passed. In this step, in
accordance with the difference in voltage between the com-
mon electrode 14 and the segment electrode 22, the orienta-
tion of the liquid crystal 31 is changed, and hence the amount
of a part of the reflective light reflected from the reflective
region 51, which passes through the polarizer 102 and is
viewed by the observer, can be controlled in each dot 5.
[0073] Ontheother hand, a region ofthe dot 5 other than the
reflective region 51, that s, a region (hereinafter referred to as
“transmissive region”) 52 of the dot 5 other than the region
covered with the reflective layer 21, serves as a region trans-
mitting light therethrough, which light is incident from the
backlight unit 4 on the second substrate 20, for performing
transmissive display. That is, when transmissive display is
performed by turning on the light source 41 of the backlight
unit 4, light emitted from the backlight unit 4 is placed in a
predetermined polarized state after passing through the polar-
izer 202 and the retardation film 201. Subsequently, after
passing through the second substrate 20, (the transmissive
region 52), the segment electrode 22, the liquid crystal 31, the
common electrode 14, the color filter 12, and the first sub-
strate 10 in that order, the light is emitted to the observation
side. In this transmissive display, in accordance with the
difference in voltage between the common electrode 14 and
the segment electrode 22, the orientation of the liquid crystal
31 is changed, and hence the amount of a part of the light
passing through the transmissive region 52, which passes
through the polarizer 102 and is viewed by the observer, can
be controlled in each dot 5.

[0074] Next, referring to FIG. 5, detailed structures of the
reflective layers 21 and the color filters 12 will be described.
In FIG. 5, the dots 5 for three colors forming one pixel are
only shown.

[0075] As described above, each dot 5 has the reflective
region 51 which corresponds to the reflective layer and which
reflects light incident form the first substrate 10 side by the
reflective layer 21 and the transmissive region 52 which cor-
responds to a region other than the reflective layer 21 and
which transmits light incident from the second substrate 20
side to the first substrate 10 side. As shown in FIG. 5, in each
color filter 12, the opening portion 121 is provided in a region
of the dot 5 corresponding to the reflective region 51. The
opening portion 121 is a portion in which the color filter 12 is
not provided, and in this opening portion 121, the transparent
overcoat layer 13 covering the color filters 12 and the shading
layer 11 is filled. In the structure described above, in a reflec-
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tive display mode, when a part of light reflected from the
surface of the reflective layer 21 passes through the color filter
12 (portion other than the opening portion 121), the amount of
the light is decreased by the presence of this color filter 12;
however, on the other hand, light, passing through the open-
ing portion 121 and then being emitted to the first substrate 10
side, only passes through the transparent overcoat layer 13,
and hence the amount of the light is not substantially
decreased. Accordingly, for example, even when the trans-
mittance of the color filter 12 is increased in order to secure
the chromaina transmissive display mode (that is, the amount
of pigment or dye dispersed in the color filter 12 is increased),
the amount of light used for reflective display can be suffi-
ciently secured, and hence bright display can be performed.
As described above, according to this embodiment, both the
brightness in a reflective display mode and the chroma in a
transmissive display mode can be obtained.

[0076] Next, in this embodiment, as shown in FIG. 5, the
areas of the opening portions 121 formedin the color filters 12
having different colors are different from each other. That is,
the area of the opening portion 121 provided in the green
color filter 12G is larger than that of each of the red color filter
12R and the blue color filter 12B. As described above with
reference to FIG. 3, the maximum transmittance of the green
color filter 12G is lower than that of each of the red color filter
12R and the blue color filter 12B. That is, the areas of the
opening portions 121 of the individual color filters 12 are
determined in accordance with the difference in transmit-
tance properties of the color filters 12.

[0077] In addition, as shown in FIGS. 2 and 5, the areal
ratios of the reflective region 51 to the transmissive region 52
are different among the color filters 12 in accordance with the
transmittance properties thereof. In other words, the areas of
the reflective layers 21 corresponding to the individual dots 5
are different from each other in accordance with the colors
therefor. In particular, the area of the reflective region 51 (or
the reflective layer 21) corresponding to the green dot 5G is
larger than that of each of the reflective regions 51 (or the
reflective layer 21) corresponding to the red and the blue dots
5R and 5B.

[0078] As described above, when the areas of the opening
portions 121 of the color filters 12 and the areas of the reflec-
tive layers 21 are made different in accordance with the colors
for the dots 5, the difference in transmittance propetties
among the individual color filters 12 can be compensated, and
hence advantage can be obtained in that superior display
quality can be obtained. Hereinafter, this advantage described
above will be described in detail.

[0079] First, thearea of the opening portion 121 provided in
each color filter 12 will be described. Since the maximum
transmittance of the green color filter 12G is low as compared
to that of each of the filters 12 for the other colors, when the
opening portions 121 of all the color filters 12 are assumed to
have the same area, the amount of light passing through the
green color filter 12G is smaller than that of each of the red
and the blue color filters 12R and 12B. Accordingly, in a
reflective display mode, the amounts of light for individual
colors, red, green, and blue viewed by the observer vary from
each other, and as a result, it becomes difficult to realize
superior color reproducibility. On the other hand, in this
embodiment, since the opening portion 121 having a large
area is formed in the green color filter 12, which has a low
transmittance, as compared to the area of the opening portion
121 of each of the other color filters 12R and 12B, the
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amounts of light for individual colors, red, green, and blue
viewed by the observer can be well balanced in a reflective
display mode.

[0080] Next, the area of the reflective layer 21 of each dot 5
will be described. Since the maximum transmittance of the
green color filter 12G is low as compared to that of each of the
filters 12 for the other colors, when the reflective regions 51 of
the dots for all colors are assumed to have the same area, the
amount of light, which is reflected from the surface of the
reflective layer 21 corresponding to the green dot 5 and is then
emitted to the observer side, is smaller than the amount of
light which is reflected from the surface of the reflective layer
21 corresponding to each of the dots 5 for the other colors and
is then emitted to the observer side. Accordingly, the amounts
of light for individual colors viewed by the observer vary
from each other. On the other hand, in this embodiment, since
the reflective layer 21 corresponding to the green dot 5G has
alarge area as compared to that of each of the reflective layers
21 corresponding to the other dots SR and 5B, the amount of
light, which is reflected from the surface ofthe reflective layer
21 corresponding to the green dot 5G and is then emitted to
the observer side, can be sufficiently secured.

[0081] As described above, according to this embodiment,
even when the transmittance properties of the color filters 12
for various colors vary from each other, the variation can be
compensated, and hence superior color reproducibility can be
realized.

[0082] Referring again to FIG. 5, the positional relationship
of the reflective region 51 and the transmissive region 52 in
the dot 5 will be described. In this embodiment, both the
reflective region 51 and the transmissive region 52 are pro-
vided adjacent to a pair of sides, extending in the Y direction,
among four sides (that is, four sides forming the periphery of
the dot 5) defining the dot 5, and are adjacent to each other
along the pair of sides described above. That is, along each of
the two long sides of the dot 5 in an approximately rectangular
shape from one end to the other end thereof, the transmissive
region 52, the reflective region 51, and the transmissive region
52 are provided adjacent to each other in that order. In other
words, as shown in FIG. 5, when a linear line L, which is
adjacent to the long side of the dot 5 and is parallel thereto, is
assumed in the dot 5, the linear line L passes through both the
reflective region 51 and the transmissive region 52.

[0083] As described above, in this embodiment, since the
reflective region 51 and the transmissive region 52, which
correspond to one dot 5, are provided adjacent to each other
along the periphery of the dot 5, variation in areal ratio of the
reflective region 51 to the transmissive region 52 in the dot 5,
which is caused by manufacturing errors, can be suppressed.
The details will be described below.

[0084] Asthestructure in which the reflective region 51 and
the transmissive region 52 are formed in one dot 5, for
example, the structure shown in FIG. 6(a) may also be con-
sidered. That is, the periphery of the reflective layer 21 cor-
responding to the dot 5 is formed so as not to be adjacent to the
periphery of the dot 5, in other words, the reflective layer 21
is formed so that only the transmissive region 52 is formed
adjacent to the periphery of the dot 5.

[0085] Next, among steps of manufacturing the liquid crys-
tal panel 1 having the structure described above, a step of
bonding the second substrate 20 on which the reflective layers
21 are provided and the first substrate 10 on which the shading
layer 11 is formed to each other will be described. In this step,
in general, the substrates described above are bonded to each
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other while being relatively aligned. In this step, for example,
assuming that the relative position between the two substrates
in the X direction is misaligned by the reasons relating to
manufacturing techniques or the like, a part of the transmis-
sive region 52 of the dot 5 is covered with the shading layer
11, as shown in FIG. 6(5). Since the part of the transmissive
region 52 covered with the shading layer 11 as described
above becomes unable to perform display, the area of the
transmissive region 52 in the dot 5 becomes small as com-
pared to the case in which the shading layer 11 is appropri-
ately disposed (that is, the case shown in FIG. 6(a)). On the
other hand, since the reflective region 51 is not adjacent to the
periphery of the dot 5, even when the relative position
between the substrates is misaligned as described above, the
reflective region 51 is not covered with the shading layer 11.
That is, the area of the reflective region 51 in the dot 5 is not
changed from that shown in FIG. 6(a). As described above, in
the structure shown in FIG. 6, due to the error caused by
misalignment between the substrates, since the area of the
transmissive region 52 is decreased and the area of the reflec-
tive region 51 is not changed, the areal ratio of the reflective
region 51 to the transmissive region 52 becomes different
from that determined beforehand. As a result, the brightness
may vary in accordance with a display mode in some cases;
hence, for example, the brightness in a transmissive display
modebecomes dark as compared to that in a reflective display
mode.

[0086] On the other hand, in this embodiment, the reflective
region 51 and the transmissive region 52 are formed in the
vicinity of the plurality of sides defining one dot 5 and are
adjacent to each other along the sides thereof. As a result,
when the relative position between the first substrate 10 and
the second substrate 20 is misaligned in the X direction with
respect to an appropriate position (a designed position) shown
in FIG. 7(a), as shown in FIG. 7(), in addition to the area of
the transmissive region 52, the area of the reflective region 51
is also decreased. That is, according to this embodiment, even
when the relative position between the reflective region 51
and the shading layer 11 is misaligned, the case in which only
one of the areas of the transmissive region 52 and the reflec-
tive region 51 is decreased can be avoided, and hence the
change in areal ratio of the reflective region 51 to the trans-
missive region 52 from a predetermined ratio can be sup-
pressed.

Second Embodiment

[0087] Next, a liquid crystal panel according to a second
embodiment of the present invention will be described.
[0088] In the first embodiment, the structure in which the
shading layer 11, the color filters 12, and the overcoat layer 13
are provided on the first substrate 10 located at the observa-
tion side is described by way of example. In this embodiment,
the structure in which the elements described above are pro-
vided on the second substrate 20 is formed.

[0089] FIG. 8 is a cross-sectional view showing the struc-
ture of the liquid crystal panel of this embodiment, and FIG.
9includes a plan view and a cross-sectional view showing the
positional relationship between dots, color filters and reflec-
tive layers in the liquid crystal panel. The same reference
numerals of the constituent elements of the liquid crystal
panel 1 according to the first embodiment designate the
equivalent constituent elements shown in FIGS. 8 and 9.
[0090] As shown in FIGS. 8 and 9, on the second substrate
20, a plurality of the reflective layers 21 of the respective dot
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5 are formed. These reflective layers 21 are equivalent to
those described in the above first embodiment. That is, the
reflective layers 21 are each formed inside the periphery of the
dot 5 as shown in FIG. 9; the shapes thereof are each deter-
mined so that the reflective region 51 and the transmissive
region 52 are adjacent to each other and are provided along
the periphery of the corresponding dot 5; and the area of the
reflective layer 21 corresponding to the green dot 5G is
smaller than that of each of the reflective layers 21 corre-
sponding to the dots 5R and 5B for the other colors.

[0091] Inaddition, on the surface ofthe second substrate 20
on which the plurality of reflective layers 21 are formed, the
shading layer 11 overlapping the gaps formed between the
dots 5 and the color filters 12 (12R, 12G, and 12B) having
colors corresponding to the individual dots 5 are provided. As
shown in FIG. 9, in each color filter 12, the opening portion
121 is formed in a region corresponding to the reflective
region 51. As in the above first embodiment, the areas of the
opening portions 121 for the dots 5 corresponding to different
colors are different. That is, as shown in FIG. 9, the area ofthe
opening portion 121 corresponding to the green dot 5 is larger
than that of each of opening portions 121 corresponding to the
red and the blue dots SR and 5B.

[0092] Furthermore, the surface of the second substrate 20
onwhich the reflective layers 21, the shading layer 11, and the
color filters 12 are provided is covered with the overcoat layer
13, and on the surface of this overcoat layer 13, the segment
electrodes 22 are formed. These segment electrodes 22 has
the structure different from that shown in FIG. 4 (the structure
composed of the first layer 221 and the second layer 222) and
are each formed of a single layer of a transparent conductive
material. The surface of the overcoat layer 13 on which the
segment electrodes 22 are provided is covered with the align-
ment film 23.

[0093] On the other hand, as shown in FIG. 8, on the inter-
nal surface of the first substrate 10, the common electrodes 14
are formed, and these common electrodes 14 are covered with
the alignment film 15. In the cross-sectional view shown in
FIG. 9, the individual elements on the first substrate 10 are
omitted.

[0094] By the structure in which the shading layer 11, and
the color filters 12 are provided on the second substrate 20 as
described above, the same advantages as described in the
above first embodiment can also be obtained. That is, as
described in the first and the second embodiments, regardless
of whether the color filters 12 are provided on the first sub-
strate 10 located at the observation side or the second sub-
strate 20 located at the rear surface side, the present invention
can be applied. However, since the shading layer 11 or the
color filters 12 are generally formed with relatively high
accuracy using photolithographic technique, etching tech-
nique, and the like, the case in which the relative position
between the reflective layers 21 and the shading layer 11 is
misaligned may be unlikely to occur as compared to the case
in which the shading layer 11 is formed on the first substrate
10. In consideration of this situation, the advantage in which
the error in areal ratio of the reflective region 51 to the trans-
missive region 52 can be suppressed, which is described with
reference to FIGS. 6 and 7, is particularly significant when the
shading layer11 (and the color filters 12)is formed on the first
substrate 10.

Modified Embodiments

[0095] Heretofore, the first and the second embodiments
have been described; however, the above embodiments are
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described by way of example, and various modifications may
be performed without departing from the spirit and the scope
of the present invention. As modified embodiments, the fol-
lowing embodiments will be described by way of example.

First Modified Embodiment

[0096] In the first and the second embodiments described
above, in order to compensate for the difference in transmit-
tance properties among the color filters 12 corresponding to
different colors, the areas of the reflective layer 21 and the
opening portion 121 of the color filter 12G corresponding to
the green dot 5G are made different from those corresponding
to the red dot 5R and blue dot 5B, and, in addition, the areas
of those described above corresponding to the red dot, green
dot, and blue dot may be made different from each other. In
addition, in the embodiments described above, the areas of
the reflective layers 21 and the areas of the opening portions
121 of the color filters 12 corresponding to the individual
color dots are made different from each other in accordance
with the transmittance properties of the color filters 12, and in
addition, the areas described above corresponding to the indi-
vidual color dots may be made different from each other in
accordance with the spectral properties of light emitted from
the backlight unit. That is, for example, when the spectral
properties of light emitted from the backlight unit 4 vary such
that the amount of light having a wavelength corresponding to
blue is smaller than each of the amounts of light having
wavelengths corresponding to green an red, the transmissive
region 52 of the dot 5B having a large area may be secured by
decreasing the area of the reflective layer 21 corresponding to
the blue dot 5B so that the area described above is made
smaller than that of each of those corresponding to the dots 5
for the other colors. As described above, the parameters for
determining the area of the reflective layer 21 and the area of
the opening portion 121 of the color filter 12 corresponding to
each dot 5 are not limited to the transmittance properties of
the color filters 12. In addition, in the present invention, it is
not always necessary that the area of the reflective layer 21
and the area of the opening portion 121 of the color filter 12 in
each dot 5 be changed.

Second Modified Embodiment

[0097] In the above first embodiment, as shown in FIG. 4,
the structure in which the reflective layer 21 is in contact with
the segment electrode 22 is described by way of example;
however, they are not always necessary to be in contact with
each other. That is, as shown in FIG. 10, the structure may be
formed in which the surface of the second substrate 20 on
which the reflective layers 21 are provided is covered with an
insulating layer 25 formed of a resin material or the like, and
on the surface of this insulating layer 25, the segment elec-
trodes 22 composed of single-layered transparent conductive
films are formed.

Third Modified Embodiment

[0098] In the first and the second embodiment described
above, the passive matrix type liquid crystal panel having no
switching elements is described by way of example; however,
as in the above embodiments, the present invention may be
applied to an active matrix type liquid crystal panel provided
with two-terminal switching elements such as TFDs (Thin
Film Diodes) or three-terminal switching elements such as
TFTs (Thin Film Transistors). In addition, in the above
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embodiments, the stripe pattern in which the color filters 12
having the same color are aligned in a row is described by way
of example; however, as the patterns of the color filters 12, in
addition to this stripe pattern, a mosaic pattern or a delta
pattern may also be used.

Third Embodiment

[0099] Next,a third embodiment will be described. A liquid
crystal display device of the third embodiment is an example
of a passive matrix type transflective color liquid crystal
display device. FIG. 11 is a schematic cross-sectional view
showing the structure of the liquid crystal display device of
the third embodiment, and FIG. 12 is an enlarged plan view of
a plurality of pixels forming a display region.

[0100] Asshown in FIG. 11, a liquid crystal display device
1001 of the third embodiment comprises a liquid crvstal cell
1002 and a backlight unit 1003 (lighting means). In the liquid
crystal cell 1002, a lower substrate 1004 and an upper sub-
strate 1005 are disposed so as to oppose each other with a
sealing material 1006 provided therebetween; aliquid crystal
layer 1007 composed of STN (Super Twisted Nematic) liquid
crystal or the like is enclosed in the space surrounded by the
upper substrate 1005, the lower substrate 1004, and the seal-
ing material 1006: and the backlight unit 1003 is disposed at
the rear surface side (outer surface side of the lower substrate)
of the liquid crystal cell 1002.

[0101] On the internal surface side of the lower substrate
1004 composed of a light transparent material such as glass or
plastic, segment electrodes 1010 having a two-layered struc-
ture are formed in a strip shape extending in the direction
penetrating the plane. Each of the segment electrodes com-
prises a reflective metal film 1008 having a high reflectance
and containing aluminum, silver, an alloy thereof, or the like,
and a transparent conductive film 1009 formed of indium tin
oxide (hereinafter referred to as “ITO”) or the like and pro-
vided on the reflective film 1008. On the segment electrodes
1010, an alignment film 1011, which is composed, for
example, of a polyimide resin and whose surface is processed
by rubbing treatment, is formed. In the structure of the seg-
ment electrode 1010 of this embodiment, the transparent
conductive film 1009 is not only layered on the reflective film
1008, but also has a large pattern width than that of the
reflective film 1008 so as to cover the side surfaces of the
reflective film 1008 in addition to the upper surface thereof.

[0102] On the internal surface side of the upper substrate
1005 composed of a transparent material such as glass or
plastic, there are provided color filters 1015 which comprise
color layers 1013R, 1013G, and 1013B having red color (R),
green color (G), and blue color (B), respectively, and a shad-
ing portion 1014 (black matrix) defining the color layers
1013R, 1013G, and 1013B and having different color there-
from. The shading portion 1014 is formed, for example, of a
resin black or a metal, such as chromium, having a relatively
low reflectance. In addition, on the color filters 1015, there is
provided an overcoat film 1016 which planarizes steps
formed between the color layers 1013R, 1013G, and 1013B
and which also protects the surfaces thereof. The overcoat
film 1016 may be a resin film such as an acrylic or a polyimide
film or an inorganic film such as a silicon oxide film. Further-
more, on the overcoat film 1016, there are provided single-
layered common electrodes 1017 which are formed of ITO or
the like in a strip shape and extend in the direction parallel to
the plane. On the common electrodes 1017, an alignment film
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1018, which is composed of a polyimide resin or the like and
whose surface is processed by rubbing treatment, is formed.
[0103] On the outer surface of the lower substrate 1004, a
retardation film 1020 and a polarizer 1021 are provided in that
order from the substrate side, and in addition, at the outer
surface side of the polarizer 1021, the backlight 1003 is
provided. The backlight 1003 has a light source 1022 such as
a cold cathode tube or a light-emitting diode (LED), a reflec-
tive plate 1023, and a light guide 1024. In addition, on the
outer surface of the upper substrate 1005, a retardation film
1025 and a polarizer 1026 are provided in that order from the
substrate side.

[0104] The electrodes on the substrates 1004 and 1005 are
disposed as shown in FIG. 12, and on the lower substrate
1004, a plurality of the segment electrodes 1010 is formed in
astrip shape extending in the vertical direction shown in FIG.
12. In addition, on the upper substrate 1005, a plurality of the
common electrodes 1017 are formed in a strip shape extend-
ing in the lateral direction shown in FIG. 12 so as to perpen-
dicularly intersect the segment electrodes 1010. The color
layers 1013R, 1013G, and 1013B for R, G, and B, respec-
tively, of the color filter 1015 are disposed along the extend-
ing segment electrodes 1010. That is, the color filters 1015 of
this embodiment form a so-called vertical stripe pattern, and
the color layers 1013R, 1013G, and 1013B for R, G, and B,
respectively, have a strip shape and extend in the vertical
direction. Accordingly, three dots 1028R, 1028G, and 1028B
for R, G, and B, respectively, disposed in the lateral direction
as shown in FIG. 12 form one pixel 1029 constituting a
display pattern. In this embodiment, the dot is a part at which
the segment electrode 1010 and the common electrode 1017
intersect each other and is a minimum unit for performing
display.

[0105] Inthis embodiment, the reflective film 1008 and the
transparent conductive film 1009 form the segment electrode
1010 having the two-layered structure, and of these two films,
the reflective film 1008 functions as a reflective film for
performing display in a reflective display mode. The reflec-
tive film 1008 and the transparent conductive film 1009 both
extend in the vertical direction and have the widths different
from each other, and as described above, the pattern width of
the transparent conductive film 1009 is larger than that of the
reflective film 1008. As a result, in each dot 1028R, 1028G,
and 1028B, the central portion is a region in which the reflec-
tive film 1008 and the transparent conductive film 1009 are
present, and this region is a reflective region R used in a
reflective display mode of a transflective liquid crystal display
device. In addition, each side of the reflective region R is a
region in which only the transparent conductive film is
present, and this region is a transmissive region T used in a
transmissive display mode of a transflective liquid crystal
device. That is, in each dot 1028R, 1028G, and 1028B, both
the reflective region R and the transmissive region T are
present.

[0106] In addition, in this embodiment, the width of the
reflective film 1008 is not uniformly formed, and at the central
portion of each of the dots 1028R, 1028G; and 1028B, width
expansion portion 1008a is formed having a larger width than
that of the other parts of the film. In addition, the color layers
1013R, 1013G, and 1013B for R, G, and B of the color filter
1015 on the upper substrate 1005 are not provided in the
entire area of the respective dot 1028R, 1028G, and 1028B,
and an opening portion (white portion shown in FIG. 12) is
provided in each of the color layers 1013R,1013¢,and 1013B
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in the dot 1028R, 1028G, and 1028B, respectively. That s,
these opening portions are non-color regions 1031R, 1031G,
and 1031B, and in particular, the non-color regions 1031R,
1031G; and 1031B are each formed in a region overlapping
the width expansion portion 1008a of the reflective film 1008
in plan view so as to be placed within the width expansion
portion 1008a. That is, each of the non-color regions 1031R,
1031G, and 1031B is a region in which only the reflective film
1008 and the transparent conductive film 1009 are present;
the reflective region R other than the non-color region is a
region in which the reflective film 1008, the transparent con-
ductive film 1009, and one of the color layers 1013R, 1013G,
and 1013B of'the color filter are present; and the transmissive
region T is a region in which the transparent conductive film
1009 and one of the color layers 1013R, 1013G, and 1013B
are present. In this embodiment, the width expansion portion
10084 is in an approximately rectangular shape, and the non-
color regions 1031R, 1031G, and 1031B are each in an
approximately rectangular shape.

[0107] Inthe liquid crystal display device 1001 having the
structure described above, in a reflective display mode, since
a part of outside light incident from the upper substrate 1005
side passes through the non-color regions 1031R, 1031G, and
1031B in the reflective regions R, the light passing through
the color filter 1015 twice in a reflective display mode com-
prises non-colored light passing through the non-color
regions 1031R, 1031G, and 1031B and colored light passing
through the color regions. On the other hand, in a transmissive
display mode, all the light emitted from the backlight 1003
and passing through the transmissive regions T passes
through the color regions, hence all the light passing through
the color filter 1015 once in a transmissive display mode is
colored light. As described above, the difference in tint of
color between light passing through the color filter 1015
twice in a reflective display mode and light passing through
the color filter 1015 once in a transmissive display mode can
be reduced, and when the color layers 1013R, 1013G, and
1013B of the color filter 1015 are optimized, display exhib-
iting fine colors in both a reflective and a transmissive display
mode and having superior visibility can be obtained.

[0108] In addition, in this embodiment, since the transpat-
ent conductive film 1019 and the reflective film 1008 form the
two-layered segment electrode 1010, due to the presence of
the transparent conductive film 1009 located in the transmis-
sive region T, application of an electric field to the liquid
crystal layer 1007 above the transmissive region T can be
smoothly performed, and in addition, due to the presence of
the reflective film 1008 composed of a metal having a small
resistivity as compared to that of the transparent conductive
film 1009, an effect in that the resistance of the entire segment
electrode 1010 is reduced can be obtained.

[0109] When the liquid crystal display device having the
structure according to the first embodiment is formed using a
general method, the areas of the non-color regions are likely
to vary, and misalignment between the reflective region and
the no-color region is likely to occur. The reasons for this will
be described below.

[0110] First, as in this embodiment, it is assumed that the
reflective film forms a part of a strip-shaped electrode. In this
case, as described above, it is preferable that the effects, for
example, of reducing the resistance of the electrode can be
obtained; however, it is naturally understood that the reflec-
tive film must be patterned into a strip shape. Since the reflec-
tive region and the transmissive region are formed in one dot
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in the liquid crystal display device of the first embodiment, for
example, it may also be considered that, after a reflective film
is formed so as to cover the entire dot, a window portion
(transmissive region) for light transmission is formed in the
reflective film. However, as described above, since the reflec-
tive film described above is also patterned after all into a strip
shape, when the width of the metal film pattern is designed to
be small as compared to that of the transparent conductive
film pattern, the both sides of the metal film automatically
become the transmissive regions, and hence design can be
easily performed compared to the case in which the window
portion is intentionally formed.

[0111] That is, according to the easiest pattern design, as
shown in FIG. 23, the pattern width of a strip-shaped reflec-
tive film 1108 is made small as compared to that of a strip-
shaped transparent conductive film 1109 forming a segment
electrode 1110. In addition, since the non-color region is
provided in the reflective region of the liquid crystal display
device according to the first embodiment, a non-color region
1131 (opening portion in the color layer) in which the color
layer of the color filter is not present is provided above the
reflective film 1108. As shown in FIG. 23, in color liquid
crystal display devices, since a dot 1128 itself generally has a
rectangular shape having the longer side in the vertical direc-
tion, the shape of the reflective region R also has a rectangular
shape having the longer side in the vertical direction, and in
addition, the non-color region 1131 also has a rectangular
shape having the longer side in the vertical direction.

[0112] As described above, when the liquid crystal display
device of the first embodiment is formed, the shape of the
opening portion (non-color region) in the color layer natu-
rally becomes a rectangular having the long side in the verti-
cal direction, and as the area of the opening portion is
increased, a rectangular shape having a longer side in the
vertical direction is formed. When a color layer having an
opening in this type of shape as described above is formed by
a photolithographic technique, when variation in dimension
is generated by etching, variation in area of the opening
portion is increased. The reason for this is that, for example,
in the case in which a square pattern and a rectangular pattern
having the same area as that thereof are compared to each
other, when the same etching error in dimension is generated
for the two patterns described above, the change in area of the
rectangular pattern becomes larger than that of the square
pattern and is also increased as the rectangular pattern has a
longer side. As a result, variation in display properties such as
the brightness and hue in a reflective display mode is
increased. In addition, when the width of the opening portion
is excessively decreased, and the dimension thereof exceeds
the limit of the resolution of a photolithographic technique, a
problem may arise in that the opening portion cannot be
formed at all.

[0113] In addition, for example, when the reflective film is
formed on the lower substrate, and the color filter is formed on
the upper substrate, in order to form the non-color region
reliably in the reflective region, alignment accuracy between
the pattern for the reflective film and that for the color filter,
that is, alignment accuracy when the lower substrate is
bonded to the upper substrate, becomes important. However,
when a non-color region in a rectangular shape having an area
to some extent is disposed in a reflective region having a
rectangular shape, the distance between the end of the reflec-
tive region in the short side direction and the end of the
non-color region in the short side direction is inevitably
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decreased, and as a result, the alignment allowance is
decreased. Hence, the case in which, depending on design,
the distance between the end of the reflective region and the
end of the non-color region may be smaller than the misalign-
ment in a substrate-bonding step in some cases may be con-
sidered. In this case, when the non-color region protrudes into
the transmissive region, desired optical properties cannot be
obtained.

[0114] On the other hand, in the liquid crystal display
device of this embodiment as shown in FIG. 12, the width
expansion portion 1008a of the reflective film 1008 is pro-
vided in each of the dots 1028R, 1028G, and 1028B, and in
addition, the non-colorregions 1031R, 1031G, and 1031B are
each disposed to overlap the width expansion portion 1008z
in plan view. Accordingly, the reflective region R in which
each of the non-color regions 1031R, 1031G, and 1031B is
disposed has a shape close to a square shape as compared to
that of a conventional reflective region. Hence, when a pre-
determined variation in etching dimension occurs, variation
in area of the opening portion can be decreased as compared
to that in the past, and variation in display properties in a
reflective display mode can be decreased. In addition, when
the reflective region R, in which each of the non-color regions
1031R, 1031G, and 1031B is disposed, has a shape close to a
square shape as compared to that in the past, since the distance
G between the end of the reflective region R and each end of
the non-color regions 1031R, 1031G, and 1031B can be
larger than that in the past, the alignment allowance is
increased, and hence, in addition to the structure having resis-
tance against bonding misalignment, desired optical proper-
ties can also be obtained.

Fourth Embodiment

[0115] Hereinafter, a fourth embodiment of the present
invention will be described with reference to drawings.
[0116] FIG. 13 is an enlarged plan view of a plurality of
pixels forming a display region of a liquid crystal display
device of the fourth embodiment, and corresponds to the
views shown in FIG. 12 of the third embodiment. The basic
structure of the liquid crystal display device of this embodi-
ment is equivalent to that of the third embodiment, and the
shapes of a reflective region and a non-color region are only
different from those of the third embodiment. The same ref-
erence numerals of the constituent elements in FIG. 12 des-
ignate the same constituent elements in FIG. 13, and descrip-
tions thereof are omitted.

[0117] Inthe thirdembodiment, in each of dots correspond-
ing to colors R, G, and B different from each other, the area
and shape of the reflective region and the area and the shape
of the no-color region are equivalent to each other; however,
in this embodiment, among dots corresponding to colors R,
G, and B different from each other, the area of at least one
reflective region and the area of at least one non-color region
are different from the others, and accordingly, the shape of the
reflective region and the shape of the non-color region are
different from the others.

[0118] In particular, as shown in FIG. 13, among the dots
1028R, 1028G, and 1028B having different colors from each
other, the area of the reflective region R in the dot 1028G for
G 1s largest, and the areas of the reflective region R in the dot
1028B for B and the reflective region R in the dot 1028R for
R becomes smaller in that order. In other words, the area of the
transmissive region T in the dot 1028G for G is smallest, and
the areas of the transmissive region T in the dot 1028B for B
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and the transmissive region T in the dot 1028R for R becomes
larger in that order. In addition, the area of the non-color
region 1031G in the dot 1028G for G is largest, and the areas
of the non-color region 1031R in the dot 1028R for R and the
non-color region 1031B in the dot 1028B for B becomes
smaller in that order.

[0119] According to the liquid crystal display device of this
embodiment, since the reflectances, chromas in a reflective
display mode, transmittances, and chromas in a transmissive
display mode can be adjusted for individual colors R, G, and
B, the brightness and color (for example, hue in white dis-
play) of display in a reflective display mode and the bright-
ness and color (for example, hue in white display) of display
in a transmissive display mode can be optionally adjusted.
Accordingly, the display qualities both in a reflective display
mode and in a transmissive display mode can be equally
optimized.

[0120] In more particular, the area of the transmissive
region T of the dot 1028G for G is set to smaller than that of
each of the transmissive regions T of the dots 1028R forR and
1028B for B. Since green light has a sufficiently high spectral
luminous factor as compared to that of each of red color and
blue color, although the areas are set as described above, the
color balance is not degraded, and in addition, a sufficient
transmittance can also be maintained. Furthermore, since the
area of the non-color region 1031G of the dot 1028G for G is
set to larger than that of each of the non-color regions 1031R
and 1031B of the dots 1028R for R and 1028B for B, respec-
tively, the reflectance and color reproducibility in a reflective
display mode can be improved.

[0121] In the third and fourth embodiments described
above, the width expansion portion of the reflective film hav-
ing an approximately rectangular shape and the non-color
region having an approximately rectangular shape are
described by way of example; however, the shapes thereof are
not specifically limited to a rectangular shape. For example,
as shown in FIG. 14, the shape of a width expansion portion
10085 may be an approximately hexagon, and accordingly
the shape of a non-color region 10315 may also be an approxi-
mately hexagon, or as shown in FIG. 15, the shape of a width
expansion portion 1008¢ may be an approximately oval, and
accordingly the shape of a non-color region 1031c may also
be an approximately oval.

[0122] In addition, in the embodiments described above,
the structure in which the transparent conductive film is pro-
vided on the reflective film to form a two-layered electrode is
described by way of example; however, it is not always nec-
essary for a metal film functioning as a reflective film in the
present invention to form the electrode, and an insulating film
may be provided between the metal film and the transparent
conductive film so that the metal film functions exclusively as
a reflective film. However, in this case, in the present inven-
tion, the metal film must be formed into a strip shape. In
addition, in the embodiments described above, the vertical
stripe pattern is described as a pattern of the color filters by
way of example, and in addition to that, the present invention
may also be applied to color filters disposed in a transverse
stripe pattern, a mosaic pattern, a delta pattern, or the like.
Furthermore, in addition to a passive matrix type liquid crys-
tal display device described in the above embodiments by
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way of example, the present invention may be applied to an
active matrix type liquid crystal display device using TFDs as
a switching element.

EXAMPLES

[0123] Next, by the inventors of the present invention,
simulation of optical properties, such as reflectances, trans-
mittance, and display colors, were performed by changing
various parameters using the liquid crystal display device of
the present invention, and as a result, the advantages of the
present invention were verified. Hereinafter, the results will
be described.

[0124] As the basic conditions of the simulation, the num-
ber of dots was setto 120x3 (R, G, and B) rowsx160 columns,
a dot pitch in the transverse direction was set to 85 um, and a
dot pitch in the vertical direction was set to 255 pm. FIGS. 16
to 19 are views showing dimensions of individual parts of a
dot G according to structural examples 1 to 3 described below,
and FIG. 20 is a view showing dimensions ofindividual parts
in a pixel of structural example 3 described below. In these
figures, a region (meshed region) indicated by the arrow B is
a black matrix between dots, and the widths of the black
matrix extending in the transverse direction and in the vertical
direction were set to 13 and 9 pm, respectively. As a result, a
dot pitch area (area of a dot including the black matrix) was
setto 21,675 m?, and a dot area (area of a dot excluding the
black matrix) was set to 18,392 um>. In addition, a color filter
having the spectral properties shown in FIG. 21 was used.

Structural Example 1

[0125] Instructural example 1, the transmissive regions of
dots R, G and B were each formed to have a uniform region of
8,712 um?. In addition, the areas of the non-color regions in
the dots R and B were each set to 360 um>, and the non-color
region in the dot G was formed to have a large area of 2,161
um®. The reflectance, the area of color region and the white
display color in a reflective display mode, the transmittance,
and the white display color and the area (area of a triangle
formed by three coordinates of red, green, and blue color
display in an x-y coordinate system showing chromas) of
color region in a transmissive display mode were calculated
by simulation. In this example, both the area of color region
and the white display color were values based on anxyY color
system chromaticity diagram. The optical properties
described above are shown in Table 1 below.

Structural Example 2

[0126] In structural example 2, in a manner different from
that in structural example 1, the areas of the transmissive
regions of the individual dots were changed therebetween.
That is, the transmissive region of the dot G had a smallest
area of 6,776 um?, and the areas of the transmissive regions of
dot B and dot R were increased in that order so as to be 10,406
and 11,130 um?, respectively. In addition, concerning the
non-color region of each dot, the areas for the dot R and the
dot G were set to 180 and 3,240 pm, respectively. In addition,
the non-color region was not provided in the dot B. The
reflectance, the white display color and the area of color
region in a reflective display mode, the transmittance, and the
white display color and the area of color region in a transmis-
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sive display mode were calculated by simulation. The optical
properties described above are shown in Table 1 below.

Structural Example 3

[0127] In structural example 3, instead of the color filter
having the spectral properties shown in FIG. 21, a color filter
having the spectral properties shown in FIG. 22 was used.
When the spectral properties shown in FIGS. 21 and 22 are
compared to each other, the peak portions (transmissive
regions) of the curves for the individual colors are substan-
tially equivalent to each other; however, the transmittance
level in regions (absorption regions) other than the peaks in
FIG. 21 is higher than that in FIG. 22. In other words, in
structural example 3. a color filter having high color purity as
compared to that in structural example 2 was used. In accor-
dance with this change of the color filter, the areas of the
transmissive region and the areas of the non-color region for
the individual dots were slightly changed. The reflectance, the
white display color and the area of color region in a reflective
display mode, the transmittance, and the white display color
and the area of color region in a transmissive display mode
were calculated by simulation. The optical properties
described above are shown in Table 1 below.

[0128] Theoptical properties of the structural examples are
as shown in Table 1, and when a conventional linear and
strip-shaped reflective region is used, pattern dimensions of
the reflective region and the non-color region for realizing the
areas of the individual portions of structural example 1 are,
for example, as shown in FIG. 16. In FIGS. 16 to 20 shown
below, the dimensions are represented by um. In addition,
when the areas of the individual portions of structural
example 1, that is, when the areas of the individual portions as
shown in FIG. 16 are realized by the structure of the present
invention in which the reflective region has the width expan-
sion portion, the dimensions are, for example, as shown in
FIG. 17.

[0129] In this case, the distance between the end of the
reflective region and the end of the non-color region extend-
ing in the vertical direction is 15 pm in the structure shown in
FIG. 16. In a process for manufacturing a liquid crystal dis-
play device, since a current level of misalignment in a step of
bonding the upper substrate to the lower substrate is approxi-
mately 15 um, when it is assumed that the maximum mis-
alignment between the upper and the lower substrates occurs,
the alignment allowance (margin) cannot be secured at all. On
the other hand, in the structure shown in FI1G. 17, the distance
between the end of the reflective region and the end of the
non-color region is 18.7 um. Accordingly, in this case, even
when it is assumed that the maximum misalignment between
the substrates occurs in a substrate-bonding step, a margin of
approximately 3.7 um can still be secured. As described
above, according to the structure of the present invention, it is
verified that the structure having resistance against bonding
misalignment can be formed.

[0130] Next, the lateral dimension of the non-color region
will be described, the dimensions thereof shown in FIGS. 16
and 17 are 10 and 18.6 pum, respectively. For example, when
it is assumed that the resolution of a photolithographic tech-
nique used for manufacturing of a liquid crystal display
device is approximately 10 um, the dimension shown in FIG.
16 is the lowest value at which the opening portion can be
formed, and in some cases, the opening portion may not be
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formed at all. On the other hand, according to the structure
shown in FIG. 17, the non-color region can be reliably formed
with superior accuracy.

[0131] Concerning the optical properties of structural
example 1 shown in Table 1, according to “white display color
in a transmissive display mode”, x=0.314 and y=0.347 are
satisfied; hence, it is indicated that slightly yellowish white
color is displayed. Accordingly, in order to further improve
the degree of whiteness of the white display color in a trans-
missive display mode, the areas of the individual parts were
adjusted, thereby forming the structure according to struc-
tural example 2. In particular in this example, the area of the
transmissive region for G in structural example 1 was signifi-
cantly decreased, and in order to maintain the transmittance
equivalent to that in structural example 1, the areas of the
transmissive regions for R and B were both increased. In
addition, on the other hand, since the area of the reflective
region for G was increased, the area of the non-color region
for G in structural example 1 was increased so that a G
component in reflected light was decreased. In accordance
with these changes, the areas of the non-color regions for R
and B were adjusted so as to maintain the reflectance and the
color when reflected.

[0132] When the areas of the individual parts in structural
example 2 are realized by the structure of the present inven-
tion, in which the width expansion portion is present in the
reflective region, for example, the structure as shown in FIG.
18 is formed. In this structure, the distance between the end of
the reflective region and the end of the non-color region was
18 pm, and hence the structure having resistance against
bonding misalignment could be formed. In addition, a non-
color region having a lateral dimension of 20 pm could be
formed, and hence patterning of the non-color region can be
performed without any problems.

[0133] Next, in structural example 3, since a color filter
having high color purity as compared to that in structural
example 2 was used, that is, since a color filter having dark
colors was used, the transmittance equivalent to that in struc-
tural examples 1 and 2 cannot be maintained unless the area of
the transmissive region is increased. Accordingly, the areas of
the transmissive regions of all the dots for R, G, and B in
structural example 3 were increased from those in structural
example 2, thereby forming the structure according to struc-
tural example 3. On the other hand, since the areas of the
reflective regions of all the dots were decreased, in order to
maintain the reflectance, the areas of the non-color regions of
all the dots instructural example 2 were increased. As a result,
although the reflectance and the area of color region in reflec-
tion were slightly decreased, in a reflective display mode,
optical properties approximately equivalent to those in struc-
tural examples 1 and 2 could be obtained. In a transmissive
display mode, a transmittance of 4.5% equivalent to that in
structural examples 1 and 2 could be maintained, and in
addition, the area of color region in transmittion could be
increased to 3.6x1072; hence, by using the color filter having
high color purity, display color in a transmissive play mode
could be made clearer.

[0134] The pattern dimensions for the reflective region and
the non-colorregion to realize the areas of the individual parts
in structural example 3 are, for example, as shown in F1G. 19
when a conventional, linear, strip-shaped reflective region is
used. In addition, when the areas of the individual parts in
structural example 3, that is, the areas of the individual parts
equivalent to those shown in FIG. 19, are realized by the
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structure of the present invention in which the reflective
region has a width expansion part, for example, the structure
as shown in FIG. 20 is obtained. In FIG. 20 showing structural
example 3 in which most preferable optical properties can be
obtained among the structural examples described above, the
pattern dimensions for all the dots for R, G, and B are shown.
[0135] Concerning the distance between the end of the
reflective region and the end of the non-color region extend-
ing in the vertical direction, in the structure shown in F1G. 19,
the distances in the lateral direction and in the vertical direc-
tion are 13.7 and 14.14 um, respectively. When it is assumed
that the misalignment in a step of bonding the upper substrate
to the lower substrate is 15 um, no alignment allowance can be
obtained, and in addition, the non-color region may protrude
outside from the reflective region. As a result, desired optical
properties may not be obtained at all in some cases. On the
other hand, in the structure shown in FIG. 20, the distances in
the dot G in the lateral and the vertical directions are 15.5 and
15.2 um, respectively. When the areas of the individual parts
in structural example 3 are realized, the margin is inevitably
decreased even when the structure of the present invention is
used; however, compared to the structure shown in FIG. 19,
the margin is relatively large, and the structure having resis-
tance against bonding misalignment can be formed.

[0136] As can be seen from the results of the simulation
described above, according to the structures of the present
invention, the structure having resistance against bonding
misalignment can be formed in manufacturing aliquid crystal
display device. In addition, it is verified that, by optimizing
the areas of the transmissive region (reflective region) and the
non-color region of each dot, a liquid crystal display device
can be realized in which superior display quality can be
equally performed in both a reflective display mode and in a
transmissive display mode.

Fifth Embodiment

[0137] Next, an embodiment of electronic apparatuses
using a liquid crystal display device (liquid crystal panel) of
the present invention will be described.

[0138] Mobile Computer

[0139] First, an example in which the liquid crystal display
device (liquid crystal panel) of the present invention is
applied to a display portion of a mobile computer (so-called
notebook type computer) will be described. FIG. 24 is a
perspective view showing the structure of this personal com-
puter. As shown in the figure, a personal computer 91 com-
prises a main body 912 provided with a keyboard 911 and a
display portion 913 to which the liquid crystal display device
(liquid crystal panel) according to one of the first to the fourth
embodiments of the present invention is applied.

[0140] Mobile Phone

[0141] Next, an example in which the liquid crystal display
device (liquid crystal panel) of the present invention is
applied to a display portion of a mobile phone will be
described. FIG. 25 is a perspective view showing the structure
of this mobile phone. As shown in the figure, in addition to a
plurality of operation buttons 921, a mobile phone 92 com-
prises an earpiece 922, a mouthpiece 923, and a display
portion 924 to which the liquid crystal display device (liquid
crystal panel) according to one of the first to the fourth
embodiments of the present invention is applied.

[0142] As electronic apparatuses to which the liquid crystal
display device (liquid crystal panel) of the present invention
can be applied, in addition to the personal computer shown in
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FIG. 24 and the mobile phone shown in FIG. 25, for example,
there may be mentioned liquid crystal televisions, view finder
type or direct viewing type video tape recorders, car naviga-
tion apparatuses, pagers, electronic notebooks, electronic cal-
culators, word processors, work stations, television phones,
POS terminals, and digital still cameras. According to the
liquid crystal display device (liquid crystal panel) of the
present invention, the brightness both in a reflective display
mode and the chroma in a transmissive display mode can be
maintained, and hence superior display quality can also be
maintained in both display systems. Accordingly, the liquid
crystal display device of the present invention can be prefer-
ably used for electronic apparatuses in which superior display
quality are required in both reflective and transmissive dis-
play modes.

[0143] As has thus been described, according to the present
invention, the brightness both in a reflective display mode and
the chroma in a transmissive display mode can be secured.
Hence, a transflective color liquid crystal display device
which exhibits fine color in both a reflective and a transmis-
sive display mode and has superior visibility can be realized.
In addition, the structure having resistance against bonding
misalignment can be realized in manufacturing process of a
liquid crystal display device, and simultaneously, desired
optical properties such as reflectance, transmittance, and hue
of display color can be stably obtained.

[0144] Thedisclosures of Japanese Patent Application Nos.
2001-378701 and 2002-061049 are incorporated by reference
in their entirety.

1. A liquid crystal display panel comprising:

a first substrate;

a second substrate;

a liquid crystal layer disposed between the first substrate

and the second substrate;

sub-pixels having a rectangular shape with a pair of oppos-

ing long side and a pair of opposing short sides, at least
two of the sub-pixels corresponding to different colors,
each sub-pixel including a reflective display region and
a transmissive display region in an area other than the
reflective display region;

island-shaped reflectors provided between the second sub-

strate and the liquid crystal layer, the reflectors each
disposed in the reflective display region of one of the
sub-pixels and reflecting light incident from the first
substrate for reflective display; and

color filters provided in correspondence with the sub-pix-

els and located closer to the first substrate than the reflec-
tors, each color filter only partially overlapping the
reflector in the corresponding sub-pixel,

both the reflective display region and the transmissive dis-

play region of at least one of the sub-pixels overlapping
with both lengthwise sides of the at least one of the
sub-pixels.

2. The liquid crystal display panel according to claim 1, the
color filters being disposed in between the first substrate and
the liquid crystal layer.

3. The liquid crystal display panel according to claim 1, a
region where no color filter is provided in one sub-pixel has a
three-dimensional area that is different from a three-dimen-
sional area of a region where no color filter is provided in a
different sub-pixel.
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4. The liquid crystal display panel according to claim 1, a 6. The liquid crystal display panel according to claim 1,
three-dimensional area of a reflector in one sub-pixel being
different from a three-dimensional area of a reflector in a
different sub-pixel.

5. The liquid crystal display panel according to claim 1,  one of the reflectors.
further comprising a light blocking layer that surrounds each
sub-pixel. ok ok ok Ok

further comprising an electrode that applies voltage to the
liquid crystal, the electrode being electrically connected to
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