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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

RELATED APPLICAATIONS

This application claims priority to Japanese Patenet Appli-
cation No. 2004-262272 filed Sep. 9, 2004 which is hereby
expressly incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a liquid crystal display
device and an electronic apparatus, and in particular, to a
technique capable of realizing high contrast and wide viewing
angle in a transflective liquid crystal display device having
both reflective and transmissive modes.

2. Related Art

There has been suggested a liquid crystal display device in
which images can be viewed by using external light in a bright
place, as in a reflective liquid crystal display device, and by
using an internal light source, such as a backlight or the like,
in a dark place. Such a liquid crystal display device employ-
ing both reflective and transmissive modes switches between
both the modes depending on the ambient brightness. This
allows clear display even in a dark place as well as reduction
of power consumption. For this reason, such a liquid crystal
display device is particularly suitable for a display unit of a
portable apparatus or the like. Hereinafter, this kind of liquid
crystal display device is referred to as a ‘transflective liquid
crystal display device’ in this specification.

As such a transflective liquid crystal display device, there
has been suggested a liquid crystal display device in which a
liquid crystal layer is interposed between an upper substrate
and a lower substrate, and a reflection film, which is a metal
film made of aluminum or the like and has openings for
transmitting light formed thereon, is provided on an inner side
of the lower substrate, the reflection film serving as a trans-
flective plate. In this case, in the reflective mode, external
light incident on the upper substrate side passes through the
liquid crystal layer, is then reflected from the reflection film
provided on the inner side of the lower substrate to pass
through the liquid crystal layer again, and is then emitted
from the upper substrate side to display images. On the other
hand, in the transmissive mode, light emitted from a back-
light, that is, light incident on the lower substrate side passes
through the liquid crystal layer via the openings of the reflec-
tion film and is then emitted to the outside from the upper
substrate side. Accordingly, of a region where the reflection
film is formed, a region where the openings are formed
becomes a transmissive display region and the remaining
region becomes a reflective display region.

However, the transflective liquid crystal display device in
the related art has a drawback due to a narrow viewing angle
in the transmissive mode. This disadvantage results from the
lack of freedom in optical design with the restriction that the
reflective display has to be achieved by a single polarization
plate provided at a viewer side because a transflective plate is
provided on an inner side of a liquid crystal cell so that
parallax does not occur. Accordingly, in order to eliminate
such a drawback, there has been suggested a new transflective
liquid crystal display device using vertical alignment. This
new transflective liquid crystal display device has three char-
acteristics, as follows:

(1) “VA (Vertical Alignment) mode’—inwhich liquid crys-
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aligned with respect to a substrate and this alignment is
destroyed by applying a voltage.

(2) ‘multi-gap structure’—in which the thickness of the
liquid crystal layer (a cell gap) in a transmissive display
region is different from that of the liquid crystal layer in
a reflective display region (for example, see Japanese
Unexamined Patent Application Publication Nos.
11-242226 and 2002-350853).

(3). ‘alignment division structure’—in which projections
are provided,in the center of the transmissive display
region on a counter substrate such that the liquid crystal
falls down in eight directions in a regular octagonal
transmissive display region.

For example, Japanese Unexamined Patent Application
Publication No. 2002-350853 adopts the multi-gap structure.
This is to optimize the retardation (phase difference) required
for the transmissive display and the retardation required for
the reflective display, since light contributing to displaying
images passes through the liquid crystal layer once for the
transmissive display while passing through the liquid crystal
layer twice for the reflective display. In order to realize the
multi-gap structure, it is common to make the thickness of the
liquid crystal layer in a reflective display region equal to about
half of the thickness of the liquid crystal layer in a transmis-
sive display region by forming a resin layer in the reflective
display region, for example, to form a step difference between
the reflective display region and the transmissive display
region.

However, when realizing such a structure within a liquid
crystal cell, it is difficult to form the step difference and to
prevent a slope (an inclined portion) of the resin layer from
being generated at a boundary between the transmissive dis-
play region and the reflective display region. For this reason,
the liquid crystal located at the slope of the resin layer is
aligned obliquely with respect to a substrate surface although
it is in a vertical alignment mode, which causes deterioration
of display contrast.

SUMMARY

An advantage of the invention is that it provides a trans-
flective liquid crystal display device having high contrast
while retaining the benefit of the vertical alignment mode,
such as a wide viewing angle.

According to an aspect of the invention, a liquid crystal
display device of the invention includes: a pair of substrates
including an element substrate and a counter substrate; a
liquid crystal layer interposed between the pair of substrates,
the liquid crystal layer being composed of liquid crystal hav-
ing negative dielectric anisotropy, an initial alignment state
thereof being vertical; pixel electrodes provided on the ele-
ment substrate to drive the liquid crystal layer; and a trans-
missive display region for transmissive display and a reflec-
tive display region for reflective display provided within one
dotregion. Also, at least an outer region of the pixel electrodes
and a region overlapping edges of the pixel electrodes in plan
view become the reflective display region, and the thickness
of the liquid crystal layer in the reflective display region is
approximately equal to that of the liquid crystal layer in the
transmissive display region.

The liquid crystal display device of the invention is
achieved by combining the transflective liquid crystal display
device and liquid crystal in the vertical alignment mode. As
described previously, in order to overcome a problem of dete-
rioration of contrast due to a difference in retardation between
the reflective mode and the transmissive mode in recent trans-
flective liquid crystal display devices, there has been sug-
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gested the so-called multi-gap structure in which the thick-
ness of the liquid crystal layer in the reflective display region
and the transmissive display region is modified by, for
example, making the resin layer having a predetermined
thickness in the reflective display region on the substrate
protruding toward the liquid crystal layer. Various applica-
tions in connection with this kind of liquid crystal display
device have been already filed by the applicant. With this
configuration, since the thickness of the liquid crystal layer in
the reflective display region can be smaller than the thickness
of the liquid crystal layer in the transmissive display region
due to the existence of the resin layer, the retardation in the
reflective display can become approximately equal to the
retardation in the transmissive display, which theoretically
results in improvement of contrast. However, in actuality,
deterioration of contrast occurred due to the slope of the resin
layer.

So, in consideration of the above, the inventors paid atten-
tion to an aspect that different retardations necessarily occur
within one dot region in a liquid crystal display. device of a
vertical alignment mode even though the multi-gap structure
is not employed. That is, in an active-matrix-type liquid crys-
tal display device having one pixel electrode within one dot
region, since an electric field is not applied to a region
between adjacent pixel electrodes, liquid crystal molecules
do not fall down in these regions. On the other hand, in the
middle region of the pixel electrode, the liquid crystal mol-
ecules fall down in a horizontal direction when the electric
field is applied. Further, in an edge of the pixel electrode,
which is an intermediate region between the region between
adjacent pixel electrodes and the middle region of the pixel
electrode, since the electric field is applied to the liquid crys-
tal layer in a direction inclined from the normal line direction
ofthe substrate surface, the liquid crystal molecules fall down
halfway. Accordingly, the retardation continues to become
small from the middle region of the pixel electrode to the edge
of the pixel electrode 9 and then the region between adjacent
electrodes (an outer side of the pixel electrode). Accordingly,
by using an outer region of the pixel electrode and a region
corresponding to the edge of the pixel electrode as the reflec-
tive display region and using other remaining regions as the
transmissive display region, the retardation in the reflective
display region can be smaller than the retardation in the
transmissive display region without employing the multi-gap
structure, thereby improving contrast in both of the reflective
display and transmissive display. With this configuration,
since an adverse effect caused by the resin layer in the multi-
gap structure can be eliminated, a liquid crystal display
device having high contrast can be realized.

In the above configuration of the invention, preferably, an
alignment controller that controls an alignment direction of
the liquid crystal layer is further provided in a region of the
counter substrate which overlaps the pixel electrodes in plan
view. The alignment controller may include an opening
formed in an electrode or a convex portion (protrusion)
formed on an electrode.

As described above, since the electric field applied to the
liquid crystal layer at the edge of the pixel electrode in the
direction inclined with respect to the normal line direction of
the substrate can drop the liquid crystal molecules down in a
radial direction, it is possible to control. the direction of
alignment. However, since this electric field does not neces-
sarily provide a sufficient alignment control, the alignment
control can be further intensified by forming the alignment
controller at aposition on the counter substrate corresponding
to the middle region of the pixel electrode, for example. As a
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result, an alignment division structure can be reliably imple-
mented, thereby obtaining the wide viewing angle.

In the above configuration, preferably, at least a region
overlapping the alignment controller in plan view addition-
ally becomes the reflective display region.

At the center of the alignment controller is generated a
region in which most of the liquid crystal molecules do not
fall down, as in the outer region of the pixel electrode, and at
the edge of the alignment controller is generated a region in
which the liquid crystal molecules fall down halfway, as in the
edge of the pixel electrode. Accordingly, by additionally set-
ting a region overlapping the alignment controller in plan
view as the reflective display region, the retardation in the
reflective display region can be smaller than that in the trans-
missive display region even in the set region, thereby improv-
ing contrast in both of the reflective display and transmissive
display.

In theliquid crystal display device of the vertical alignment
mode, preferably, a configuration in which one dot region is
divided into a plurality of sub-dot regions and the pixel elec-
trode has a plurality of island-shaped portions constituting
these sub-dot regions and connection portions for connecting
among adjacent island-shaped portions (for example, this
configuration resembles dumplings on a skewer) has been
employed recently. As such, by dividing one pixel electrode
into the plurality of island-shaped portions, the shape of each
island-shaped portion can be made to be close to a circular
shape or a regular polygon, and a more uniform alignment
division structure having a wide viewing angle over all direc-
tions of 360° can be implemented, thereby realizing a liquid
crystal display device having excellent visibility for all direc-
tions.

When the above-mentioned configuration is employed for
the invention, preferably, at least an edge of each of the
island-shaped portions and a region overlapping the connec-
tion portions in plan view additionally become the reflective
display region.

With this configuration, a region in which the liquid crystal
molecules fall down halfway is generated at the edges of all
island-shaped portions, as in the edge of the pixel electrode.
Further, since the connection portions are regions in which
the liquid crystal molecules tend to fall down in various
directions, a region in which most of the liquid crystal mol-
ecules do not fall down or a region in which the liquid crystal
molecules fall down halfway is generated. Accordingly, by
additionally setting these regions as the reflective display
region, the retardation in the reflective display region can be
smaller than that in the transmissive display region even in
those set regions, thereby improving contrast in both of the
reflective display and transmissive display.

Further, in the invention, preferably, an alignment control-
ler that controls an alignment direction of the liquid crystal
layer 1s further provided in a region of the counter substrate
which overlaps each of island-shaped portions in plan view.

As described above, since an electric field applied to the
liquid crystal layer at an edge of each island-shaped portion in
an inclined direction can drop the liquid crystal molecules
down 1in a radial direction, it is possible to control the align-
ment direction. However, since this electric field does not
necessarily provide a sufficient alignment control, the align-
ment control can be further intensified by forming the align-
ment controller at a position on the counter substrate corre-
sponding to the middle region of the island-shaped portions,
for example. As a result, an alignment division structure can
be reliably implemented, thereby obtaining the wide viewing
angle.
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In this case, preferably, at least a region overlapping the
alignment controller in plan view additionally becomes the
reflective display region.

With this configuration, as described above, the retardation
in the reflective display region can be smaller than the retar-
dation in the transmissive display region even in regions
overlapping the alignment controller in plan view, thereby
improving contrast in both of the reflective display and trans-
missive display.

Furthermore, in the invention, preferably, a circularly-po-
larized light incidence unit that allows approximately circu-
larly-polarized light to be incident on each of the pair of
substrates is further provided. This configuration also pro-
vides good contrast in both of the reflective display and trans-
missive display.

According to another aspect of the invention, an electronic
apparatus includes the liquid crystal display device of the
invention.

With this configuration, it is possible to provide an elec-
tronic apparatus including a liquid crystal display device
having high brightness, high contrast and a wide viewing
angle regardless of the use environment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements, and wherein:

FIG. 1 is an equivalent circuit diagram showing a liquid
crystal display device according to a first embodiment of the
invention;

FIG. 2 is a plan view showing configuration of one dot of
the liquid crystal display device according to the first embodi-
ment;

FIG. 3 is a cross-sectional view taken along line ITI-III in
the liquid crystal display device shown in FIG. 2;

FIG. 4 is a view showing an alignment state of liquid
crystal in the liquid crystal display device shown in FIG. 2
when a selective voltage 1s applied;

FIG. 5 is a cross-sectional view. of a liquid crystal display
device according to a second embodiment of the invention;

FIG. 6 is a view showing an alignment state of liquid
crystal in the liquid crystal display device shown in FIG. 5
when a selective voltage is applied,

FIG. 7 is a plan view showing configuration of dots of a
liquid crystal display device according to a third embodiment
of the invention;

FIG. 8 is a cross-sectional view taken along line VIII-VIII
in the liquid crystal display device shown in FIG. 7;

FIG. 9 is a view showing an alignment state of liquid
crystal in the liquid crystal display device shown in FIG. 7
when a selective voltage 1s applied;

FIG. 10 is a cross-sectional view of a liquid crystal display
device according to a fourth embodiment of the invention;

FIG. 11 is a view showing an alignment state of liquid
crystal in the liquid crystal display device shown in FIG. 10
when a selective voltage 1s applied; and

FIG. 12 is a perspective view illustrating an example of an
electronic apparatus according to the invention.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

Hereinafter, a first embodiment of the invention will be
described with reference to FIGS. 1 to 3.
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A liquid crystal display device according to this embodi-
ment is an example of an active-matrix-type liquid crystal
display device using a thin film transistor (TFT) as a switch-
ing element.

FIG. 11s an equivalent circuit diagram showing a plurality
of dots, which are arranged in a matrix, constituting an image
display region of the liquid crystal display device according
the embodiment, FIG. 2 is a plan view showing a structure
within a dot region of a TFT array substrate, FIG. 3 is a
cross-sectional view, which is taken along line III-1IT of FIG.
2, showing a structure of the liquid crystal display device, and
FIG. 4 is a view showing an alignment state of liquid crystal
molecules. Throughout the drawings, the scale of each layer
of member is adjusted in order to have a recognizable size in
the drawings.

As shown in FIG. 1, for the liquid crystal display device
according to this embodiment, pixel electrodes 9 and TFTs 30
serving as switching elements for controlling the respective
pixel electrodes 9 are respectively formed in the plurality of
dots, which are arranged in a matrix, constituting the image
display region, and data lines 6a to which image signals are
supplied are electrically connected to source electrodes of the
TFTs 30, respectively. The image signals S1,S2, ..., Snare
input to the respective data lines 64 in a line-sequential man-
ner or are input to respective groups of the data lines 6a, each
group including a plurality of adjacent data lines 6a. Further,
a plurality of scanning lines 3a are electrically connected to
gate electrodes of the TFTs 30, respectively, and scanning
signals G1, G2, . . ., Gm are applied, in a line-sequential
manner, to respective scanning lines 31 in a pulse form at a
predetermined timing. In addition, the pixel electrodes 9 are
connected to drain electrodes of the TFTs 30, respectively,
and the image signals S1, S2, .. ., Sn supplied from the data
lines 6a are input at a predetermined timing by turning on the
TFTs 30 serving as the switching elements only for a prede-
termined period of time.

The image signals S1, S2, .. ., Sn, each having a predeter-
mined level, written into the liquid crystal by the pixel elec-
trodes 9, are held between the pixel electrodes 9 and common
electrodes to be described later, respectively, for a predeter-
mined period of time. In the liquid crystal, the alignment or
the order of a set of molecules changes according to the level
of the voltage applied to the liquid crystal, thereby being able
to modulate light and to display a gray scale. In this case, in
order to prevent the held image signals from leaking, storage
capacitors 70 are added in parallel to the liquid crystal capaci-
tance formed between the pixel electrodes 9 and the common
electrodes. In addition, reference numeral 35 denotes capaci-
tive lines.

Next, a planar structure of a TFT array substrate constitut-
ing the liquid crystal display device according to the embodi-
ment will be described with reference to FIG. 2.

As shown in FIG. 2, a plurality of approximately rectan-
gular (exactly speaking, octagonal) pixel electrodes 9 are
arranged on a TFT array substrate 10 in a matrix, and the data
lines 6a, the scanning lines 3a and the capacitive lines (not
shown in FIG. 2) are arranged along respective vertical and
horizontal boundaries of the pixel electrodes 9. The TFTs 30
to drive the respective pixel electrodes 9 are formed at the
lower left portions of the respective pixel electrodes 9. In this
embodiment, an inner side of a region in which an individual
pixel electrode 9, the data lines 6a and scanning lines 3a
surrounding the pixel electrode 9, and a corresponding TFT
30 are formed defines each dot region. Also, the embodiment
has a structure in which images can be displayed for each of
dot regions arranged in a matrix.
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The data lines 6a are electrically connected to source
regions of a semiconductor layer 1a constituting the TETs 30,
each semiconductor layer la being composed of, for
example, a polysilicon film, and the pixel electrodes 9 are
electrically connected to drain regions of the semiconductor
layer 1a. Further, portions branched toward the inside of the
dot regions from the scanning lines 3a function as gate elec-
trodes 3 each of which is opposite to a channel region of the
semiconductor layer 1a.

As shown in FIG. 2, in each dot. region, a reflection film 20
having a rectangular frame shape is formed at an outer region
of the pixel electrode 9 and at an edge of the pixel electrode 9.
Further, at a position corresponding to a central portion of the.
pixel electrode 9, a rectangular opening 31S (alignment con-
troller, surrounded by a dotted line) is formed in a common
electrode 31 on a counter substrate 25, which will be
described later. A rectangular reflection film 20, having a
larger outline than that of the opening 318, is formed to
surround the opening 31S. A region including the reflection
film 20 becomes the reflective display region R, and a rect-
angular loop-shaped region in which the reflection film 20 is
not formed becomes a transmissive display region T.

Next, a cross-sectional structure of the liquid crystal dis-
play device according to this embodiment will be described
with reference to FIG. 3. FIG. 3 is a cross-sectional view
taken along line III-IIT of FIG. 2. Since the invention is char-
acterized by the configuration of the reflection films or the
electrodes or is characterized by the positional relationship
between the reflection films and the electrodes and has the
same cross-sectional structure of TFTs or other wiring lines,
as in the related art, illustration and explanation of TFTs or
other wiring lines will be omitted herein for the sake of
simplicity.

As shown in F1G. 3, a liquid crystal layer 50 composed of
liquid crystal having negative dielectric anisotropy, which
indicates that an initial alignment state thereof is vertical, is
interposed between the TFT array substrate 10 (element sub-
strate) and the counter substrate opposite to the TFT array
substrate 10. In this embodiment, an upper (viewing side)
substrate is the TFT array substrate 10 and a lower (back side)
substrate is the counter substrate 25. In the TFT array sub-
strate 10, the pixel electrodes 9 formed by using a transparent
conductive film made of an indium tin oxide (ITO) or the like
are formed on a substrate body 10A made of a transparent
material such as quartz, glass, or the like. In addition, a
vertical alignment film (not shown) is formed on a top surface
of the TFT array substrate 10 above the pixel electrode 9.

On the other hand, in the counter substrate 25, the reflection
film 20, which is a metal film made of aluminum, silver or the
like having high reflectivity, is formed on a substrate body
25A composed of a transparent material such as glass, quartz,
or the like. Unevenness which reflects the surface shape of a
base insulating layer (not shown) made of, for example, an
acryl resin is formed on a surface of the reflection film 20.
Reflected light is scattered by this unevenness, thereby
improving the quality in the reflective display. As described
above, the reflection film 20 is formed over the region ranging
from the outer side to the edge of the pixel electrode 9 and the
region ranging from the inner side to the outer side of the
opening 31S of the common electrode 31. The region in
which the reflection film 20 is formed becomes the reflective
display region R and the region in which the reflection film 20
is not formed becomes the transmissive display region T.

A pigment layer 22 of a color filter is formed on the reflec-
tion film 20 positioned in the reflective display region R and
the substrate body 25A positioned in the transmissive display
region T. Red (R), green (G), and blue (B) pigment layers 22
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are arranged in three adjacent dot regions, respectively, and
the three adjacent dot regions constitute one pixel. Alterna-
tively, in order to compensate for a color saturation difference
between the reflective display and the transmissive display,
pigment layers with modified color purity or film thickness
may be separately formed in the reflective display region R
and the transmissive display region T. In addition, a planariza-
tion film made of resin or the like may be formed on the
pigment layer 22.

The common electrode 31 formed by using a transparent
conductive film made of ITO or the like is formed on the
pigment layer 22 of the color filter. As described above, in the
common electrode 31, the rectangular opening 318 is formed
at the position corresponding to the central portion of the
pixel electrode 9. The vertical alignment film (not shown) is
formed on the common electrode 31. In this embodiment,
although both alignment films located at the TFT array sub-
strate 10 and the counter substrate 25 sides are subject to a
vertical alignment process, a process of providing a pre-tilt
angle to the liquid crystal molecules, such as a rubbing pro-
cess or the like, is not performed. Alternatively, the pre-tilt
angle may be provided to the liquid crystal molecules.

Further, a retardation film 43 and a polarizer 44 are pro-
vided at the substrate body side of the TFT array substrate 10
and a retardation film 41 and a polarizer 42 are provided at the
substrate body side of the counter substrate 25. The retarda-
tion films 43 and 41 each have a phase difference of about A
with respect to the wavelength of visible light, and combina-
tions of the retardation films 43 and 41 and polarizers 44 and
42 allow approximately circularly-polarized light to be inci-
dent on the liquid crystal layer 50 from both sides of the TFT
array substrate 10 and the counter substrate 25. In addition,
transmission axes of the two polarizers 44 and 42 are verti-
cally arranged (i.e., in a cross Nicol manner) in plan view. A
backlight 64 including a light source 61, a reflector 62, a light
guide plate 63 and the. like is provided at the outer side of the
liquid crystal cell corresponding to the outside of the counter
substrate 25.

For the liquid crystal display device according to the
embodiment, FIG. 4 shows an alignment state of liquid crys-
tal molecules in the liquid crystal display device, when a
selective voltage is applied.

Liquid crystal molecules 50B change from a vertical align-
ment state to a horizontal alignment state by applying a selec-
tive voltage. In this case, all of the liquid crystal molecules are
not uniformly horizontally-aligned in a dot region, but the
horizontal alignment of the liquid crystal molecules continu-
ously change in a dot region, as shown in FIG. 4. That is, ina
region in which the pixel electrode 9 is completely opposite to
the common electrode 31, since the electric field is applied in
a normal line direction of the substrate surface, the liquid
crystal molecules S0B fall down in a nearly horizontal direc-
tion. On the other hand, in a region located in the outer side of
the pixel electrode 9, that is, in a region deviating from the
pixel electrode 9, since no electric field is applied to the liquid
crystal layer 50, the liquid crystal molecules 50B maintain the
vertical alignment. In addition, in an intermediate region
located in the vicinity of an edge of the pixel electrode 9, since
the electric field is applied to the liquid crystal layer 50 in a
direction inclined from the normal line direction of the sub-
strate surface, the liquid crystal molecules 50B fall down
halfway, like a petal opening downward. Similarly, in a region
corresponding to the center of the opening 318 of the com-
mon electrode 31, the liquid crystal molecules 50B maintain
the vertical alignment, but, in the vicinity of an edge of the
opening 318, the liquid crystal molecules 50B fall down
halfway, like a petal opening upward.
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That is, considering the retardation in the alignment state
shown in FIG. 4, the retardation has a predetermined value in
a middle portion of the pixel electrode 9 in which the liquid
crystal molecules 50B are approximately horizontally
aligned, but the retardation is zero in the center between
adjacent pixel electrodes 9 in which the liquid crystal mol-
ecules 50B are approximately horizontally aligned and in the
center of the opening 31S of the common electrode 31 in
which the liquid crystal molecules 50B are approximately
horizontally aligned. Further, the retardation continues to be
small from the middle portion of the pixel electrode 9 to the
center between adjacent pixel electrodes 9 and from the
middle portion of the pixel electrode 9 to the center of the
opening 31S of the common electrode 31. In this embodi-
ment, the middle portion of the pixel electrode 9 corresponds
to the transmissive display region T and a portion between
adjacent pixel electrodes 9 and the opening 318 of the com-
mon electrode 31 corresponds to the reflective display region
R.

Here, by setting the anisotropy of refractive index An and
the thickness d of the liquid crystal layer to a proper value, the
retardation value (R=An-d) in the transmissive display region
T in the alignment state as shown in FIG. 4 can become Y2 of
the wavelength of visible light (for example, assuming that
the wavelength of green light is A, A/2=270 to 280 nm). Then,
as shown in the lower side of the FIG. 4, the retardation R in
the reflective display region R decreases from A/2, through 80
/4,10 zero. In this embodiment, it is preferable that the reflec-
tion film 20 be formed in a region where the retardation value
R is less than A/4 (130 to 140 nm), and this region become the
reflective display region R. This is because even a region
having a retardation R smaller than that of the transmissive
display region T may contain color of reflective display, if a
region having a retardation value between A/2 and 2/4 is used
as the reflective display region R, thereby deteriorating dis-
play quality. It does not matter that this region is used as the
transmissive display region T.

As described above, in the liquid crystal display device
according to the embodiment, by dividing regions having
different alignment states of the liquid crystal layer 50 into the
reflective display region R and the transmissive display
region T, the retardation in the reflective display region R can
become smaller than the retardation in the transmissive dis-
play region T without employing a multi-gap structure,
thereby improving contrast in both of the reflective display
and the transmissive display. With such a configuration, since
an adverse effect caused by a resin layer in the multi-gap
structure can be eliminated, a liquid crystal display device
having high contrast can be achieved. In addition, since an
alignment division structure in which an alignment direction
of liquid crystal within one dot region is approximately radi-
ally divided by the shape of the pixel electrode 9 and an
operation of the opening 318 of the common electrode 31 can
be attained, image display with a wide viewing angle can be
realized.

Second Embodiment

Hereinatfter, a second embodiment of the invention will be
described with reference to FIGS. 5 and 6.

FIG. 5 is a cross-sectional view of a liquid crystal display
device according to a second embodiment of the invention,
and FIG. 6 is a view showing an alignment state of liquid
crystal. The liquid crystal display device according to the
embodiment has the same basic configuration as the first
embodiment. Therefore, in FIGS. 5 and 6, the same elements

5

10

15

20

25

30

35

55

60

65

10

as in FIGS. 3 and 4 are denoted by the same reference numer-
als and detailed explanation thereof will be omitted for the
sake of simplicity.

In this embodiment, a convex portion 29 (alignment con-
troller) having a triangular cross section is formed on the
common electrode 31 located at the counter substrate 25 side,
as shown in FIG. 5, instead of the opening 31S ofthe common
electrode 31. The convex portion 29 is made of a dielectric
material such as an acryl resin or the like and has a planar
shape linearly formed in the center of the dot region, like the
shape of the opening 318 of the first embodiment shown in
FIG. 2. In addition, in the counter substrate 25, a vertical
alignment film (not shown) is formed to cover the common
electrodes 31 and the convex portions 29. That is, the liquid
crystal display device of the second embodiment is different
from that of the first embodiment only in that the convex
portions 29 are used as the alignment controllers.

As shown in FIG. 6, the alignment state of liquid crystal
when the selective voltage is applied is also equal to the
alignment state of liquid crystal in the first embodiment
shown in FIG. 4. As described above, when the opening is
provided in the common electrode 31, the liquid crystal mol-
ecules obliquely fall down at the edge of the opening by
applying the electric field to the liquid crystal in a direction
inclined with respect to the normal line direction of the sub-
strate. On the other hand, when the convex portion 29 is
provided on the common electrode 31, the liquid crystal mol-
ecules 50B tend to be aligned vertically with respect to an
inclined plane due to a shape effect of the convex portion 29,
and as a result, the liquid crystal molecules 50B obliquely fall
down. When the convex portions 29 are provided in this way,
although a liquid crystal alignment mechanism is different
from that when the openings are provided, the alignment state
in both cases are equal to each other in that the liquid crystal
molecules fall down, like a petal opening upward. In addition,
the variation in the retardation shown in the lower portion of
FIG. 6 is also equal to that in the first embodiment.

In the liquid crystal display device of the second embodi-
ment, it is also possible to obtain the same effect as in the first
embodiment in which an alignment division structure within
the dot region, in which the retardation in the reflective dis-
play region R and the transmissive display region T can be
optimized without employing the multi-gap structure nor
does any deterioration of contrast due to the resin layer in the
multi-gap structure occur to thereby improve contrast in both
of the reflective display and the transmissive display, can be
achieved, and accordingly, image display with a wide view-
ing angle can be realized.

Third Embodiment

Hereinafter, a third embodiment of the invention will be
described with reference to FIGS. 7 t0 9.

FIG. 7 is aplan view showing configuration of dot regions
of a liquid crystal display device according to the embodi-
ment, FIG. 8 is a cross-sectional view taken along line VIII-
VIII of FIG. 7, showing the configuration of the liquid crystal
display device of the third embodiment, and FIG. 9 is a view
showing an alignment state of liquid crystal when a selective
voltage is applied. The liquid crystal display device according
to the embodiment has the same basic configuration as the
first embodiment. Therefore, in FIGS. 7 to 9, the same ele-
ments as in FIGS. 2 to 4 are denoted by the same reference
numerals and detailed explanation thereof will be omitted for
the sake of simplicity.

In the third embodiment, as shown in FIG. 7, the pixel
electrode 9 is configured to include three island-shaped por-
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tions 9a, 95, and 9¢. The three island-shaped portions 9a, 95,
and 9c¢ are electrically connected to one another with connec-
tion portions 39 interposed therebetween, thereby forming
one pixel electrode 9. That is, in the third embodiment, each
dot region is configured to be divided into three sub-dot
regions S1, S2, and S3 having approximately the same
shapes. Specifically, each of the pixel electrodes 9 at the TFT
array substrate 10 side is configured to include the three
island-shaped portions 9a, 95, and 9¢ and the two connection
portions 39 and 39 to electrically connect among the island-
shaped portions 9a, 95, and 9c, and the island-shaped portion
9a, 95, and 9¢ constitute the sub-dot regions S1, S2, and S3,
respectively.

Typically, since an aspect ratio of one dot region in a liquid
crystal display device having color filters is about 3:1, when
three sub-dot regions S1, S2, and S3 are provided in one dot
region as in the third embodiment, it is possible to make the
shape of one sub-dot region close to a circular shape or a
regular polygon and it is preferable to obtain a wide viewing
angle over all directions of 360°. The shape of each sub-dot
region S1, S2, and S3 (each island-shaped portion 9a, 95, and
9¢) is octagonal in FIG. 7. However, the invention is not
limited thereto. For example, a circular shape or other poly-
gons may be employed. Further, in the pixel electrode 9, slits
(portions except the connection portions 39) having a shape
formed by partially notching the electrode 9, are formed
among the island-shaped portions 9a, 96, and 9c.

Further, at a position corresponding to a central portion of
each island-shaped portion 9a, 95, and 9c¢, a circular opening
31S (alignment controller, surrounded by a dotted line) is
formed in the common electrode 31 on the counter substrate
25. In each dot region, reflection films 20 having rectangular
frame shapes are formed at a region outside each island-
shaped portion 9a, 95, and 9¢, an edge of each island-shaped
portion 9a, 95, and 9¢, and a region overlapping the connec-
tion portion 39 in plan view. In addition, a circular reflection
film 20, having a larger outline than that of the opening 318,
is formed to surround the opening 318 of the common elec-
trode 31. A region including these reflection films 20 becomes
the reflective display regions R and a rectangular loop-shaped
region in which the reflection film 20 is not formed becomes
the transmissive display region T, respectively.

As shown in FIG. 8, the liquid crystal display device of the
third embodiment has the same cross-sectional structure as
that of the first embodiment shown in FIG. 3. Also, the align-
ment state of the liquid crystal shown in FIG. 9 is the same as
that in the first embodiment. In addition, although not shown
in the figure, in a cross section obtained by cutting a straight
line passing through the connection portion 39, since an
alignment state in a region immediately below the connection
portion 39 is equal to an alignment state in a region immedi-
ately above the opening at a central portion of FIG. 9, the
liquid crystal molecules 50B fall down, like a petal opening
upward.

The liquid crystal display device of the third embodiment
can also obtain the same effect as in the first and second
embodiments in which the retardation in the reflective display
region R and the transmissive display region T can be opti-
mized without employing the multi-gap structure nor does
any deterioration of contrast due to the resin layer in the
multi-gap structure occur, thereby improving contrast in both
of the reflective display and the transmissive display. Further,
in the third embodiment, the wide viewing angle substantially
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over all directions can be attained by dividing one dot region
into a plurality of sub-dot regions S1, S2, and S3.

Fourth Embodiment

Hereinafter, a fourth embodiment of the invention will be
described with reference to FIGS. 10 and 11.

FIG. 10 is a cross-sectional view of a liquid crystal display
device according to the fourth embodiment of the invention,
and FIG. 11 is a view showing an alignment state of liquid
crystal when a selective voltage is applied. In the liquid crys-
tal display device of the fourth embodiment, one dot region is
divided into a plurality of sub-dot regions. The liquid crystal
display device of the fourth embodiment has the same planar
structure as that of third embodiment, and therefore, expla-
nation thereof will be omitted for the sake of simplicity and
different portions in a cross-sectional structure will be
described.

While the TFT array substrate 10 is provided at the viewing
side and the counter substrate 25 is provided at the backlight
64 side in the first to third embodiments, the counter substrate
25 having color filters is provided at the viewing side and the
TFT array substrate 10 is provided at the backlight 64 side in
the fourth embodiment.

That is, as shown in FIG. 10, in the TFT array substrate 25
(a lower substrate), the reflection film 20, which is a metal
film made of aluminum, silver or the like having high reflec-
tivity, is formed on a substrate body 10A made of a transpar-
ent material such as glass, quartz, or the like. On a surface of
the reflection film 20 is formed unevenness which reflects a
surface shape of a base insulating layer (not shown) made of,
for example, an acryl resin. Reflected light is scattered by the
unevenness, thereby improving the quality in the reflective
display. The reflection film 20 is formed over a region ranging
from the outer side to the edge of the pixel electrode 9, which
will be described later, and a region ranging from the inner
side to the outer side of the opening 31S of the common
electrode 31. The region in which the reflection film 20 is
formed becomes the reflective display region R and the region
in which the reflection film 20 is not formed becomes the
transmissive display region T. A planarization film 49 made of
an acryl resin or the like is formed on the entire surface of the
substrate body 10A including the reflection film 20, and the
pixel electrodes 9 formed by using a transparent conductive
film made of ITO or the like are formed on the-planarization
film 49. A vertical alignment film (not shown) is formed on
the pixel electrode 9.

On the other hand, in the counter substrate 25 (an upper
substrate), the pigment layer 22 constituting a color filter is
formed on the inner side of the substrate body 25A, which is
made of a transparent material such as quartz, glass or the
like. Red (R), green (G), and blue (B) pigment layers 22 are
arranged in three adjacent dot regions, respectively, and the
three adjacent dot regions constitutes one pixel. Alternatively,
in order to compensate for a color saturation difference
between the reflective display and the transmissive display,
pigment layers with modified color purity or film thickness
may be separately formed in the reflective display region R
and the transmissive display region T. Moreover, a planariza-
tion film made of resin or the like may be formed on the
pigment layer 22. The common electrode 31 formed by using
a transparent conductive film made of ITO or the like is
formed on the pigment layer 22 of the color filter. In the
common electrode 31, the opening 318 (alignment control-
ler) is formed at the position corresponding to the central
portion of the island-shaped portions 9a, 95, and 9¢ of the
pixel electrode 9. The vertical alignment film (not shown) is
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formed on the common electrode 31. In addition, the retarda-
tion films 41 and 43, the polarizers 42 and 44, and the back-
light 64, all of which are located at the outer side of each
substrate, have the same configuration as those of the first to
third embodiments.

As shown in FIG. 11, the alignment state of the liquid
crystal when a selective voltage is applied in the fourth
embodiment is upside-down with respect to those in the first
to third embodiments. That is, since the pixel electrodes 9 are
arranged at the lower substrate side and the openings 315 of
the common electrodes 31 are arranged at the upper substrate
side in the fourth embodiment, the alignment state of the
liquid crystal when a selective voltage is applied in the fourth
embodiment is upside-down with respect to those in the first
to third embodiments. Accordingly, the direction in which the
electric field is obliquely inclined in an edge of the pixel
electrode 9 or the opening 318 is opposite to those in the first
to third embodiments, and the liquid crystal molecules 50B
fall down in the edge of the pixel electrode 9, like a petal
opening upward, while falling down in the edge of the open-
ing 318, like a petal opening downward. However, the varia-
tion in the retardation shown in the lower portion of FIG. 11
is equal to those in the first to third embodiments.

In the liquid crystal display device of the fourth embodi-
ment, it is also possible to obtain the same effect as in the third
embodiment in which the retardation in the reflective display
region R and the transmissive display region T can be opti-
mized without employing the multi-gap structure nor does
any deterioration of contrast due to the resin layer in the
multi-gap structure occur, thereby improving contrast in both
of the reflective display and the transmissive display, and, in
addition, the wide viewing angle substantially over all direc-
tions can be attained by dividing one dot region into a plural-
ity of sub-dot regions.

Electronic Apparatus

Next, an electronic apparatus including the liquid crystal
display device of the above-mentioned embodiments of the
invention will be described by way of an example.

FIG. 12 is a perspective view illustrating an example of a
mobile phone. In FIG. 12, reference numeral 500 denotes a
body of the mobile phone and reference numeral 501 denotes
a display unit using the liquid crystal display device.

Since the electronic apparatus shown in FIG. 12 includes
the display unit using the liquid crystal display device of the
above embodiments, it is possible to realize an electronic
apparatus with a liquid crystal display device having high
brightness, high contrast and a wide viewing angle regardless
of the use environment.

The technical scope of the invention is not limited to the
above embodiments but may be modified in various ways
without deviating from the spirit of the invention. For
example, although the invention is applied to the active-ma-
trix-type liquid crystal display device using TFTs as switch-
ing elements in the above embodiments, the invention may be
applied to an active-matrix-type liquid crystal display device
using thin film diodes (TFD) as switching elements. Further-
more, material, dimension, shape and the like of various
constituent elements may be appropriately modified as
needed.

What is claimed is:

1. A liquid crystal display device comprising:

a pair of substrates including an element substrate and a

counter substrate;

a liquid crystal layer interposed between the pair of sub-
strates, the liquid crystal layer comprising liquid crystal
having negative dielectric anisotropy;

a common electrode provided on the counter substrate;

a dot region including a transmissive display region for
transmissive display and a reflective display region for
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reflective display, the thickness of the liquid crystal layer
in the reflective display region being approximately
equal to that of the liquid crystal layer in the transmissive
display region;

a light-transmissive pixel electrode provided on the ele-
ment substrate for applying voltage to drive the liquid
crystal layer in cooperation with the common electrode,
the pixel electrode including an outer edge and being in
anon-overlapping condition with the common electrode
at a region within the dot; and

areflector that is located in the reflective display region and
that does not contribute to the application of voltage to
the liquid crystal layer, the reflector overlapping the
outer edge of the pixel electrode and overlapping the
region within the dot where the pixel electrode is in a
non-overlapping condition with the common electrode.

2. The liquid crystal display device according to claim 1,
further comprising an alignment controller that controls an
alignment direction of the liquid crystal layer, the alignment
controller being provided in a region of the counter substrate
which overlaps the pixel electrode in plan view.

3. The liquid crystal display device according to claim 2,
wherein the reflective display region is further located at a
region overlapping the alignment controller.

4. The liquid crystal display device according to claim 1,
wherein the pixel electrode includes a plurality of island-
shaped portions, each constituting a sub-dot region in the dot
region, and connection portions for connecting among the
plurality of island-shaped portions, and

wherein at least an edge of each of the island-shaped por-
tions and aregion overlapping the connection portions in
plan view additionally become the reflective display
region.

5. The liquid crystal display device according to claim 4,
further comprising an alignment controller that controls an
alignment direction of the liquid crystal layer, the alignment
controller being provided in a region of the counter substrate
that overlaps the island-shaped portions in plan view.

6. The liquid crystal display device according to claim 5,
wherein the reflective display region is further located at a
region overlapping the alignment controller in plan view.

7. The liquid crystal display device according to claim 1,
further comprising a circularly-polarized light incidence unit
that allows approximately circularly-polarized light to be
incident on each of the pair of substrates.

8. An electronic apparatus comprising the liquid crystal
display device according to claim 1.

9. The liquid crystal display device according to claim 1,
wherein the reflector overlaps a region where the common
electrode and pixel voltage do not apply voltage to the liquid
crystal and overlaps a region where the common electrode
and pixel voltage apply an electric field that is inclined from
a normal line direction of a surface of one of the pair of
substrates.

10. The liquid crystal display device according to claim 1,
wherein the reflector is partially in a non-overlapping condi-
tion with the common electrode.

11. The liquid crystal display device according to claim 1,
wherein the reflector is partially in a non-overlapping condi-
tion with the pixel electrode.

12. The liquid crystal display device according to claim 1,
wherein the reflective display region surrounds the transmis-
sive display region.
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