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(57 ABSTRACT

A liquid crystal display device includes an array substrate
and a counter-substrate, a liquid crystal layer which is held
between the array substrate and counter-substrate and
includes a transmissive display part and a reflective display
part which neighbor each other via a boundary, an alignment
state of liquid crystal molecules in the liquid crystal layer
being controlled by an application voltage from the array
substrate and counter-substrate in the transmissive display
part and the reflective display part, and control means for
making an alignment direction of the liquid crystal mol-
ecules, which are present near the boundary in the reflective
display part, substantially match an alignment direction of
the liquid crystal molecules which are present near the
boundary in the transmissive display part.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2005-245921, filed Aug. 26, 2003, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a liquid
crystal display device, and more particularly to a transflec-
tive liquid crystal display device having a reflective display
region and a transmissive display region.

[0004] 2. Description of the Related Art

[0005] A display device using a liquid crystal element is
not self-luminous. unlike a CRT (Cathode-Ray Tube) or an
EL (Electroluminescence) device. As a liquid crystal display
device which enables luminous display, there is known a
transmissive liquid crystal display device, wherein a back-
light is disposed on the back side of the liquid crystal
element and the backlight illuminates the back side of the
liquid crystal element. In usual cases, however, the backlight
consumes more than 50% of the total power which is
consumed by the liquid crystal display device. As a liquid
crystal display device which can reduce power consumption,
there is known a reflective liquid crystal display device,
which effects luminous display by using only ambient light,
and this reflective liquid crystal display device has been
applied to mobile information devices which are, in usual
cases, used outdoors or carried by users. A drawback of the
reflective liquid crystal display device is that when ambient
light is dark, reflective light for effecting display decreases
and the visibility considerably deteriorates. On the other
hand, the transmissive liquid crystal display device has such
a drawback that the visibility deteriorates when ambient
light is very bright, for example, in fine weather.

[0006] To solve these problems, there is known a trans-
flective liquid crystal display device wherein a reflective
display part and a transmissive display part are separately
provided in each of pixels.

[0007] In a dark place, the transflective liquid crystal
display device functions as a transmissive liquid crystal
display device which displays an image by selectively
passing backlight through the transmissive display part in
each pixel. In a light place, the transflective liquid crystal
display device functions as a reflective liquid crystal display
device which displays an image by selectively reflecting
ambient light by means of the reflective display part in each
of the pixels. Thereby, power consumption can greatly be
reduced.

[0008] Various liquid crystal display methods are appli-
cable to the liquid crystal display device, if a variation in
liquid crystal alignment is utilized in such methods. For
example, a TN (twisted nematic) mode and a STN (super-
twisted nematic) mode, in which polarizers are used, are
adopted in reflective liquid crystal display devices. In recent
years, a phase-transition guest-host (GH) mode, which can
realize bright display since no polarizer plate is used, has
been developed.
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[0009] In a multi-domain VAN (Vertical Alignment Nem-
atic) (MVA) mode, liquid crystal molecules in the vicinity of
the surface of an alignment film are vertically aligned by
adopting a vertical alignment treatment, and the birefrin-
gence index of the liquid crystal layer becomes substantially
zero. Thus, black of an adequate level can be displayed and
a high contrast can be obtained. In addition, the design for
compensating a viewing angle is relatively easy, and a wide
viewing angle can be realized. Furthermore, a rubbing
alignment treatment process, which has conventionally been
considered to be a possible cause of defects, such as elec-
trostatic discharge damage, can be dispensed with. There-
fore, the MVA mode has attracted particular attention in
these years.

[0010] However, if the MVA mode is applied to the
transflective liquid crystal display device, the direction of
electric field, which is applied to the liquid crystal layer, and
the elastic energy due to the interface shape become com-
plex. It is thus difficult to obtain fixed guidelines relating to
the alignment state of liquid crystal molecules in association
with the arrangement of ridge-like projections and slits. In
some cases, the arrangement of liquid crystal molecules may
be disturbed in each domain, and it is difficult to stably form
a plurality of domains in one pixel.

[0011] The present invention has been made in consider-
ation of the above-described problems, and the object of the
invention is to provide a liquid crystal display device which
can have wide viewing-angle characteristics by virtue of
stable domain division, can suppress a decrease in light
transmissivity due to, e.g. disturbance of the alignment
direction of liquid crystal molecules, and can perform trans-
missive display and reflective display with high display
quality.

BRIEF SUMMARY OF THE INVENTION

[0012] According to an aspect of the present invention,
there is provided a liquid crystal display device comprising:
first and second electrode substrates; a liquid crystal layer
which is held between the first and second electrode sub-
strates, and includes a transmissive display part and a
reflective display part which neighbor each other via a
boundary, an alignment state of liquid crystal molecules in
the liquid crystal layer being controlled by an application
voltage from the first and second electrode substrates in the
transmissive display part and the reflective display part; and
control means for making an alignment direction of the
liquid crystal molecules, which are present near the bound-
ary in the reflective display part, substantially match an
alignment direction of the liquid crystal molecules which are
present near the boundary in the transmissive display part.

[0013] The invention can provide a liquid crystal display
device which has wide viewing-angle characteristics by
virtue of stable domain division, can suppress a decrease in
light transmissivity due to, e.g. disturbance of the alignment
direction of liquid crystal molecules, and can perform trans-
missive display and reflective display with high display
quality.

[0014] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
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invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0015] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0016] FIG. 1 schematically shows an example of the
structure of a liquid crystal display panel which is included
in a liquid crystal display device according to an embodi-
ment of the present invention;

[0017] FIG. 2 is a view for describing the example of the
structure of the liquid crystal display panel shown in FIG. 1;

[0018] FIG. 3 is a cross-sectional view for describing the
example of the structure of the liquid crystal display panel
shown in FIG. 1;

[0019] FIG. 4 is a view for describing an example of the
structure of a pixel in a case where an MVA mode is applied
to a transflective liquid crystal display device;

[0020] FIG. 5 is a cross-sectional view taken along line
A-A' in FIG. 4, showing a transmissive display part and a
reflective display part;

[0021] FIG. 6 is a view for describing an example of the
structure of a pixel in a liquid crystal display device accord-
ing to Example 1 of the present invention;

[0022] FIG. 7 is a view for describing an example of the
structure of a pixel in a liquid crystal display device accord-
ing to Example 2 of the present invention;

[0023] FIG. 8 is a view for describing an example of the
structure of a pixel in a liquid crystal display device accord-
ing to Example 3 of the present invention;

[0024] FIG. 9 is a view for describing an example of the
structure of a pixel in a liquid crystal display device accord-
ing to Example 4 of the present invention; and

[0025] FIG. 10 is a table showing results of evaluation of
the liquid crystal display devices according to Example 1 to
Example 4 of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] A liquid crystal display device according to an
embodiment of the present invention will now be described
with reference to the accompanying drawings. The liquid
crystal display device according to the embodiment, for
instance, an active-matrix liquid crystal display device,
includes a liquid crystal display panel 100.

[0027] The liquid crystal display panel 100, as shown in
FIG. 1, includes an array substrate 101, a counter-substrate
102 which is opposed to the array substrate 101, and a liquid
crystal layer 190 which is held between the array substrate
101 and counter-substrate 102. In the liquid crystal display
panel 100, a display region 103, which displays an image, is
formed within a region surrounded by an outer peripheral
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seal member 106 by which the array substrate 101 and
counter-substrate 102 are attached. A peripheral region 104,
which is provided around the display region 103, includes a
light-blocking region 141 which is formed in a picture-frame
shape on the outside of the outer peripheral seal member
106.

[0028] In the display region 103, the array substrate 101,
as shown in FIG. 2. includes an (mxn) number of matrix-
arrayed pixel electrodes 151, an m-number of scan lines Y1
to Ym which are formed in a row direction of the pixel
electrodes 151, an n-number of signal lines X1 to Xn which
are formed in a column direction of the pixel electrodes 151,
and n (mxn) number of thin-film transistors, that is, pixel
TFTs 121, which are disposed as switching elements near
intersections of the scan lines Y1 to Ym and signal lines X1
to Xn in association with the (mxn) pixel electrodes 151.

[0029] In the peripheral region 104, the array substrate
101 includes a scan line driving circuit 118 which drives the
scan lines Y1 to Ym, and a signal line driving circuit 119
which drives the signal lines X1 to Xn.

[0030] As is shown in FIG. 3, in the display region 103,
the array substrate 101 of the liquid crystal display panel 100
includes, on an insulating substrate 111 such as a glass
substrate, switching elements, i.e. pixel TFTs 121, which are
formed in association with the matrix-arrayed pixels, an
insulation layer 123 which is formed to cover the display
region 103 including the TFTs 121, pixel electrodes 151
which are disposed on the insulation layer 123 in association
with the respective pixels, a plurality of columnar spacers
131 which are formed on the insulation layer 123, and an
alignment film 113A which is formed to cover the entirety of
the pixel electrodes 151. In the peripheral region 104, the
array substrate 101 includes a light-blocking layer SP which
is disposed in the light-blocking region 141 of the transpar-
ent substrate so as to surround the periphery of the display
region 103.

[0031] The pixel electrodes 151 are formed of a light-
transmissive electrically conductive material, such as ITO
(Indium Tin Oxide), on the insulation layer 123. The pixel
electrodes 151 are connected to the pixel TFTs 121 via
through-holes 126 which penetrate the insulation layer 123.
The pixel TFTs 121 are connected to the associated scan
lines extending in the row direction of the pixel electrodes
151 and to the associated signal lines extending in the
column direction of the pixel electrodes 151. Each pixel TFT
121 is turned on by a driving voltage supplied from the scan
line, and applies a signal voltage to the associated pixel
electrode 151.

[0032] The array substrate 101 includes the scan lines Y
extending in the row direction of the pixel electrodes 151,
the signal lines X extending in the column direction of the
pixel electrodes 151, and the pixel TFTs 121 disposed near
the intersections of the scan lines Y and signal lines X in
association with the pixel electrodes 151.

[0033] Further, the array substrate 101 includes a storage
capacitance electrode 161 for forming a storage capacitance,
which has a potential equal to a potential of the pixel
electrode 151 that is disposed to be opposed via a gate
insulation film 162, and also includes a storage capacitance
line 152 which is set at a predetermined potential.

[0034] The signal lines X are disposed to be substantially
perpendicular to the scan lines Y and storage capacitance
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lines 152 via an interlayer insulation film 176. The storage
capacitance lines 152 are formed of the same material in the
same layer as the scan lines Y, and are formed substantially
parallel to the scan lines Y. A part of the storage capacitance
line 152 is disposed to be opposed to the storage capacitance
electrode 161 via the gate insulation film 162. The storage
capacitance electrode 161 is formed of an impurity-doped
polysilicon film.

[0035] The wiring lines, such as the signal lines X, scan
lines Y and storage capacitance lines 152, are formed of a
light-blocking low-resistance material such as aluminum or
molybdenum-tungsten. In this embodiment, the scan lines Y
and storage capacitance lines 152 are formed of molybde-
num-tungsten, and the signal lines X are mainly formed of
aluminum.

[0036] The pixel TFT 121 includes a semiconductor layer
112 which is formed of a polysilicon film in the same layer
as the storage capacitance electrode 161. The semiconductor
layer 112 is disposed on an undercoating layer which is
provided on the glass substrate. The semiconductor layer
112 includes a drain region 112D and a source region 1128,
which are formed by doping impurities on both sides of a
channel region 112C. The pixel TFT 121 includes a gate
electrode 163 which is opposed to the semiconductor layer
112 via the gate insulation film 162 and is formed integral
with the associated scan line Y.

[0037] A drain electrode 188 of the pixel TFT 121 is
formed integral with the signal line X, and electrically
connected to the drain region 112D of the semiconductor
layer 112 via a contact hole 177 that penetrates the gate
insulation film 162 and interlayer insulation film 176. A
source electrode 189 of the pixel TFT 121 is formed to be
electrically connected to the source region 112S of the
semiconductor layer 112 via a contact hole 178 that pen-
etrates the gate insulation film 162 and interlayer insulation
film 176.

[0038] The insulation layer 123 is provided on the inter-
layer insulation film 176 of the array substrate 101. The pixel
electrodes 151 are provided on the insulation layer 123. The
pixel electrode 151 is electrically connected to the source
electrode 189 of the pixel TFT 121 via a through-hole 126.

[0039] The storage capacitance electrode 161 is electri-
cally connected to a contact electrode 180 which is formed
of the same material as the signal line X via a contact hole
179 that penetrates the gate insulation film 162 and inter-
layer insulation film 176. Thereby, the source electrode 189
of the pixel TFT 121, the pixel electrode 151 and the storage
capacitance electrode 161 are set at the same potential.

[0040] Besides, as shown in FIG. 3, the liquid crystal
display panel 100 includes the columnar spacers 131 for
providing a predetermined gap between the array substrate
101 and opposed substrate 102. The alignment film 113A
functions to align liquid crystal molecules, which are
included in the liquid crystal layer 190, in a direction
substantially vertical to the array substrate 101.

[0041] The counter-substrate 102 includes color filter lay-
ers 124 (R, G, B) which are formed on a transparent
insulating substrate 111 such as a glass substrate, a counter-
electrode 153, and an alignment film 113B which covers the
counter-electrode 153. The counter-electrode 153 is formed
of a light-transmissive electrically conductive material, such
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as ITO, so as to be opposed to all the pixel electrodes 151
on the array substrate 101. The alignment film 113B func-
tions to align liquid crystal molecules, which are included in
the liquid crystal layer 190, in a direction substantially
vertical to the counter-substrate 102.

[0042] Next, a description is given of the pixel structure
which realizes transmissive display and reflective display in
the above-described liquid crystal display device. As is
shown in FIG. 4 and FIG. 5, the liquid crystal layer 190
includes a transmissive display part 31 and a reflective
display part 32. The pixel electrode 151 includes a trans-
missive electrode 41 which is disposed on the insulation
layer 123, and a reflective electrode 40 which is disposed on
that part of the transmissive electrode 41, which corresponds
to the reflective display part 32 of the liquid crystal layer
190. The reflective electrode 40 has an uneven shape which
corresponds to an uneven shape of the surfaces of the
insulation layer 123 and transmissive electrode 41 provided
on the insulating substrate 111.

[0043] The reflective electrode 40 is formed of a light-
reflective metal material such as aluminum, and reflects
light, which is incident on the reflective display part 32 from
the counter-substrate 102 side, toward the counter-substrate
102. The transmissive electrode 41 is formed of a light-
transmissive metal material such as ITO.

[0044] Specifically, in the reflective display part 32, the
reflective electrode 40 reflects incident light from the
counter-substrate 102 side towards the counter-substrate
102. In the transmissive display part 31, the transmissive
electrode 41 transmits incident light from the array substrate
101 side toward the counter-substrate 102. Thereby, the
liquid crystal display panel 100 realizes transmissive display
and reflective display.

[0045] The counter-substrate 102 includes a transparent
resin layer 35, which makes different the thickness of the
liquid crystal layer 190 of the transmissive display part 31
from the thickness of the liquid crystal layer 190 of the
reflective display part 32, under the counter-electrode 153
which is opposed to the reflective display part 32 of the
liquid crystal layer 190. By the transparent resin layer 35, the
thickness of the liquid crystal layer 190 of the reflective
display part 32 is reduced to about ¥ of the thickness of the
liquid crystal layer 190 of the transmissive display part 31.

[0046] As shown in FIG. 4, a boundary B between the
transmissive display part 31 and reflective display part 32 of
the liquid crystal layer 190 extends substantially linearly in
a direction which is substantially perpendicular to the lon-
gitudinal direction of the pixel electrode 151. The counter-
substrate 102 includes a ridge-shaped projection 18 (dielec-
tric element) functioning as control means for controlling an
electric field which is generated in the liquid crystal layer
190. The ridge-shaped projection 18 is disposed on the
counter-electrode 153 which is opposed to the transmissive
display part 31 of the liquid crystal layer 190, and extends
substantially in parallel with the boundary B.

[0047] If the ridge-shaped projection 18 is formed as
described above, liquid crystal molecules are tilted in a fixed
direction so as to align their dielectric anisotropy along lines
34 of electric force which are substantially normal to the
substrate. However, in the case where the dielectric anisot-
ropy of the liquid crystal layer 190 is negative, the azimuth
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direction is not determined by the lines of electric force and
the direction of alignment is determined so as to minimize
elastic energy of alignment. Thus, the liquid crystal is
aligned along grooves of the uneven structure for diffusion
reflection. As a result, the liquid crystal molecules 190A are
oriented in various azimuth angles at the boundary B
between the reflective display part 32 and transmissive
display part 31, and a region where liquid crystal molecules
are not aligned in a desired direction occurs in the trans-
missive display part 31.

[0048] On the other hand, the liquid crystal layer 190 can
be aligned in the desired direction in the vicinity of the
boundary B of the transmissive display part 31 by forming
control means for making the alignment direction of liquid
crystal molecules 190A, which are present near the bound-
ary B of the reflective display part 32, substantially match
the alignment direction of liquid crystal molecules 190A,
which are present near the boundary B of the transmissive
display part 31.

[0049] Specifically, no orientational relaxation occurs near
the boundary B between the reflective display part 32 and
transmissive display part 31 if the alignment direction of
liquid crystal molecules 190A in the reflective display part
32 near the boundary B is made to match the alignment
direction of liquid crystal molecules 190A in the transmis-
sive display part 31 near the boundary B.

[0050] Hence, according to the present embodiment, it is
possible to provide a liquid crystal display device which can
have wide viewing-angle characteristics by virtue of stable
domain division, can suppress a decrease in light transmis-
sivity due to, e.g. disturbance of the alignment direction of
liquid crystal molecules 190A, and can perform transmissive
display and reflective display with high display quality.

[0051] Next, preferred examples of the present invention
will be described. In a liquid crystal display device accord-
ing to Example 1 of the invention, as shown in FIG. 6, the
counter-substrate 102 has a transparent resin layer 35, which
varies the thickness of the liquid crystal layer, under the
counter-electrode 153 which is opposed to the transmissive
display part 31 of the liquid crystal layer 190. In this
Example 1, the thickness of the transparent resin layer 35 is
about 1.8 pm.

[0052] The array substrate 101, as shown in FIG. 6,
includes, as control means, a planar region 33 of the pixel
electrode 151 near the boundary B of the reflective display
part 32. The planar region 33 of the pixel electrode 151 is
provided in a range of 6 pm from the boundary B in the
reflective display part 32.

[0053] The counter-substrate 102 includes, on the counter-
electrode 153 opposed to the transmissive display part 31, a
ridge-shaped projection 18 which extends substantially in
parallel to the boundary B. In this Example 1, the thickness
of the ridge-shaped projection 18 is about 1.2 pm.

[0054] The liquid crystal display panel 100 is formed by
using the counter-substrate 102 and array substrate 101. An
alignment film (not shown) with a thickness of 70 nm, which
exhibits vertical alignment properties, was coated on the
counter-substrate 102 which is opposed to the array sub-
strate 101. Resin beads each with a diameter of 3.8 pm were
used as spacers (not shown) between the array substrate 101
and counter-substrate 102. A liquid crystal material with
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negative dielectric anisotropy was filled in the space that is
defined by the spacers between the array substrate 101 and
the counter-substrate 102. Thus, a liquid crystal display
panel 100 capable of effecting reflective display and trans-
missive display was formed.

[0055] According to the liquid crystal display device of
Example 1, in the uneven structure region for diffusion
reflection which is provided in the reflective display part 32,
the liquid crystal molecules 190A are oriented in various
directions by the excluded volume effect so as to be aligned
in parallel to the grooves of the uneven structure. On the
other hand, in the planar region 33 of the reflective display
part 32 which is located on the transmissive display part 31
side, local deformation of the liquid crystal layer 190 relaxes
so as to become minimum since the elastic energy is large,
and the liquid crystal layer 190 tries to be aligned in one
direction. Accordingly, the liquid crystal molecules 190A in
the planar region 33 are aligned in a direction which is not
contradictory to the alignment direction in the neighboring
transmissive display part 31.

[0056] In particular, in order to relax local deformation,
the planar region 33 with a size of about 6 um is necessary.
Thus, it should suffice if the planar region 33 with a size of
about 6 um or more, from the end of the transmissive display
part 31, is provided. However, if importance is placed on the
transmissive display, it is preferable to provide the planar
region 33 with a size of about 10 um. As a result, the liquid
crystal can substantially be aligned in a desired direction in
the transmissive display part 31.

[0057] Therefore, according to Example 1, it is possible to
provide a liquid crystal display device which can have wide
viewing-angle characteristics by virtue of stable domain
division, can suppress a decrease in light transmissivity due
to, e.g. disturbance of the alignment direction of liquid
crystal molecules 190A, and can perform transmissive dis-
play and reflective display with high display quality.

[0058] A liquid crystal display device according to the
above-described Example 1 was experimentally manufac-
tured. FIG. 10 shows an evaluation result of transmittance
and response time of the manufactured liquid crystal display
device.

[0059] A liquid crystal display device according to
Example 2 of the invention is described. As shown in FIG.
7, the array substrate 101 includes, as control means, slit
parts 15 which are missing parts of the pixel electrode 151.
In the reflective display part 32, the slit parts are formed at
end sides extending substantially perpendicular to the
boundary B and are arranged in stripes extending substan-
tially in parallel to the boundary B.

[0060] The counter-substrate 102 includes, on the counter-
electrode opposed to the transmissive display part 31, a
ridge-shaped projection 18 which extends substantially per-
pendicular to the boundary B.

[0061] The structure of the liquid crystal display panel 100
of this Example 2 is the same as that of the liquid crystal
display panel 100 of Example 1, except for the above-
described pixel electrode 151 and the ridge-shaped projec-
tion 18 on the counter-electrode 153. In Example 2, the same
advantageous effect as in Example 1 can be obtained. In the
case where the slit parts 15 are used as control meauns, the slit
parts 15, which are missing parts of the electrode, can be
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designed relatively freely within the pixel. Thereby, the
preferable transmittance, response speed and viewing angle
of the liquid crystal display device can be obtained relatively
easily.

[0062] FIG. 10 shows an evaluation result of transmittance
and response time of the liquid crystal display device
including the above-described liquid crystal display panel
100.

[0063] A liquid crystal display device according to
Example 3 of the invention is described. As shown in FIG.
8, the counter-substrate 102 includes, as control means, a
first ridge-shaped projection 18A and a second ridge-shaped
projection 18B, which are provided, respectively, on the
counter-electrode 153 opposed to the transmissive display
part 31 and the counter-electrode 153 opposed to the reflec-
tive display part 32.

[0064] The first ridge-shaped projection 18A, which is
provided on the counter-electrode 153 opposed to the trans-
missive display part 31, extends in a direction substantially
perpendicular to the boundary B. The second ridge-shaped
projection 18B, which is provided on the counter-electrode
153 opposed to the reflective display part 32, extends
substantially in parallel to the boundary B.

[0065] By arranging the first ridge-shaped projection 18A
and second ridge-shaped projection 18B as described above,
liquid crystal molecules 190A near the boundary B are
aligned substantially perpendicular to the second ridge-
shaped projection 18B. Specifically, according to the liquid
crystal display device of Example 3, the alignment direction
of liquid crystal molecules 190A near the boundary B can be
made substantially equal between the transmissive display
part 31 and reflective display part 32.

[0066] The structure of the liquid crystal display panel 100
of this Example 3 is the same as that of the liquid crystal
display panel 100 of Example 1, except for the above-
described pixel electrode 151 and the counter-electrode 153.
In Example 3, the same advantageous effect as in Example
1 can be obtained. FIG. 10 shows an evaluation result of
transmittance and response time of a manufactured liquid
crystal display device which was experimentally manufac-
tured by using the above-described liquid crystal display
panel 100.

[0067] A liquid crystal display device according to
Example 4 of the invention is described. As shown in FIG.
9, the array substrate 101 includes, as control means, stripe-
shaped recess parts 37 which are formed on the pixel
electrode 151. The recess parts 37 extend, in the reflective
display part 32, substantially in parallel to the boundary B
from end sides of the pixel electrode 151 which are sub-
stantially perpendicular to the boundary B between the
transmissive display part 31 and reflective display part 32.

[0068] The recess parts 37 depend on the unevenness on
the insulation layer 123, which is disposed as the underlayer
of the pixel electrode 151. Specifically, the recess parts 37
are formed by disposing the pixel electrode 151 on the
unevenness of the insulation layer 123 which is the under-
layer of the pixel electrode 151. Preferably, the unevenness
of the insulation layer 123 should be formed in the reflective
display part 32 at the same time in the same process as the
formation of the uneven structure for diffusion-reflecting the
incident light from the counter-substrate 102 side. Thereby,
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the liquid crystal display panel 100 can be formed without
increasing the number of fabrication steps.

[0069] Usable materials of the insulation layer 123 include
an acrylic resin, an epoxy resin and a novolak resin. By
forming the recess portions 37 at the same time as the
uneven structure, it becomes possible to provide, without
increasing the number of fabrication steps, a liquid crystal
display device which can have wide viewing-angle charac-
teristics by virtue of stable domain division, can suppress a
decrease in light transmissivity due to, e.g. disturbance of
the alignment direction of liquid crystal molecules 190A,
and can perform transmissive display and reflective display
with high display quality.

[0070] The counter-substrate 102 includes, on the counter-
electrode 153 opposed to the transmissive display part 31, a
ridge-shaped projection 18 which extends in a direction
substantially perpendicular to the boundary B.

[0071] By disposing the recess portions 37 and ridge-
shaped projection 18 as described above, liquid crystal
molecules 190A of the reflective display part 32 and trans-
missive display part 31 in the vicinity of the boundary B are
aligned substantially in parallel to the boundary B. In short,
in the vicinity of the boundary B, the alignment directions of
liquid crystal molecules 190A of the transmissive display
part 31 and reflective display part 32 can be made to agree
with each other.

[0072] The structure of the liquid crystal display panel 100
of this Example 4 is the same as that of the liquid crystal
display panel 100 of Example 1, except for the above-
described pixel electrode 151 and the counter-electrode 153.
In Example 4, the same advantageous effect as in Example
1 can be obtained. FIG. 10 shows an evaluation result of
transmittance and response time of a liquid crystal display
device which was experimentally manufactured by using the
above-described liquid crystal display panel 100.

[0073] As shown in FIG. 10, according to the invention, it
is possible to provide a liquid crystal display device which
has wide viewing-angle characteristics by virtue of stable
domain division, has less factors of decrease in light trans-
mittance, such as disturbance of the alignment state of liquid
crystal molecules 190A, and can perform transmissive dis-
play and reflective display with high display quality.

[0074] As has been described above in detail, in the
transflective liquid crystal display device, the control means
for making the alignment direction of liquid crystal mol-
ecules 190A, which are present in the transmissive display
part 31 side region of the reflective display part 32, match
the alignment direction of liquid crystal molecules 190A in
the reflective display part 32 side region of the transmissive
display part 31, is disposed in the transmissive display part
31 side region of the reflective display part 32. Thereby, the
liquid crystal display device, which can effect transmissive
display and reflective display with high display quality, can
be provided.

[0075] The present invention is not limited directly to the
above-described embodiments. In practice, the structural
elements can be modified without departing from the spirit
of the invention.

[0076] For example, by patterning and disposing a dielec-
tric material on the pixel electrode 151, the alignment
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direction of liquid crystal molecules 190A, which are
present in the transmissive display part 31 side region of the
reflective display part 32, can be made to match the align-
ment direction of liquid crystal molecules 190A in the
reflective display part 32 side region of the transmissive
display part 31.

[0077] In this case, for example, dielectric elements,
which extend substantially in parallel to the boundary B
from end sides that are substantially perpendicular to the
boundary B, are disposed near the boundary B of the
reflective display part 32. A ridge-shaped projection 18,
which extends in a direction substantially perpendicular to
the boundary B, is disposed on the counter-substrate 102 in
the transmissive display part 31. Thereby, the liquid crystal
molecules 190 are aligned substantially in parallel to the
boundary B in the vicinity of the boundary B between the
transmissive display part 31 and reflective display part 32,
and the same advantages as in the above-described
Examples can be obtained.

[0078] Examples of usable dielectric materials include an
acrylic resin, an epoxy resin and a novolak resin, which
exhibit a lower dielectric constant than the liquid crystal
material. In particular, in the design with importance placed
on the transmittance of the liquid crystal layer, it is prefer-
able to use a resin material which can be subjected to
microfabrication processes.

[0079] In the above-described embodiment, only the
alignment films 113 are disposed on the pixel electrodes 151
and counter-electrode 153. However, depending on struc-
tures, insulation films may be disposed on these electrodes
according to purposes of use. In this case, the insulation film
may be formed of, e.g. an inorganic thin film of Si0,, SiN_,
Al 0y, etc., or an organic thin film of polyimide, photoresist
resin, high-polymer liquid crystal, etc.

[0080] Inthe case where the insulation film is an inorganic
thin film, the insulation film may be formed of evaporation
deposition, sputtering, CVD (Chemical Vapor Deposition)
or solution coating. In the case where the insulation film is
an organic thin film, a solution of organic substance or a
precursor solution thereof may be coated by spinner coating,
screen print coating or roll coating, and the coated film may
be cured under predetermined curing conditions (e.g. heat-
ing, light radiation). Alternatively, the organic thin film may
be formed by evaporation deposition, sputtering, CVD, or a
LB (Langmuir-Blodgett) process.

[0081] The pixel TFT 121 may be formed by stacking a
semiconductor layer of, e.g. a-Si, p-8i or ITO, and a metal
layer of, e.g. Al, Mo, Cr, Cu or Ta. The intense/weak region
of electric field, which functions as means for controlling the
tilt of the liquid crystal molecules 190A may be formed by
using ITO for forming the pixel electrode 151, or a metal
wiring line (Al, Mo, Cu) for applying a signal voltage.

[0082] As regards the mode of liquid crystal, it is possible
to use a liquid crystal with positive dielectric anisotropy.
However, in order to effectively control the alignment direc-
tion and tilt direction by the magnitude (intense/weak) of
electric field, it is most desirable to use a VAN mode in
which a liquid crystal with negative dielectric anisotropy is
vertically aligned. In particular, in a display device with
importance placed on contrast, it is possible to design a
screen with a high contrast of 500:1 or more and with a high
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brightness by high-transmittance design, by combining the
VAN-mode normally-black setting and the orientation divi-
sion state of the present invention.

[0083] Various inventions can be made by properly com-
bining the structural elements disclosed in the embodiments.
For example, some structural elements may be omitted from
all the structural elements disclosed in the embodiments.
Furthermore, structural elements in different embodiments
may properly be combined.

[0084] For example, in the above-described embodiment
and Example 2, the ridge-shaped projection 18 of the
counter-substrate 102 and the slit parts 15 are provided as
the control means. Alternatively, the ridge-shaped projection
18 of the counter-substrate 102 may be combined with other
structural elements. The combination of the ridge-shaped
projection 18 and the dielectric element on the pixel elec-
trode 151 may be used as the control means. In these cases,
t00, the same advantageous effects as in the embodiment and
Examples can be obtained.

[0085] In the above-described Example 2, the slit parts 15
are formed in the region where the uneven structure of the
reflective display part 32 is disposed. Alternatively, the slit
parts 15 may be disposed on the planar region 33 in Example
1. Thereby, it is possible to more effectively control the
alignment direction of the liquid crystal molecules 190A in
the vicinity of the boundary B in the reflective display part
32.

[0086] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display device comprising:

first and second electrode substrates;

a liquid crystal layer which is held between the first and
second electrode substrates, and includes a transmis-
sive display part and a reflective display part which
neighbor each other via a boundary, an alignment state
of liquid crystal molecules in the liquid crystal layer
being controlled by an application voltage from the first
and second electrode substrates in the transmissive
display part and the reflective display part; and

control means for making an alignment direction of the
liquid crystal molecules, which are present near the
boundary in the reflective display part, substantially
match an alignment direction of the liquid crystal
molecules which are present near the boundary in the
transmissive display part.

2. The liquid crystal display device according to claim 1,
wherein the first electrode substrate includes pixel electrodes
which are formed in association with the transmissive dis-
play part and the reflective display part, and

the second electrode substrate includes a counter-elec-
trode which is opposed to the pixel electrodes.

3. The liquid crystal display device according to claim 2,

wherein the control means is composed of a planar region
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which is provided on the pixel electrode in the reflective
display part in the vicinity of the boundary.

4. The liquid crystal display device according to claim 2,
wherein the control means is composed of a missing part
which is provided on the pixel electrode in the reflective
display part in the vicinity of the boundary.

5. The liquid crystal display device according to claim 2,
wherein the control means is composed of a dielectric
element which is provided on the counter-electrode in at
least one of the transmissive display part and the reflective
display part in the vicinity of the boundary.

6. The liquid crystal display device according to claim 2,
wherein the control means is composed of a recess part
which is provided on the pixel electrode in the reflective
display part in the vicinity of the boundary.

7. The liquid crystal display device according to claim 6,
wherein the recess part on the pixel electrode depends on
unevenness of an insulation layer which is disposed as an
underlayer of the pixel electrode.

8. The liquid crystal display device according to claim 1,
wherein the liquid crystal layer includes a liquid crystal
material with negative dielectric anisotropy.

9. The liquid crystal display device according to claim 8,
wherein the first and second electrode substrates include a
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pair of alignment films having vertical alignment properties
with respect to the liquid crystal material.

10. The liquid crystal display device according to claim 1,
wherein the control means deforms an electric-field perpen-
dicular to the substrates.

11. The liquid crystal display device according to claim
10, wherein the control means is composed of a planar
region which is provided on the pixel electrode in the
reflective display part in the vicinity of the boundary.

12. The liquid crystal display device according to claim
10, wherein the control means is composed of a missing part
which is provided on the pixel electrode in the reflective
display part in the vicinity of the boundary.

13. The liquid crystal display device according to claim
10, wherein the control means is composed of a dielectric
element which is provided on the counter-electrode in at
least one of the transmissive display part and the reflective
display part in the vicinity of the boundary.

14. The liquid crystal display device according to claim
10, wherein the control means is composed of a recess part
which is provided on the pixel electrode in the reflective
display part in the vicinity of the boundary.
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