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(57) ABSTRACT

The invention provides a semi-transparent reflective liquid
crystal display device in which bright display, high contrast,
and less viewing-angle dependency are possible in a trans-
mission mode. In the liquid crystal display device according
to the present invention, a polarizing plate can be disposed
on the upper side of a liquid crystal cell in which a
semi-transparent reflective layer is formed on a lower sub-
strate and the thickness of a liquid crystal layer in a
transmissive display region can be made to be different from
the thickness of a liquid crystal layer in a reflective display
region by a layer-thickness adjusting layer. A uniaxially
stretched phase difference film can be interposed between
the polarizing plate and the liquid crystal cell, and a liquid
crystal film fixed in nematic hybrid alignment can be inter-
posed between the phase difference film and the liquid
crystal cell. A polarizing plate can be disposed on the lower
side of the liquid crystal cell, a uniaxially stretched phase
difference film can be interposed between the polarizing
plate and the liquid crystal cell, and a liquid crystal film fixed
in nematic hybrid alignment can be interposed between the
phase difference film 6 and the liquid crystal cell.

7 Claims, 12 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS HAVING TWO
ELLIPTICALLY POLARIZING PLATES

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a liquid crystal device.
More particularly, the invention relates to a semi-transparent
reflective liquid crystal display device.

2. Description of Related Art

Related art liquid crystal display devices can be broadly
classified into three types, namely, a transparent type
capable of image display in a transmission mode, a reflective
type capable of image display in a reflection mode, and a
semi-transparent reflective type capable of image display in
both the transmission and reflection modes, and can be used
as displays in notebook personal computers, televisions, and
other devices because of their features, for example, thin
style and light weight. In particular, semi-transparent reflec-
tive liquid crystal display devices can be used in various
portable electronic apparatus because they adopt a combi-
nation of a transmission display mode and a reflection
display mode, and can perform bright display with less
power consumption even in a bright place or in a dark place
by switching the display mode according to ambient bright-
ness.

One type of such a semi-transparent reflective liquid
crystal display device includes a liquid crystal display
device in which a reflective layer made of a film of alumi-
num or the like, having slits (apertures) to transmit light, is
provided on the surface of a lower substrate facing a liquid
crystal layer to function as a semi-transparent reflective
layer.

FIG. 11 shows an example of a semi-transparent reflective
liquid crystal display device using this type of semi-trans-
parent reflective layer.

In such a liquid crystal display device 100, a liquid crystal
layer 103 is held between a pair of transparent substrates 101
and 102. A reflective layer 104 and an insulating film 106 are
stacked on the lower substrate 101, and a lower electrode
108 made of a transparent conductive film of indium tin
oxide (hereinafter “ITO”) or the like is formed thereon. An
alignment film 107 is formed to cover the lower electrode
108. On the other hand, a color filter 109 having R (red), G
(green) and B (blue) pigment layers is formed on the upper
substrate 102, and a flattening film 111 is stacked thereon.
Upper electrodes 112 made of a transparent conductive film
of ITO or the like are formed on the flattening film 111, and
an alignment film 113 is formed to cover the upper elec-
trodes 112.

The reflective layer 104 is made of a metal film having a
high reflectance, such as aluminum, and is provided with
light-transmitting slits 110 corresponding to pixels. The slits
110 allow the reflective layer 104 to function as a semi-
transparent reflective layer (hereinafter the layer is referred
1o as a “semi-transparent reflective layer”). A forward scat-
tering plate 118, a phase difference film 119, and an upper
polarizing plate 114 are arranged in that order on the outer
surface of the upper substrate 102, and a phase difference
film 115 and a lower polarizing plate 116 are arranged in that
order on the outer surface of the lower substrate 101. A
backlight 117 (an illumination device) is disposed under the
lower surface of the lower substrate 101 and further under
the lower polarizing plate 116.

In order to use the liquid crystal display device 100 shown
in FIG. 11 in a bright place and in a reflection mode, external
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light, such as sunlight or illumination light, incidents from
the upper side of the upper substrate 102, passes through the
liquid crystal layer 103 and is reflected by the surface of the
semi-transparent reflective layer 104 on the lower substrate
101, then passes again through the liquid crystal layer 103,
and emits out of the upper side of the upper substrate 102.
During the use in a dark place and in a transmission mode,
light emitted from the backlight 117 disposed under the
lower substrate 101 passes through the slits 110 of the
serni-transparent reflective layer 104, passes through the
liquid crystal layer 103, and emits out of the upper side of
the upper substrate 102. Such light contributes to the display
quality in each mode.

When the transmissive, reflective, and semi-transparent
reflective liquid crystal display devices are viewed from the
oblique direction, particularly in a transmission mode, prob-
lems regarding the viewing angle, for example, deterioration
in display contrast, changes in display color, and tone
reversal, are inevitable because of refractive index anisot-
ropy of liquid crystal molecules. Therefore, it is advanta-
geous to solve or address the above problems.

In related art transmissive liquid crystal display devices
using a TN mode (twist angle of liquid crystal is 90°), as a
method for addressing or solving the problems, the arrange-
ment of optical compensation films between a liquid crystal
cell and upper and lower polarizing plates can be manipu-
lated.

One example is a structure in which optical compensation
films having discotic liquid crystal aligned in hybrid align-
ment are disposed between a liquid crystal cell and upper
and lower polarizing plates. Another example is a structure
in which optical compensation films having liquid crystal
polymers aligned in nematic hybrid alignment are disposed
between a liquid crystal cell and upper and lower polarizing
plates. This is disclosed in Japanese Patent Publication No.
2640083, Japanese Patent Laid-Open No. 11-194325, and
Japanese Patent Laid-Open No. 11-194371.

In semi-transparent reflective liquid crystal display
devices, it is necessary, on the principle of display, to
provide circularly polarizing plates, each including one or
more stretched films and a polarizing plate, on the upper side
of a liquid crystal cell and between a semi-transparent
reflective layer and a backlight in the transmission mode.

In order to increase the viewing angle in the transmission
mode of the semi-transparent reflective liquid crystal display
devices, a method using an optical compensation film of
nematic hybrid alignment in the circularly polarizing plate
disposed between the semi-transparent reflective layer and
the backlight can be used. This is disclosed in Japanese
Patent Laid-Open No. 2002-31717.

SUMMARY OF THE INVENTION

However, the above methods do not overcome the prob-
lems regarding the viewing angle caused when the device is
viewed from the oblique direction, for example, deteriora-
tion in display contrast, changes in display color, and tone
reversal. In particular, since the semi-transparent reflective
liquid crystal devices use a circularly polarizing plate com-
posed of one or more stretched films and a polarizing plate
in principle, as described above, it is essentially difficult to
increase the viewing angle.

In view of the above, the present invention provides a
semi-transparent reflective liquid crystal display device in
which bright display, high contrast, and low viewing-angle
dependency are possible particularly in a transmission
mode. The present invention provides an electronic appara-
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tus having the above liquid crystal device in which bright
display, high contrast, and low viewing-angle dependency
are possible particularly in a transmission mode.

In order to address or solve the above, the present
invention provides a liquid crystal display device that
includes a liquid crystal cell in which a liquid crystal layer
is held between an upper substrate and a lower substrate
opposing each other, and a semi-transparent reflective layer
1s provided on a side of the lower substrate close to the liquid
crystal layer. The liquid crystal display device further
includes a first elliptically polarizing plate to cause ellipti-
cally polarized light to enter the liquid crystal layer through
the upper substrate, and a second elliptically polarizing plate
to cause elliptically polarized light to enter the liquid crystal
layer through the lower substrate. Each of the first ellipti-
cally polarizing plate and the second elliptically polarizing
plate has a liquid crystal film fixed in hybrid alignment.

In the liquid crystal display device of the present inven-
tion, each of the elliptically polarizing plates on the upper
and lower sides of the liquid crystal cell includes at least one
liquid crystal film fixed in hybrid alignment. For this reason,
the refractive index anisotropy of liquid crystal molecules in
the liquid crystal cell can be compensated for by the liquid
crystal films fixed in hybrid alignment disposed on the upper
and lower sides of the liquid crystal cell. This makes it
possible to provide a liquid crystal display device that
exhibits a superior viewing angle characteristic in a trans-
mission mode.

In the present invention, preferably, each of the first
elliptically polarizing plate and the second elliptically polar-
izing plate includes a polarizing plate to transmit linearly
polarized light, at least one liquid crystal film fixed in
nematic hybrid alignment, and at least one stretched film.

Each of the first elliptically polarizing plate and the
second elliptically polarizing plate may include a polarizing
plate, at least one liquid crystal film fixed in nematic hybrid
alignment, and at least one stretched film. Consequently, it
is possible to achieve a broadband elliptically polarizing
plate, and a higher-contrast liquid crystal display device.

There are no restrictions on the stretched film to be used,
and a related art or known stretched film, such as a uniaxially
stretched film or a biaxially stretched film, may be used.

In the present invention, angles formed between the
phase-retarding axes of the liquid crystal films fixed in
nematic hybrid alignment in the first elliptically polarizing
plate, and the second elliptically polarizing plate and an axis
including the distinct viewing direction of the liquid crystal
layer, are normally within the range from plus 30 degrees to
minus 30 degrees, preferably, from plus 10 degrees to minus
10 degrees, and more preferably, from plus 5 degrees to
minus 5 degrees. Within these ranges, refractive index
anisotropy of liquid crystal molecules in the liquid crystal
cell can be compensated for by the liquid crystal films fixed
in nematic hybrid alignment, and a liquid crystal display
device having a good viewing angle characteristic can be
achieved. Moreover, an area in which tone reversal during
transmissive display is caused, when the liquid crystal
display device is viewed from the oblique direction, can be
reduced.

Herein, the distinct viewing direction refers to the azi-
muth direction of a director of liquid crystal molecules at
almost the center of the liquid crystal layer.

In the present invention, while the in-plane phase differ-
ences of the liquid crystal films fixed in nematic hybrid
alignment in the first elliptically polarizing plate and the
second elliptically polarizing plate depend on the optical
parameters of the liquid crystal display device, not generally
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but preferably, they being within a range from 90 nm to 140
nm with respect to monochromatic light of 589 nm.

In normal cases, a substantially quarter-wave stretched
film and a substantially half-wave stretched film constitute a
broadband elliptically polarizing plate. When a liquid crystal
film fixed in nematic hybrid alignment has in-plane phase
differences within the above range, it can constitute a
broadband elliptically polarizing plate with a substantially
half-wave stretched film.

In the present invention, the first elliptically polarizing
plate and the second elliptically polarizing plate may include
the polarizing plate, at least one liquid crystal film fixed in
discotic hybrid alignment, and at least one stretched film. In
such a way, a broadband elliptically polarizing plate and a
high-contrast liquid crystal display device can be achieved.

There are no restrictions on the stretched film to be used,
and a related art or known stretched film, such as a uniaxially
stretched film or a biaxially stretched film, may be used.

In the present invention, angles formed between the
phase-advancing axes of the liquid crystal films fixed in
discotic hybrid alignment in the first elliptically polarizing
plate, and the second elliptically polarizing plate and an axis
including the distinct viewing direction of the liquid crystal
layer, are normally within the range from plus 30 degrees to
minus 30 degrees, preferably, from plus 10 degrees to minus
10 degrees, and more preferably, from plus 5 degrees to
minus 5 degrees. Within such ranges, refractive index
anisotropy of liquid crystal molecules in the liquid crystal
cell can be compensated for by the liquid crystal films fixed
in discotic hybrid alignment, and a liquid crystal display
device having a good viewing angle characteristic can be
achieved. Moreover, an area in which tone reversal during
transmission display is caused when the liquid crystal dis-
play device is viewed from the oblique direction can be
reduced.

Herein, the distinct viewing direction refers to the azi-
muth direction of a director of liquid crystal molecules at
almost the center of the liquid crystal layer.

In the present invention, the first elliptically polarizing
plate may include a polarizing plate, at least one liquid
crystal film fixed in nematic hybrid alignment, and at least
one stretched film, and the second elliptically polarizing
plate may include a polarizing plate, at least one liquid
crystal film fixed in discotic hybrid alignment, and at least
one stretched film. This can also achieve a high-contrast
liquid crystal display device.

There are no restrictions on the stretched film to be used,
and a related art or known stretched film, such as a uniaxially
stretched film or a biaxially stretched film, may be used.

In the present invention, an angle formed between the
phase-retarding axis of the liquid crystal film fixed in
nematic hybrid alignment in the first elliptically polarizing
plate and the axis including the distinct viewing direction of
the liquid crystal layer, and an angle formed between the
phase-advancing axis of the liquid crystal film fixed in
discotic hybrid alignment in the second elliptically polariz-
ing plate and the axis including the distinct viewing direc-
tion of the liquid crystal layer, are normally within the range
from plus 30 degrees to minus 30 degrees, preferably, from
plus 100 degrees to minus 10 degrees, and more preferably,
from plus 5 degrees to minus 5 degrees. Within such ranges,
refractive index anisotropy of liquid crystal molecules in the
liquid crystal cell can be compensated for by the liquid
crystal films, and a liquid crystal display device having a
good viewing angle characteristic can be achieved. More-
over, an area in which tone reversal during transmission
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display is caused when the liquid crystal display device is
viewed from the oblique direction can be reduced.

Herein, the distinct viewing direction refers to the azi-
muth direction of a director of liquid crystal molecules at
almost the center of the liquid crystal layer.

In the present invention, while the in-plane phase differ-
ences of the liquid crystal film fixed in nematic hybrid
alignment in the first elliptically polarizing plate depend on
the optical parameters of the liquid crystal display device,
preferably, it is within the range from 90 nm to 140 nm with
respect to monochromatic light of 589 nm.

In normal cases, a substantially quarter-wave stretched
film and a substantially half-wave stretched film constitute a
broadband elliptically polarizing plate. When a liquid crystal
film fixed in nematic hybrid alignment has in-plane phase
differences within the above range, it can constitute a
broadband elliptically polarizing plate with a substantially
half-wave retardation film.

In the present invention, the first elliptically polarizing
plate may include the polarizing plate, at least one liquid
crystal film fixed in discotic hybrid alignment, and at least
one stretched film, and the second elliptically polarizing
plate may include the polarizing plate, at least one liquid
crystal film fixed in nematic hybrid alignment, and at least
one stretched film. This can also achieve a high-contrast
liquid crystal display device.

There are no restrictions on the stretched film to be used,
and a related art or known stretched film, such as a uniaxially
stretched film or a biaxially stretched film, may be used.

In the present invention, an angle formed between the
phase-advancing axis of the liquid crystal film fixed in
discotic hybrid alignment in the first elliptically polarizing
plate and the axis including the distinctive viewing direction
of the liquid crystal layer, and an angle formed between the
phase-retarding axis of the liquid crystal film fixed in
nematic hybrid alignment in the second elliptically polariz-
ing plate and the axis including the distinctive viewing
direction of the liquid crystal layer, are normally within the
range from plus 30 degrees to minus 30 degrees, preferably,
from plus 10 degrees to minus 10 degrees, and more
preferably, from plus 5 degrees to minus 5 degrees. Within
such ranges, refractive index anisotropy of liquid crystal
molecules in the liquid crystal cell can be compensated for
by the liquid crystal films, and a liquid crystal display device
having a good viewing angle characteristic can be achieved.

Herein, the distinctive viewing direction refers to the
azimuth direction of a director of liquid crystal molecules at
almost the center of the liquid crystal layer.

In the present invention, while the in-plane phase differ-
ences of the liquid crystal film fixed in nematic hybrid
alignment in the second elliptically polarizing plate depend
on the optical parameters of the liquid crystal display device,
not generally but preferably, it is within the range from 90
nm to 140 nm with respect to monochromatic light of 589
nm.

In normal cases, a substantially quarter-wave stretched
film and a substantially half-wave stretched film constitute a
broadband elliptically polarizing plate. When a liquid crystal
film fixed in nematic hybrid alignment has an in-plane phase
differences within the above range, it can constitute a
broadband elliptically polarizing plate with a substantially
half-wave stretched film.

In the present invention, it is preferable that the liquid
crystal cell has a layer-thickness adjusting layer making the
thickness of the liquid crystal layer smaller in a reflective
display region than the thickness of the liquid crystal layer
in a transmissive display region.
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In a semi-transparent reflective liquid crystal display
device, transmitted display light emits out after passing
through the liquid crystal layer only once. In contrast,
reflected display light passes the liquid crystal layer twice.
Therefore, it is difficult to optimize retardations An-d of both
the transmitted display light and the reflected display light.
By adding the layer-thickness adjusting layer making the
thickness of the liquid crystal layer of the reflective display
region different from that of the transmissive display region,
the retardations An-d of the transmitted display light and the
reflected display light can be optimized, and both of bright
reflective display and transmissive display are made pos-
sible.

Such a structure is called a “multigap structure”, and, for
example, can be achieved by providing a layer-thickness
adjusting layer 120 under a lower electrode 108 made of a
transparent conductive film of ITO or the like and over a
semi-transparent reflective layer 104, as shown in FIG. 12.
That is, since the thickness of a liquid crystal layer 103 is
larger in a transmissive display region corresponding to a slit
110 because of the thickness of the layer-thickness adjusting
layer 120 than that in a reflective display region, the retar-
dations An-d of both the transmitted display light and
reflected display light can be optimized. In order to adjust
the thickness of the liquid crystal layer 103, the layer-
thickness adjusting layer 120 needs to be thick, and photo-
sensitive resin or the like is used to form such a thick layer.
Since basic structures are common to FIGS. 11 and 12,
components having common functions are denoted by the
same reference numerals.

In the present invention, the liquid crystal layer may adopt
a twisted nematic mode. It is preferable, from a viewpoint of
brightness of transmissive display, that the twist angle of the
liquid crystal layer is within the range from 10 degrees to 50
degrees.

In the present invention, preferably, the liquid crystal
layer adopts homogeneous alignment, and the twist angle
thereof is zero degrees. The homogeneous liquid crystal
layer having a twist angle of zero degrees allows transmis-
sion brightness to be enhanced or maximized without sac-
rificing reflection brightness in a multigap liquid crystal
display device.

The liquid crystal display device to which the present
invention has been applied may be used as a display of an
electronic apparatus such as portable telephones and mobile
computers.

[Exemplary Advantage of the Invention]

In the liquid crystal display device of the present inven-
tion, the upper elliptically polarizing plate and the lower
elliptically polarizing plate use liquid crystal films fixed in
hybrid alignment. For this reason, the liquid crystal films
fixed in hybrid alignment, being disposed on the upper and
lower sides of the liquid crystal cell can compensate for the
refractive index anisotropy of liquid crystal molecules in the
liquid crystal cell. Therefore, particularly in the transmission
mode, problems caused when the device is viewed from the
oblique direction, such as deterioration in display contrast,
changes in display color, and tone reversal, can be enhanced.
Moreover, it is possible to achieve a liquid crystal display
device that provides bright display and high contrast.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of a liquid crystal display device
according to an exemplary embodiment;
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FIG. 2 is a graph showing the transmittance of the liquid
crystal display device according to the exemplary embodi-
ment with respect to changes in voltage;

FIG. 3 is a schematic showing the contrast ratios of the
liquid crystal display device according to the exemplary
embodiment, when the liquid crystal display device is
viewed at all the azimuths;

FIG. 4 is a graph showing the viewing angle characteristic
of the transmittance in the direction of a rubbing axis when
the liquid crystal display device according to the exemplary
embodiment performs display in an eight-step gradation;

FIG. 5 is a graph showing the transmittance of a liquid
crystal display device as a comparative example with respect
1o changes in voltage;

FIG. 6 is a schematic showing the contrast ratios of the
liquid crystal display device as the comparative example,
when the liquid crystal display device is viewed at all the
azimuths;

FIG. 7 is a graph showing the viewing angle characteristic
of the transmittance in the direction of a rubbing axis when
the liquid crystal display device as the comparative example
performs display in an eight-step gradation;

FIG. 8 is a schematic showing an example of an electronic
apparatus using the liquid crystal display device according
to the present invention as a display;

FIG. 9 is a schematic showing another example of an
electronic apparatus using the liquid crystal display device
according to the present invention as a display;

FIG. 10 is a schematic showing a further example of an
electronic apparatus using the liquid crystal display device
according to the present invention as a display;

FIG. 11 is a cross-sectional view showing an example of
a semi-transparent reflective liquid crystal display device;

FIG. 12 is a cross-sectional view showing an example of
a multi-gap semi-transparent reflective liquid crystal display
device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Exemplary embodiments for carrying out the present
invention are described below with reference to the draw-
ings. In the following exemplary embodiment, the retarda-
tion An-d is a value for 589 nm, unless otherwise specified,
and the axial angle in the anticlockwise direction regarding
a reference axis when viewed from the upper side of a liquid
crystal cell, is designated as having a positive value.

(Exemplary Embodiment)

FIG. 1 is a schematic of a liquid crystal display device
according to this exemplary embodiment. In a liquid crystal
cell 4, a semi-transparent reflective layer is provided on a
lower substrate, and the thickness of a liquid crystal layer is
made different between a transmissive display region and a
reflective display region by a layer-thickness adjusting layer.
Regarding cell parameters, the retardation An-d is 0.32
micrometer in the transmissive display region and the retar-
dation An<d is 0.14 micrometer in the reflective display
region, the alignment of the liquid crystal is homogeneous,
and the twist angle is set at zero degrees. A polarizing plate
1 is disposed over the upper side of the liquid crystal cell 4,
a uniaxially stretched phase difference film 2 is interposed
between the polarizing plate 1 and the liquid crystal cell 4,
and a liquid crystal film 3 fixed in nematic hybrid alignment
is interposed between the phase difference film 2 and the
liquid crystal cell 4. In this case, the angles 081, 62, and 63
are formed respectively with reference to a rubbing axis 41
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for the upper substrate of the liquid crystal cell 4: the angle
61 is formed between the rubbing axis 41 and a transmission
axis 11 of the polarization plate 1; the angle 62 is formed
between the rubbing axis 41 and a phase-retarding axis 21 of
the phase difference film 2; the angle 63 is formed between
the rubbing axis 41 and a phase-retarding axis 31 of the
liquid crystal film 3. 61 1s 4 degrees, 02 is 115 degrees, and
03 is zero degrees. Furthermore, the retardation An-d of the
phase difference film 2 is approximately 0.25 micrometer,
and the retardation An-d of the liquid crystal film 3 is
approximately 0.09 micrometer.

Herein, the retardation An-d of the liquid crystal film is a
value in a plane, as viewed from the direction of the normal
to the liquid crystal film.

Also, a polarizing plate 7 is disposed under the lower side
of the liquid crystal cell 4, a phase difference film 6 is
interposed between the polarizing plate 7 and the liquid
crystal cell 4, and a liquid crystal film 5 fixed in nematic
hybrid alignment is interposed between the phase difference
film 6 and the liquid crystal cell 4. In this case, the angles 65,
06, and 07 are formed respectively with reference to a
rubbing axis 42 for the lower substrate of the liquid crystal
cell 4: the angle 65 is formed between the rubbing axis 42
and a phase-retarding axis 51 of the liquid crystal film 5; the
angle 06 is formed between the rubbing axis 42 and a
phase-retarding axis 61 of the phase difference film 6; the
angle 67 is formed between the rubbing axis 42 and a
transmission axis 71 of the polarizing plate 7. 85 is zero
degrees, 06 1is 66 degrees, and 07 is 88 degrees. Furthermore,
the retardation An-d of the phase difference film 6 is approxi-
mately 0.26 micrometer, and the retardation An-d of the
liquid crystal film 5 is approximately 0.09 micrometer.

Since the liquid crystal films 3 and 5 used here are fixed
in the nematic hybrid alignment, the display performance
differs depending on the tilting direction and the positional
relationship of the upper and lower sides of the films with
the liquid crystal cell 4. It is preferable to determine the
arrangement in consideration of the display performance and
the like, although it is not specified in this exemplary
embodiment.

FIG. 2 shows the transmittance with respect to the applied
voltage in a transmission mode of the liquid crystal display
device of this exemplary embodiment. FIG. 3 shows the
contrast ratios at all the azimuths in the transmission mode
when the voltage for white display is 0 V and the voltage for
black display is 4.3 V. FIG. 4 shows the viewing angle
characteristic of the transmittance in the direction of the
rubbing axis of the liquid crystal cell in the transmission
mode when display is performed in an eight-step gradation
from white display at 0 V to black display at 4.3 V.

COMPARATIVE EXAMPLE

In the configuration of this exemplary embodiment, the
liquid crystal film 3 was replaced with a uniaxially stretched
phase difference film (An-d is approximately 0.11 microme-
ter), An-d of the phase difference film 2 was set at approxi-
mately 0.28 micrometer, An-d of the liquid crystal film 5 was
set at approximately 0.09 micrometer, and An-d of the phase
difference film 6 was set at approximately 0.28 micrometer.
Furthermore, the angles 61, 62, 63, 65, 66, and 67 were set,
respectively at 15 degrees, 120 degrees, zero degrees, zero
degrees, 65 degrees, and 85 degrees. FIG. 5 shows the
transmittance with respect to the applied voltage in a trans-
mission mode of the liquid crystal display device after the
above changes have been made.
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FIG. 6 shows the contrast ratios at all the azimuths in the
transmission mode when the voltage for white display is 0
V and the voltage for black display is 4.3 V. FIG. 7 shows
the viewing angle characteristic of the transmittance in the
direction of the rubbing axis of the liquid crystal cell in the
transmission mode when display is performed in an eight-
step gradation from white display at 0 V to black display at
43 V.

The comparison of these characteristics reveals that the
viewing angle characteristic is enhanced by using the liquid
crystal films fixed in nematic hybrid alignment for the
elliptically polarizing plates disposed over the upper side
and under the lower side of the liquid crystal cell, as in this
exemplary embodiment.

While the liquid crystal films fixed in nematic hybrid
alignment are used as the liquid crystal films in the upper
and lower elliptically polarizing plates in this exemplary
embodiment, similar advantages can be obtained by using
liquid crystal films fixed in discotic hybrid alignment. Fur-
thermore, similar advantages can also be obtained when the
upper and lower elliptically polarizing plates include,
respectively, a liquid crystal film fixed in nematic hybrid
alignment and a liquid crystal film fixed in discotic hybrid

alignment.

(Exemplary Applications of Liquid Crystal Display Device
to Electronic Apparatus)

The liquid crystal display device having such a configu-
ration can be used as displays of various electronic appara-
tus. Examples thereof are described below with reference to
FIGS. 8, 9, and 10.

FIG. 8 is a perspective view showing an example of a
portable telephone. In FIG. 8, reference numeral 1000
denotes a main body of the portable telephone, and reference
numeral 1001 denotes a liquid crystal display using the
above-described liquid crystal display device.

FIG. 9 is a perspective view showing an example of a
wristwatch-type electronic apparatus. In FIG. 9, reference
numeral 1100 denotes a main body of the wristwatch, and
reference numeral 1101 denotes a liquid crystal display
using the above-described liquid crystal display device.

FIG. 10 is a perspective view showing an example of a
portable information processor, such as a word processor or
a personal computer, for example. In FIG. 10, reference
numerals 1200, 1202, 1204, and 1206 respectively denote an
information processor, an input section such as a keyboard,
a main body of the information processor, and a liquid
crystal display using the above-described liquid crystal
display device.

Since the electronic devices shown in FIGS. 8 to 10 have
the liquid crystal display using the liquid crystal display
device of the above-described exemplary embodiment, they
can provide a good or acceptable viewing angle character-
istic.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal cell including a liquid crystal layer of

twisted nematic mode held between an upper substrate
and a lower substrate that oppose each other, and a
semi-transparent reflective layer provided on an inner
side of the lower substrate, the inner side being adjacent
to the liquid crystal layer;

20
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a first elliptically polarizing plate to cause elliptically
polarized light to enter the liquid crystal layer through
the upper substrate; and

a second elliptically polarizing plate to cause elliptically
polarized light to enter the liquid crystal layer through
the lower substrate,

each of the first elliptically polarizing plate and the second
elliptically polarizing plate including a polarizer for
transmitting linearly polarized light, at least one liquid
crystal film fixed in nematic hybrid alignment, and at
least one stretched film,

wherein angles formed between phase-retarding axes of
the liquid crystal films fixed in nematic hybrid align-
ment in the first elliptically polarizing plate and the
second elliptically polarizing plate and an axis includ-
ing the azimuth direction of a director of liquid crystal
molecules at almost a center of the liquid crystal cell
are within a range from plus 30 degrees to minus 30
degrees.

2. The liquid crystal display device according to claim 1,
phase differences in plane of the liquid crystal films fixed in
nematic hybrid alignment in the first elliptically polarizing
plate and the second elliptically polarizing plate being
within a range from 90 nm to 140 nm.

3. A liquid crystal display device, comprising:

a liquid crystal cell including a liquid crystal layer held
between an upper substrate and a lower substrate that
oppose each other, and a semi-transparent reflective
layer provided on an inner side of the lower substrate,
the inner side being adjacent to the liquid crystal layer;

a first elliptically polarizing plate to cause elliptically
polarized light to enter the liquid crystal layer through
the upper substrate; and

a second elliptically polarizing plate to cause elliptically
polarized light to enter the liquid crystal layer through
the lower substrate,

each of the first elliptically polarizing plate and the second
elliptically polarizing plate including the polarizing
plate, at least one liquid crystal film fixed in discotic
hybrid alignment, and at least one stretched film,

wherein angles formed between phase-advancing axes of
the liquid crystal films fixed in discotic hybrid align-
ment in the first elliptically polarizing plate and the
second elliptically polarizing plate and an axis includ-
ing the azimuth direction of a director of liquid crystal
molecules at almost a center of the liquid crystal cell
are within a range from plus 30 degrees to minus 30
degrees.

4. The liquid crystal display device according to claim 2,
the liquid crystal cell having a layer-thickness adjusting
layer that makes the thickness of the liquid crystal layer
smaller in a reflective display region than in a transmissive
display region.

5. The liquid crystal display device according to claim 3,
the liquid crystal layer adopting a twisted nematic mode.

6. The liquid crystal display device according to claim 3,
the liquid crystal layer adopting parallel alignment.

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

* ok %k k%
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