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A transflective liquid crystal display device includes a liquid

crystal film and a polarizing plate on a backlight source side.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a transflective
liquid crystal display device provided with transmission and
reflection regions in a pixel, and particularly relates to an
arrangement configuration of optical members in the trans-
flective liquid crystal display device.

[0003] 2. Description of the Prior Art

[0004] Utilization is advanced in a wide range of fields,
such as OA equipment and a portable device, from the
feature of small size, a thin shape, and low power consump-
tion in a liquid crystal display. Unlike a cathode ray tube
(CRT) or an electroluminescence (EL) display device, the
liquid crystal display device does not have a function which
emits light itself. Therefore, a backlight source is used for
the transmissive liquid crystal display device. The transmis-
sive liquid crystal display device controls its display by
switching the transmission/interception of the backlight by
use of a liquid crystal panel. The transmissive liquid crystal
display device can obtain a bright screen independently of
the surrounding environment due to the backlight. However,
the backlight source consumes the power largely. Hence,
there is a problem in the transmissive liquid crystal display
device that the operating time is short, especially when
driving with a battery.

[0005] Accordingly, in order to solve the above-mentioned
power consumption problem of the backlight source, pro-
posed is a reflective liquid crystal display device which
displays by use of a surrounding light. This reflective liquid
crystal display device is provided with a reflective plate
instead of a backlight source, and controls the display by
switching the transmission/interception of the surrounding
light by use of the reflective plate in a liquid crystal panel.
In the-reflective-liquid-crystal display device, in order to use
surrounding light, power consumption can be reduced and a
miniaturization and a weight saving can be attained. How-
ever, in the-reflective-liquid-crystal display device, when
surroundings are dark, there is also a problem to which
visibility falls.

[0006] Then, in order to prevent the increase in the power
consumption by the backlight source, and the fall of the
visibility by surrounding environment, a transflective-lig-
uid-crystal display device is proposed. The transflective
liquid crystal display device is provided with transmission
and reflection regions in each pixel, which leads to func-
tioning as both the transflective and reflective liquid crystal
display devices. This transmissive liquid crystal display
device is provided with an uneven resin layer in a region to
be the reflection region on an active matrix substrate.
Subsequently, on the resin layer, a reflective film made of a
metal film or the like is provided, thus forming a reflective
plate which reflects a surrounding light diffusely.

[0007] The transflective liquid crystal display device
requires letting light come into a liquid crystal layer through
the transmission region in a transmission mode. For this
reason, one or a plurality of optical anisotropic elements and
polarizing plates are disposed on a surface opposite to a
liquid crystal holding surface of the active matrix substrate

1. Field of the Invention
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(on the back light side). However, there arises a problem
with the transflective liquid crystal display device that the
light leakage occurs, when viewed from a diagonal direction
during black display (the display in a dark state) when a
polymeric stretched film is used as the optical anisotropic
element.

[0008] Japanese Patent Application Laid-Open No. 2002-
311426 (Hereinafter, referred to as Patent Literature 1)
discloses a method of preventing the occurrence of such
light leakage in a transflective liquid crystal display device.
A homogeneous-oriented liquid crystal layer is interposed
between first and second substrates in the transflective liquid
crystal display device disclosed in Patent Literature 1.
Furthermore, a first optical element and a first polarizing
plate are disposed on a surface opposite to the liquid crystal
layer of the first substrate, and a second optical element and
a second polarizing plate are disposed on a surface opposite
to the liquid crystal layer of the second substrate. Transmis-
sion and reflection regions are formed in the second sub-
strate. A backlight is disposed outside a second polarizing
plate. The second optical element includes at least one liquid
crystal film. The liquid crystal film has a structure of fixing
a nematic hybrid orientation formed in a liquid crystal state
of a polymeric liquid crystal substance which shows a
positive uniaxiality. Note that the term “nematic hybrid
orientation” refers to an orientation pattern in which liquid
crystal molecules are nematic oriented and, at this point, the
angles formed by the directors of liquid crystal molecules
and a film plane are different between the upper and lower
surfaces of the film. Incidentally, as shown in FIG. 13, a tilt
angle is defined as an angle formed by the liquid crystal
molecules, which consist of the liquid crystal layer and the
liquid crystal film, and the substrate or a film plane direction,
and a tilt direction is defined as a direction which makes the
formed angle acute.

[0009] In the above-mentioned Patent Literature 1, it is
possible to compensate for the anisotropy of a phase contrast
caused by pretilt in the liquid crystal layer, by using the
liquid crystal film for the second optical anisotropic element.
As a result, it is possible to reduce the amount of the light
leakage in the diagonal direction upon black display.

[0010] In the above-mentioned Patent Literature 1, as
shown in FIG. 1, the absorption axis of a first polarizing
plate 102 is set to be +105°. The lag axes of a first phase
contrast plate 103 and a second phase contrast plate 104,
both plates being made of two polycarbonate films which are
the first optical anisotropic element, are set to be +30° and
+90°, respectively. Then, the Patent Literature 1 discloses
the configuration in a manner of setting the tilt direction of
a liquid crystal film 108 of the second optical anisotropic
element to -90°; the lag axis of a polycarbonate film (a third
phase contrast plate 109) of the second optical anisotropic
element to +150° and the absorption axis of a second
polarizing plate 110 to +165°. Note that a reference symbol
106 in FIG. 1 denotes the liquid crystal layer.

[0011] In Patent Literature 1, as shown in FIG. 2B, it is
possible to enlarge a region with high contrast ratio (CR) by
specifying the optical axis of each optical member as
described above compared with a case of using only a
polymeric stretched film (a polycarbonate film) as the sec-
ond optical anisotropic element (FIG. 2A). However, in the
configuration of the optical members shown in FIG. 1 of
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Patent Literature 1, the optical axis of the liquid crystal film
108 is disposed to be parallel to that of the polycarbonate
film (the second phase contrast plate 104) of the first optical
anisotropic element. Hence, it is not possible to control the
coloring which causes a red tinge upon white display when
a viewer changes the viewing angle from the front to the left

or right.
SUMMARY OF THE INVENTION

[0012] The present invention provides a transflective lig-
uid crystal display device with a wide viewing angle, which
can control both the light leakage in the diagonal direction
upon black display and the coloring upon white display.

[0013] A transflective liquid crystal display device of the
present invention includes a first substrate and a second
substrate opposing to the first substrate, in which transmis-
sion and reflection regions are formed. A liquid crystal layer
interposed between the two substrates, which is homoge-
neous oriented. A first optical anisotropic element including
an uniaxially anisotropic film and a first polarizing plate are
disposed on a surface of the first substrate from the first
substrate side, the surface being opposite to the liquid crystal
display. A second optical anisotropic element including a
liquid crystal film which shows an optically positive uniaxi-
ality and a second polarizing plate, both of which are
disposed on a surface of the second substrate from the
second substrate side, the surface being opposite to the
liquid crystal layer. In the liquid crystal film, a nematic
hybrid orientation, in which a polymeric liquid crystal
substance formed in a liquid state, is fixed. The optical axis
of the anisotropic film is disposed to be orthogonal or
substantially orthogonal to that of the liquid crystal film.

[0014] The transflective liquid crystal display device of
the present invention includes at least a quarter wave plate
as the uniaxially anisotropic film of the first optical aniso-
tropic element, and also includes a first half wave plate on
the quarter wave plate on an opposite side to the first
substrate and a second half wave plate on the liquid crystal
film on an opposite side to the second substrate. The
orientation direction of liquid crystal molecules consisted of
the liquid crystal layer is parallel or substantially parallel to
an orientation direction of liquid crystal molecules of the
liquid crystal film. In the transflective liquid crystal display
device of the present invention, a tilt direction of a liquid
crystal on the second substrate side of the liquid crystal layer
is the same direction as that of a liquid crystal on the second
substrate side of the liquid crystal film.

[0015] In the transflective liquid crystal display device of
the present invention, when an angle formed by an absorp-
tion axis of the first polarizing plate and a lag axis of the first
half wave plate is assumed to be a and an angle formed by
the lag axis of the first half wave plate and that of the quarter
wave plate is assumed to be f3, the first polarizing plate, the
first half wave plate and the quarter wave plate are disposed
to satisfy the following expressions (1) and (2).

42°Sp=a=48 @
45°20<90° )
[0016] In the transflective liquid crystal display device of

the present invention, when an angle formed by an absorp-
tion axis of the second polarizing plate and a lag axis of the
second half wave plate is assumed to be @' and an angle
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formed by the lag axis of the second half wave plate and the
orientation direction of the liquid crystal molecules of the
liquid crystal film is assumed to be f', the second polarizing
plate, the second half wave plate and the liquid crystal film
are disposed to satisfy the following expressions (3) and (4).

42°Sp-o'S48° 3
0°<q'<45° @

[0017] In the transflective liquid crystal display device of
the present invention, if, among tilt directions of the liquid
crystal layer, a tilt direction in an interface of the first
substrate is assumed to be 90° and a counterclockwise
direction is assumed to be positive when viewing the trans-
flective liquid crystal display device from a visual confir-
mation side, the first and second half wave plates and the
first and second polarizing plates are disposed to satisfy the
following expressions (5) to (8).

180°<an angle (°) of the lag axis of the first half wave
plate<0°® (5)

42°=(the angle (°) of the lag axis of the first half wave
plare)x2—(an angle (*) of the absorption axis of the first
polarizing plate) =48° (6)

90°<an angle (°) of the lag axis of the second half wave
plate<90° (7)

132°=(the angle (°) of the lag axis of the second half

wave plate)x2—(an angle (°) of the absorption axis of

the second polarizing plate) =138° (8)
[0018] In the transflective liquid crystal display device of
the present invention, the first and second half wave plates
and the first and second polarizing plates are disposed to be
in mirror-image relations in terms of the orientation direc-
tion of the liquid crystal molecules of the liquid crystal layer.

[0019] The transflective-liquid-crystal display device of
the present invention mentioned above can be applied for a
liquid crystal layer having twist angle 8 of O degree <68 =30
degrees instead of the liquid crystal layer in a homogeneous
alignment. In that case, each optical member can be
arranged by the same expressions as formula (1)-(8).

[0020] In the transflective liquid crystal display device of
the present invention, an optical anisotropic element includ-
ing a liquid crystal film is disposed on a surface opposite to
a liquid crystal holding surface of the second substrate
provided with reflection and transmission regions. Further-
more, the liquid crystal film and a uniaxial anisotropic film
(a quarter wave plate) included in the optical anisotropic
element disposed on a surface opposite to a liquid crystal
holding surface of the first substrate are disposed in a
manner of being substantially orthogonal to the optical axis
of each other. Moreover, the optical axes of the other optical
members are set based on a predetermined relational expres-
sion, relative to the arrangement of the optical axes of the
liquid crystal film and the uniaxial anisotropic film. Accord-
ingly, it is possible for the transflective liquid crystal display
device of the present invention to control the light leakage
in the diagonal direction upon black display while compen-
sating for the anisotropy of a phase contrast caused by the
pretilt. In addition, it is possible for the transflective liquid
crystal display device of the present invention to control the
coloring upon white display by controlling a discrepancy in
diffusion at each wavelength.

[0021] In this manner, according to the present invention,
it is possible to realize a transflective liquid crystal display
device with a wide viewing angle while controlling both of
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the light leakage in the diagonal direction upon black display
and the coloring upon white display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other objects, features and advan-
tages of the present invention will become more apparent
from the following detailed description when taken in con-
junction with the accompanying drawings wherein:

[0023] FIG. 1 is a view schematically showing the con-
figuration of optical members of a conventional transflective
liquid crystal display device;

[0024] FIGS. 2A and 2B are views showing an improve-
ment effect of the features of the viewing angle in the
conventional transflective liquid crystal display device;

[0025] FIG. 3 is a cross-sectional view schematically
showing the structure of a transflective liquid crystal display
device according to a first embodiment of the present
invention;

[0026] FIG. 4 is a view schematically showing the con-
figuration of optical members of the transflective liquid
crystal display device according to the first embodiment of
the present invention;

[0027] FIGS. 5A and 5B are views showing the combi-
nations of the axis arrangements of the optical members
disposed on an opposite substrate side in the transflective
liquid crystal display device according to the first embodi-
ment of the present invention;

[0028] FIG. 6 is a view showing the combination of the
axis arrangements of the optical members disposed on an
active matrix substrate side in the transflective liquid crystal
display device according to the first embodiment of the
present invention;

[0029] FIG. 7 is a view schematically showing the struc-
ture of a liquid crystal film used in the transflective liquid
crystal display device according to the first embodiment of
the present invention;

[0030] FIG. 8 is a chromaticity diagram showing changes
of color in the left and right in a case of an axis arrangement
(A) of the transflective liquid crystal display device accord-
ing to the first embodiment of the present invention;

[0031] FIG. 9 is a view showing changes of color in the
left and right in a case of an axis arrangement (B) of the
transflective liquid crystal display device according to the
first embodiment of the present invention;

[0032] FIG. 10 is a view showing the characteristics of a
viewing angle in a case of the axis arrangement (A) of the
transflective liquid crystal display device according to the
first embodiment of the present invention;

[0033] FIG. 11 is a view showing the characteristics of the
viewing angle in a case of the axis arrangement (B) of the
transflective liquid crystal display device according to the
first embodiment of the present invention;

[0034] FIG. 12 is a view schematically showing the
configuration of optical members of a transflective liquid
crystal display device according to a second embodiment of
the present invention; and
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[0035] FIG. 13 is a view schematically showing a tilt
angle.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0036] A transflective liquid crystal display device is pro-
vided with an optical anisotropic element and a polarizing
plate on a backlight source side of a substrate (an active
matrix substrate) in which transmission and reflection
regions are formed. There arises a problem of light leakage
in the diagonal direction upon black display with the trans-
flective liquid crystal display device using a polymeric
stretched film as the optical anisotropic element. Accord-
ingly, in the above-mentioned Patent Literature 1, a liquid
crystal film is included in a second optical element. This
liquid crystal film is designed to have a structure of fixing a
nematic hybrid orientation formed in a liquid crystal state of
a polymeric liquid crystal substance which shows a positive
uniaxiality. Therefore, the anisotropy of a phase contrast
caused by pretilt in a liquid crystal layer is compensated, and
light leakage in the diagonal direction upon black display is
controlled.

[0037] Nevertheless, as shown in FIG. 1, the optical axes
of a liquid crystal film and a polycarbonate film of a first
optical anisotropic element are disposed to be parallel to
each other in the transflective liquid crystal display device
disclosed in Patent Literature 1. Consequently, there occurs
the coloring which causes a red tinge upon white display
when a viewer changes the viewing angle from the front to
the left or right in the transflective liquid crystal display
device disclosed in Patent Literature 1.

[0038] With the present invention, it is possible to realize
a transflective liquid crystal display device which solves the
foregoing problems for the first time by specifying the
optical axis of each optical member of the transflective
liquid crystal display device. Note that the term “optical axis
of an optical member” refers to the absorption axis of a
polarizing plate, the lag axis of a phase contrast plate, the
pretilt directions of a pair of substrates, the tilt direction of
a liquid crystal film, and the like.

[0039] In the transflective liquid crystal display device of
the present invention, the combination of the axis arrange-
ments of the other optical members is determined based on
a predetermined relational expression, relative to the tilt
direction of the liquid crystal film.

[0040] In the transflective liquid crystal display device of
the present invention, changes of color in the left and right
and the characteristics of a viewing angle, relative to each
axis arrangement, are obtained by simulation in order to
make it possible to control not only light leakage upon black
display but also the coloring upon white display. Then, in the
transflective liquid crystal display device of the present
invention, an optimal axis arrangement is specified by
comparing and considering the results obtained by the
simulation.

[0041] A detailed description will hereinafter be given of
an embodiment mode of the transflective liquid crystal
display device of the present invention, based on embodi-
ments.
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First Embodiment

[0042] A description will be given of a transflective liquid
crystal display device of a first embodiment of the present
invention with reference to FIGS. 3 to 11.

[0043] As shown in FIG. 3, a transflective liquid crystal
display device 1 of the embodiment includes a first substrate
(hereinafter, referred to as an opposite substrate 5) disposed
on a visual confirmation surface side, and a second substrate
(hereinafter, referred to as an active matrix substrate 7)
provided with a switching element such as a thin film
transistor (TFT). A transmission region 20 functioning as a
transflective liquid crystal display device, and a reflection
region 30 functioning as a reflective liquid crystal display
device are formed in the active matrix substrate 7. A liquid
crystal layer 6, which is homogeneous oriented, is inter-
posed between both substrates. On the visual confirmation
surface side of the opposite substrate 5, a first polarizing
plate 2, a first phase contrast plate (a half wave plate) 3 and
a second phase contrast plate (a quarter wave plate) 4 are
disposed. On a backlight source 11 side of the active matrix
substrate 7, a liquid crystal film 8, a third phase contrast
plate (a half wave plate) 9 and a second polarizing plate 10
are disposed.

[0044] The active matrix substrate 7 is provided with a
transparent insulating substrate 7A such as a glass substrate,
and a gate line and gate electrode 7B, a gate insulating film
7C, a semiconductor layer 7D, a data line and source
electrode 7], and a drain electrode 7K, which are sequen-
tially formed on the transparent insulating substrate 7A. The
active matrix substrate 7 is further provided with a passi-
vation film 7E which covers the semiconductor layer 7D, the
data line and the source electrode 7] and the drain electrode
7K. An uneven film 7F, in which the thickness of the liquid
crystal layer 6 in the reflection region and the thickness of
the liquid crystal layer 6 in the transmission region are
controlled to be approximately equivalent to a quarter wave-
length and a half wavelength respectively, is formed on the
passivation film 7E. This uneven film 7F may be formed
only in the reflection region, or may be formed by changing
the thicknesses in the reflection and transmission regions.
Then, a reflective film 7G made of a metal material such as
aluminum (Al) or aluminum (Al) alloy is provided on the
uneven film 7F. Further, a transparent electrode film 7H
made of indium tin oxide (ITO) film and the like is provided
all over a pixel.

[0045] The opposite substrate 5 is provided with a trans-
parent insulating substrate 5A such as a glass substrate and
a color filter 5B formed thereon. An opposite substrate SC
made of ITO film and the like is formed on the color filter
5B. Additionally, orientation films 5D and 71 are provided
on the opposite surface sides of both substrates to give pretilt
to the liquid crystal layer 6. A desired gap is formed by
bonding both substrates with a spacer interposed therebe-
tween, thus forming the liquid crystal layer 6 by injecting
liquid crystals into the gap.

[0046] FIG. 4 is a view of extracting only the optical
members of the transflective liquid crystal display device 1
with the foregoing configuration. On the opposite substrate
side, provided are the first polarizing plate 2, the first phase
contrast plate (the half wave plate) 3, and the second phase
contrast plate (the quarter wave plate) 4 sequentially from
the visual confirmation surface side. On the active matrix
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substrate 7 side, provided are the liquid crystal film 8, the
third phase contrast plate (the half wave plate) 9, and the
second polarizing plate 10 sequentially from the liquid
crystal layer side. Then, a first liquid crystal layer is pro-
vided in the vicinity of the opposite substrate 5, and a second
liquid crystal layer is provided in the vicinity of the active
matrix substrate 7.

[0047] Note that although two optical anisotropic ele-
ments are provided respectively on the opposite substrate 5
and active matrix substrate 7 sides in FIG. 3, it is sufficient
if there is at least the quarter wave plate on the opposite
substrate 5 side and if there is at least the liquid crystal film
8 on the active matrix substrate 7 side.

[0048] The structures, materials and the like of the first
polarizing plate 2 and second polarizing plate 10 are not
particularly limited. For the polarizing plate, a material such
as a polarizing film made of, for example, polyvinyl alcohol
(PVA) in which a dichroic substance including iodine is
oriented in one direction can be used. This polarizing film
may be used solely, or a protective film may be provided on
one side or both sides of the polarizing film.

[0049] 1In addition, the structures, materials and the like of
the first phase contrast plate 3, the second phase contrast
plate 4 and the third phase contrast plate 9 are not particu-
larly limited, too. It is possible for these phase contrast plates
to use a material such as uniaxial polymeric stretched film
including, for example, norbornene type resin made of Arton
or a polycarbonate (PC) resin film. This polymeric stretched
film may be used solely, or may be formed on the transparent
insulating substrate.

[0050] Moreover, the structure, materials and the like of
the liquid crystal film 8 are not particularly limited, too. For
the liquid crystal film 8 a material such as, for example, a
film obtained by fixing a low polymeric liquid crystal
substance, which has been nematic hybrid orientated in a
liquid crystal state, due to an optical or thermal crosslinking
can be used. Note that the term “nematic hybrid orientation”
refers to an orientation pattern in which liquid crystal
molecules 6B are nematic oriented, and the angles (tilt
angles) formed by the directors of the liquid crystal mol-
ecules 6B and the film plane are different in the upper and
lower surfaces of the film. Since this liquid crystal film 8
fixes the nematic-oriented liquid crystals, all the directors of
the liquid crystal molecules tilt at different angles relative to
the film thickness direction. The liquid crystal film § does
not have an optical axis when viewed as a structural body.
However, assuming that a direction of projecting in the plane
direction of the active matrix substrate 7 relative to the
orientation direction of the liquid crystal molecules of the
liquid crystal film 8 is specified as the orientation direction
of the liquid crystal molecules, it is possible to approxi-
mately handle the liquid crystal film 8 as a positive uniaxial
phase contrast plate only when viewed from the vertical
direction of the plane direction of the active matrix substrate
7. Note that, in FIG. 7, a reference numeral 5 denotes the
opposite substrate, and a reference numeral 6 A denotes the
liquid crystal molecules of the liquid crystal layer 6.

[0051] Hereinafter, a description will be given of the
procedures of determining the arrangement of the optical
axes of the optical members on the opposite substrate 5 side
and on the active matrix substrate 7 side.
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(Tilt Direction of Liquid Crystal Film 8)

[0052] The transflective liquid crystal display device 1 of
the embodiment is configured to be a bright state in an initial
state and to change to a dark state by applying voltage.
However, the pretilt is given to cause the directors of the
liquid crystal molecules of the liquid crystal layer 6 to be
uniquely determined, when turning on/off the voltage. Here,
there is a problem that the viewing angle becomes narrow
when applying the voltage, since the anisotropy occurs in the
viewing angle direction in the director whose liquid crystal
molecules are not completely standing up especially in a
black state. Yet, it is possible to compensate for the pretilt by
giving the tilt to the liquid crystal film 8 as shown in FIG.
7. Furthermore, liquid crystal displays are often driven at a
voltage of 3 to 6 volts to reduce the power consumption.
Accordingly, it is not possible to completely eliminate the
phase contrast of the liquid crystal layer 6 since the directors
of the liquid crystal molecules do not become uniform when
the voltage is low. As a result, there is a problem that
remaining retardation occurs and that a black brightness
does not fall sufficiently. However, it is possible to compen-
sate for the problem by adding or subtracting the phase
contrast equivalent to the remaining retardation to or from
the phase contrast of the quarter wave plate. The lag axis of
the quarter wave plate is required to be disposed in substan-
tially parallel to or at substantially right angle relative to the
orientation direction of the liquid crystal molecules of the
liquid crystal layer 6 with the arrangement of when per-
forming the compensation. Therefore, the phase contrast of
the liquid crystal film 8 is required to be equivalent to the
quarter wave plate in order to simultaneously achieve the
compensation for the foregoing pretilt and the compensation
for the remaining retardation. Moreover, the orientation
direction of the liquid crystal molecules of the liquid crystal
film 8 is required to be substantially parallel to that of the
liquid crystal molecules of the liquid crystal layer 6. Addi-
tionally, the direction of the tilt angle of the liquid crystal
molecules on the active matrix substrate 7 side of the liquid
crystal layer 6 is required to be the same as the tilt direction
of the liquid crystal molecules on the second substrate side
of the liquid crystal film 8. In other words, when the tilt
direction of the liquid crystal molecules of the active matrix
substrate 7 of the liquid crystal layer 6 is -90°, the tilt
direction of the liquid crystal molecules on the active matrix
substrate 7 side of the liquid crystal film 8 is required to be
-90°.

(Absorption Axis of First Polarizing Plate 2, Lag Axes of
First and Second Phase contrast Plates 3 and 4)

[0053] Next, the optical axes of the optical members
disposed on the visual confirmation surface side of the
opposite substrate 5 are determined relative to the liquid
crystal film 8 whose tilt direction is set to be approximately
-90°. FIGS. 5A and 5B shows the arrangement method of
the optical axes of the relevant optical members. FIG. 5A
shows a case where the lag axis of the second phase contrast
plate (the quarter wave plate) 4 is disposed to be substan-
tially parallel to the orientation direction of the liquid crystal
molecules of the liquid crystal layer 6 (referred to as the axis
arrangement A). FIG. 5B shows a case where the lag axis of
the second phase contrast plate (the quarter wave plate) 4 is
disposed to be substantially orthogonal to the orientation
direction of the liquid crystal molecules of the liquid crystal
layer 6 (referred to as the axis arrangement B).
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[0054] In the case of the axis arrangement A, the angle
formed by the absorption axis of the first polarizing plate 2
and the lag axis of the first phase contrast plate 3 is assumed
to be o The angle formed by the lag axes of the first phase
contrast plate 3 and the second phase contrast plate 4 is
assumed to be f. Then, the optical axis of each optical
member has relations of expressions 1 and 2.

42°=p-=48° Expression 1:

(the angle of the lag axis of the second phase contrast
plate 4=90°
[0055] As combinations to satisfy these relational expres-
sions, the following two axis arrangements are specified as
shown in the lower part of FIG. 5A: an axis arrangement Al
in a case of 0°<at£45°, and an axis arrangement A2 in a case
of 45°<0<90°.

[0056] Similarly, in the case of the axis arrangement B, the
angle formed by the absorption axis of the first polarizing
plate 2 and the lag axis of the first phase contrast plate 3 is
assumed to be ¢, and the angle formed by the lag axis of the
first phase contrast plate 3 and that of the second phase
contrast plate 4 is assumed to be 3. Then, the optical axis of
each optical member has relations of expressions 3 and 4.

Expression 2:

42°=p-0=48° Expression 3:

(the angle of the lag axis of the second phase contrast

plate 4=0° Expression 4:

[0057] As combinations to satisfy these relational expres-
sions, the two axis arrangements are specified as shown in
the lower part of FIG. 5B: an axis arrangement B1 in a case
of 0°<a=45°, and an axis arrangement B2 in a case of
45°<0<90°.

(Absorption Axis of Second Polarizing Plate 10 and Lag axis
of Third Phase Contrast Plate 9)

[0058] On the other hand, the optical axes of the third
phase contrast plate 9 and the second polarizing plate 10 is
determined relative to the liquid crystal film 8 whose tilt
direction is set to be substantially —=90°. As shown in FIG.
6, the angle formed by the absorption axis of, the second
polarizing plate 10 and the lag axis of the third phase
contrast plate 9 is assumed to be ¢'. The angle formed by the
lag axis of the third phase contrast plate 9 and the tilt
direction of the liquid crystal film 8 is assumed to be f'.
Then, the optical axis of each optical member has relations
of expressions 5 and 6.

42°=p'-a'=48° Expression 5:

(the tilt direction of the liquid crystal film 8)=-90°

[0059] As combinations to satisfy these relational expres-
sions, an axis arrangement C1 can be considered in a case of
0°<at'=45°, and an axis arrangement C2 can be considered
in a case of 45°<a'£90°. In other words, two axis arrange-
ments are specified for the tilt direction of the liquid crystal
film 8 (referred to as the axis arrangement C).

[0060] Hence, when the orientation direction of the liquid
crystal molecules of the liquid crystal layer 6 is determined,
two types of axis arrangements of the second phase contrast
plate 4 are specified relative to the orientation direction of
the liquid crystal molecules of the liquid crystal layer 6.
Then, for each, two types of axis arrangements of the first
phase contrast plate 3 and the first polarizing plate 2 are
specified. On the other hand, two types of axis arrangements
of the third phase contrast plate 9 and the second polarizing

Expression 6:
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plate 10 are specified relative to the axis arrangement of the
liquid crystal film 8. Accordingly, 2x2x2=8 types can be
considered as the axis arrangements of the other optical
members relative to the axis arrangement of the liquid
crystal film 8.

[0061] In addition, when viewed from the visual confir-
mation side, a counterclockwise direction is set to be a
positive direction when the orientation direction of the liquid
crystal molecules of the homogeneous-oriented liquid crys-
tal layer 6 is set to be 90°. Among the tilt directions of the
liquid crystal molecules of the liquid crystal layer 6, the tilt
directions on the first substrate (the opposite substrate 5)
side is set to be 90° and the second substrate (the active
matrix substrate 7) side are set to be =90°, respectively. In
this case, the tilt direction of the liquid crystal molecules on
the second substrate side of the liquid crystal film 8 is
limited to =90°. At this point, when the quarter wave plate
is disposed to set the angle of its lag axis at 0°, the
arrangement is limited to one which satisfies expressions 7
to 10, or one in which all arrangements are in mirror-image
relations.

-180°<the angle (°) of the lag axis of the first phase
contrast plate (the half wave plate)<0°

42°=(the angle (°) of the lag axis of the first phase
contrast plate (the half wave plate))x2—(the angle (°) of
the absorption axis of the first polarizing plate)=48° Expression 8:

Expression 7:

90°<the angle (°) of the lag axis of the third phase
contrast plate (the half wave plate)<90°

132°=(the angle (*) of the lag axis of the third phase

contrast plate (the half wave plate))x2-(the angle (°) of

the absorption axis of the second polarizing

plate) =138° Expression 10:
[0062] Further, when the second phase contrast plate (the
quarter wave plate) is disposed to set the angle of'its lag axis
at 90°, the arrangement is limited to one which satisfies
expressions 1 to 14, or one in which all arrangements are in
mirror-image relations.

Expression 9:

90°<(the angle {°) of the lag axis of the first half wave
plate)<270°

132°=(the angle (°) of the lag axis of the first half
wave plate)x2—(the angle (%) of the absorption axis of
the first polarizing plate)=138° Expression 12:

90°=(the angle (°) of the lag axis of the second half
wave plate) =270° Expression 13:

Expression 11:

132°=(the angle (°) of the lag axis of the second half

wave plate)x2-(the angle (°) of the absorption axis of

the second polarizing plate) =138 Expression 14:
[0063] Here, since only controlling the light leakage in the
diagonal direction upon black display is considered in Patent
Literature 1, the tilt direction of the liquid crystal film 8 is
set to be parallel to the lag axis of the second phase contrast
plate (the quarter wave plate) 4. The present invention
obtains changes of color in the left and right and the
characteristics of the viewing angle for the respective fore-
going eight types of axis arrangements by simulation in
order to determine an optimal axis arrangement in consid-
eration of controlling both of the light leakage in the
diagonal direction upon black display and the coloring upon
white display. The results are shown in FIGS. 8 to 11.

[0064] FIG. 8 is a chromaticity diagram showing changes
of color in four types of axis arrangements pertaining to the
axis arrangement A among the foregoing eight types of axis
arrangements. FIG. 9 is a chromaticity diagram showing
changes of color in the four types of axis arrangements
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pertaining to the axis arrangement B among the foregoing
eight types of axis arrangements. The x and y axes of each
diagram indicate the chromaticity coordinates of CIE1931.
Additionally, the lines in the diagrams show the plotted
colors when the viewing angle is deviated. The bottom left
shows the color when viewed from the front. The diagrams
show that the more going up to the right, the stronger the
coloring becomes.

[0065] Comparing the changes of color in the eight types
of axis arrangements in FIGS. 8 and 9, the axis arrange-
ments A-Al (the upper part in FIG. 8) has the strongest
coloring. Hereinafter, it can be seen that the coloring is
controlled gradually in the order of: the axis arrangements
B-B1 (the upper part in FIG. 9); the axis arrangements A-A2
(the lower part in FIG. 8); the axis arrangement B-B2-C2
(the right lower part in FIG. 9); and the axis arrangement
B-B2-C1 (the left lower part in FIG. 9). From this result, it
is found out that the axis arrangement B-B1-C1 is the most
excellent in terms of the control of the coloring.

[0066] Moreover, FIG. 10 is a view showing the charac-
teristics of the viewing angles in the four types of axis
arrangements pertaining to the axis arrangement A among
the foregoing eight types of axis arrangements. FIG. 11 is a
view showing the characteristics of the viewing angles in the
four types of axis arrangements pertaining to the axis
arrangement B among the foregoing eight types of axis
arrangements. The circumference direction of each diagram
indicates an azimuth (0° to 360°), and the radial direction
indicates a polar angle (0° to 80°). Furthermore, the lines in
the diagrams show the contour lines of the CR (contrast=
white brightness/black brightness). The diagrams show that
the larger the area in a high contrast region is, the more
excellent the characteristics of the viewing angle are.

[0067] Comparing the characteristics of the viewing angle
of the eight types of axis arrangements in FIGS. 10 and 11,
high contrast regions (that is, white regions in FIGS. 10 and
11) are small regarding the following six: the axis arrange-
ment A-A1-C2 (the right upper part in FIG. 10); the axis
arrangements A-A2 (the lower part in FIG. 10); the axis
arrangements B-B1 (the upper part in FIG. 11) and; the axis
arrangement B-B2-C2 (the right lower part in FIG. 11). On
the other hand, it is found out that high contrast regions are
large regarding the two axis arrangements A-A1-C1 (the left
upper part in FIG. 10) and the axis arrangement B-B2-C1
(the left lower part in FIG. 11). From this result, it is found
out that a combination of the axis arrangement A-A1-C1 or
B-B2-C1 is preferable to make the characteristics of the
viewing angle excellent, and that the axis arrangement
B-B2-C1 is the most excellent when taking the foregoing
control of the coloring into consideration.

[0068] From the above-described results, it was proved
that the axis arrangements B and B2 are preferable for the
optical members disposed on the visual confirmation side of
the opposite substrate 5, and the axis arrangement C1 is
preferable for the optical members disposed on the backlight
side of the active matrix substrate 7. Therefore, in this
embodiment, as shown in FIG. 3 for example, the absorp-
tion axis of the first polarizing plate 2, the lag axis of the first
phase contrast plate 3 and the lag axis of the second phase
contrast plate 4 are set to be —158°, -58° and 0°, respec-
tively. In addition, the tilt direction of the liquid crystal film
8, the lag axis of the third phase contrast plate 9 and the
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absorption axis of the second polarizing plate 10 are set to
be -90, -29° and -10', respectively. The optical axis of each
optical member is disposed to have the foregoing axis
arrangements. Note that in Patent Literature 1, the optical
members disposed on the visual confirmation surface side of
the opposite substrate 5 uses the axis arrangement A, and
that the axis arrangement is essentially different from that of
the present invention. It is possible to obtain the effects of
the present invention only by setting the optical axis of each
optical member in the foregoing axis arrangement B-B2-C1.

[0069] In this manner, in the transflective liquid crystal
display device of the present invention, the tilt direction of
the liquid film 8 disposed on the active matrix substrate 7
side is disposed to be substantially orthogonal to the lag axis
of the second phase contrast plate 4 disposed on the opposite
substrate 5 side. Moreover, the axis arrangement of the other
optical members such as the first polarizing plate 2, the first
phase contrast plate 3, the third phase contrast plate 9 and the
second polarizing plate 10 is further set relative to the lag
axes of the liquid crystal film 8 and the second phase
contrast plate 4, based on expressions 1 to 17. Accordingly,
it is possible to compensate for the anisotropy of the phase
contrast caused by the pretilt, and to control the light leakage
in the diagonal direction upon black display. It is also
possible to control a deviation in diffusion at each wave-
length and also to control the coloring upon white display.
Due to these effects, the present invention can realize the
transflective liquid crystal display device with a wide view-
ing angle.

Second Embodiment

[0070] Next, a description will be given of a transflective
liquid crystal display device according to a second embodi-
ment of the present invention with reference to FIG. 12.
FIG. 12 is a cross-sectional view schematically showing the
structure of the transflective liquid crystal display device
according to the second embodiment. Note that the embodi-
ment shows a case where the configuration of the liquid
crystal layer 6 is modified. The configuration of the trans-
flective liquid crystal display device (including an opposite
substrate 5, an active matrix substrate 7 and optical mem-
bers) are the same as that of the first embodiment. Therefore,
the descriptions thereof will be omitted.

[0071] Although the homogeneous-oriented liquid crystal
layer 6 is used in the foregoing first embodiment, the
orientation of a liquid crystal layer 6 is in a twisted nematic
mode in the embodiment. When the twist angle is assumed
to be 6, it is possible to obtain the effects equivalent to those
of the first embodiment as long as the twist angle 8 is in the
foregoing range of 0°<6<30°. For example, among the
orientation directions of the liquid crystal molecules of the
liquid crystal layer 6, an orientation direction of the liquid
crystal molecules in an interface of a first substrate (the
opposite substrate 5) is assumed to be 61, and an orientation
direction of the liquid crystal molecules of an interface of a
second substrate (the active matrix substrate 7) is assumed
to be 62. When the angle of a bisector of the orientations 61
and 62 of the liquid crystal molecules is set to be 90°, the
orientation of the liquid crystal molecules of a liquid crystal
film 8 can be arranged at 90°, and the axis arrangement of
each optical member can be set based on expressions 1 to 14
as in the first embodiment.

[0072] Specifically, the axis arrangement is made as
shown in FIG. 12, for example. The absorption axis of a first
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polarizing plate 2, the lag axis of a first phase contrast plate
3, the lag axis of a second phase contrast plate 4, and the
pretilt direction on the opposite substrate 5 side of the liquid
crystal layer 6 are to be set at -153°, -55°, 0°, and +105°,
respectively. Additionally, the pretilt direction on the active
matrix substrate 7 side of the liquid crystal layer 6, the pretilt
direction of the liquid crystal film 8, the lag axis of a third
phase contrast plate 9, and the absorption axis of a second
polarizing plate 10 are to be set at =105°, =90°, =37° and
-25°, respectively.

[0073] Note that when the orientation of the liquid crystal
layer 6 is greater than 30°, the effects of widening the
viewing angle is reduced relative to the orientation direction
of a liquid crystal film since the deviation in the orientation
directions in a liquid crystal layer becomes larger.

[0074] While this invention has been described in connec-
tion with certain preferred embodiments, it is to be under-
stood that the subject matter encompassed by way of this
invention is not to be limited to those specific embodiments.
On the contrary, it is intended for the subject matter of the
invention to include all alternatives, modifications and
equivalents as can be included within the spirit and scope of
the following claims.

What is claimed is:
1. A transflective liquid crystal display device, compris-
ing:

a first substrate;

a second substrate opposing to the first substrate, in which
transmission and reflection regions are formed; and

a liquid crystal layer interposed between the two sub-
strates, which is homogeneous oriented, wherein

a first optical anisotropic element including an uniaxially
anisotropic film and a first polarizing plate are disposed
on a surface of the first substrate from the first substrate
side, the surface being opposite to the liquid crystal
display,

a second optical anisotropic element including a liquid
crystal film which shows an optically positive uniaxi-
ality and a second polarizing plate, both of which are
disposed on a surface of the second substrate from the
second substrate side, the surface being opposite to the
liquid crystal layer, and

a nematic hybrid orientation, in which a polymeric liquid
crystal substance formed in a liquid state, of the liquid
crystal film is fixed, and the optical axis of the aniso-
tropic film is disposed to be orthogonal or substantially
orthogonal to that of the liquid crystal film.

2. The transflective liquid crystal display device accord-
ing to claim 1, wherein at least a quarter wave plate is
included as the uniaxially anisotropic film of the first optical
anisotropic element.

3. The transflective liquid crystal display device accord-
ing to claim 2, wherein

a first half wave plate on the quarter wave plate on an
opposite side to the first substrate and a second half
wave plate on the liquid crystal film on an opposite side
to the second substrate are included, and

the orientation direction of liquid crystal molecules con-
sisted of the liquid crystal layer is parallel or substan-
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tially parallel to an orientation direction of liquid
crystal molecules of the liquid crystal film.

4. The transflective liquid crystal display device accord-
ing to claim 1, wherein a tilt direction of a liquid crystal on
the second substrate side of the liquid crystal layer is the
same direction as that of a liquid crystal on the second
substrate side of the liquid crystal film.

5. The transflective liquid crystal display device accord-
ing to claim 3, wherein when an angle formed by an
absorption axis of the first polarizing plate and a lag axis of
the first half wave plate is assumed to be o and an angle
formed by the lag axis of the first half wave plate and that
of the quarter wave plate is assumed to be 3, the first
polarizing plate, the first half wave plate and the quarter
wave plate are disposed to satisfy the following expressions

(1) and (2):
42°=p-a=48° M
45°20<90°

6. The transflective liquid crystal display device accord-
ing to claim 5, wherein when an angle formed by an
absorption axis of the second polarizing plate and a lag axis
of the second half wave plate is assumed to be o' and an
angle formed by the lag axis of the second half wave plate
and the orientation direction of the liquid crystal molecules
of the liquid crystal film is assumed to be {', the second
polarizing plate, the second half wave plate and the liquid
crystal film are disposed to satisfy the following expressions
(3) and (4):

42°Sp- =480 6
0°<0 £45° @

7. The transflective liquid crystal display device accord-
ing to claim 6, wherein if, among tilt directions of the liquid
crystal layer, a tilt direction in an interface of the first
substrate is assumed to be 90° and a counterclockwise
direction is assumed to be positive when viewing the trans-
flective liquid crystal display device from a visual confit-
mation side, the first and second half wave plates and the
first and second polarizing plates are disposed to satisfy the
following expressions (5) to (8):

180°<an angle (°) of the lag axis of the first half wave
plate<0°® (&)

42°=(the angle (°) of the lag axis of the first half wave
plate)x2—(an angle (°) of the absorption axis of the first
polarizing plate) =48° (6)

-90°<an angle (°) of the lag axis of the second half
wave plate<90° @]

132°=(the angle (°) of the lag axis of the second half
wave plate)x2—(an angle (°) of the absorption axis of
the second polarizing plate) =138 (8)
8. The transflective liquid crystal display device accord-
ing to claim 7, wherein the first and second half wave plates
and the first and second polarizing plates are disposed to be
in mirror-image relations in terms of the orientation direc-
tion of the liquid crystal molecules of the liquid crystal layer.
9. A transflective liquid crystal display device, compris-
ing:

a first substrate;

a second substrate disposed opposingly to the first sub-
strate, in which transmission and reflection regions are
formed; and
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a liquid crystal layer interposed between the two sub-
strates, whose twist angle 8 is 0°<8=30°, wherein

a quarter wave plate, a first half wave plate and a first
polarizing plate are disposed on a surface of the first
substrate from the first substrate side, the surface being
opposite to the liquid crystal layer,

aliquid crystal film, a second half wave plate and a second
polarizing plate are disposed on a surface of the second
substrate from the second substrate, the surface being
opposite to the liquid crystal layer,

a nemetic hybrid orientation, in which a polymeric liquid
crystal substance is formed in a liquid crystal state, of
the liquid crystal film is fixed, and

an optical axis of the quarter wave plate is disposed to be
orthogonal or substantially orthogonal to that of the
liquid crystal film, and a bisector of orientation direc-
tions on the first and second substrate sides of liquid
crystal molecules of the liquid crystal layer is substan-
tially parallel to an orientation direction of liquid
crystal molecules of the liquid crystal film.

10. The transflective liquid crystal display device accord-
ing to claim 9, wherein when an angle formed by an
absorption axis of the first polarizing plate and a lag axis of
the first half wave plate is assumed to be ¢ and an angle
formed by the lag axis of the first half wave plate and a lag
axis of the quarter wave plate is assumed to be f3, the first
polarizing plate, the first half wave plate and the quarter
wave plate are disposed to satisfy the following expressions
(9) and (10):

42°5p-g=48° ©)
45°20<90° (10)

11. The transflective liquid crystal display device accord-
ing to claim 10, wherein when an angle formed by an
absorption axis of the second polarizing plate and a lag axis
of the second half wave plate is assumed to be o' and an
angle formed by the lag axis of the second half wave plate
and the orientation direction of the liquid crystal molecules
of the liquid crystal film is assumed to be f', the second
polarizing plate, the second half wave plate and the liquid
crystal film are disposed to satisfy the following expressions
(11) and (12):

42°Sp-q’'48° (11
0°<q’ S45° 12)

12. The transflective liquid crystal display device accord-
ing to claim 11, wherein if a direction among a bisector of
the orientation directions on the first and second substrate
sides of the liquid crystal molecules of the liquid crystal
layer, the direction making the narrowest angle formed by
any one of the bisector and a tilt direction of liquid crystal
molecules in an interface of the first substrate, is assumed to
be 90°, and a counterclockwise direction is assumed to be
positive when viewing the transflective liquid crystal display
device from a visual confirmation side, the first and the
second half wave plates and the first and the second polar-
izing plates are disposed to satisfy the following expressions
(13) to (16):

-180°<an angle (°) of the lag axis of the first half wave
plate<0° (13)

42°«(the angle (°) of the lag axis of the first half wave
plate)x2—(an angle (°) of the absorption axis of the first
polarizing plate) =48° (14
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-90°<an angle of the lag axis of the second half wave
plate<90° (15)

132°«(the angle (°) of the lag axis of the second half

wave plate)x2—-(an angle (°) of the absorption axis of
the second polarizing plate)=138° (16)
13. The transflective liquid crystal display device accord-
ing to claim 12, wherein the first and the second half wave
plates and the first and the second polarizing plates are
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disposed to be in mirror-image relations in terms of a
direction among the bisector, which makes the angle formed
by any one of the bisector and the orientation direction of
liquid crystal molecules the narrowest.
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