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(57) ABSTRACT

A liquid crystal display device having a reflective part and a
transmissive part in each of a plurality of pixels which are
arrayed in a matrix, includes a liquid crystal display panel
which is configured such that a liquid crystal layer is held
between a pair of substrates, and to which an OCB mode is
applied, and a pair of optical elements which are disposed on
outer surfaces of the liquid crystal display panel, respectively,
and optically compensate a retardation of the liquid crystal
layer in a predetermined display state in which a voltage is

(21) Appl. No.: 12/121,381 applied to the liquid crystal layer, wherein the optical element
is configured to include a circular polarization element
o including a polarizer and a first retardation plate which is
(22) Filed: May 15,2008 disposed between the polarizer and the liquid crystal display
panel and imparts a retardation of 1/4 wavelength, and a
(30) Foreign Application Priority Data second retardation plate which is disposed between the cir-
cular polarization element and the liquid crystal layer, and has
May 18,2007  (JP) ceooiieiireneneeee 2007-132836 refractive index anisotropy with a major axis being inclined to
May 18,2007 (JP) .... 2007-132837 a normal line, and the optical element has a retardation in a
May 13,2008  (IP) woooveeeeeeeeeeeeee 2008-125469 thickness direction thereof.
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| /Rubbing direction

First embodiment

Retardation value, etc

Axis angle, etc

40<

PL (Polarizer) - 90° (Absorption axis)
R1(1/4 Wavelength plate) R=137.5nm 45° (Slow axis)
. C-plate _
R3 (Retardation plate C) REF=1300m
R2 (Retardation film with Re=45nm

major axis being
hybrid - aligned)

Mean tilt angle 30°
Discotic liquid crystal

00
(Tilt direction)

Liquid crystal display panel 1 dT=4.65um 0°
(liquid crystal layer) dg;i.;ym (Rubbing direction)
R2 (Retardation fim with Re=45nm 0°

major axis being
hybrid - aligned)

Mean tilt angle 30°
Discotic liquid crystal

(Tilt direction)

R3 (Retardation plate C) Rtﬁ;ﬁlggim -
R1(1/4 Wavelength plate) 135° (Slow axis)

PL (Polarizer)

R=137.5nm

0° (Absorption axis)
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Second embodiment

Retardation value, etc Axis angle, etc
PL (Polarizer) - 90° (Absorption axis)
R4 (1/2 Wavelength plate) R 2T 90° (Slow axs)
R1(1/4 Wavelength plate) R=137.5nm 45° (Slow axis)
R3 (Retardation plate C) Rtg;%lggim -
R2 (Retardation film with Re=45nm 0°
major axis being Mean tilt angle 30° Tit direct
hybrid - aligned) Discotic liquid crystal (Tt direction)
Liquid crystal display panel 1 %1;426]?”? U
(liquid crystal layer) Gp='7o (Rubbing direction)
R2 (Retardation film with Re=45nm 0°
major axis being Mean titt angle 30° L
hybrid - aligned) Discotic liquid crystal (Titt direction)
. C-plate _
R3 (Retardation plate C) REh=130nm
R1(1/4 Wavelength plate) R=137.5nm 135° (Slow axis)
PL (Polarizer) - 0° (Absorption axis)

FIG.9

f Second embodiment]

CR=10:1
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Third embodiment
Retardation value, etc Axis angle, etc
PL (Polarizer) - 90° (Absorption axis)
R4 (1/2 Wavelength plate) RN=Z2=78rl1m 0° (Slow axis)
R1(1/4 Wavelength plate) R=137.5nm 45° (Slow axis)
04| R3 (Retardation plate C) Rtﬁ;pllggim -
R2 (Retardation film with Re=45nm 0°
major axis being Mean tilt angle 30° R
hybrid - aligned) Discotic liquid crystal (Tit direction)
- . dT=4.65um °
Liquid crystal display panel 1 - U
(liquid crystal layer) dgpi.;ym (Rubbing direction)
(| R2(Retardation film with Re=45nm 0
major axis being Mean tilt angle 30° Lo
hybrid - aligned) Discotic liquid crystal (Titt: direction)
09 | R3 (Retarcation plate C) re -
R1(1/4 Wavelength plate) R=137.5nm 135° (Slow axis)
L PL (Polarizer) - 0° (Absorption axis)
FIG. 1
C{PL -7 7 y,
RISNN SN 50
R~/ [/ /[
/v]
R~/ / [
R1 NN N N NN\ 40
e~ 7 7
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Fourth embodiment

Retardation value, etc

Axis angle, etc

s

PL (Polarizer) - 90° (Absorption axis)
R1 (1/4 Wavelength plate) T oom 45° (Slow axis)
R2 (Retardation film with Re=45nm

major axis being
hybrid - aligned)

Mean tilt angle 30°
Discotic liquid crystal

OO
(Tilt direction)

dT=4.65um

Liquid crystal display panel 1 - 0°
(liquid crystal layer) dgpi_}ym (Rubbing direction)
R2 (Retardation film with Re=45nm

major axis being
hybrid - afigned)

Mean tilt angle 30°
Discotic liquid crystal

00
(Titt direction)

R1 (1/4 Wavelength plate) RESz'IZSEm 135° (Slow axis)
PL (Polarizer) - 0° (Absorption axis)
FIG.13
c PL—J 7 7
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R~ / [/
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Fifth embodiment

Retardation valug, etc

Axis angle, etc

PL (Polarizer) - 90° (Absorption axis)
R1(1/4 Wavelength plate) Ri;i];g m 45° (Slow axis)
R2 (Retardation film with Re=45nm

major axis being

Mean tilt angle 30°

00
(Tilt direction)

hybrid - aligned) Discotic fiquid crystal
Liquid crystal display panel 1 ddTR=_42.615um 0°
(liquid crystal layer) G);=.79m (Rubbing direction)
R2 (Retardation film with Re=45nm 0°

major axis being
hybrid - aligned)

Mean tilt angle 30°
Discotic liquid crystal

(Tilt direction)

R1(1/4 Wavelength plate) o 135° (Slow axis)
R4 (1/2 Wavelength plate) Rr\Tzzlg%m 0°

PL (Polarizer)

0° (Absorption axis)

FI1G. 15
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2007-132836, filed May 18, 2007; No. 2007-132837, filed
May 18,2007; and No. 2008-125469, filed May 13, 2008, the
entire contents of all of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly to a transflective liquid
crystal display device using an optically compensated bend
(OCB) alignment technique which can realize an increase in
viewing angle and an increase in response speed.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display devices have been applied to
various fields by taking advantage of their features such as
light weight, small thickness and low power consumption.
[0006] In recent years, attention has been paid to a liquid
crystal display, to which the OCB mode is applied, as a liquid
crystal display device which can improve the viewing angle
and response speed. The OCB mode liquid crystal display
device is configured such that a liquid crystal layer including
liquid crystal molecules, which are bend-aligned in a state in
which a predetermined voltage is applied, is held between a
pair of substrates. Compared to a twisted nematic (TN) mode,
the OCB mode is advantageous in that the response speed can
be increased and the viewing angle can be increased since the
effect of birefringence of light, which passes through the
liquid crystal layer, can optically be compensated by the
alignment state of liquid crystal molecules.

[0007] In addition, in recent years, a transflective liquid
crystal display device having a reflective part and a transmis-
sive part, to which the OCB mode is applied, has been devel-
oped. Jpn. Pat. Appln. KOKAI Publication No. 2005-164957,
for instance, discloses a circular polarizer which is applicable
to an OCB mode transflective liquid crystal display device.
This circular polarizer is configured to include a polarizer and
a liquid crystal film as an optical anisotropic element in which
a nematic hybrid alignment structure is fixed.

[0008] At present, however, the optimization of a circular
polarizer, which is applied in a case where an optical design
peculiar to the OCB mode is made, has not sufficiently been
discussed. In particular, there is such a problem that a viewing
angle, at which a high contrast ratio (e.g. CR=10:1, or more)
is obtained when transmissive display is performed, is nar-
row.

BRIEF SUMMARY OF THE INVENTION

[0009] The object of the present invention is to provide a
transflective liquid crystal display device which can realize a
wide viewing angle and to which an OCB mode is applied.

[0010] According to an aspect of the present invention,
there is provided a liquid crystal display device having a
reflective part and a transmissive part in each of a plurality of
pixels which are arrayed in a matrix, comprising: liquid crys-
tal display panel which is configured such that a liquid crystal
layer is held between a pair of substrates, and to which an
OCB mode is applied; and a pair of optical elements which
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are disposed on outer surfaces of the liquid crystal display
panel, respectively, and optically compensate a retardation of
the liquid crystal layer in a predetermined display state in
which a voltage is applied to the liquid crystal layer, wherein
the optical element is configured to include: a circular polar-
ization element including a polarizer and a first retardation
plate which is disposed between the polarizer and the liquid
crystal display panel and imparts a retardation of Y4 wave-
length; and a second retardation plate which is disposed
between the circular polarization element and the liquid crys-
tal layer, and has refractive index anisotropy with a major axis
being inclined to a normal line, and the optical element has a
retardation in a thickness direction thereof.

[0011] The present invention can provide a transflective
liquid crystal display device which can realize a wide viewing
angle and to which an OCB mode is applied.

[0012] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0013] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
presently preferred embodiments of the invention, and
together with the general description given above and the
detailed description of the preferred embodiments given
below, serve to explain the principles of the invention.
[0014] FIG. 1is a view that schematically shows the struc-
ture of a liquid crystal display device according to an embodi-
ment of the present invention;

[0015] FIG. 2 is a view that schematically shows the struc-
ture of a liquid crystal display panel which is applicable to the
liquid crystal display device shown in FIG. 1;

[0016] FIG. 3 is a view that schematically shows the struc-
ture of an OCB mode transflective liquid crystal display panel
which is applicable to the liquid crystal display device shown
in FIG. 1;

[0017] FIG. 4 is a view for explaining the relationship of
alignment film capacitance and liquid crystal capacitance
between a reflective part and a transmissive part;

[0018] FIG.5isaview forexplaining the definitions of axis
angles to a rubbing direction of an alignment film in the liquid
crystal display device shown in FIG. 1;

[0019] FIG. 6 is a view for describing a structure example
of'a liquid crystal display device according to a first embodi-
ment;

[0020] FIG. 7 is a view showing a simulation result of the
viewing angle dependency of a contrast ratio at a time of
transmissive display in the liquid crystal display device
according to the first embodiment;

[0021] FIG. 8is a view that schematically shows the struc-
ture of a liquid crystal display device according to a second
embodiment;

[0022] FIG. 9 is a view for describing a structure example
of the liquid crystal display device according to the second
embodiment;

[0023] FIG. 10 is a view showing a simulation result of the
viewing angle dependency of a contrast ratio at a time of
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transmissive display in the liquid crystal display device
according to the second embodiment;

[0024] FIG. 11 is a view for describing a structure example
ofaliquid crystal display device according to a third embodi-
ment;

[0025] FIG.12isaview that schematically shows the struc-
ture of a liquid crystal display device according to a fourth
embodiment;

[0026] FIG. 13 is a view for describing a structure example
of the liquid crystal display device according to the fourth
embodiment;

[0027] FIG. 14 is aview that schematically shows the struc-
ture of a liquid crystal display device according to a fifth
embodiment; and

[0028] FIG. 15 is a view for describing a structure example
of the liquid crystal display device according to the fifth
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0029] A liquid crystal display device according to an
embodiment of the invention will now be described with
reference to the accompanying drawings. A description is
given of, as an example of the liquid crystal display device, a
transflective liquid crystal display device to which an OCB
mode is applied and which is configured to include, in each of
pixels, a transmissive part that displays an image by selec-
tively transmitting the light from the backlight and a reflective
display part that displays an image by selectively reflecting
ambient light.

[0030] Asshown inFIG. 1, the liquid crystal display device
is configured to include a liquid crystal display panel 1 to
whichan OCB mode is applied, and a pair of optical elements,
namely, a first optical element 40 and a second optical ele-
ment 50, which are disposed on both outer surfaces of the
liquid crystal display panel 1. The liquid crystal display
includes a backlight 60 that illuminates the liquid crystal
display panel 1 from the first optical element 40 side. Spe-
cifically, the first optical element 40 is disposed between the
liquid crystal display panel 1 and the backlight 60.

[0031] As shown in FIG. 2 and FIG. 3, the liquid crystal
display panel 1 is configured such that a liquid crystal layer 30
is held between a pair of substrates, namely, an array substrate
(a substrate opposed to the first optical element 40) 10 and a
counter-substrate (a substrate opposed to the second optical
element 50, or an observation-side substrate) 20, and the
liquid crystal display panel 1 includes an active area DSP that
displays an image. The active area DSP has a substantially
rectangular shape and is composed of a plurality of pixels PX
which are arrayed in a matrix.

[0032] Each of the pixels PX includes a reflective part PR
that displays an image by selectively reflecting ambient light
in a reflective display mode, and a transmissive part PT that
displays an image by selectively transmitting the light from
the backlight 60 in a transmissive display mode.

[0033] The array substrate 10 is formed by using a light-
transmissive insulating substrate 11 of| e.g. glass. The array
substrate 10 includes, on one major surface of the insulating
substrate 11, that is, on a surface thereof facing the liquid
crystal layer 30, a plurality of scanning lines Sc which are
disposed in a manner to extend along a row direction of the
pixels PX; a plurality of signal lines Sg which are disposed in
amanner to extend along a column direction of the pixels PX;
switch elements 12 are disposed in association with the
respective pixels PX near intersections between the scanning
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lines Sc and signals lines Sg; pixel electrodes 13 which are
connected to the switch elements 12 and are disposed in
association with the respective pixels PX; and an alignment
film 16 which is disposed in a manner to cover the pixel
electrodes 13.

[0034] The scanning lines Sc and signal lines Sg are dis-
posed so as to cross each other via an insulation film.

[0035] The switch element 12 is composed of, e.g. a thin-
film transistor (TFT). The switch element 12 includes a semi-
conductor layer which is formed of, e.g. polysilicon or amor-
phous silicon. The gate of the switch element 12 is electrically
connected to the associated scanning line Sc (or formed inte-
gral with the associated scanning line). The source of the
switch element 12 is electrically connected to the associated
signal line Sg (or formed integral with the associated signal
line).

[0036] The pixel electrode 13 is disposed on an insulation
film 14. The insulation film 14 forms a gap difference of the
liquid crystal layer 3 between the reflective part PR and the
transmissive part PT. Each of the pixel electrodes 13 includes
a reflective electrode 13R which is provided in association
with the reflective part PR, and a transmissive electrode 13T
which is provided in association with the transmissive part
PT. The reflective electrode 13R is formed of a light-reflective
electrically conductive material such as aluminum. The trans-
missive electrode 13T is formed of a light-transmissive elec-
trically conductive material such as indium tin oxide (ITO).
The reflective electrode 13R and transmissive electrode 13T
are electrically connected to the drain of the switch element
12.

[0037] The counter-substrate 20 is formed by using a light-
transmissive insulating substrate 21 of, e.g. glass. The
counter-substrate 20 includes a counter-electrode 22 which is
disposed on one major surface of the insulating substrate 21,
that is, a surface thereof facing the liquid crystal layer 30, so
as to be opposed to the pixel electrodes 13 of the plural pixels
PX, and an alignment film 23 which is disposed so as to cover
the counter-electrode 22. The counter-electrode 22 is formed
of a light-transmissive electrically conductive material such
as ITO.

[0038] Thearray substrate 10 and counter-substrate 20 hav-
ing the above-described structures are disposed with a prede-
termined gap therebetween via a spacer not shown (e.g. a
columnar spacer which is integrally formed on one of the
substrates) in such a manner that their alignment films 16 and
23 are opposed to each other, and are attached to each other by
a sealant. The liquid crystal layer 30 is sealed in the gap
between the array substrate 10 and counter-substrate 20.

[0039] Inthis embodiment, the liquid crystal display panel
1is configured such that an OCB mode is applied to the liquid
crystal display panel 1. The liquid crystal layer 30 is formed
of'a liquid crystal material including liquid crystal molecules
31 which have positive dielectric constant anisotropy and
optically positive uniaxiality. In this liquid crystal layer 30, in
a predetermined display state in which a voltage is applied to
the liquid crystal layer 30, the liquid crystal molecules 31 are
bend-aligned between the array substrate 10 and counter-
substrate 20. In the example shown in FIG. 3, the liquid
crystal molecules 31 are bend-aligned in the transmissive part
PT and reflective part PR.

[0040] In particular, in the liquid crystal display panel 1 to
which the OCB mode is applied, as shown in FIG. 4, a cell gap
dR inthe reflective part PR is set to be less than /2 of a cell gap
dT of the transmissive part, that is,

dR<dT/2.
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The cell gap, in this context, substantially corresponds to the
thickness of the liquid crystal layer 30 between the alignment
film 16 of the array substrate 10 and the alignment film 23 of
the counter-substrate 20.

[0041] Specifically, both the alignment film and liquid
crystal layer are dielectric bodies which are disposed between
the pixel electrode 13 and the counter-electrode 22. A liquid
crystal material, which is applied to the OCB mode, has a
relatively high specific dielectric constant (€) that is, e.g. 14 or
more. When a voltage is applied between the pixel electrode
13 and the counter-electrode 22 so that a predetermined volt-
age is applied to the liquid crystal layer of the transmissive
part PT, the degree of contribution of a capacitance C16 of the
alignment film 16 and a capacitance C23 of the alignment film
23 to a capacitance C30 of the liquid crystal layer 30 is high,
and thus a necessary and sufficient voltage cannot be applied
to the liquid crystal layer 30 of the reflective part PR in the
case where the cell gap dR of the reflective part PR is set at 12
of the cell gap dT of the transmissive part PT. It is necessary,
therefore, to set the cell gap dR of the reflective part PR to be
less than Y2 of the cell gap dT of the transmissive part PT, and
to increase the ratio of the voltage that is applied to the liquid
crystal layer 30 of the reflective part PR. In short, the cell gap
dR of the reflective part PR is set at such a value that a
sufficient voltage can be applied to the liquid crystal layer 30
of the reflective part PR.

[0042] Inthis embodiment, the cell gap dT of the transmis-
sive part PT is 4.65 um, and the cell gap dR of the reflective
part PR is 2.1 um, which is less than ¥ of the cell gap dT.

First Embodiment

[0043] To begin with, a liquid crystal display device
according to a first embodiment is described. In the first
embodiment, the first optical element 40 and second optical
element 50 have a function of optically compensating the
retardation of the liquid crystal layer 30 in a predetermined
display state in which a voltage is applied to the liquid crystal
layer 30 in the above-described liquid crystal display panel 1.
The first optical element 40 and second optical element 50 are
configured to have retardation in their thickness direction.
[0044] As shown in FIG. 1, the first optical element 40 is
disposed on the outer surface of the array substrate 10, and the
second optical element 50 is disposed on the outer surface of
the counter-substrate 20. The first optical element 40 and
second optical element 50 have the same structure. Specifi-
cally, each of the first optical element 40 and second optical
element 50 is configured to include a circular polarization
element C including a polarizer PL and a first retardation plate
R1; asecond retardation plate R2; and a third retardation plate
R3.Thefirst optical element 40 and second optical element 50
are configured to be symmetric with respect to the liquid
crystal display panel 1. Specifically, in each of the first optical
element 40 and second optical element 50, the second retar-
dation plate R2, third retardation plate R3, first retardation
plate R1 and polarizer PL are stacked in the named order from
the liquid crystal display panel 1 side.

[0045] Thepolarizer PL is configured such that a polarizing
layer, which is formed of, e.g. polyvinyl alcohol (PVA), is
held between a pair of support layers which are formed of, e.g.
triacetylcellulose (TAC). The polarizer PL has, in its plane, a
transmission axis and an absorption axis which are substan-
tially perpendicular to each other.

[0046] The first retardation plate R1 is disposed between
the polarizer PL and the liquid crystal display panel 1, and
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has, in its plane, a fast axis and a slow axis which are sub-
stantially perpendicular to each other. The first retardation
plate R1 is a so-called Y4 wavelength plate which imparts a
retardation of Y4 wavelength between light components of a
predetermined wavelength (e.g. light having a wavelength of
550 nm) which pass through the fast axis and the slow axis.
The combination of the polarizer PL and the first retardation
plate (Y wavelength plate) R1 ideally functions as a circular
polarizer which converts linearly polarized light of a prede-
termined wavelength, which has passed through the transmis-
sion axis of the polarizer PL, to circularly polarized light.

[0047] Thesecond retardation plate R2 is disposed between
the circular polarization element C and the liquid crystal
display panel 1, and has, inits plane, a fast axis and a slow axis
which are substantially perpendicular to each other. The sec-
ond retardation plate R2 is an anisotropic film which com-
pensates the retardation of the liquid crystal layer 30, and is an
anisotropic film having a refractive index anisotropy with its
substantial major axis being inclined to the normal line when
consideration is given to the comprehensive refractive index
anisotropy of the second retardation plate R2 itself. A WV
(wide view) film (manufactured by FUJIFILM Corporation),
for instance, is applicable as the second retardation plate R2.
The WV film is a liquid crystal film in which discotic liquid
crystal molecules having optically negative uniaxial refrac-
tive index anisotropy are fixed in the state in which the optical
axis is hybrid-aligned (i.e. major axis is hybrid-aligned) along
the normal direction (i.e. the thickness direction of the retar-
dation plate) in the liquid crystal state. The second retardation
plate R2 is a retardation plate corresponding to an A-plate
having retardation in its plane, and optically compensates the
viewing angle dependency based on the refractive index
anisotropy of bend-aligned liquid crystal molecules.

[0048] The third retardation plate R3 is disposed between
the circular polarization element C and the second retardation
plate R2, and is a retardation plate corresponding to a C-plate
having retardation in its thickness direction. Specifically, the
third retardation plate R3 has a refractive index anisotropy of
nx=ny>nz (optically negative), where nx and ny are refractive
indices in mutually perpendicular directions in its plane, and
nz is a refractive index in its normal direction. In short, in the
first embodiment, the retardation in the thickness direction of
the optical element is provided by the third retardation plate
R3. To be more specific, the third retardation plate R3 com-
pensates deficiency of the refractive index (nz) in the thick-
ness direction which is necessary for optical compensation by
the second retardation plate R2.

[0049] Intheabove-described liquid crystal display device,
the respective structural parts are disposed, for example, with
the following axis angles, with the rubbing direction of the
alignment film 16 of the array substrate 10 and the alignment
film 23 of the counter-substrate 20 being set as a reference
direction. The axis angles are angles of the absorption axis of
the polarizer and the slow axis of the retardation plate, which
are formed counterclockwise relative to the reference direc-
tion (X axis), and are defined in FIG. 5. Specifically, when the
liquid crystal display device is observed from the counter-
substrate 20 side, an X axis and a Y axis, which are perpen-
dicular to each other, are defined, for the purpose of conve-
nience, in a plane that is parallel to the major surface of the
array substrate 10 (or counter-substrate 20), and a normal
direction to this plane is defined as a Z axis. The term “in a
plane” means “in an X-Y plane” which is defined by the X
axis and Y axis. The rubbing direction of the alignment film
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16 and alignment film 23 is parallel to the X axis, and the
liquid crystal molecules 31 of the liquid crystal layer 30 are
bend-aligned in the X-Z plane.

[0050] FIG. 6 shows a structure example of the first
embodiment.
[0051] Specifically, in the liquid crystal panel 1, the rub-

bing direction of the liquid crystal layer 30 is set at 0° azi-
muth. In each pixel PX, the cell gap dT of the transmissive
part PT is set at 4.65 um, and the cell gap dR of the reflective
part PR is set at 2.1 82 m. A pre-tilt angle ©p of the liquid
crystal molecules in the liquid crystal layer 30 is set at 7°.
[0052] In the array substrate-side first optical element 40,
the polarizer PL is disposed such that its absorption axis is set
at 0° azimuth. The first retardation plate R1 is disposed such
that its slow axis is set at 135° azimuth. The second retarda-
tion plate R2 is a retardation plate in which discotic liquid
crystal molecules are hybrid-aligned in its thickness direc-
tion, and a mean tilt angle of the major axis of the discotic
liquid crystal molecule is set at 30° to the normal line. The
second retardation plate R2 is disposed such that the compre-
hensive orthogonal projection of the major axis on the X-Y
plane is parallel to the rubbing direction. In short, the tilt angle
of'the major axis of the second retardation plate R2 is set at 0°
azimuth.

[0053] Inthecounter-substrate-side second optical element
50, the polarizer PL is disposed such that its absorption axis is
set at 90° azimuth. The first retardation plate R1 is disposed
such that its slow axis is set at 45° azimuth. The second
retardation plate R2 is disposed such that the tilt angle of its
major axis is set at 0° azimuth.

[0054] As described above, in the first embodiment, in par-
ticular, each of the slow axes of the first retardation plates R1
of the first optical element 40 and second optical element 50
is set at 45° to the rubbing direction, and both slow axes are
disposed to be perpendicular to each other. Thereby, the effect
ofwavelength dispersion of'the first retardation plate R1 itself
can be relaxed. In particular, it becomes possible to suppress
a decrease in contrast due to the wavelength dependency
when the liquid crystal display device is observed from the
front (the normal direction of the liquid crystal display panel).
[0055] In addition, each of the polarizers PL, which are
included in the first optical element 40 and second optical
element 50, is disposed such that the absorption axis thereof
is set at 45° to the slow axis of the first retardation plate R1
that constitutes the circular polarization element, and that the
absorption axes of both polarizers PL are perpendicular to
each other.

[0056] The retardation values of the respective structural
parts of the first optical element 40 and second optical ele-
ment 50 are as follows. In this case, the retardation values at
the wavelength of 550 nm are indicated. Specifically, the
retardation R of the first retardation plate R1 is 137.5 nm, the
retardation (in-plane retardation) Re of the second retardation
plate R2 is 45 nm, and the retardation (retardation in thickness
direction) Rth of the third retardation plate R3 is 130 nm. In
this case, the retardation values are set to be equal between the
first optical element 40 and the second optical element 50
which are disposed via the liquid crystal layer 30, but in the
present invention these retardation values may not be equal.
[0057] According to the above-described first embodiment,
in the OCB mode transflective liquid crystal display device
which has the function of effecting reflective display by the
reflective part and transmissive display by the transmissive
part, the comprehensive optical design of the optical element,
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which includes the circular polarization element C, and the
OCB mode liquid crystal display panel is optimized, display
with a high contrast ratio can be realized both in reflective
display and transmissive display in the case of not only obser-
vation in a frontal direction but also observation in an oblique
direction, and the viewing angle, at which the high contrast
ratio can be obtained, can be increased.

[0058] Next, the advantageous effects of the above-de-
scribed structure example of the first embodiment were veri-
fied.

[0059] FIG. 7 shows a simulation result of the viewing
angle dependency of the contrast ratio in the transmissive
display in the liquid crystal display device according to the
first embodiment. The center of concentric circles corre-
sponds to the normal direction (Z axis) of the liquid crystal
display panel. The concentric circles defined about the nor-
mal direction indicate tilt angles (viewing angles) to the nor-
mal direction, and correspond to 20°, 40°, 60° and 80°,
respectively. The characteristic diagram, which is shown
here, is obtained by connecting regions of equal contrast
ratios (CR) in respective directions. In particular, the regions
with the contact ratio=100:1 and the contact ratio=10:1 are
illustrated.

[0060] As shown in FIG. 7. according to the structure
example of the first embodiment, the contrast ratio=10:1 is
obtained in the range of the viewing angles of 60° or more in
all azimuth directions of the screen, and the contrast
ratio=10:1 is obtained in the range of the viewing angles of
80° or more in azimuth directions of 0°-180° and 90°-270°. It
was thus confirmed that sufficient viewing angles can be
obtained.

Second Embodiment

[0061] Next, a liquid crystal display device according to a
second embodiment is described. In the second embodiment,
like the first embodiment, the first optical element 40 and
second optical element 50 have a function of optically com-
pensating the retardation of the liquid crystal layer 30 in a
predetermined display state in which a voltage is applied to
the liquid crystal layer 30 in the above-described liquid crys-
tal display panel 1. In particular, in the second embodiment,
the circular polarization element C, which is provided in one
of'the first optical element 40 and second optical element 50,
includes a fourth retardation plate R4 which is disposed
between the polarizer PL and the first retardation plate R1.
Thus, the first optical element 40 and second optical element
50 are asymmetric with respect to the liquid crystal display
panel 1.

[0062] In an example shown in FIG. 8, the circular polar-
ization element C of the second optical element 50, which is
disposed on the counter-substrate 20 side (i.e. observation
surface side) of the liquid crystal display panel 1, includes the
polarizer PL, fourth retardation plate R4 and first retardation
plate R1. However, the circular polarization element C of the
first optical element 40 may include the fourth retardation
plate R4. The other structure of the second embodiment is the
same as that of the first embodiment.

[0063] The fourth retardation plate R4 has a fast axis and a
slow axis which are substantially perpendicular to each other,
and is a so-called 2 wavelength plate which imparts a retar-
dation of %2 wavelength between light components of a pre-
determined wavelength (e.g. light having a wavelength of 550
nm) which pass through the fast axis and the slow axis. The
fourth retardation plate R4 has a function of compensating the
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viewing angle dependency of the retardation of the entire
liquid crystal display device, and increasing the viewing
angle. In particular, the fourth retardation plate R4 is config-
ured to mainly compensate the viewing angle dependency of
the retardation of the Y4 wavelength plate (first retardation
plate R1) of the circular polarization element C, which is
needed in the OCB mode transflective liquid crystal display
device.

[0064] Specifically, in the above-described first embodi-
ment, in particular, when transmissive display is performed,
good display with a high contrast is observed in the frontal
direction. The reason is that the first retardation plate R1
functions as the ¥4 wavelength plate which imparts a retarda-
tion of Y4 wavelength to the light passing therethrough, and
the first retardation plate R1 is optically designed to produce
ideal circular polarization light in combination with the polar-
izer PL.

[0065] However, when transmissive display is executed,
the viewing angle, at which a high contrast ratio is obtained,
is limited in the case where observation is performed in an
oblique direction. In the example shown in FIG. 7, the view-
ing angle is narrower in the in azimuth directions of 45°-225°
and 135°-315°, than in azimuth directions of 0°-180° and
90°-270°. The reason is mainly that the function of the 4
wavelength plate is not obtained at a viewing angle in a
certain azimuth direction owing to the viewing angle depen-
dency of the retardation that is possessed by the first retarda-
tion plate R1 (i.e. the first retardation plate R1 is unable to
impart the retardation of ¥4 wavelength to the light passing
therethrough). Thus, at a viewing angle in a certain azimuth
direction, ideal circular polarized light cannot be produced by
the combination of the first retardation plate R1 and the polar-
izer plate PL, and high-contrast display cannot be obtained.

[0066] Only the viewing angle dependency of the first retar-
dation plate R1 has been described here. However, there is a
case in which other structural parts have viewing angle depen-
dency. These complex factors are thinkable, which cause a
decrease in viewing angle, as in the example shown in FIG. 7.
[0067] Thus, inthe second embodiment, the fourth retarda-
tion plate R4 is disposed so that such a retardation may be
imparted as to achieve polarization close to ideal circular
polarization even in the case where observation is performed
in an oblique direction, thereby to compensate the viewing
angle dependency of the retardation of not only the first
retardation plate R1 but also the entire liquid crystal display
device. Thereby, the viewing angle, at which a high contrast
ratio can be obtained, can be made wider than in the first
embodiment.

[0068] FIG. 9 shows a structure example of the second
embodiment. The structure, other than the fourth retardation
plate R4, is the same as the structure example of the first
embodiment shown in FIG. 6.

[0069] In this structure example, the fourth retardation
plate R4, which has biaxial refractive index anisotropy, is
applied. Specifically, the fourth retardation plate R4 has
refractive index anisotropy of nx>ny>nz. In the second opti-
cal element 50, the fourth retardation plate R4 is disposed
such that its slow axis is set at 90° azimuth. In short, the slow
axis of the fourth retardation plate R4 is set to be parallel to the
absorption axis of the polarizer PL.

[0070] Thus, in the frontal direction, there is no influence of
the retardation of the fourth retardation plate R4, and good
display with a high contrast is observed as in the first embodi-
ment. In the case where observation is performed in an
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oblique direction, the retardation, which is possessed by the
fourth retardation plate R4, effectively functions, the viewing
angle dependency of the retardation of the entire liquid crystal
display device can be compensated, and polarization close to
ideal circular polarization can be achieved. Therefore, good
display with a high contrast can be observed in a wide range
of viewing angles.

[0071] The retardation values of the respective structural
parts of the first optical element 40 and second optical ele-
ment 50 are as shown in FIG. 9. Like the first embodiment, the
retardation values at the wavelength of 550 nm are shown.
The fourth retardation plate R4 has a retardation R 0of 275 nm,
and an Nz coefficient, which is given by Nz=(nx-nz)/(nx-
ny), is set at 0.4.

[0072] Preferably, the Nz coefficient of the fourth retarda-
tion plate R4 should be set at 0.3 or more, in particular, in
order to impart such a retardation as to achieve polarization
close to ideal circular polarization also with respect to view-
ing angles of 60° or more in the azimuth directions of 45°-
225° and 135°-315°. In addition, in order to prevent over-
compensation which causes polarization exceeding the ideal
circular polarization, it is preferable to set the Nz coefficient
of the fourth retardation plate R4 at 0.6 or less.

[0073] According to the above-described second embodi-
ment, in the OCB mode transflective liquid crystal display
device which has the function of effecting reflective display
by the reflective part and transmissive display by the trans-
missive part, the comprehensive optical design of the optical
element, which includes the circular polarization element,
and the OCB mode liquid crystal display panel is optimized,
display with a high contrast ratio can be realized both in
reflective display and transmissive display in the case of not
only observation in a frontal direction but also observation in
an oblique direction, and the viewing angle, at which the high
contrast ratio can be obtained, can further be increased.
[0074] Next, the advantageous effects of the above-de-
scribed structure example of the second embodiment were
verified.

[0075] FIG. 10 shows a simulation result of the viewing
angle dependency of the contrast ratio in the transmissive
display in the liquid crystal display device according to the
second embodiment. According to the structure example of
the second embodiment, the contrast ratio=10:1, or more, is
obtained in the range of viewing angles of 80° or more in all
azimuth directions of the screen, and it was confirmed that
sufficient viewing angles can be obtained. Compared to the
first embodiment, the area of the viewing angles with the
contrast ratio=10:1 or more was increased 1.14 times.
[0076] In the above-described second embodiment, since
the fourth retardation plate R4 is disposed in the second
optical element 50 on the counter-substrate 20 side (observa-
tion side), the fourth retardation plate R4 functions not only in
the transmissive display but also in reflective display. How-
ever, there is no particular influence on the characteristics in
the reflective display. In order to make the fourth retardation
plate R4 effectively function in only the transmissive display,
it is preferable to dispose the fourth retardation plate R4
between the polarizer PL. and the first retardation plate R1,
which constitute the circular polarization element C, in the
first optical element 40 on the array substrate 10 side (the light
incidence side/backlight side).

Third Embodiment

[0077] Next, a liquid crystal display device according to a
third embodiment is described. In the third embodiment, the



US 2009/0002609 A1

fourth retardation plate R4, which has biaxial refractive index
anisotropy, is applied. Specifically, the fourth retardation
plate R4 has refractive index anisotropy of nx>ny>nz. In the
second optical element 50, the fourth retardation plate R4 is
disposed between the polarizer PL and the first retardation
plate R1 in such a manner that its slow axis is set at 0°
azimuth. In short, the relationship between the slow axis of
the fourth retardation plate R4 and the absorption axis of the
polarizer PL is different from that in the second embodiment,
and the fourth retardation plate R4 is disposed such that its
slow axis is perpendicular to the absorption axis of the polar-
izer PL.

[0078] FIG. 11 shows a structure example of the third
embodiment. The structure, other than the fourth retardation
plate R4, is the same as the structure example of the second
embodiment shown in FIG. 9.

[0079] In the third embodiment, the retardation R of the
fourth retardation plate R4 is set at, e.g. 275 nm, like the
second embodiment, and the Nz coefficient is set at 0.4 or
more, and 0.7 or less, so as to establish a reverse relationship.
Thereby, the same advantageous effects as the above structure
example can be obtained. In this example, the Nz coefficient
of the fourth retardation plate R4 is set at, e.g. 0.7.

[0080] As regards the third embodiment, the viewing angle
dependency of the contrast ratio in the transmissive display
was simulated. Like the second embodiment, the contrast
ratio=10:1, or more, is obtained in the range of viewing angles
of 80° or more in all azimuth directions of the screen, and it
was confirmed that sufficient viewing angles can be obtained.

Fourth Embodiment

[0081] Next, a liquid crystal display device according to a
fourth embodiment is described. In the fourth embodiment,
the first optical element 40 and second optical element 50
have the function of optically compensating the retardation of
the liquid crystal layer 30 in a predetermined display state in
which a voltage is applied to the liquid crystal layer 30 in the
above-described liquid crystal display panel 1. The first opti-
cal element 40 and second optical element 50 are configured
to have retardation in their thickness direction.

[0082] As shown in FIG. 12, the first optical element 40 is
disposed on the outer surface of the array substrate 10, and the
second optical element 50 is disposed on the outer surface of
the counter-substrate 20. The first optical element 40 and
second optical element 50 have the same structure. Specifi-
cally, each of the first optical element 40 and second optical
element 50 is configured to include a circular polarization
element C including a polarizer PL and a first retardation plate
R1; and a second retardation plate R2. The first optical ele-
ment 40 and second optical element 50 are configured to be
symmetric with respect to the liquid crystal display panel 1.
Specifically, in each of the first optical element 40 and second
optical element 50, the second retardation plate R2, first retar-
dation plate R1 and polarizer PL are stacked in the named
order from the liquid crystal display panel 1 side.

[0083] In particular, in this fourth embodiment, the first
retardation plate R1, which has biaxial refractive index
anisotropy, is applied. Specifically, the first retardation plate
R1 has refractive index anisotropy of nx>ny>nz. In the first
retardation plate R1, its refractive index anisotropy is so setas
to have both functions of a widely used %4 wavelength plate
having uniaxial refractive index anisotropy, and a retardation
plate corresponding to a C-plate having retardation in its
thickness direction. In short, in the fourth embodiment, the
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retardation in the thickness direction of the optical element is
provided by the first retardation plate R1.

[0084] The second retardation plate R2 is the same as that
used in the first embodiment, etc.

[0085] FIG. 13 shows a structure example of the fourth
embodiment.
[0086] Specifically, the structure of the liquid crystal dis-

play panel 1 is the same as that in the first embodiment, etc.
[0087] In the array substrate-side first optical element 40,
the polarizer PL is disposed such that its absorption axis is set
at 0° azimuth. The first retardation plate R1 is disposed such
that its slow axis is set at 135° azimuth. The second retarda-
tion plate R2 is a retardation plate in which discotic liquid
crystal molecules are hybrid-aligned in its thickness direc-
tion, and a mean tilt angle of the major axis of the discotic
liquid crystal molecule is set at 30° to the normal line. The
second retardation plate R2 is disposed such that the compre-
hensive orthogonal projection of the major axis on the X-Y
plane is parallel to the rubbing direction. In short, the tilt angle
ofthe major axis of the second retardation plate R2 is set at 0°
azimuth.

[0088] Inthe counter-substrate-side second optical element
50, the polarizer PL is disposed such that its absorption axis is
set at 90° azimuth. The first retardation plate R1 is disposed
such that its slow axis is set at 45° azimuth. The second
retardation plate R2 is disposed such that the tilt angle of its
major axis is set at 0° azimuth.

[0089] As described above, in the fourth embodiment, in
particular, each of the slow axes of the first retardation plates
R1 of the first optical element 40 and second optical element
50 is setat 45° to the rubbing direction, and both slow axes are
disposed to be perpendicular to each other. Thereby, the effect
of' wavelength dispersion of the first retardation plate R1 itself
can be relaxed. In particular, it becomes possible to suppress
a decrease in contrast due to the wavelength dependency
when the liquid crystal display device is observed from the
front (the normal direction of the liquid crystal display panel).
[0090] In addition, each of the polarizers PL, which are
included in the first optical element 40 and second optical
element 50, is disposed such that the absorption axis thereof
is set at 45° to the slow axis of the first retardation plate R1
that constitutes the circular polarization element, and that the
absorption axes of both polarizers PL are perpendicular to
each other.

[0091] The retardation values of the respective structural
parts of the first optical element 40 and second optical ele-
ment 50 are as follows. In this case, the retardation values at
the wavelength of 550 nm are indicated. Specifically, the
retardation R of the first retardation plate R1 is 137.5 nm, and
the Nz coefficient is set at 2.5. The retardation (in-plane
retardation) Re of the second retardation plate R2 is 45 nm. In
this case, the retardation values are set to be equal between the
first optical element 40 and the second optical element 50
which are disposed via the liquid crystal layer 30, but in the
present invention these retardation values may not be equal.
[0092] Preferably, the Nz coefficient of the first retardation
plate R1 should be set at 2.3 or more, and 2.7 or less. The
reason is that if the Nz coefficient is less than 2.3, the retar-
dation in the thickness direction becomes too small, and if the
Nz coefficient is greater than 2.7, the retardation in the thick-
ness direction becomes too large, and the effect of optical
compensation of the liquid crystal layer becomes small.
[0093] According to the above-described fourth embodi-
ment, in the OCB mode transflective liquid crystal display
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device which has the function of effecting reflective display
by the reflective part and transmissive display by the trans-
missive part, the comprehensive optical design of the optical
element, which includes the circular polarization element,
and the OCB mode liquid crystal display panel is optimized,
while the number of parts of the optical element is decreased.
Therefore, the cost can be reduced, the display with a high
contrast ratio can be realized both in reflective display and
transmissive display in the case of not only observation in a
frontal direction but also observation in an oblique direction,
and the viewing angle, at which the high contrast ratio can be
obtained, can be increased.

Fifth Embodiment

[0094] Next, a liquid crystal display device according to a
fifth embodiment is described. In the fifth embodiment, like
the fourth embodiment, the first optical element 40 and sec-
ond optical element 50 have the function of optically com-
pensating the retardation of the liquid crystal layer 30 in a
predetermined display state in which a voltage is applied to
the liquid crystal layer 30 in the above-described liquid crys-
tal display panel 1. In particular, in this fifth embodiment, the
circular polarization element C, which is provided in one of
the first optical element 40 and second optical element 50,
includes a fourth retardation plate R4 which is disposed
between the polarizer PL and the first retardation plate R1.
Thus, the first optical element 40 and second optical element
50 are asymmetric with respect to the liquid crystal display
panel 1.

[0095] In an example shown in FIG. 14, the circular polar-
ization element C of the first optical element 40, which is
disposed on the array substrate 10 side of the liquid crystal
display panel 1, includes the polarizer PL, fourth retardation
plate R4 and first retardation plate R1. However, the circular
polarization element C of the second optical element 50 may
include the fourth retardation plate R4. The other structure is
the same as that of the fourth embodiment.

[0096] The fourth retardation plate R4 has a fast axis and a
slow axis which are substantially perpendicular to each other,
and is a so-called V4 wavelength plate which imparts a retar-
dation of %2 wavelength between light components of a pre-
determined wavelength (e.g. light having a wavelength of 550
nm) which pass through the fast axis and the slow axis. The
fourth retardation plate R4 has a function of compensating the
viewing angle dependency of the retardation of the entire
liquid crystal display device, and increasing the viewing
angle. In particular, the fourth retardation plate R4 is config-
ured to mainly compensate the viewing angle dependency of
the retardation of the Y4 wavelength plate (first retardation
plate R1) of the circular polarization element C, which is
needed in the OCB mode transflective liquid crystal display
device. Needless to say, there is a case in which structural
parts, other than the first retardation plate R1, have viewing
angle dependency, and these complex factors can be thought
to cause a decrease in viewing angle.

[0097] Thus, in the fifth embodiment, the fourth retardation
plate R4 is disposed so that when transmissive display is
executed, such a retardation may be imparted as to achieve
polarization close to ideal circular polarization even in the
case where observation is performed in an oblique direction,
thereby to compensate the viewing angle dependency of the
retardation of not only the first retardation plate R1 but also
the entire liquid crystal display device. Thereby, the viewing
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angle, at which a high contrast ratio can be obtained, can be
made still wider than in the fourth embodiment.

[0098] FIG. 15 shows a structure example of the fifth
embodiment. The structure, other than the fourth retardation
plate R4, is the same as the structure example of the fourth
embodiment shown in FIG. 13.

[0099] In this structure example, the fourth retardation
plate R4, which has biaxial refractive index anisotropy, is
applied. Specifically, the fourth retardation plate R4 has
refractive index anisotropy of nx>ny>nz. In the first optical
element 40, the fourth retardation plate R4 is disposed such
that its slow axis is set at 0° azimuth. In short, the slow axis of
the fourth retardation plate R4 is set to be parallel to the
absorption axis of the polarizer PL.

[0100] Thus, in the frontal direction, there is no influence of
the retardation of the fourth retardation plate R4, and good
display with a high contrast is observed as in the fourth
embodiment. In the case where observation is performed in
an oblique direction, the retardation, which is possessed by
the fourth retardation plate R4, effectively functions, the
viewing angle dependency of the retardation of the entire
liquid crystal display device can be compensated, and polar-
ization close to ideal circular polarization can be achieved.
Therefore, good display with a high contrast can be observed
in a wide range of viewing angles.

[0101] The retardation values of the respective structural
parts of the first optical element 40 and second optical ele-
ment 50 are as shown in FIG. 15. Like the fourth embodiment,
the retardation values at the wavelength of 550 nm are shown.
The fourth retardation plate R4 has a retardation R 0f 275 nm,
and the Nz coefficient is set at 0.6.

[0102] Preferably, the Nz coefficient of the fourth retarda-
tion plate R4 should be set at 0.5 or more, in particular, in
order to impart such a retardation as to achieve polarization
close to ideal circular polarization also with respect to view-
ing angles of 60° or more in the azimuth directions of 45°-
225° and 135°-315°. In addition, in order to prevent over-
compensation which causes polarization exceeding the ideal
circular polarization, it is preferable to set the Nz coefficient
of the fourth retardation plate R4 at 0.7 or less.

[0103] According to the above-described fifth embodi-
ment, in the OCB mode transflective liquid crystal display
device which has the function of effecting reflective display
by the reflective part and transmissive display by the trans-
missive part, the comprehensive optical design of the optical
element, which includes the circular polarization element,
and the OCB mode liquid crystal display panel can be more
optimized than in the fourth embodiment, while the number
of parts of the optical element is decreased. Therefore, the
cost can be reduced, the display with a high contrast ratio can
be realized both in reflective display and transmissive display
in the case of not only observation in a frontal direction but
also observation in an oblique direction, and the viewing
angle, at which the high contrast ratio can be obtained, can be
increased.

[0104] The present invention is not limited directly to the
above-described embodiments. In practice, the structural ele-
ments can be modified and embodied without departing from
the spirit of the invention. Various inventions can be made by
properly combining the structural elements disclosed in the
embodiments. For example, some structural elements may be
omitted from all the structural elements disclosed in the
embodiments. Furthermore, structural elements in different
embodiments may properly be combined.
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[0105] Forexample, it should suffice if the above-described
first optical element 40 and second optical element 50 are
disposed on the outside of the liquid crystal layer 30. Specifi-
cally, the first optical element 40 is not limited to the struc-
tures of the above-described embodiments, and at least one of
the first retardation plate R1, third retardation plate R3 and
second retardation plate R2, which constitute the first optical
element 40, may be disposed between the insulating substrate
11, which constitutes the array substrate 10, and the liquid
crystal layer 30. In addition, the second optical element 50 is
not limited to the structures of the above-described embodi-
ments, and at least one of the first retardation plate R1, third
retardation plate R3 and second retardation plate R2, which
constitute the second optical element 50, may be disposed
between the insulating substrate 21, which constitutes the
counter-substrate 20, and the liquid crystal layer 30.

[0106] In the first to third embodiments, the third retarda-
tion plate R3 is formed of a single optically negative C-plate,
but the third retardation plate R3 may be formed of two
A-plates which are disposed such that their slow axes are
perpendicular to each other.

[0107] Furthermore, in each of the above-described
embodiments, the retardation Rth of the third retardation
plate R3 is optimized such that the retardation in the trans-
missive part is canceled in the case where main display is
performed in the transmissive part, that is, in the case where
the area of the transmissive part is greater than the area of the
reflective part (e.g. the area of the transmissive part is four
times larger than the area of the reflective part). However, in
the case where main display is performed in the reflective
part, that is, in the case where the area of the reflective part is
greater than the area of the transmissive part, the retardation
Rth of the third retardation plate R3, which constitutes the
second optical element 50, may be optimized such that the
retardation in the reflective part is canceled. Besides, the
retardation Rth of the third retardation plate R3, which con-
stitutes the second optical element 50, may be set to be opti-
mized in the reflective part, while the retardation Rth of the
third retardation plate R3, which constitutes the first optical
element 40, may be optimized such that the retardation in the
transmissive part is also canceled in cooperation with the
third retardation plate on the second optical element side.

1. A liquid crystal display device having a reflective part
and a transmissive part in each of a plurality of pixels which
are arrayed in a matrix, comprising:

a liquid crystal display panel which is configured such that
aliquid crystal layer is held between a pair of substrates,
and to which an OCB mode is applied; and

apair of optical elements which are disposed on outsides of
the liquid crystal layer, respectively, and optically com-
pensate a retardation of the liquid crystal layer in a
predetermined display state in which a voltage is applied
to the liquid crystal layer,

wherein the optical element is configured to include:

a circular polarization element including a polarizer and a
first retardation plate which is disposed between the
polarizer and the liquid crystal display panel and imparts
a retardation of %4 wavelength; and

a second retardation plate which is disposed between the
circular polarization element and the liquid crystal layer,
and has refractive index anisotropy with a major axis
being inclined to a normal line, and

the optical element has a retardation in a thickness direc-
tion thereof.

2. The liquid crystal display device according to claim 1,

wherein the optical element further includes a third retarda-
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tion plate which is disposed between the circular polarization
element and the second retardation plate, and performs
C-plate function having uniaxial refractive index anisotropy,
and a retardation in the thickness direction is imparted.

3. The liquid crystal display device according to claim 2,
wherein the circular polarization element, which is provided
in one of the optical elements, includes a fourth retardation
plate which is disposed between the polarizer and the first
retardation plate, and imparts a retardation of %2 wavelength.

4. The liquid crystal display device according to claim 3,
wherein the fourth retardation plate has biaxial refractive
index anisotropy, is disposed such that a slow axis thereof is
parallel to an absorption axis of the polarizer, and has an Nz
coefficient which is set at 0.3 or more, and 0.6 or less, the Nz
coefficient being given by Nz=(nx-nz)/(nx-ny), where nx
and ny are refractive indices in mutually perpendicular direc-
tions in a plane thereof, and nz is a refractive index in a
thickness direction thereof.

5. The liquid crystal display device according to claim 3,
wherein the fourth retardation plate has biaxial refractive
index anisotropy, is disposed such that a slow axis thereof is
perpendicular to an absorption axis of the polarizer, and has
an Nz coefficient which is set at 0.4 or more, and 0.7 or less,
the Nz coefficient being given by Nz=(nx-nz)/(nx-ny),
where nx and ny are refractive indices in mutually perpen-
dicular directions in a plane thereof, and nz is a refractive
index in a thickness direction thereof.

6. The liquid crystal display device according to claim 3,
wherein the fourth retardation plate is provided in the circular
polarization element of the optical element which is disposed
on an observation surface side.

7. The liquid crystal display device according to claim 1,
wherein the first retardation plate has biaxial refractive index
anisotropy, and to which a retardation in the thickness direc-
tion is imparted.

8. The liquid crystal display device according to claim 7,
wherein the first retardation plate has an Nz coefficient which
is setator 2.3 ormore, and 2.7 or less, the Nz coefficient being
given by Nz=(nx-nz)/(nx-ny), where nx and ny are refractive
indices in mutually perpendicular directions in a plane
thereof, and nz is a refractive index in a thickness direction
thereof.

9. The liquid crystal display device according to claim 7,
wherein the circular polarization element, which is provided
in one of the optical elements, includes a fourth retardation
plate which is disposed between the polarizer and the first
retardation plate, and imparts a retardation of /2 wavelength.

10. The liquid crystal display device according to claim 9,
wherein the fourth retardation plate has biaxial refractive
index anisotropy, is disposed such that a slow axis thereof is
parallel to an absorption axis of the polarizer, and has an Nz
coefficient which is set at 0.5 or more, and 0.7 or less, the Nz
coefficient being given by Nz=(nx-nz)/(nx-ny), where nx
and ny are refractive indices in mutually perpendicular direc-
tions in a plane thereof, and nz is a refractive index in a
thickness direction thereof.

11. The liquid crystal display device according to claim 1,
wherein the first retardation plate is disposed such that a slow
axis thereof is set at about 45° to a rubbing direction of the
liquid crystal layer.

12. The liquid crystal display device according to claim 1,
wherein a cell gap dR of the reflective part is set at

dR<dT/2
in relation to a cell gap dT of the transmissive part.
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