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(7) ABSTRACT

To provide a liquid crystal display device capable of prevent-
ing light leakage when a stress is exerted during no operation
in a normally black IPS mode.

In anormally black IPS mode liquid crystal display device 15,
a liquid crystal layer 5 is interposed between a first glass

45

iled: ct. 2U, substrate 1 and a second glass substrate 2, and a third glass
(22) Filed Oct. 20, 2011 b 1 and dgl b 2, and a third gl
) Lo L. substrate 3 is fixed to the second glass substrate 2. At that
(30) Foreign Application Priority Data time, a retardation layer 7 to impart to a transmitted light a
phase difference corresponding to a half-wavelength of the
Oct. 25,2010 (JP) oo 2010-238742 transmitted light, is provided between the second glass sub-
Publication Classificati strate 2 and the third glass substrate 3. Further, a first polar-
ublication Classification izing plate 8 and a second polarizing plate 9 are provided so
(51) Int.CL that the respective absorption axes are perpendicular to each
GO2F 1/1335 (2006.01) other.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, particularly to an IPS (In Plain Switching) mode
liquid crystal display device.

BACKGROUND ART

[0002] Patent Document 1 discloses a liquid crystal device
whereby light leakage is indistinctive even if a stress is
exerted to its display screen. The liquid crystal display device
disclosed in Patent Document 1 is in such a construction that
NPEC films having negative photoelasticity are provided on
both upper and lower sides of a liquid crystal cell of a con-
struction having a liquid crystal layer between glass sub-
strates.

[0003] Further, as a liquid crystal display device, an IPS
mode liquid crystal display device is known (e.g. Patent
Documents 2 and 3). The IPS mode liquid crystal display
device is provided with a common electrode and pixel elec-
trodes formed on at least one of a pair of transparent sub-
strates sandwiching a liquid crystal layer and is designed to
modulate light transmitted through the liquid crystal layer by
an electric field formed in parallel with the transparent sub-
strates between the common electrode and pixel electrodes.
[0004] Patent Document 2 discloses a construction of an
IPS mode liquid crystal display device wherein a retardation
layer is formed on the surface close to the liquid crystal layer,
of one substrate. Further, Patent Document 2 discloses a case
wherein the retardation layers a half-wavelength plate.
[0005] Patent Document 3 discloses an IPS mode liquid
crystal display device of such a construction that an electri-
cally-conductive layer having translucency is disposed on the
surface on the side opposite to the liquid crystal layer, of a
transparent substrate remote from a back light among the pair
of transparent substrates sandwiching the liquid crystal layer.
With the liquid crystal display device disclosed in Patent
Document 3, by providing such an electrically-conductive
layer, incidence of abnormality in display is prevented even in
a case where a high electric potential such as static electricity
from the exterior is exerted.

[0006] Further, Non-Patent Documents 1 and 2 disclose an
IPS mode liquid crystal display device provided with a biaxial
retardation film.

[0007] Further, when a plate member is bent by a stress
exerted thereto, one surface of such a member stretches, while
the other surface shrinks. At that time, in the interior of the
member, a plane is present where the stress is 0 and no
stretching or shrinkage takes place. Such a plane is called a
neutral plane. Further, when such a neutral plane is ortho-
graphically projected so that it becomes one curved line, such
acurved line is called a neutral axis. Non-Patent Document 3
discloses a formula to calculate the distance from the surface
of the member to the neutral axis (the neutral plane) by using
a function of Young’s modulus (E(y) disclosed in Non-Patent
Document 3) of the member with a variable being the distance
from the member surface and a function of the width of the
cross-section (b(y) disclosed in Non-Patent Document 3) of
the member with a variable being the distance from the mem-
ber surface. That is, when the distance from the member
surface is y, the Young’s modulus determined by y is repre-
sented by E(y). Further, the width of the cross-section of the
member determined by y is represented by b(y). It is disclosed
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that in such a case, the distance (here D) from the surface of
the member to the neutral axis is represented by the following
formula (1):

Formula (1)

H
f b(y)-E(y)-ydy
_Jo

Mo Eody

PRIOR ART DOCUMENTS

Patent Documents

[0008] Patent Document 1: JP-A-2006-313263

[0009] Patent Document 2: JP-A-2008-116731

[0010] Patent Document 3: Japanese Patent No. 2,758,864
Non-Patent Documents

[0011] Non-Patent Document 1: Y. Saitoh, S. Kimura, K.

Fukasawa, H. Shimizu, “Optically Compensated In-Plane-
Switching-Mode TFT-LCD Panel”, SID Symposium
Digest of Technical Papers 29, 1998

[0012] Non-Patent Document 2: D. Kajita, 1. Hiyama, Y.
Utsumi, “Optically Compensated IPS-LCD for TV Appli-
cations”, SID Symposium Digest 2005, pp. 1160-1163,
2005

[0013] Non-Patent Document 3: “STRESS OF SYN-
THETIC CROSS-SECTIONAL MEMBER”, [online],
[retrieved on Sep. 7, 2010], Internet <http://www.e-suna-
gawa.net/tei01/TEN/pdf/TENno14.pdf>

DISCLOSURE OF INVENTION
Technical Problem

[0014] Inanormally black IPS mode liquid crystal display
device, when a stress is exerted, light leakage takes place ina
black display state. For example, a liquid display device may
be assembled by superposing a normally black IPS mode
liquid crystal panel on a back light unit and further superpos-
ing a front cover as an upper layer thereof. At that time, if a
foreign matter is interposed at the contact portion of the back
light unit and the liquid crystal panel, a stress will be formed
in the liquid crystal panel, and consequently, light leakage
will result in the liquid crystal display device. FIG. 32 is a
view which schematically illustrates an example of light leak-
age caused by formation of such a stress. In FIG. 32, portions
shown by dotted patterns represent regions where light leak-
age takes place, and the white portion enclosed by the dotted
patterns represents a region where light leakage is particu-
larly intense. If a foreign matter 105 is interposed between a
back light (omitted in FIG. 32) and a liquid crystal panel 101,
light leakage will result in the vicinity of the foreign matter
105.

[0015] Here, a case where a foreign matter is interposed
during the assembling, is exemplified, but there are other
modes as modes where a stress is formed in a liquid crystal
display device. For example, a liquid crystal display device
for a vehicle is required to have vibration resistance. There-
fore, it is required to fix such a liquid crystal display device to
e.g. an instrument panel. By such fixing, a stress will be
formed in the liquid crystal display device. Further, for
example, in a case where a liquid crystal display device is
used together with a touch panel, a stress is exerted to the
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touch panel, and consequently, a stress is formed also in the
liquid crystal display device. Also, in such cases, light leak-
age will result in a liquid crystal display device of a normally
black IPS mode.

[0016] FIG.33isaview illustrating light leakage ofa liquid
crystal display device caused by formation of a stress. Here,
in order to simplify the description, a single glass body will be
described as a sample 112, but the same applies even when the
sample 112 shown in FIG. 33 is replaced by a pair of glass
substrates sandwiching a liquid crystal layer. On the respec-
tive sides of this sample 112, a polarizing plate to be a polar-
izer 111 and a polarizing plate to be an analyzer 113 are to be
provided. The polarizer 111 and the analyzer 113 are dis-
posed, for example, so that their respective absorption axes
121 and 122 are perpendicular to each other. An angle
between the direction of the stress formed in the sample 112
and the absorption axis 121 of the polarizer 111 is represented
by ¢ (FIG. 33(a)). When the quantity of leaked light caused by
the stress in the sample is represented by I, the leaked light
quantity I satisfies a relation represented by the following
formula (2):

o {sin(2¢)}*x {5in(8/2)}? Formula (2)

[0017] Inthe formula (2), 6 is the phase difference formed
by the photoelastic effect and is represented by the following
formula (3):

d=2nCo/N Formula (3)

[0018] In the formula (3), d is the thickness of the sample
112, C is the photoelastic coefficient, o is the main stress
difference, A is the wavelength of light.

[0019] From the formula (2), it is evident that when ¢
becomes +45°, the leaked light quantity I becomes maximum.
Therefore, in a case where bending as exemplified in FIG.
33(b) is exerted to the sample, since ¢=0°, the leaked light
quantity I becomes minimum i.e. 0. Further, in a case where
twisting is exerted to the sample has exemplified in FIG.
33(¢c), p=45°, and the leaked light quantity I becomes maxi-
mum.

[0020] The present inventors have studied the change in the
polarization state of light in a case where a stress is exerted to
an IPS mode liquid crystal display device so that ¢=45°. FIG.
34 is a view illustrating the change in the polarization state of
light passing through a common IPS mode liquid crystal
display device. As shown in FIG. 34(a), transparent sub-
strates 202 and 204 are boned by an adhesive 205, and aliquid
crystal layer 203 is sealed between the transparent substrates
202 and 204. And, on the respective transparent substrates
202 and 204, polarizing plates 201 and 205 are, respectively,
disposed on their sides opposite to the liquid crystal layer 203.
Further, in this example, the polarizing plate 205 is a polar-
izing plate on the viewer’s side. Further, in FIG. 34(a), it is
empbhatically shown that the liquid crystal display device is in
a deformed state as a stress is exerted thereto. The arrows
shown in FIG. 34(a), represent stresses formed in the trans-
parent substrates 202 and 204. In the transparent substrates
202 and 204, stresses directed in opposite directions are
formed.

[0021] FIG. 34(b) is a schematic view wherein the polariz-
ing plate 201, the transparent substrate 202, the liquid crystal
layer 203, the transparent substrate 204 and the polarizing
plate 205 were, respectively, viewed from a direction of view-
ing the display image (from the view’s side). The polarizing
plates 201 and 205 are disposed so that the respective absorp-
tion axes are perpendicular to each other. Further, as men-

Apr. 26,2012

tioned above, in the transparent substrates 202 and 204,
stresses directed in opposite directions are formed. Here, the
angle between the absorption axis of the polarizing plate 201
and the direction of the stress in the transparent substrate 202
is supposed to be 45°. Further, the liquid crystal display
device shown in FIG. 34 is an IPS mode, and the alignment
direction in the liquid crystal layer in such a state that no
voltage is applied, is the same direction as the absorption axis
of the polarizing plate 201. By such a construction, the liquid
crystal display device becomes normally black.

[0022] FIG. 34(c) shows the change in the polarization state
of light entered from the polarizing plate 201 side. Light
linearly polarized in various directions is supposed to have
entered into the polarizing plate 201. When this light has
passed through the polarizing plat 201, the polarization state
of the light becomes linear polarization in a direction perpen-
dicular to the absorption axis of the polarizing plate 201.
When this linearly polarized light passes through the trans-
parent substrate 202 wherein a stress is formed in a direction
at an angle of 45° to the polarization direction, it becomes
elliptically polarized light. Further, when this light passes
through the liquid crystal layer 203 aligned in a prescribed
direction, it becomes a reversely directed elliptically polar-
ized light. When this light passes through the transparent
substrate 204 wherein a stress is formed in a direction oppo-
site to the direction in the transparent substrate 202, it
becomes closer to circular polarization by the birefringence
of the transparent substrate 204. Further, at that time, the
direction of the elliptical polarization does not change. As a
result, the polarization is elliptical polarization in a state prior
to passing through the polarization plate 205, and even in a
state where no voltage is applied, there is light which passes
through the polarizing plate 205. That is, light leakage results.

[0023] Further, the present inventors have carried out a
similar study also with respect to a VA (Vertical Alignment)
mode liquid crystal display device. FIG. 35 is a view illus-
trating the change in the polarization state of light which
passes through the VA mode liquid crystal display device.
FIG. 35(a) is a schematic view in a case where in the same
manner as in FIG. 34(), the polarizing plate 201, the trans-
parent substrate 202, the liquid crystal layer 2034, the trans-
parent substrate 204 and the polarizing plate 205 are, respec-
tively, viewed from the viewer’s side. Further, absorption
axes of the polarizing plates 201 and 205 and the directions of
stresses formed in the transparent substrates 202 and 204 are
the same as in the case shown in FIG. 34. However, the VA
mode liquid crystal layer 2034 becomes vertical alignment.

[0024] FIG. 35(b) shows the change in the polarization
state of light entered from the polarizing plate 201 side. The
polarization state of light after passing through the polarizing
plate 201 and the transparent substrate 202 is the same as in
the case of the IPS mode. In the VA mode, the liquid crystal
layer 203a is in vertical alignment at the time of no applica-
tion of voltage, and accordingly, the polarization state of
elliptically polarized light passed through the transparent
substrate 202 does not change even when it passes through the
liquid crystal layer 203a. That is, it is the same as the polar-
ization state after passing through the transparent substrate
202. When this light passes through the transparent substrate
204, it becomes the same linearly-polarized light as the light
before passing through the transparent substrate 202. Further,
the polarization direction of this linearly polarized light is the
same as the direction of the absorption axis of the polarizing
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plate 205, whereby light leakage will not result. That is, in the
VA mode, there will be no light leakage caused by the forma-
tion of a stress.

[0025] It is desired to prevent light leakage caused by a
stress, as is likely to happen in a normally black IPS mode
liquid crystal display device. Patent Document 1 discloses a
liquid crystal display device to prevent light leakage by pro-
viding an NPEC film. However, there is a problem that it is
difficult to produce such an NPEC film. Further, as compared
with a transparent substrate, the thickness of the NPEC film is
thin, whereby it is difficult to sufficiently compensate the
phase difference formed by photoelasticity of the transparent
substrate.

[0026] Therefore, it is an object of the present invention to
provide a liquid crystal display device capable of preventing
light leakage when a stress is exerted during no application of
an electric field in a normally black IPS mode.

Solution to Problem

[0027] The liquid crystal display device according to the
present invention is a liquid crystal display device comprising
a first transparent substrate, a second transparent substrate, a
first adhesive to bond the first and second transparent sub-
strates along their peripheral portions, and a liquid crystal
layer sealed between the first and second transparent sub-
strates by the first and second transparent substrates and the
first adhesive, wherein one of the first and second transparent
substrates has, on its liquid crystal layer side, a common
electrode set up commonly for respective pixels and a pixel
electrode set up independently for every pixel, and liquid
crystal molecules in the liquid crystal layer are aligned in
parallel to the first and second transparent substrates in such
a state that no electric field is applied between the common
electrode and each pixel electrode, and change their align-
ment direction in a plane parallel to the first and second
transparent substrates when an electric field is applied in
parallel to the first and second transparent substrates by the
common electrode and the pixel; electrode; and further com-
prising a third transparent substrate which is fixed by a second
adhesive to the second transparent substrate on the side oppo-
site to the liquid crystal layer, and a retardation layer to impart
to transmitted light a phase difference corresponding to a half
wavelength of the transmitted light, between the second and
third transparent substrates, wherein the first transparent sub-
strate has a first polarizing plate on the side opposite to the
liquid crystal layer, and the third transparent substrate has a
second polarizing plate on the side opposite to the retardation
layer, so that the absorption axis is perpendicular to the
absorption axis of the first polarizing plate.

[0028] The slow axis of the retardation layer may be pet-
pendicular or parallel to the alignment direction of liquid
crystal molecules in the liquid crystal layer in such a state that
no electric field is applied between the common electrode and
each pixel electrode.

[0029] The slow axis of the retardation layer may be paral-
lel to the absorption axis of the second polarizing plate, and
the alignment direction of liquid crystal molecules in the
liquid crystal layer in such a state that no electric field is
applied between the common electrode and each pixel elec-
trode, may be parallel to the absorption axis of the first polar-
izing plate.

[0030] The first and second transparent substrates may
have common thickness, Young’s modulus and photoelastic
coefficient, and when the thickness of the first and second
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transparent substrates is represented by d,, the Young’s
modulus of the first and second transparent substrates is rep-
resented by E,, the photoelastic coefficient of the first and
second transparent substrates is represented by C |, the thick-
ness of the third transparent substrate is represented by d,, the
Young’s modulus of the third transparent substrate is repre-
sented by E;, and the photoelastic coefficient of the third
transparent substrate is represented by C;, the following for-
mula may be satisfied:

Cl 2 4C1E1 Cl
dy < dy (——1]+ +—-1
C3 C3E3 (&)

[0031] Aneffective display region as a collection of regions
of pixels corresponding to respective pixel electrodes, may be
rectangular, the second adhesive may be disposed at leastina
region outside of each side of the effective display region, and
the length of the second adhesive disposed along each side in
the region outside of each side of the effective display region,
may be at least ¥ of the length of the side of the effective
display region corresponding to such a disposition position.
[0032] Thesecond adhesive may be transparent and may be
disposed to cover the effective display region between the
transparent substrate provided with the retardation layer and
the third transparent substrate.

[0033] The retardation layer may be a half-wavelength
plate.
[0034] The retardation layer may be a second liquid crystal

layer sealed by the second and third transparent substrates
and the second adhesive, wherein the alignment direction of
liquid crystal molecules is prescribed.

[0035] The second liquid crystal layer as the retardation
layer may be a liquid crystal layer made of the same material
as the liquid crystal layer sealed between the first and second
transparent substrates.

[0036] An inlet for the liquid crystal layer sealed between
the first and second transparent substrates and an inlet for the
second liquid crystal layer, may be provided on the same side
of the liquid crystal display device itself.

[0037] The second adhesive may be photo-curable.

[0038] The second adhesive may be an adhesive made of
the same material as the first adhesive to bond the first and
second transparent substrates along their peripheral portions.
[0039] The third transparent substrate may be a touch panel
having a transparent electrode on at least one side thereof.
[0040] The liquid crystal display device may have a trans-
parent electrically-conductive layer between the third trans-
parent substrate and the second polarizing plate.

[0041] The liquid crystal display device may have a biaxial
retardation film between the third transparent substrate and
the second polarizing plate, or between the first transparent
substrate and the first polarizing plate, wherein when the
refractive index in a slow axis direction of the biaxial retar-
dation film is represented by nx, the refractive index in a
direction parallel to the main surface and perpendicular to the
slow axis of the biaxial retardation film is represented by ny,
and the refractive index in a thickness direction of the biaxial
retardation film is represented by nz, nx>nz>ny is satisfied,
and the slow axis of the retardation layer is parallel to the
alignment direction of liquid crystal molecules in the liquid
crystal layer in such a state that no electric field is applied
between the common electrode and each pixel electrode.
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[0042] Further, the liquid crystal display device according
to the present invention is a liquid crystal display device
comprising a first transparent substrate, a second transparent
substrate, an adhesive to bond the first and second transparent
substrates along their peripheral portions, and a liquid crystal
layer sealed between the first and second transparent sub-
strates by the first and second transparent substrates and the
adhesive, wherein one of the first and second transparent
substrates has, on its liquid crystal layer side, a common
electrode set up commonly for respective pixels and a pixel
electrode set up independently for every pixel, liquid crystal
molecules in the liquid crystal layer are aligned in parallel to
the first and second transparent substrates in such a state that
no electric field is applied between the common electrode and
each pixel electrode, and change their alignment direction in
a plane parallel to the first and second transparent substrates
when an electric field is applied in parallel to the first and
second transparent substrates by the common electrode and
the pixel electrode, the first transparent substrate has a first
polarizing plate, and the second transparent substrate has a
second polarizing plate so that the absorption axis is perpen-
dicular to the absorption axis of the first polarizing plate; and
further comprising a retardation layer to impart a phase dif-
ference to transmitted light, between at least one of the first
and second transparent substrates, and the liquid crystal layer,
wherein the sum of phase differences imparted to the trans-
mitted light by the retardation layer is a phase difference of a
half-wavelength of the transmitted light, the alignment direc-
tion of liquid crystal molecules in the liquid crystal layer in
such a state that no electric field is applied between the com-
mon electrode and each pixel electrode, is perpendicular to an
absorption axis of one of the first and second polarizing
plates, and the slow axis of the retardation layer is perpen-
dicular or parallel to the alignment direction of the liquid
crystal molecules.

[0043] The retardation layer may be one or more retarda-
tion films.
[0044] Theliquid crystal display device may have an align-

ment layer to prescribe the alignment direction of liquid crys-
tal molecules in the liquid crystal layer in such a state that no
electric field is applied between the common electrode and
each pixel electrode, as the uppermost layer on the liquid
crystal layer side of each of the first and second transparent
substrates.

[0045] The retardation layer may be a half-wavelength
plate, the half-wavelength plate may be disposed between one
of the first and second transparent substrates, and the liquid
crystal layer, and the alignment layer may be formed on the
surface in contact with the liquid crystal layer, of the half-
wavelength plate.

Advantageous Effects of Invention

[0046] According to the present invention, it is possible to
prevent light leakage when a stress is exerted in such a state
that no electric field is applied in a normally black IPS mode.

BRIEF DESCRIPTION OF DRAWINGS

[0047] FIG.1isaschematic view illustrating an example of
the liquid crystal display device according to the first embodi-
ment of the present invention.

[0048] FIG. 2 is a schematic view illustrating an effective
display region.
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[0049] FIG. 3 is a schematic view illustrating an example of
a common electrode and a pixel electrode.

[0050] FIG. 4is aschematic view illustrating an example of
the relation of the alignment direction during no application
of an electric field, the slow axis of the retardation layer 7 and
the absorption axis of each of the polarizing plates 8 and 9, in
the first embodiment.

[0051] FIG. 5 is a schematic view illustrating other
examples of the relation of the alignment direction during no
application of an electric field, the slow axis of the retardation
layer 7 and the absorption axis of each of the polarizing plates
8 and 9, in the first embodiment.

[0052] FIG. 6isa schematic view illustrating the change in
the polarization state of light passing in the liquid crystal
display device.

[0053] FIG. 71is a schematic view illustrating the heights of
the boundaries of the glass substrates.

[0054] FIG. 8is aschematic view illustrating an example of
the disposition of a half-wavelength plate 7 and a second
adhesive 6.

[0055] FIG. 9isaschematic view illustrating an example of
disposition of a half-wavelength plate 7 and a second adhe-
sive 6.

[0056] FIG. 10 is a schematic view illustrating an example
of the relation of the distance between the glass substrates and
the thickness of the half-wavelength plate.

[0057] FIG. 11 is a schematic view illustrating an example
of the construction in a case where a retardation layer 7 is
disposed on a first glass substrate 1.

[0058] FIG. 12is a schematic view illustrating examples of
the relation of the alignment direction during no application
of an electric field, the slow axis of the retardation layer 7 and
the absorption axis of each of the polarizing plates 8 and 9.
[0059] FIG. 13 is a schematic view illustrating the change
in a polarization state of light passing in the liquid crystal
display device.

[0060] FIG. 14 is a schematic view illustrating an example
of the liquid crystal display device according to the second
embodiment of the present invention.

[0061] FIG. 15is a schematic view illustrating examples of
the relation of the alignment direction during no application
of an electric field, the slow axis of the half-wavelength plate
7, the absorption axis of each of the polarizing plates 8 and 9,
and the slow axis of the biaxial retardation film 31.

[0062] FIG. 16 is a schematic view illustrating an example
of the construction in a case where a retardation layer 7 is
disposed on the first glass substrate 1.

[0063] FIG. 17 is a schematic view illustrating examples of
the relation of the alignment direction during no application
of an electric field, the slow axis of the half-wavelength plate
7, the absorption axis of each of the polarizing plates 8 and 9,
and the slow axis of the biaxial retardation film 31.

[0064] FIG. 18 is a schematic view illustrating an example
of the liquid crystal display device according to the third
embodiment of the present invention.

[0065] FIG. 19 is a schematic view illustrating an example
of the relation of the alignment direction during no applica-
tion of an electric field, the slow axis of the half-wavelength
plate 7, the absorption axis of each of the polarizing plates 8
and 9, and the slow axis of each of the biaxial retardation films
31a and 314

[0066] FIG. 20 is a schematic view illustrating an example
of the construction in a case where a retardation layer 7 is
disposed on the first glass substrate 1.
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[0067] FIG. 21 is a schematic view illustrating the relation
of the alignment direction during no application of an electric
field, the slow axis of the half-wavelength plate 7, the absorp-
tion axis of each of the polarizing plates 8 and 9, and the slow
axis of each of the biaxial retardation films 31a and 315.
[0068] FIG. 22 is a schematic view illustrating an example
of the liquid crystal display device according to the fourth
embodiment of the present invention.

[0069] FIG. 23 is a schematic view illustrating other
examples of disposition of the retardation layer 51 in the
fourth embodiment.

[0070] FIG. 24 is a schematic view showing the relation of
the alignment direction during no application of an electric
field, the slow axis of the retardation layer, and the absorption
axis of each of the polarizing plates 8 and 9, in the fourth
embodiment.

[0071] FIG. 25 is a schematic view illustrating an example
of the change in the polarization state of light passing in the
liquid crystal display device.

[0072] FIG. 26 is a schematic view illustrating a compari-
son of the change in a polarization state of transmitted light in
a halftone display period as between a case where the retar-
dation layer 51 is provided and a case where it is not provided.
[0073] FIG. 27 is a schematic view showing a comparison
of the change in a polarization state of transmitted light in a
white display period as between a case where the retardation
layer 51 is provided and a case where it is not provided.
[0074] FIG. 28 is a schematic view illustrating an example
of the liquid crystal display device according to the fifth
embodiment of the present invention.

[0075] FIG. 29 is a schematic view illustrating an example
of the relation of the alignment direction during no applica-
tion of an electric field, the slow axis of the half-wavelength
plate 51, the absorption axis of each of the polarizing plates 8
and 9, and the slow axis of the biaxial retardation film 31, in
the fifth embodiment.

[0076] FIG. 30 is a schematic view illustrating an example
of the liquid crystal display device according to the sixth
embodiment of the present invention.

[0077] FIG. 31 is a schematic view illustrating an example
of the relation of the alignment direction during no applica-
tion of an electric field, the slow axis of the half-wavelength
plate 51, the absorption axis of each of the polarizing plates 8
and 9, and the slow axis of each of the biaxial retardation films
31a and 315, in the sixth embodiment.

[0078] FIG. 32 is a schematic view illustrating an example
of light leakage caused by formation of a stress.

[0079] FIG. 33 isaschematic view illustrating light leakage
of the liquid crystal display device.

[0080] FIG. 34 is a schematic view illustrating the change
in a polarization state of light passing in a common IPS mode
liquid crystal display device.

[0081] FIG. 35 is a schematic view illustrating the change
in a polarization state of light passing through a VA mode
liquid crystal display device.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0082] FIG.1isaschematic view illustrating an example of
the liquid crystal display device according to the first embodi-
ment of the present invention. The liquid crystal display
device 15 according to the first embodiment comprises a first
transparent substrate 1, a second transparent substrate 2, a
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third transparent substrate 3, a first adhesive 4, a liquid crystal
layer 5, a second adhesive 6, a retardation layer 7, a first
polarizing plate 8 and a second polarizing plate 9. Here,
description will be made with reference to a case where each
of the transparent substrates 1 to 3 is a glass substrate, but
each of the transparent substrates 1 to 3 may be a transparent
substrate other than a glass substrate. Hereinafter, the respec-
tive transparent substrates 1 to 3 will be referred to as glass
substrates 1 to 3.

[0083] The first and second glass substrates 1 and 2 sand-
wich the liquid crystal layer 5. Specifically, the first adhesive
4 bonds the first and second glass substrates 1 and 2 along
their peripheral portions. And, liquid crystal is filled inaspace
enclosed by the first and second glass substrates 1 and 2 and
the first adhesive 4, and the liquid crystal layer 5 is sealed in
this space. Atthe time of filling liquid crystal between the first
and second glass substrates 1 and 2, an inlet to inject liquid
crystal may be provided in the first adhesive 4, and after filling
liquid crystal, the inlet may be closed. The first adhesive 4
may be called also as a sealing material,

[0084] Of the pair of glass substrates 1 and 2 sandwiching
the liquid crystal layer 5, the glass substrate on the side
opposite to the viewer’s side is the first glass substrate 1, and
the glass substrate on the viewer’s side is the second glass
substrate 2.

[0085] Further, the liquid crystal display device of the
present invention is a normally black IPS mode liquid crystal
display device. Specifically, one of the first and second glass
substrates 1 and 2 sandwiching the liquid crystal layer 5 is
provided with a common electrode (not shown in FIG. 1) set
up commonly for respective pixels and a pixel electrode (not
shown in FIG. 1) set up for every pixel. on its liquid crystal
layer 5 side.

[0086] FIG. 2 is a schematic view illustrating the effective
display region of the liquid crystal display device 15. FIG. 2
shows a state wherein the liquid crystal display device 15 is
observed from the viewer’s side of the display image. Collec-
tion of pixels 17 of the liquid crystal display device consti-
tutes the effective display region 16. In each pixel within the
effective display region 16, the alignment direction of liquid
crystal molecules will change when an electric filed is applied
by the common electrode and the pixel electrode.

[0087] In this example, a case is exemplified wherein the
liquid crystal display device 15 is rectangular as observed
from the viewer’s side. Further, a case is exemplified wherein,
as viewed from the viewer’s side, the respective pixels are
arranged in a matrix in a plane, and the effective display
region 16 also becomes rectangular.

[0088] FIG. 3 is aschematic view illustrating an example of
acommon electrode and a pixel electrode in one pixel. [n one
pixel, one pixel electrode 22 is set up. On the other hand, the
common electrode 21 extends to other pixels and is set up
commonly for the respective pixels. In other words, the com-
mon electrode 21 is set up over the respective pixels. Further,
as shown in FIG. 3, each of the pixel electrode 22 and the
common electrode 21 is pectinated, and the mutual pectinated
projections are disposed to mesh with each other.

[0089] The pixel electrode 22 is connected to a source line
(not shown) and a gate line (not shown) via an active element
(not shown) such as TFT (Thin Film Transistor). For example,
respective pixel electrodes 22 are arranged in a matrix. And,
along rows of pixel electrodes 22 arranged in a matrix, gate
lines are disposed, and along columns thereof, source lines
are disposed. A gate of TFT (not shown) of each pixel elec-
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trode 22 is connected to a gate line, a source of TFT is
connected to a source line, and a drain is connected to the
pixel electrode 22.

[0090] When the liquid crystal display device is not oper-
ated, no electric field is applied between the pixel electrode 22
and the common electrode 21. At that time, liquid crystal
molecules in the liquid crystal layer 5 are aligned in parallel to
the first and second glass substrates 1 and 2. The alignment
direction at that time is determined by alignment layers (such
as alignment films, not shown) formed on the surfaces on the
liquid crystal layer side, of the first and second glass sub-
strates 1 and 2. For example, by preliminarily applying rub-
bing to the alignment films of the first and second glass
substrates 1 and 2, liquid crystal molecules will be aligned
along the rubbing direction and in parallel with the respective
glass substrates 1 and 2. To the respective alignment films of
the first and second glass substrates 1 and 2, rubbing treat-
ment may be applied so that the directions will be the same
when the pair of glass substrates are disposed to face each
other. As a result, in such a state that no electric field is
applied, liquid crystal molecules in the vicinity of the first
glass substrate 1and liquid crystal molecules in the vicinity of
the second glass substrate 2 will be aligned in the same
direction, and liquid crystal molecules of the intermediate
layer will be aligned in the same direction.

[0091] When driving the liquid crystal display device, the
driving device (not shown) sets the common electrode 21 ata
predetermined potential. Further, the driving device line-se-
quentially selects a gate line and sets the selected gate line in
a power-on state and other gate lines in a power-off state.
Further, the driving device sets the electrode of each source
line at a potential corresponding to the luminance of each
pixel in the selected row. TFT brings the source and the drain
in a conduction state when the gate is set in a power-on state,
whereby in each pixel in the row in the selected gate line, the
pixel electrode in each column becomes equipotential to the
source line of its own column. The pixel electrode 22 and the
common electrode 21 are disposed so that the mutual pecti-
nated projections will mesh with each other (FIG. 3). Accord-
ingly, by the pixel electrode 22 and the common electrode 21,
an electric field parallel to the first and second glass substrates
1 and 2 is applied, whereby liquid crystal molecules in the
liquid crystal layer 5 change their alignment direction from
the alignment direction when no electric field is applied.
Specifically, they change the alignment direction in a plane
parallel to the first and second glass substrates 1 and 2. The
amount of such a change depends on the intensity of the
electric field parallel to the glass substrates 1 and 2.

[0092] The retardation layer 7 is disposed on a surface on
the side opposite to the liquid crystal layer 5, of one of the first
and second transparent substrates 1 and 2. FIG. 1 illustrates a
case where the retardation layer 7 is disposed on a surface on
the side opposite to the liquid crystal layer 5, of the second
glass substrate 2, but the retardation layer 7 may be disposed
on a surface on the side opposite to the liquid crystal layer 5,
of the first glass substrate 1. The retardation layer 7 imparts to
transmitted light a phase difference corresponding to a half-
wavelength of the transmitted light.

[0093] The phase difference of this retardation layer 7 is
within a range of from 50% to 150% of the retardation of the
liquid crystal layer 5. For example, the retardation of the
liquid crystal layer 5 may be prescribed so that the phase
difference of the retardation layer 7 satisfies such a relation
thatitis within arange of from 50%to 150% of the retardation
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of the liquid crystal layer 5. By prescribing the retardation of
the liquid crystal layer 5 within such a range, it is possible to
further prevent light leakage due to distortion of the glass
substrate.

[0094] As the retardation layer 7, it is possible to use, for
example, a half-wavelength plate. Here, description will be
made with reference to a case where the retardation layer 7 is
a half-wavelength plate.

[0095] Thethird glass substrate 3 is fixed to one (the second
glass substrate 2 in this example) of the first and second glass
substrates 1 and 2 which is provided with the half-wavelength
plate (retardation layer) 7. At that time, the third glass sub-
strate 3 is fixed to face the glass substrate (second glass
substrate 2) which is provided with the half-wavelength 7, via
the half-wavelength plate 7 interposed. The thickness of the
third glass substrate 3 will be described later.

[0096] The third glass substrate 3 and the second glass
substrate 2 are bonded by a second adhesive 6. As a result, the
third glass substrate 3 is fixed to the second glass substrate 2
which is provided with the half-wavelength plate 7.

[0097] Further, the second adhesive 6 bonds at least the
third glass substrate 3 and the second glass substrate 2. The
third glass substrate 3 and the second glass substrate 2 may
support the half-wavelength plate 7 as they sandwich the
half-wavelength 7 in the mutually bonded state. Otherwise,
by using the second adhesive 6, the half-wavelength plate 7
may be bonded to the second glass substrate 2 or the third
glass substrate 3, or to both of them.

[0098] As the second adhesive 6, it is preferred to use a
photocurable adhesive material. When a comparison is made
with a case where a thermosetting type adhesive material is
used, by the thermosetting type adhesive, the heat treatment
to cure the adhesive may adversely affect the half-wavelength
plate (retardation layer) 7. Whereas, in the case of a photo-
curable adhesive, irradiation with light is carried out as treat-
ment to cure the adhesive material, and no heat treatment is
carried out, whereby an influence of the heat to the half-
wavelength plate 7 can be avoided. As an example of the
thermosetting type adhesive material, a thermosetting resin
may be mentioned. As the second adhesive 6, a hard material
not to relax a deformation stress (i.e. a material having a high
Young’s modulus) is preferred so that the third glass substrate
3 follows a deformation of the first or second glass substrate
1 or 2. For example, a material having a Young’s modulus of
at least 100 MPa is preferred.

[0099] Further, as the second adhesive 6, it is preferred to
employ the same adhesive material as the first adhesive 4. In
such a case, it is not necessary to prepare plural types of
adhesive materials, as the adhesive. Accordingly, the process
for producing the liquid crystal display device 15 can be made
efficient.

[0100] On one of the first and second glass substrates 1 and
2 (the first glass substrate 1 in this example) which is provided
with no half-wavelength plate 7. a first polarizing plate 8 is
formed on its surface on the side opposite to the liquid crystal
layer 5.

[0101] Further, the third glass substrate 3 has a second
polarizing plate 9 on its surface on the side opposite to the
half-wavelength plate 7. The second polarizing plate 9 is
disposed so that the absorption axis of the second polarizing
plate 9 itself is perpendicular to the absorption axis of the first
polarizing plate 8.
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[0102] Further, as shown in FIG. 1, it is preferred to dispose
a transparent electrically conductive layer 10 between the
third glass substrate 3 and the second polarizing plate 9. By
disposing the transparent electrically conductive layer 10, it is
possible to prevent electrostatic charge between the third
glass substrate 3 and the second polarizing plate 9 thereby to
prevent display failure due to electrostatic charge. Further, it
is possible to prevent electrostatic charge of an electrode to
drive the liquid crystal layer 5. Here, it is preferred to apply a
prescribed potential to this transparent electrically conduc-
tive layer 10, for example, a potential of % of the grounding
potential or the liquid crystal driving potential.

[0103] Now, the relation of the alignment direction of lig-
uid crystal molecules in the liquid crystal layer 5 when no
electric field is applied by the pixel electrode 22 and the
common electrode 21 (hereinafter referred to as the align-
ment direction during no application of an electric field), the
slow axis of the retardation layer (the half-wavelength plate 7
in this example), and the absorption axes of the respective
polarizing plates 8 and 9, will be described. FIG. 4 is a
schematic view illustrating an example of the relation of the
alignment direction during no application of an electric field,
the slow axis of the retardation layer 7 and the absorption axes
of the respective polarizing plates 8 and 9. FIG. 4 schemati-
cally illustrates the state when the first polarizing plate 8, the
first glass substrate 1, the liquid crystal layer 5, the second
glass substrate 2, the half-wavelength plate 7, the third glass
substrate 3 and the second polarizing plate 9 are observed
from the viewer’s side. Further, in F1G. 4, the arrows shown in
the polarizing plates 8 and 9 represent absorption axes, the
arrow shown in the liquid crystal layer 5 represents the align-
ment direction during no application of an electric field, and
the arrow shown in the half-wavelength plate 7 represents the
slow axis.

[0104] As mentioned above, the absorption axis of the first
polarizing plate 8 and the absorption axis of the second polar-
izing plate 9 are perpendicular to each other (see FIG. 4).
[0105] Further, in order to improve the effect to prevent
light leakage, it is preferred that the slow axis of the half-
wavelength plate 7 is made to be perpendicular or parallel to
the alignment direction during no application of an electric
field. FIG. 4 illustrates a case where the slow axis of the
half-wavelength plate 7 is perpendicular to the alignment
direction during no application of an electric field. As illus-
trated here, it is more preferred to dispose the half-wavelength
plate 7 so that the slow axis of the half-wavelength plate 7 is
perpendicular to the alignment direction during no applica-
tion of an electric field. In the case where the slow axis of the
half-wavelength plate 7 and the alignment direction during no
application of an electric field are perpendicular to each other,
it is possible to prevent coloring due to the wavelength dis-
persion, as compared with a case where the slow axis and the
alignment direction during no application of an electric field
are parallel to each other. However, even with a construction
wherein the slow axis and the alignment direction during no
application of an electric field are parallel to each other, it is
possible to prevent light leakage when a stress is exerted
during no application of an electric field.

[0106] Further, it is preferred to satisfy such conditions that
the slow axis of the half-wavelength plate 7 is parallel with the
absorption axis of the polarizing plate 9, and that the align-
ment direction during no application of an electric filed is
parallel to the absorption axis of the first polarizing plate 8. In
FIG. 4, these conditions are satisfied. That is, FIG. 4 illus-
trates a case where the first polarizing plate 8 and the second
polarizing plate 9 are disposed so that the slow axis of the
half-wavelength plate 7 becomes parallel to the absorption
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axis of the second polarizing plate 9, and the alignment direc-
tion during no application of an electric field becomes parallel
to the absorption axis of the first polarizing plate 8. Also, in
the case of satisfying the above conditions, it is possible to
prevent coloring due to the wavelength dispersion. However,
the above conditions may not be satisfied. However, at least
the absorption axes of the first and second polarizing plates 8
and 9 should be perpendicular to each other.

[0107] The example shown in FIG. 4 represents a case
where the half-wavelength plate 7 is disposed so that the slow
axis of the half-wavelength plate 7 is perpendicular to the
alignment direction during no application of an electric field,
the first polarizing plate 8 is disposed so that the absorption
axis of the first polarizing plate 8 is parallel to the alignment
direction during no application of an electric field, and the
second polarizing plate 9 is disposed so that the absorption
axis ofthe second polarizing plate 9 is parallel to the slow axis
of the half-wavelength plate 7. In this case, the absorption
axes of the two polarizing plates 8 and 9 are perpendicular to
each other.

[0108] As mentioned above, such a condition that the slow
axis of the half-wavelength plate 7 is parallel to the absorption
axis of the second polarizing plate 9, and the alignment direc-
tion during no application of an electric field is parallel to the
absorption axis of the first polarizing plate 8, may not be
satisfied. Further, the slow axis and the alignment direction
during no application of an electric field may be parallel to
each other. Accordingly, the relation of the alignment direc-
tion during no application of an electric field, the slow axis
and the absorption axes, is not limited to the case shown in
FIG. 4. FIG. 5 is a schematic view illustrating other examples
of the relation of the alignment direction during no applica-
tion of an electric field, the slow axis and the absorption axes.

[0109] In an example shown in FIG. 5(a), the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes parallel to the alignment direc-
tion during no application of an electric field. And the first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8 becomes parallel to the alignment
direction during no application of an electric field. Further,
the second polarizing plate 9 is disposed so that the absorption
axis of the second polarizing plate 9 becomes perpendicular
to the slow axis of the half-wavelength plate 7.

[0110] Further, in the example shown in FIG. 5(b), the
half-wavelength plate 7 is disposed so that the slow axis of the
half-wavelength plate 7 becomes parallel to the alignment
direction during no application of an electric filed. And, the
first polarizing plate 8 is disposed so that the absorption axis
of the first polarizing plate 8 becomes perpendicular to the
alignment direction during no application of an electric field.
Further, the second polarizing plate 9 is disposed so that the
absorption axis of the second polarizing plate 9 becomes
parallel to the slow axis of the half-wavelength plate 7.

[0111] Further, in the example shown in FIG. 5(¢), the
half-wavelength plate 7 is disposed so that the slow axis ofthe
half-wavelength plate 7 becomes perpendicular to the align-
ment direction during no application of an electric field. And,
the first polarizing plate 8 is disposed so that the absorption
axis of the first polarizing plate 8 becomes perpendicular to
the alignment direction during no application of an electric
field. Further, the second polarizing plate 9 is disposed so that
the absorption axis of the second polarizing plate 9 becomes
perpendicular to the slow axis of the half-wavelength plate 7.



US 2012/0099053 A1l

[0112] Even in a case where the relation of the alignment
direction during no application of an electric field, the slow
axis and the absorption axis is as illustrated in FIGS. 5(a) to
(¢), the absorption axes of the first and second polarizing
plates 8 and 9 are perpendicular to each other. Further, the
slow axis of the half-wavelength plate 7 and the alignment
direction during no application of an electric field are perpen-
dicular or parallel to each other.

[0113] Now, the change in the polarization state of light
entered from the first polarizing plate 8 side will be described.
FIG. 6 is a schematic view illustrating the change in the
polarization state of light passing in the liquid crystal display
device. FIG. 6 illustrates a case where the alignment direction
during no application of an electric field, the slow axis and the
respective absorption axes become the same relation as
shown in FIG. 4. Here, the liquid crystal display device is not
driven, and no electric field is formed between the common
electrode 21 and each pixel electrode 22. And, in such a-state,
a force for bending the liquid crystal display device is exerted,
and a stress is formed in a direction deviated by 45° from the
absorption axis of the first polarizing plate 8. The arrows
shown in the first and third glass substrates 1 and 3 represent
their respective stress directions. This example represents a
case where in the third glass substrate 3, a stress to stretch the
third glass substrate 3 is formed, and in the first glass substrate
1, astress to shrink the first glass substrate 1 is formed.

[0114] Further, the first and second glass substrates 1 and 2
are bonded by a first adhesive 4, and the second and third glass
substrates 2 and 3 are bonded by a second adhesive 6. There-
fore, the liquid crystal display device is considered to be a
plyboard. And a neutral plane is present in the second glass
substrate 2, and therefore, no stress is formed in the second
glass substrate 2. Strictly speaking, reverse stresses are
formed on the upper and lower sides of the neutral plane in the
second glass substrate 2, but it is regarded that they are bal-
anced out so that no stress is formed in the second glass
substrate 2.

[0115] Letus assume that light linearly polarized in various
directions enters into the first polarizing plate 8. When this
light has passed through the first polarizing plate 8, the polar-
ization state of light becomes linear polarization in a direction
perpendicular to the absorption axis of the first polarizing
plate 8 (see FIG. 6).

[0116] The first glass substrate 1 having a photoelastic
effect formed by the stress, has a function as a single axis
retardation plate. And, the slow axis in the first glass substrate
1 is the same as the direction of the stress. Accordingly, if
linearly-polarized light passed through the first polarizing
plate 8, has passed through the first glass substrate 1 having a
stress formed in a direction at 45° to the polarization direc-
tion, it becomes elliptically-polarized light (see FIG. 6).

[0117] Further, if this elliptically-polarized light has passed
through the liquid crystal layer 5 aligned in the alignment
direction during no application of an electric field, it becomes
elliptically-polarized light with a reversed rotational direc-
tion (see FIG. 6).

[0118] Then, this light passes through the second glass
substrate 2. No stress is formed in the second glass substrate
2. Accordingly, the polarization state does not change as
between before and after passing through the second glass
substrate 2, and the passed light is elliptically-polarized light
with the same rotational direction as passed through the liquid
crystal layer 5.
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[0119] Then, this elliptically-polarized light passes through
the half-wavelength plate 7. The half-wavelength plate 7 lets
the polarization state of elliptically-polarized light passing
through the half-wavelength plate 7 itself be changed as fol-
lows. That is, it lets the long axis of the elliptic polarization be
axisymmetrically reversed around the slow axis of the half-
wavelength plate 7, and it lets the direction of the elliptic
polarization be reversed. Accordingly, the rotational direction
of the elliptic polarization of light passed through the half-
wavelength plate 7 is reversed to one passed through the
second glass substrate 2. That is, the rotational direction of the
elliptic polarization of light passed through the half-wave-
length plate 7 is the same as the rotational direction of the
elliptic polarization after passing through the first glass sub-
strate 1.

[0120] In the third glass substrate 3, a stress is formed in a
direction deviated by 45° from the absorption axis of the first
polarizing plate 8. Accordingly, if the elliptically-polarized
light passed through the above half-wavelength plate 7, has
passed through the third glass substrate 3, the polarization
state of light becomes the same linear polarization as before
passing through the first glass substrate 1.

[0121] Thedirection ofthis linear polarization is parallel to
the absorption axis of the second polarizing plate 9. Accord-
ingly, the light passed through the third glass substrate 3 will
not pass through the second polarizing plate 9.

[0122] Accordingly, light leakage can be prevented in a
state where no electric field is applied to the liquid crystal
layer 5, so that the entire effective display region becomes a
black display. That is, in a normally black liquid crystal
display device 15, it is possible to prevent light leakage in a
case where a stress is exerted during no application of an
electric field. Further, at that time, it is possible to further
increase the effect to prevent light leakage by adjusting the
phase of the half-wavelength plate 7 to be at least 50% and at
most 150% of the retardation of the liquid crystal layer 5.
[0123] Now, the thickness of the third glass substrate 8 will
be described. Here, it is assumed that the first and second
glass substrates 1 and 2 have common thickness, Young’s
modulus and photoelastic coefficient. And, the thickness of
the first and second glass substrates 1 and 2 is represented by
d,. The Young’s modulus of the first and second glass sub-
strates 1 and 2 is represented by E,. The photoelastic coeffi-
cient of the first and second glass substrates 1 and 2 is repre-
sented by C, . Further, the thickness of the third glass substrate
3isrepresented by d,. The Young’s modulus of the third glass
substrate 3 is represented by E;. The photoelastic coefficient
of the third glass substrate 3 is represented by C.

[0124] FIG. 7is a schematic view illustrating the heights of
boundaries between the glass substrates, when the height of
the surface on the side opposite to the viewer’s side, of the first
glass substrate is regarded to be 0. A height from the surface
(hereinafter referred to as the bottom surface) on the side
opposite to the viewer’s side, of the first glass substrate is
represented by a variable y.

[0125] The thickness of each of the first to third glass sub-
strates 1, 2 and 3 is very thick as compared with the thickness
of each of the polarizing plates 8 and 9, the thickness of the
liquid crystal layer 5, and the distance between the second and
third glass substrates, so that the thickness of each of the
polarizing plates 8 and 9, the thickness of the liquid crystal
layer 5 and the distance between the second and third glass
substrates, may be negligible. Accordingly, the height of the
boundary of'the first and second glass substrates 1 and 2 is d, .
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Further, the height of the boundary of the second and third
glass substrates 2 and 3 is 2d,. Further, the height of the
surface on the viewer’s side of the third glass substrate 3 is
2d, +d;. Further, this height 2d, +d; is represented by d.
[0126] Further, the phase differences in the first to third
glass substrates 1, 2 and 3 are represented by 3, 3, and 3,
respectively. Here, if the optical compensation condition of
the following formula (4) is satisfied, the phase differences in
the first to third glass substrates 1, 2 and 3 will be canceled
out.

8,-8,+05=0

[0127] Here, in the formula (4), 9, is subtracted, because
the direction of the elliptical polarization of light is reversed
by the second glass substrate 2. Further, the phase difference
formed by a photoelastic effect is represented by the above-
mentioned formula (3).

[0128] Therefore, if both sides of the formula (4) are mul-
tiplied by M/(2m), the optical compensation condition may be
represented by the following formula (5). Here, A is the wave-
length of light.

Formula (4)

C0,d;-C05d1+C303d3=0

[0129] In the formula (5), o, is the stress in the first glass
substrate 1, 0, is the stress in the second glass substrate 2, and
0, is the stress in the third glass substrate 3.

[0130] Here, with respect to an optional glass substrate i

among the three glass substrates 1 to 3, the following formula
(6) is satisfied.

0,=(0;

[0131] In the above formula, O; ., surpuce 18 the stress at
the upper surface of the glass substrate i, and 0, ., s uce 15
the stress at the lower surface of the glass substrate i. Further,
the radius of curvature when bending is formed in the liquid
crystal display device by a stress, is represented by p. Further,
the height of the neutral plane is represented by D.

[0132] At thattime, with respect to the third glass substrate

3, the following formulae (7) and (8) will be satisfied.

Formula (5)

)2 Formula (6)

wpper surfacet Ot lower surface

O3 upper surface—La(2d+d3=D)Ip Formula (7)

O3 lower sw‘ﬁzce:ES(Zd =D)p Formula (8)

[0133] Accordingly, 0y in the third glass substrate 3 is rep-
resented by the following formula (9):

03=E5(4d +d3-2D)/2p

[0134] Further, with respect to the second glass substrate 2,
the following formulae (10) and (11) will be satisfied.

Formula (9)

E(2d,-D)p Formula (10)

02 wpper surface™

E\(d,-D)p Formula (11)

02 lower surface™

[0135] Accordingly, 0, in the second glass substrate 2 is
represented by the following formula (12):

0,=E(3d,-2D)/2p

[0136] Further, with respect to the first glass substrate 1, the
following formulae (13) and (14) will be satisfied.

Formula (12)

O\ upper surfuce=E1(d1=D)/p Formula (13)

O} tower suaface—L1(d =D Formula (14)

[0137] Accordingly, o, in the first glass substrate 1 is rep-
resented by the following formula (15):

0,=E(d,-2D)/2p Formula (15)
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[0138] Further, the height D of the neutral plane is repre-
sented by the formula (1). Here, it is assumed that the widths
of the respective glass substrates 1 to 3 are equal, even if
bending is formed in the liquid crystal display device, the
widths of the substrates 1 to 3 will be maintained to be equal.
That is, b(y) in the formula (1) is regarded as constant. At that
time, the height D of the neutral plane is represented by the
following formula (16):

fd E(y)ydy
Jo o

S ey

2)
f Elydy+de3ydy
_ 0 2d,

1

fOZdlEldy+JZ1 Eidy

Formula (16)

AE|d? + AEyd) ds + Exd}
- 4E\d) + 2E3d;

[0139] When the formulae (9), (12), (15) and (16) are sub-
stituted into the formula (5) to solve for d;, d, will be repre-
sented by the following formula (17):

Formula (17)

SCIEI C, 2
C3E3 C3

d—d—1 (2—2J2+ +
T G

[0140] That is, ifthe thickness d, ofthe third glass substrate
3 satisfies the formula (17), the phase differences in the
respective glass substrates 1, 2 and 3 will be canceled out,
whereby it is possible to prevent light leakage.

[0141] However, the thickness d; of the third glass substrate
3 may not satisfy the formula (17). Even if d; does not satisfy
the formula (17), it is possible to suppress light leakage, as
compared with a case where the third glass substrate 3 and the
half-wavelength plate 7 are not provided. Now, the condition
for d, will be described whereby light leakage can be sup-
pressed as compared with a case where the third glass sub-
strate 3 and the half-wavelength plate 7 are not provided.

[0142] The following condition is to be satisfied in order to
reduce light leakage as compared with a common construc-
tion wherein the second polarizing plate 9 is disposed on the
second glass substrate 2 without providing the third glass
substrate 3 and the half-wavelength plate 7. That is, the phase
difference in the first to third glass substrates in the construc-
tion wherein the third glass substrate 3 and the half-wave-
length plate 7 are provided, is smaller than the phase differ-
ence in the first and second glass substrates 1 and 2 in the
construction wherein the third glass substrate 3 and the half-
wavelength plate 7 are not provided. Specifically, the follow-
ing formula (18) is to be satisfied, when the phase differences
of the first and second glass substrates 1 and 2 in the construc-
tion wherein the third glass substrate 3 and the half-wave-
length plate 7 are not provided, are represented by 8,' and ,',
respectively.

8,-0,+93<16,"-0,|
[0143] Thephase difference formedby a photoelastic effect

is represented by the above-mentioned formula (3), and
accordingly, in the same manner as in the case where the

Formula (18)
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formula (4) is modified to the formula (5), both sides of the
formula (18) are multiplied by A/(27) to obtain the following
formula (19):

C10,d,-C0,d +C303d3<IC10,'d)-C10,d, |

[0144] In the formula (19), is the stress in the first glass
substrate 1 in the construction wherein the third glass sub-
strate 3 and the half-wavelength plate 7 are not provided, and
g,' is the stress in the second glass substrate 2 in the construc-
tion wherein the third glass substrate 3 and the half-wave-
length plate 7 are not provided. The above-mentioned for-
mula (6) is satisfied also with respect to an individual glass
substrate 1 of the pair of glass substrates in this construction.
[0145] Further, when the height of the neutral plane in the
construction wherein the third glass substrate 3 and the half-
wavelength plate 7 are not provided, is represented by D', with
respect to the second glass substrate 2, the following formulae
(20) and (21) will be satisfied.

O3 ypper surface =L 12d=DYp

Formula (19)

Formula (20)

02 tower surface—L1(d1=D)/p Formula (21)

[0146] Accordingly, by the formula (6), 0" is represented
by the following formula (22):

0,'=E,(3d,-2D)/2p

[0147] Likewise, with respect to the first glass substrate 1 in
the construction wherein the third glass substrate 3 and the
half-wavelength plate 7 are not provided, the following for-
mulae (23) and (24) will be satisfied.

Formula (22)

O} upper surface—E1(d1=D')/p Formula (23)

O\ lower surfimec=E1(=D)/p Formula (24)

[0148] Accordingly, o,' is represented by the following
formula (25):
o,/=E\(d,-2D"2p
[0149] Further, the height D' of the neutral plane in the
construction wherein the third glass substrate 3 and the half-
wavelength plate 7 are not provided, is represented by the

following formula (26). Here, b(y) in the formula (1) is
assumed to be constant.

2
f E(yydy
g 0

D=
ey

2

f Eydy

_Jo
S Edy

=di

Formula (25)

Formula (26)

[0150] When the formulae (9), (12), (15). (22), (25) and
(26) are substituted into the formula (7) to solve ford,, d; will
be represented by the following formula (27):

C I ACE C
d3<d1{ (—1—1] L

Formula (27)
Cy CiEs Cs }
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[0151] That is, when the thickness d; of the third glass
substrate 3 satisfies the formula (27), it is possible to reduce
light leakage as compared with a common construction
wherein the third glass substrate 3 and the half-wavelength
plate 7 are not provided. And, when d; satisfies the above-
mentioned formula (17), it is possible to particularly well
prevent light leakage.

[0152] Now, disposition of the half-wavelength plate (retar-
dation layer) 7 and the second adhesive 6 will be described.
FIG. 8 is a schematic view illustrating an example of dispo-
sition of the half-wavelength plate 7 and the second adhesive
6. As shown in FIG. 8, the region for disposition of the
half-wavelength plate 7 is preferably larger than the effective
display region 16 and includes the effective display region16.
That is, the half-wavelength plate 7 may be disposed to form
an area larger than the effective display region 16 and include
the effective display region 16 therein. Or, the region for
disposition of the half-wavelength plate 7 may coincide with
the effective display region 16. That is, the half-wavelength
plate 7 may be formed to have the same area and same shape
as the effective display region 16 and disposed to overlay so as
to coincide with the effective display region 16. In either case,
the half-wavelength plate 7 will be present on the effective
display region 16, whereby it is possible to suppress light
leakage over the entire display region 16.

[0153] Further, the second adhesive 6 is disposed at least in
aregionoutside of each side ofthe effective display region16.
Further, at that time, the length of the second adhesive 6
disposed along each side in the region outside of each side of
the effective display region 16, is at least /2 of the length of the
side of the effective display region 16 corresponding to such
a disposition position. In the example shown in FIG. 8, the
second adhesive 6 is disposed at four portions along each side
of the effective display region 16, outside of the effective
display region 16. In the vicinity of the long side of the
effective display region 16, the second adhesive 6 is prefer-
ably disposed to satisfy w,,Zw,,/2 wherein w,, is the length
of the long side, and w, is the length of the second adhesive
6 disposed along the long side (see FIG. 8). Likewise, in the
vicinity of the short side of the effective display region 16, the
second adhesive 6 is preferably disposed to satisty
W,,=W,,/2 wherein w,, is the length of the short side, and
W, 1s the length of the second adhesive 6 disposed along the
short side. By disposing the second adhesive 6 in such a
mannet, it is possible to certainly fix the third glass substrate
3 to the second glass substrate 2. As a result, when a bending
stress is formed in the liquid crystal display device, in the
second glass substrate 2, it is possible to cancel the stress on
the first glass substrate 1 side and the stress on the third glass
substrate 3 side.

[0154] Further, the peripheral portion of the second and
third glass substrates 2 and 3 may not entirely be bonded by
the second adhesive 6, so that portions constituting air pas-
sages may be left to exist. By such a construction, it is possible
to prevent air bubbles or through-holes which are otherwise
likely to form in the second adhesive 6, thereby to improve the
adhesive strength between the second and third glass sub-
strates 2 and 3.

[0155] Further, while FIG. 8 illustrates a case where the
second adhesive is disposed at four portions outside of the
effective display region 16, the second adhesive 6 may be
disposed to entirely cover the effective display region 16.
FIG. 9 is a schematic view illustrating an example wherein the
region for disposition of the second adhesive 6 shown in FIG.



US 2012/0099053 A1l

8 is broadened to cover the effective display region 16. As
shown in FIG. 9, in the case of disposing the second adhesive
6 to cover the effective display region 16, a transparent adhe-
sive material (e.g. a transparent resin) is employed as the
second adhesive 6. As descried hereinafter, the third glass
substrate 3 will have a function as a capacitance type touch
panel having a transparent electrode on at least one substrate
surface. In such a case, by disposing the transparent resin to
cover the effective display region 16 as in the above example,
a transparent resin material or production installation to be
used for the touch panel may be used for the production of the
liquid crystal display device.

[0156] Further, in the case of disposing the second adhesive
6 to cover the effective display region 16, the half-wavelength
plate 7 will also be bonded to the glass substrate (here the
second glass substrate 2). In such a case, as the half-wave-
length plate 7 is bonded to the glass substrate 2, it may not be
supported as sandwiched between a pair of glass substrates.
That is, the distance between the glass substrate on which the
half-wavelength plate 7 is disposed, and the third glass sub-
strate, may be larger than the thickness of the half-wavelength
plate 7. FIG. 10 is a schematic view illustrating an example of
such a case. In the example shown in FIG. 10, the half-
wavelength plate 7 is bonded to the second glass substrate 2
by the second adhesive 6. Here, illustrated is a case where the
second adhesive 6 is thinly applied in the region overlapping
with the half-wavelength plate 7. Further, it is assumed that
the distance between the second and third glass substrates 2
and 3 is prescribed to be h, by the second adhesive 6 disposed
outside of the half-wavelength plate 7. When the thickness of
the half-wavelength plate 7 is represented by h,, the distance
may be h,>h,. In such a case, as shown in FIG. 10, a space 19
will be formed between the glass substrates 2 and 3. Further,
the second adhesive 6 may be disposed in the space 19.
[0157] Further, as shown in FIG. 1, the distance between
the glass substrate on which the half-wavelength plate 7 is
disposed, and the third glass substrate, may be made to be
equal to the thickness of the half-wavelength plate 7.

[0158] In the foregoing, a case of forming a retardation
layer on the second glass substrate 2 has been described, but
the retardation layer 7 may be disposed on a surface on the
side opposite to the liquid crystal layer 5, of the first glass
substrate 1. An example of such a construction is shown in
FIG. 11. With respect to the same constituting elements as the
constituting elements shown in FIG. 1, the same symbols as
used in FIG. 1 will be used, and their detailed description will
be omitted.

[0159] With respect to the first glass substrate 1, the second
glass substrate 2, the first adhesive 4, the liquid crystal layer
5, the common electrode 21 and each pixel electrode 22, the
constructions are the same as in the case where the half-
wavelength plate (retardation layer) 7 is formed on the second
glass substrate 2, and their description will be omitted. Fur-
ther, the relation between the phase difference of the retarda-
tion layer 7 and the retardation of the liquid crystal layer 5 is
also as described above.

[0160] Inthe constructionshowninFIG. 11, the half-wave-
length plate 7 is formed on the first glass substrate 1. And, the
third glass substrate 3 is fixed to the first glass substrate 1
having the half-wavelength plate 7 formed thereon. At that
time, the third glass substrate 3 is fixed to face the first glass
substrate 1 via the half-wavelength plate 7 interposed. Spe-
cifically, the third glass substrate 3 is bonded to the first glass
substrate 1 by the second adhesive 6.
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[0161] In the example shown in FIG. 11, out of the glass
substrates 1 and 2, the second glass substrates 2 corresponds
to a glass substrate having no half-wavelength plate 7 formed
thereon. In this second glass substrate 2, the first polarizing
plate 8 is formed on its surface on the side opposite to the
liquid crystal layer 5.

[0162] Further, the third glass substrate 3 is provided with
the second polarizing plate 9 on its surface on the side oppo-
site to the half-wavelength plate 7. Such a construction is the
same as the construction shown in FIG. 1. However, in the
construction shown in FIG. 11, the polarizing plate on the
viewer’s side is the first polarizing plate 8, and the polarizing
plate on the rear surface side is the second polarizing plate 9.
Further, in the same manner as in the case shown in FIG. 1, it
is preferred to dispose a transparent electrically-conductive
layer 10 between the third glass substrate 3 and the second
polarizing plate 9.

[0163] Further, also with respect to the mode of the region
for disposition of the half-wavelength plate and the second
adhesive, and the preferred thickness of the third glass sub-
strate 3, their description will be omitted, as they are as
described above.

[0164] Now, the relation of the alignment direction during
no application of an electric field, the slow axis of the half-
wavelength plate 7 and the absorption axes of the respective
polarizing plates 8 and 9 in the construction wherein the
half-wavelength plate 7 is disposed on the first glass substrate
11, will be described. Such a relation is as described above,
but the description will be made to meet the construction
shown in FIG. 11. FIGS. 12(a) to (d) are, respectively, sche-
matic views illustrating examples of the relation of the align-
ment direction during no application of an electric field, the
slow axis of the retardation layer 7 and the absorption axes of
the respective polarizing plates 8 and 9.

[0165] FIG. 12 schematically illustrate states of cases
wherein the second polarizing plate 9, the third glass substrate
3, the half-wavelength plate 7, the first glass substrate 1, the
liquid crystal layer 5, the second glass substrate 2 and the first
polarizing plate 8 are observed from the viewer’s side. Fur-
ther, the respective arrows shown in FIG. 12 represent the
absorption axes, the alignment direction during no applica-
tion of an electric field, and the slow axis, in the same manner
as in FIGS. 4 and 5.

[0166] Theabsorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are made
to be perpendicular to each other.

[0167] Further, in order to improve the effect to prevent
light leakage, the slow axis of the half-wavelength plate 7 is
preferably made to be perpendicular or parallel to the align-
ment direction during no application of an electric field, par-
ticularly preferably made to be perpendicular to the align-
ment direction during no application of an electric field. By
making the slow axis to be perpendicular to the alignment
direction, it is possible to prevent coloration due to a wave-
length dispersion.

[0168] Further, it is preferred to satisfy a condition that the
slow axis of the half-wavelength plate 7 is parallel with the
absorption axis of the second polarizing plate 9, and the
alignment direction during no application of an electric field
is parallel to the absorption axis of the first polarizing plate 8.
Also in this case, it is possible to prevent coloring due to a
wavelength dispersion.
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[0169] The example shown in FIG. 12(a) represents a case
wherein the half-wavelength plate 7 is disposed so that the
slow axis of the half-wavelength plate 7 becomes perpendicu-
lar to the alignment direction during no application of an
electric field, the first polarizing plate 8 is disposed so that the
absorption axis of the first polarizing plate 8 becomes parallel
to the alignment direction during no application of an electric
filed, and the second polarizing plate 9 is disposed so that the
absorption axis of the second polarizing plate 9 becomes
parallel to the slow axis of the half-wavelength plate 7. In such
a case, the absorption axes of the two polarizing plates 8 and
9 are perpendicular to each other. It is particularly preferred to
dispose the respective elements as shown in FIG. 12(a).
[0170] While it is preferred to have satisfied the condition
that the slow axis of the half-wavelength plate 7 is parallel to
the absorption axis of the second polarizing plate 9. and the
alignment direction during no application of an electric field
is parallel to the absorption axis of the first polarizing plate 8,
such a condition may not be satisfied. Further, the slow axis
and the alignment direction during no application of an elec-
tric filed may be parallel to each other. FIGS. 12(b) and (c)
show examples of such cases.

[0171] In the example shown in FIG. 12(5), the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes parallel to the alignment direc-
tion during no application of an electric field. And, the first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8 becomes perpendicular to the align-
ment direction during no application of an electric field. Fur-
ther, the second polarizing plate 9 is disposed so that the
absorption axis of the second polarizing plate 9 becomes
parallel to the slow axis of the half-wavelength plate 7.
[0172] Further, in the example shown in FIG. 12(c), the
half-wavelength plate 7 is disposed so that the slow axis of the
half-wavelength plate 7 becomes parallel to the alignment
direction during no application of an electric field. And, the
first polarizing plate 8 is disposed so that the absorption axis
of the first polarizing plate 8 becomes parallel to the align-
ment direction during no application of an electric field. Fur-
ther, the second polarizing plate 9 is disposed so that the
absorption axis of the second polarizing plate 9 becomes
perpendicular to the slow axis of the half-wavelength plate 7.
[0173] In the example shown in FIG. 12(d), the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes perpendicular to the alignment
direction during no application of an electric field. And, the
first polarizing plate 8 is disposed so that the absorption axis
of the first polarizing plate 8 becomes perpendicular to the
alignment direction during no application of an electric field.
Further, the second polarizing plate 9 is disposed so that the
absorption axis of the second polarizing plate 9 becomes
perpendicular to the slow axis of the half-wavelength plate 7.
[0174] Eveninthecases wherethe relation of the alignment
direction during no application of an electric field, the slow
axis and the absorption axes is one exemplified in FIGS. 12(5)
to (d), the absorption axes of the first and second polarizing
plates 8 and 9 are perpendicular to each other. Further, the
slow axis of the half-wavelength plate 7 and the alignment
direction during no application of an electric filed are perpen-
dicular or parallel to each other.

[0175] Further, the change in the polarization state of light
passing through the liquid crystal display device is the same
as in the case shown in FIG. 6, but it will be described to meet
with the construction shown in FIG. 11. FIG. 13 is a sche-
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matic view illustrating the change in the polarization state of
light passing through the liquid crystal display device. FIG.
13 illustrates a case wherein the alignment direction during
no application of an electric field, the slow axis and the
respective absorption axes become the same relation as in
FIG. 12(a). Further, it is assumed that the liquid crystal dis-
play device is not driven, and no electric field is formed
between the common electrode 21 and each pixel electrode
22. And, it is assumed that in the liquid crystal display device,
a stress is formed in a direction deviated by 45° from the
absorption axis of the second polarizing plate 9.

[0176] Light linearly polarized in various directions is
assumed to have entered into the second polarizing plate 9.
When this light passes through the second polarizing plate 9,
the polarization state of light becomes linear polarization in a
direction perpendicular to the absorption axis of the second
polarizing plate 9.

[0177] When this linearly polarized light passes through
the third glass substrate 3 having a stress formed ina direction
at 45° from such a polarization direction, it becomes an ellip-
tically-polarized light.

[0178] Further, when this elliptically-polarized light passes
through the half-wavelength plate 7, it becomes a reversely
rotational elliptically-polarized light.

[0179] Then, this light passes through the first glass sub-
strate 1. No stress is formed in the first glass substrate 1.
Accordingly, the polarization state does not change as
between before and after passing through the first glass sub-
strate 1, and it is an elliptical polarization with rotation in the
same direction as the direction after passing through the half-
wavelength plate 7.

[0180] Then, this elliptically-polarized light passes through
the liquid crystal layer 5. The direction of elliptical polariza-
tion of light passing through the liquid crystal layer 5 is
reversed to the direction after passing through the first glass
substrate 1. That is, the polarization state of light passing
through the liquid crystal layer 5 is the same after passing
through the third glass substrate 3.

[0181] When this light passes through the second glass
substrate 2, the polarization state of light becomes the same
linear polarization as before passing through the third glass
substrate 3.

[0182] Thedirection ofthis linear polarization is parallel to
the absorption axis of the first polarizing plate 8. Therefore,
light passing through the second glass substrate 2 will not
pass through the first polarizing plate 8.

[0183] Therefore, in a normally black liquid crystal display
device 15, it is possible to prevent light leakage in a case
where a stress is exerted at the time when no electric field is
applied.

[0184] Further, in the present invention, in a state where the
liquid crystal display device is driven to display an image in
the effective display region, there will be no problem, since
even if a stress is formed, such a stress gives no influence over
the display quality.

Embodiment 2

[0185] In the second embodiment and the third embodi-
ment, a liquid crystal display device is shown whereby it is
possibleto suppress light leakage in such a state that the entire
effective display region becomes black display without appli-
cation of an electric field to the liquid crystal layer, and the
viewing angle during such black display can be widened.
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[0186] FIG. 14 is a schematic view illustrating an example
of the liquid crystal display device of the second embodiment
of the present invention. The same constituting elements as in
the first embodiment are represented by the same symbols as
in FIG. 1, and their description will be omitted.

[0187] The liquid crystal display device of the second
embodiment is provided with a biaxial retardation film (bi-
axial film) between one of the first and second polarizing
plates 8 and 9, and a glass substrate closest to the polarizing
plate. That is, it has a biaxial retardation film 31 between the
third transparent substrate 3 and the second polarizing plate 9,
or between the first transparent substrate 1 and the first polar-
izing plate 8. FIG. 14 illustrates a construction wherein a
biaxial retardation film 311s provided between the third trans-
parent substrate 3 and the second polarizing plate 9, but the
biaxial retardation film 31 may be disposed between the first
glass substrate 1 and the second polarizing plate 8.

[0188] The biaxial retardation film 31 is a retardation film
having a phase difference not only in one direction in plane
but also in the thickness direction and is referred to also as an
Nz film.

[0189] The refractive index in a slow axis direction of the
biaxial retardation film 31 is represented by nx, and the
refractive index in a direction parallel to the main surface and
perpendicular to the slow axis of the biaxial retardation film
31 is represented by ny. Further, the refractive index in a
thickness direction of the biaxial retardation film 31 is repre-
sented by nz. Then, the biaxial retardation film 31 satisfies a
condition of nx>nz>ny.

[0190] Further, in the biaxial retardation film, a value of
(nz-nx)/(ny-nx) is called an Nz value. The Nz value of the
biaxial retardation film 31 disposed in this embodiment
(=(nz-nx)/(ny-nx)) is preferably in the vicinity of 0.5. Spe-
cifically, the Nz value is preferably at least 0.4 and at most 0.6.
When the Nz value is in the vicinity of 0.5, it is possible to
improve such an effect that the viewing angle can be widened
in such a state that the entire effective display region becomes
black display.

[0191] In FIG. 14, an electrically-conductive layer 10 (see
FIG. 1) is not shown, but a transparent electrically-conductive
layer may be disposed together with the biaxial retardation
film 31 between the third glass substrate 3 and the second
polarizing plate 9. Such a transparent electrically-conductive
layer may be formed on the third glass substrate 3 side or on
the second polarizing plate 9 side, as viewed from the biaxial
retardation film 31.

[0192] The preferred thickness of the third glass substrate
3, and the mode of disposition regions of the half-wavelength
plate and the second adhesive, are the same as in the first
embodiment, and their description will be omitted.

[0193] Now, the relations of the alignment direction during
no application of an electric field, and the slow axis of the
half-wavelength plate 7, the absorption axes of the respective
polarizing plates 8 and 9 and the slow axis of the biaxial
retardation film 31, will be described. FIG. 15 is a schematic
view illustrating these relations. FIG. 15 schematically illus-
trates a state in a case where the first polarizing plate 8, the
first glass substrate 1, the liquid crystal layer 5, the second
glass substrate 2, the half-wavelength plate 7, the third glass
substrate 3, the biaxial retardation film 31 and the second
polarizing plate 9 are observed from the viewer’s side. The
arrows shown in FIG. 15 are the same as in FIG. 4. However,
the broken line arrows shown in the biaxial retardation film 31
represent the slow axis of the biaxial retardation film. In the
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biaxial retardation film 31, two broken line arrows are shown,
but the slow axis may be parallel to either one of the two
arrows. Further, FIG. 15(a) illustrates a case wherein the
biaxial retardation film 31 is disposed between the third glass
substrate 3 and the second polarizing plate 9, as shown in FIG.
14. FIG. 15(?) illustrates a case where the biaxial retardation
film 31 is disposed between the first glass substrate 1 and the
first polarizing plate 8.

[0194] Theabsorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are per-
pendicular to each other.

[0195] Further, in this embodiment, the slow axis of the
half-wavelength plate 7 and the alignment direction during no
application of an electric field are parallel to each other.
[0196] And, it is preferred that the slow axis of the biaxial
retardation film 31 is parallel to the absorption axis of one of
the first and second polarizing plates 8 and 9. In such a case,
itis possible to improve the effect to widen the viewing angle.
[0197] In the example shown in FIG. 15(a), the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes parallel to the alignment direc-
tion during no application of an electric field. And, the first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8§ becomes parallel to the alignment
direction during no application of an electric field. Further,
the second polarizing plate 9 is disposed so that the absorption
axis of the second polarizing plate 9 becomes perpendicular
to the slow axis of the half-wavelength plate 7. By such
disposition, the absorption axis of the first polarizing plate 8
and the absorption axis of the second polarizing plate 9 will be
perpendicular to each other. Further, the biaxial retardation
film 31 may be disposed between the third glass substrate 3
and the second polarizing plate 9, so that the slow axis of the
biaxial retardation film 31 becomes parallel to the absorption
axis of the first polarizing plate 8 or to the absorption axis of
the second polarizing plate 9.

[0198] Inthe example shown in FIG. 15(b), the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes parallel to the alignment direc-
tion during no application of an electric field. And, the first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8 becomes perpendicular to the align-
ment direction during no application of an electric field. Fur-
ther, the second polarizing plate 9 is disposed so that the
absorption axis of the second polarizing plate 9 becomes
parallel to the slow axis of the half-wavelength plate 7. By
such disposition, the absorption axis of the first polarizing
plate 8 and the absorption axis of the second polarizing plate
9 will be perpendicular to each other. The biaxial retardation
film 31 may be disposed between the first glass substrate 1
and the first polarizing plate 8 so that the slow axis of the
biaxial retardation film 31 becomes parallel to the absorption
axis of the first polarizing plate 8 or to the absorption axis of
the second polarizing plate 9.

[0199] Like in the first embodiment, let us consider a case
where a bending force is exerted to the liquid crystal display
device in such a state that no electric field is applied to the
liquid crystal display device, so that a stress is formed in a
direction deviated by 45° from the absorption axis of the first
polarizing plate 8. At that time, the stresses to be formedinthe
first to third glass substrates are the same as in the first
embodiment. For example, in the third glass substrate 3, a
stress to stretch the third glass substrate 3 will be formed, and
in the first glass substrate 1, a stress to shrink the first glass



US 2012/0099053 A1l

substrate 1 will be formed. The second glass substrate 2
contains a neutral plane and may be regarded as having no
strain formed. Further, the biaxial retardation film 31 presents
no influence to the polarization state of light passing there-
through. Accordingly, even when light enters from the first
polarizing plate 8 side at that time, the polarization state of
such light changes in the same manner as in the first embodi-
ment (see FIG. 4), whereby the light will not pass through the
second polarizing plate 9. That is, in a normally black liquid
crystal display device, itis possible to prevent light leakage in
a case where a stress is exerted during no application of an
electric field.

[0200] Further, in this embodiment, the biaxial retardation
film 31 satisfying a condition of nx>nz>ny is disposed,
whereby it is possible to widen the viewing angle at the time
when the liquid crystal display device is not driven, and the
entire screen becomes black display. When the Nz value is in
the vicinity of 0.5, this effect may further be improved.
[0201] The example shown in FIG. 14 illustrates a case
where the half-wavelength plate 7 is formed on the second
glass substrate 2, but the half-wavelength plate 7 may be
disposed on a surface on the side opposite to the liquid crystal
layer 5, of the first glass substrate 1. An example of such a
construction is shown in FIG. 16. The same constituting ele-
ments as in the first embodiment are represented by the same
symbols as in FIG. 11, and their description will be omitted.
[0202] Also, in the construction wherein the half-wave-
length plate 7 is formed on the first glass substrate 1, theliquid
crystal display device has a biaxial retardation film 31
between the third transparent substrate 3 and the second
polarizing plate 9 or between the first transparent substrate 1
and the first polarizing plate 8. F1G. 16 illustrates a construc-
tion wherein a biaxial retardation film 31 is provided between
the third transparent substrate 3 and the second polarizing
plate 9, but the biaxial retardation film 31 may be disposed
between the first glass substrate 1 and the first polarizing plate
8. This biaxial retardation film 31 is the same as the biaxial
retardation film 31 in the construction illustrated in FIG. 14.
[0203] In FIG. 16, an electrically-conductive layer 10 (see
FIG. 11) is not shown, but a transparent electrically-conduc-
tive layer may be disposed together with the biaxial retarda-
tion film 31 between the third glass substrate 3 and the second
polarizing plate 9. Further, the preferred thickness of the third
glass substrate 3, and the mode of disposition regions of the
half-wavelength plate and the second adhesive, are the same
as in the first embodiment, and their description will be omit-
ted.

[0204] Like FIG. 15, FIG. 17 is a schematic view illustrat-
ing the relations of the alignment direction during no appli-
cation of an electric field, the slow axis ofthe half-wavelength
plate 7, the absorption axes of the respective polarizing plates
8 and 9, the slow axis of the biaxial retardation film 31. FIG.
17(a) illustrates a case where the biaxial retardation film 31 is
disposed between the third glass substrate 3 and the second
polarizing plate 9. FIG. 17(d) illustrates a case where the
biaxial retardation film 31 is disposed between the first glass
substrate 1 and the first polarizing plate 8.

[0205] Also in the construction wherein the half-wave-
length plate 7 is formed on the first glass substrate 1, the
relation of the respective axes, etc. is as described above. That
is, the absorption axis of the first polarizing plate 8 and the
absorption axis of the second polarizing plate 9 are perpen-
dicular to each other. Further, the slow axis of the half-wave-
length plate 7 and the alignment direction during no applica-
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tion of an electric field are parallel to each other. And, the slow
axis of the biaxial retardation film 31 is parallel with the
absorption axis of one of the first and the second polarizing
plates 8 and 9.

[0206] In the example shown in FIG. 17(a), the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes parallel to the alignment direc-
tion during no application of an electric field. And, the first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8 becomes parallel to the alignment
direction during no application of an electric field. Further,
the second polarizing plate 9 is disposed so that the absorption
axis of the second polarizing plate 9 becomes perpendicular
to the slow axis of the half-wavelength plate 7. By such
disposition, the absorption axis of the first polarizing plate 8
and the absorption axis of the second polarizing plate 9 will be
perpendicular to each other. The biaxial retardation film 31
may be disposed between the third glass substrate 3 and the
second polarizing plate 9, so that the slow axis of the biaxial
retardation film 31 becomes parallel to the absorption axis of
the first polarizing plate 8 or to the absorption axis of the
second polarizing plate 9.

[0207] In the example shown in FIG. 17(b), the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes parallel to the alignment direc-
tion during no application of an electric field. And, the first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8 becomes perpendicular to the align-
ment direction during no application of an electric field. Fur-
ther, the second polarizing plate 9 is disposed so that the
absorption axis of the second polarizing plate 9 becomes
parallel to the slow axis of the half-wavelength plate 7. By
such disposition, the absorption axis of the first polarizing
plate 8 and the absorption axis of the second polarizing plate
9 will be perpendicular to each other. Further, the biaxial
retardation film 31 may be disposed between the second glass
substrate 2 and the first polarizing plate 8 so that the slow axis
of the biaxial retardation film 31 becomes parallel to the
absorption axis of the first polarizing plate 8 or to the absorp-
tion axis of the second polarizing plate 9.

[0208] As described above, the biaxial retardation film 31
presents no influence to the polarization state of light passing
therethrough. Even if light enters from the second polarizing
plate 9 side when a bending force is exerted to the liquid
crystal display device in such a state that no electric field is
applied to the liquid crystal display device, the polarization
state of such light changes in the same manner as in the first
embodiment (see FIG. 13), whereby the light will not pass
through the first polarizing plate 8. That is, in a normally
black liquid crystal display device, it is possible to prevent
light leakage in a case where a stress is exerted when no
electric field is applied.

[0209] Further, as the biaxial retardation film 31 is dis-
posed, like in the case of the construction shown in FIG. 14,
it is possible to widen the viewing angle when the entire
screen becomes black display.

Embodiment 3

[0210] The third embodiment represents a liquid crystal
display device which is capable of obtaining the same effect
as in the second embodiment. However, the liquid crystal
display device in the third embodiment is provided with two
biaxial retardation films.
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[0211] FIG. 18 is a schematic view illustrating an example
of the liquid crystal display device according to the third
embodiment of the present invention. The same constituting
elements in the first embodiment are represented by the same
symbols as in FIG. 1, and their description will be omitted.

[0212] The liquid crystal display device of the third
embodiment has a first biaxial retardation film 31a between
the first polarizing plate 8 and a glass substrate having no
half-wavelength plate 7 provided (the first glass substrate 1 in
the example shown in FIG. 18), out of the first and second
glass substrates 1 and 2. Further, it has a second biaxial
retardation film 315 between the third glass substrate 3 and
the second polarizing plate 9.

[0213] The refractive index in the slow axis direction in the
first and second biaxial retardation films 31« and 315 is rep-
resented by nx. And, the refractive index in a direction parallel
to the main surface and perpendicular to the slow axis in the
first and second biaxial retardation films 31a and 315 is rep-
resented by ny. And, the refractive index in a thickness direc-
tion of the first and second biaxial retardation films 31a and
315 is represented nz. Then, the first and second biaxial
retardation films 31e¢ and 315 satisfy a condition of
nx>nz>ny.

[0214] Further, the Nz value of the first and second biaxial
retardation films 31a and 315 (=(nz-nx)/(ny-nx)) is prefer-
ably at least 0.2 and at most 0.4. In a construction wherein two
biaxial retardation films 31a and 315 are disposed, by adjust-
ing the Nz value to be a value within this range, it is possible
to further improve the effect to widen the viewing angle in
such a state that the entire effective display region becomes
black display. It is particularly preferred that the Nz value of
the first and second biaxial retardation films 314 and 315 is
0.25.

[0215] The preferred thickness of the third glass substrate 3
and the mode of disposition regions for the half-wavelength
plate and the second adhesive are the same as in the first
embodiment, and their description will be omitted.

[0216] Now, the relation of the alignment direction during
no application of an electric field, the slow axis of the half-
wavelength plate 7, the absorption axes of the respective
polarizing plates 8 and 9 and the slow axes of the respective
biaxial retardation films 31a and 315, will be described. FIG.
19 is a schematic view illustrating such a relation. FIG. 19
schematically illustrates a state in a case where the first polar-
izing plate 8, the first biaxial retardation film 31a, the first
glass substrate 1, the liquid crystal layer 5, the second glass
substrate 2, the half-wavelength plate 7, the third glass sub-
strate 3, the second biaxial retardation film 315 and the sec-
ond polarizing plate 9 are observed from the viewer’s side.
The arrows shown in FIG. 15 are the same as in FIG. 4.
However, the arrows shown in the respective biaxial retarda-
tion films 31« and 315 represent the slow axes of the biaxial
retardation films.

[0217] Theabsorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are per-
pendicular to each other.

[0218] Further, the alignment direction during no applica-
tion of an electric field is perpendicular to the absorption axis
of the first polarizing plate 8 and is also perpendicular to the
slow axis of the half-wavelength plate 7. That is, the align-
ment direction during no application of an electric field is
perpendicular to each of the absorption axis of the first polar-
izing plate 8 and the slow axis of the half-wavelength plate 7.
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[0219] And, it is preferred that the slow axis of the first
biaxial retardation film 31a is parallel to the absorption axis of
the first polarizing plate 8, and the slow axis of the second
biaxial retardation film 315 is parallel to the absorption axis of
the second polarizing plate 9. In such a case, it is possible to
improve the effect to widen the viewing angle.

[0220] In the example shown in FIG. 19, the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes perpendicular to the alignment
direction during no application of an electric field. The first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8 becomes perpendicular to the align-
ment direction during no application of an electric field. Fur-
ther, the first biaxial retardation film 31a may be disposed
between the first glass substrate 1and the first polarizing plate
8 so that the slow axis of the first biaxial retardation film 31a
becomes parallel to the absorption axis of the first polarizing
plate 8. The second polarizing plate 9 is disposed so that the
absorption axis becomes perpendicular to the absorption axis
of the first polarizing plate 8. The second biaxial retardation
film 315 may be disposed between the third glass substrate 3
and the second polarizing plate 9 so that the slow axis of the
second biaxial retardation film 315 becomes parallel to the
absorption axis of the second polarizing plate 9.

[0221] Each biaxial retardation film 31a or 315 presents no
influence to the polarization state of light passing there-
through. Accordingly, even if light enters from the first polar-
izing plate 8 side when a bending force is exerted to the liquid
crystal display device in such a state that no electric field is
applied to the liquid crystal display device, the polarization
state of such light changes in the same manner as in the first
embodiment (see FIG. 6), and the light will not pass through
the second polarizing plate 9. That is, in a normally black
liquid crystal display device, it is possible to prevent light
leakage in a case where a stress 1s exerted at the time when no
electric field is applied.

[0222] Further, as the first and second biaxial retardation
films 31a and 315 are disposed, it is possible to widen the
viewing angle when the liquid crystal display device is not
driven and the entire screen becomes black display. When the
Nz value is at least 0.2 and at most 0.4, it is possible to further
improve this effect.

[0223] The example shown in FIG. 18 illustrates a case
where the half-wavelength plate 7 is formed on the second
glass substrate 2, but the half-wavelength plate 7 may be
disposed on a surface on the side opposite to the liquid crystal
layer 3, of the first glass substrate 1. An example of such a
construction is shown in FIG. 20. The same constituting ele-
ments as in the first embodiment are represented by the same
symbols as in FIG. 11, and their description will be omitted.

[0224] Also in the construction wherein the half-wave-
length plate 71is formed on the first glass substrate 1, the liquid
crystal display device has a first biaxial retardation film 31a
between the first polarizing plate 8 and the glass substrate
having no half-wavelength plate 7 provided, out of the first
and second glass substrates 1 and 2. In the example shown in
FIG. 20, the second glass substrate 2 corresponds to the glass
substrate having no half-wavelength plate 7 provided.
Accordingly, it has the first biaxial retardation film 31a
between the second glass substrate 2 and the first polarizing
plate 8. Further, it has the second biaxial retardation film 315
between the third glass substrate 3 and the second polarizing
plate 9. The first and second biaxial retardation films 31a and
315 are the same as the first and second biaxial retardation
films 31a and 315 in the construction illustrated in FIG. 18.
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[0225] Thepreferred thickness of the third glass substrate 3
and the mode of disposition regions for the half-wavelength
plate and the second adhesive are the same as in the first
embodiment, and their description will be omitted.

[0226] FIG. 21 is a schematic view illustrating the relation
of the alignment direction during no application of an electric
field, the slow axis of the half-wavelength plate 7, the absorp-
tion axes of the respective polarizing plates 8 and 9 and the
slow axes of the respective biaxial retardation films 31a and
315

[0227] Also in the construction wherein the half-wave-
length plate 7 is formed on the first glass substrate 1, the
relation of the respective axes, etc., are as described above.
That is, the absorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are per-
pendicular to each other. And, the alignment direction during
no application of an electric field is perpendicular to each of
the absorption axis of the first polarizing plate 8 and the slow
axis of the half-wavelength plate 7.

[0228] Further, it is preferred that the slow axis of the first
biaxial retardation film 31a is parallel to the absorption axis of
the first polarizing plate 8, and the slow axis of the second
biaxial retardation film 315 is parallel to the absorption axis of
the second polarizing plate 9.

[0229] In the example shown in FIG. 21, the half-wave-
length plate 7 is disposed so that the slow axis of the half-
wavelength plate 7 becomes perpendicular to the alignment
direction during no application of an electric field. The first
polarizing plate 8 is disposed so that the absorption axis of the
first polarizing plate 8 becomes perpendicular to the align-
ment direction during no application of an electric field. Fur-
ther, the first biaxial retardation film 31a may be disposed
between the first glass substrate 1 and the first polarizing plate
8 so that the slow axis of the first biaxial retardation film 31a
becomes parallel to the absorption axis of the first polarizing
plate 8. The second polarizing plate 9 is disposed so that the
absorption axis becomes perpendicular to the absorption axis
of the first polarizing plate 8. The second biaxial retardation
film 315 may be disposed between the third glass substrate 3
and the second polarizing plate 9 so that the slow axis of the
second biaxial retardation film 315 becomes parallel to the
absorption axis of the second polarizing plate 9.

[0230] Even if light enters from the second polarizing plate
9 side when a bending force is exerted to the liquid crystal
display device in such a state that no electric field is applied to
the liquid crystal display device, the polarization state of such
light changes in the same manner as in the first embodiment
(see FIG. 13), and the light will not pass through the first
polarizing plate 8. That is, in a normally black liquid crystal
display device, it is possible to prevent light leakage in a case
where a stress is exerted at the time when no electric field is
applied.

[0231] Further, as two biaxial retardation films 31a and 315
are disposed, like in the case of the construction shown in
FIG. 18, it is possible to widen the viewing angle when the
entire screen becomes black display.

[0232] InFIGS.18 and 20, an electrically-conductive layer
10 (see FIG. 1) is not shown, but a transparent electrically-
conductive layer may be disposed together with the biaxial
retardation film 31 between the third glass substrate 3 and the
second polarizing plate 9 also in this embodiment. The trans-
parent electrically-conductive layer may be formed on the
third glass substrate 3 side or on the second polarizing plate 9
side as viewed from the biaxial retardation film 31.
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[0233] Now, a modified example of each of the first to third
embodiments will be described. In each of the first to third
embodiments, a case is shown where the retardation layer 7 is
ahalf-wavelength plate. However, theretardation layer 7 may
be other than a half-wavelength plate.

[0234] For example, a second liquid crystal layer may be
provided separately from the liquid crystal layer 5, by inject-
ing liquid crystal into a space defined by one of the first and
second glass substrates 1 and 2, closer to the third glass
substrate 3, the third glass substrate 3 and the second adhesive
6. And, such a second liquid crystal layer may be used as the
retardation layer 7.

[0235] In the case where the second liquid crystal layer is
used as the retardation layer 7 like this, liquid crystal mol-
ecules in the second liquid crystal layer are aligned in a
certain direction, so that the slow axis of the retardation layer
7 is prescribed to be an axis parallel to the alignment direction
of the liquid crystal molecules. Accordingly, alignment films
may be provided on the glass substrate close the third glass
substrate 3, and rubbing treatment, etc. may be applied to the
alignment films, whereby the alignment direction of liquid
crystal molecules may be prescribed so that the alignment
direction of liquid crystal molecules will be parallel to the
slow axis of the retardation layer 7. By prescribing the align-
ment direction of liquid crystal molecules, it is possible to set
the slow axis of a preferred retardation layer 7 in each of the
first to third embodiments.

[0236] Further, in the case where the second liquid crystal
layer is used as the retardation layer 7, the second liquid
crystal layer is preferably made of the same material as the
liquid crystal layer 5. It is thereby possible to use a common
liquid crystal material for the second liquid crystal layer
(retardation layer 7) and the liquid crystal layer 5 thereby to
make the production of the liquid crystal display device effi-
cient.

[0237] Further, at the time of sealing the second liquid
crystal layer between the glass substrate close to the third
glass substrate 3, and the third glass substrate 3, an inlet to
inject liquid crystal may be formed in the second adhesive 6,
and after filling the liquid crystal, the inlet may be closed. At
that time, the inlet to be formed in the first adhesive 4 to inject
the liquid crystal layer 5 and the inlet to be formed in the
second adhesive 6 to inject the second liquid crystal layer are
preferably formed on the same side of the liquid crystal dis-
play device. When such two inlets are formed on the same
side, the step ofinjecting theliquid crystal layer 5 and the step
of injecting the second liquid crystal layer to be a retardation
layer 7 can be carried out simultaneously, whereby the pro-
duction of the liquid crystal display device can be made
efficient.

[0238] Further, an adhesive function may be provided to the
retardation layer 7 to be formed between the third glass sub-
strate 3 and the glass substrate close to the glass substrate 3.
For example, in order to cover the effective display region, a
half-wavelength plate provided with a double-sided adhesive
tape may be bonded on the glass substrate close to the third
glass substrate 3, and then, the third glass substrate 3 may be
bonded to the half-wavelength plate. In such a case, a trans-
parent adhesive material is employed as the second adhesive
6.

[0239] Further, the third glass substrate 3 may be a capaci-
tance type touch panel having transparent electrodes on at
least one substrate surface. For example, a plurality of trans-
parent electrodes to detect the contact of a finger may be
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formed by patterning on the third glass substrate 3. Such
transparent electrodes may be formed by patterning on each
side of the third glass substrate 3. In such a case, a contact
position detector (not shown) may be provided which detects
the contact position of a finger on the touch panel by a change
in the capacitance of a capacitor formed by e.g. the finger and
the transparent electrodes.

Embodiment 4

[0240] FIG. 22 is a schematic view illustrating an example
of the liquid crystal display device according to the fourth
embodiment of the present invention. The same constituting
elements as in the first embodiment are represented by the
same symbols as in FIG. 1, and their detailed description will
be omitted. Further, in this embodiment, it is not necessary to
use the second adhesive, and the adhesive (sealing material)
to bond the first transparent substrate 1 and the second trans-
parent substrate 2 will be referred to simply as an adhesive 4.
[0241] Theliquid crystal display device 45 according to the
fourth embodiment of the present invention comprises the
first transparent substrate 1, the second transparent substrate
2, the adhesive 4, the liquid crystal layer 5, the retardation
layer 51, the first polarizing plate 8 and the second polarizing
plate 9. Also in this embodiment, description will be made
with reference to a case where the first transparent substrate 1
and the second transparent substrate 2 are the glass substrates.
Further, the glass substrate on the side opposite to the view-
er’s side is the first glass substrate 1, and the glass substrate on
the viewer’s side is the second glass substrate 2.

[0242] The first adhesive 4 bonds the first and second glass
substrates 1 and 2 along their peripheral portions. And, liquid
crystal is filled into a space defined by the first and second
glass substrates 1 and 2 and the first adhesive 4, and the liquid
crystal layer 5 is sealed in this space. As a result, the liquid
crystal layer 5 is sandwiched between the glass substrates 1
and 2.

[0243] Onthefirstglass substrate 1, the polarizing plate 8 is
formed on its surface on the side opposite to the liquid crystal
layer 5. In this embodiment, the polarizing plate 8 formed on
the first glass substrate 1 will be referred to as the first polar-
izing plate.

[0244] Further, on the second glass substrate 2. the polar-
izing plate 9 is formed on its surface on the side opposite to the
liquid crystal layer 5. In this embodiment, the polarizing plate
9 formed on the second glass substrate 2 will be referred to as
the second polarizing plate. The second polarizing plate 9 is
disposed so that the absorption axis of the second polarizing
plate 9 itself becomes perpendicular to the absorption axis of
the first polarizing plate 8. And, the alignment direction dur-
ing no application ofan electric field is set to be perpendicular
to one of the absorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 and to be
parallel to the other one.

[0245]  Further, the liquid crystal display device 45 accord-
ing to this embodiment is also a normally black IPS mode
liquid crystal display device, and a common electrode 21 and
a pixel electrode 22 (see FIG. 3) disposed for every pixel are
formed on one of the first and second glass substrates 1 and 2.
The mode for disposition of the common electrode 21 and the
pixel electrode 22, and the change in the alignment direction
of liquid crystal molecules by an application of an electric
field between the common electrode 21 and the pixel elec-
trode 22, are the same as in the first embodiment, and their
description will be omitted.
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[0246] Further, in this embodiment, the retardation layer 51
1s formed between the liquid crystal layer 5 and at least one of
the first and second glass substrates 1 and 2. That is, the
retardation layer 51 is formed on each of the first and second
glass substrates 1 and 2 or on one of them. And, the retarda-
tion layer 51 is disposed on a surface on the liquid crystal
layer side, of the glass substrate on which the retardation layer
51 is to be formed. FIG. 22 illustrates a construction wherein
the retardation layer 51 is formed on the second glass sub-
strate 2.

[0247] FIG. 23 shows other examples for disposition of the
retardation layer 51. FIG. 23(a) illustrates a construction
wherein the retardation layer 51 is formed on the first glass
substrate 1. Further, FIG. 23(5) illustrates a construction
wherein the retardation layer 51a is on the first glass substrate
1, and the retardation layer 525 is formed on the second glass
substrate 2. In this embodiment, as illustrated in FIG. 23(b),
the retardation layer 51 may be divided into a plurality of
retardation layers.

[0248] Asawhole, the retardation layer 51 imparts to trans-
mitted light a phase difference corresponding to a half-wave-
length of the transmitted light. That is, as shown in FIGS. 22
and 23(a), in a case where the retardation layer 51 is a single
layer, such a single retardation layer 51 imparts to transmitted
light a phase difference corresponding to a half-wavelength.
Therefore, in a case where the retardation layer 51 is a single
layer, a single half-wavelength plate may be used as the
retardation layer 51.

[0249] Whereas, in a case where the retardation layer is
divided into a plurality of layers as shown in FIG. 23(5), the
sum of phase differences imparted to the transmitted light by
the respective layers may be a half-wavelength of the trans-
mitted light. In a case where the retardation layer is divided
into a plurality of layers like this, such individual layers may
be made of retardation films, so that the sum of phase differ-
ences of the respective retardation films becomes a half-
wavelength of the transmitted light. FIG. 23(b) illustrates a
case where the retardation layer 51 is divided into two layers
51a and 515, but the retardation layer 51 may be divided into
three or more layers. For example, such layers may be made
of three or more retardation films. In this respect, the same
applies also to a case where the retardation layer 51 1s formed
on only one of the glass substrates. For example, in the con-
struction illustrated in FIG. 22 or 23(a), as the retardation
layer 51, a plurality of retardation films may be laminated for
use instead of using a single half-wavelength plate.

[0250] The sum of phase differences imparted to transmit-
ted light by the retardation layer 51 should be within a range
of at least 50% and at most 150% of the retardation of the
liquid crystal layer 5. For example, the retardation of the
liquid crystal layer 5 may be prescribed so that this condition
is satisfied. The above “sum” means, when the retardation
layer 51 is a single layer, the phase difference of such a single
layer, and, when the retardation layer 51 is divided into a
plurality of layers, the sum of phase differences of such a
plurality of layers.

[0251] Further, the retardation layer 51 is disposed in a
region enclosed by the adhesive 4. Therefore, the retardation
layer 51 does not reach the end of the glass substrate on which
the retardation layer 51 is disposed. As a result, it is possible
to certainly seal the liquid crystal layer 5 by the glass sub-
strates 1 and 2 and the adhesive 4.
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[0252] Further, the liquid crystal display device 45 is pro-
vided with alignment layers 52 which regulate the alignment
direction of liquid crystal molecules in the liquid crystal layer
5 in such a state that no electric field is applied between each
pixel electrode 22 and the common electrode 21. The align-
ment layers 52 are formed to constitute the uppermost layers
on the liquid crystal layer 5 side of the first and second glass
substrates 1 and 2. That is, the alignment layers 52 are formed
to contact the liquid crystal layer 5. In FIGS. 1,11, 14, 16, 18
and 20, the alignment layers 52 are not shown, but also in each
of the first to third embodiments, the alignment layers are
formed as the uppermost layers on the liquid crystal layer 5
side of the first and second glass substrates 1 and 2, respec-
tively.

[0253] The alignment layer 52 (see FIG. 22) is formed to
constitute the uppermost layer on the liquid crystal layer 5
side, of the glass substrate, and accordingly, the retardation
layer 51 is present between the alignment layer 52 and the
glass substrate surface. At that time, so long as the retardation
layer 51 is disposed between the alignment layer 52 and the
glass substrate surface, sequence at the time of lamination is
not particularly limited. For example, a color filter (not
shown) is to be formed on the glass substrate on its liquid
crystal layer 5 side, either the color filter or the retardation
layer may be formed first on the glass substrate.

[0254] The alignment layer 52 may be formed, for
example, by disposing an alignment film on the liquid crystal
layer side of the glass substrate and applying rubbing treat-
ment to the alignment film. Or, it may be formed on the
surface of the retardation plate (retardation layer 51) by
applying rubbing treatment to a surface of the retardation film
(e.g. the half-wavelength plate) to be used as the retardation
layer 51. If the alignment layer 52 is formed by applying
rubbing treatment to the retardation film like this, it becomes
unnecessary to provide an alignment film, and thus it is pos-
sible to reduce the production cost of the liquid crystal display
device.

[0255] The following description will be made with refer-
ence to a case where the retardation layer 51 is made of a
single half-wavelength plate. By using a single half-wave-
length plate as the retardation layer 51 like this, it is possible
to reduce the production cost by reducing the number of
components constituting the liquid crystal display device.
Further, in such a case, the half-wavelength plate 51 is formed
on one of the two glass substrates 1 and 2, as shown in FIG. 22
or 23(a). And, by applying rubbing treatment on a surface to
contact the liquid crystal layer 5, of the half-wavelength plate
51, an alignment layer 52 may be formed on the surface of the
half-wavelength plate 51. In such a case, the disposition
region of the alignment layer 52 will coincide with the dis-
position region of the half-wavelength plate 51.

[0256] In a case where an alignment film is formed, and
rubbing treatment is applied to the alignment film to form an
alignment layer 52, such an alignment film may be formed so
that the disposition region of the alignment film includes the
disposition region of the half-wavelength plate 51, and rub-
bing treatment may be applied to the entire alignment film. In
such a case, the disposition region of the alignment layer 52
includes the disposition region of the half-wavelength plate
1.

[0257] Further, it is preferred that the disposition region of
the half-wavelength plate 51 includes the effective display
region 16 (see F1G. 2). Or, the disposition region of the
half-wavelength plate 51 may coincide with the effective

Apr. 26,2012

display region 16. Ineither case, the half-wavelength plate 51
is superposed on the effective display region 16, whereby it is
possible to prevent light leakage over the entire effective
display region 16.

[0258] FIG. 24 is a schematic view illustrating the relation
of the alignment direction during no application of an electric
field, the slow axis of the retardation layer (the half-wave-
length plate 7 in this example) and the absorption axes of the
respective polarizing plates 8 and 9. FIG. 24 schematically
illustrates the state of a case where the first polarizing plate 8,
the first glass substrate 1, the liquid crystal layer 5, the half-
wavelength plate 51, the second glass substrate 2, and the
second polarizing plate 9 are observed from the viewer’s side.
Like in the case of FIG. 4, etc., the arrows shown in the
polarizing plates 8 and 9 represent the absorption axes, the
arrow shown in the liquid crystal layer 5 represents the align-
ment direction during no application of an electric field, and
the arrow shown in the half-wavelength plate 51 represents
the slow axis.

[0259] As shown in FIG. 24, the absorption axis of the first
polarizing plate 8 and the absorption axis of the second polar-
izing plate 9 are perpendicular to each other. The alignment
direction during no application of an electric field is perpen-
dicular to one of the absorption axis of the first polarizing
plate 8 and the absorption axis of the second polarizing plate
9 and parallel to the other one.

[0260] Further, the slow axis of the half-wavelength plate
51 is perpendicular or parallel to the alignment direction
during no application of an electric field. The example shown
in FIG. 24 represents a case where the half-wavelength plate
51 1s disposed so that the slow axis of the half-wavelength
plate 51 becomes perpendicular to the alignment direction
during no application of an electric field. It is preferred that
the slow axis of the half-wavelength plate and the alignment
direction during no application of an electric field are perpen-
dicular to each other like this. In the case where both are
perpendicular to each other, it is possible to suppress colora-
tion due to wavelength dispersion, as compared with the case
where both are parallel to each other. However, even by a
construction wherein the slow axis and the alignment direc-
tion during no application of an electric field are parallel to
each other, it is possible to prevent light leakage in a case
where a stress is exerted at the time when no electric field is
applied.

[0261] Further, FIG. 24 illustrates a case where the first
polarizing plate 8 and the second polarizing plate 9 are dis-
posed so that the absorption axis of the first polarizing plate 8
becomes parallel to the alignment direction during no appli-
cation of an electric field, and the absorption axis of the
second polarizing plate 9 becomes perpendicular to the align-
ment direction during no application of an electric field. At
that time, the absorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are per-
pendicular to each other.

[0262] FIG. 25 is a schematic view illustrating an example
of the change in the polarization state of light passing through
the liquid crystal display device according to the fourth
embodiment. It is assumed that the liquid crystal display
device is not driven and no electric filed is applied between
the common electrode 21 and each pixel electrode 22. And, it
is assumed that in the liquid crystal display device, a stress is
formed in a direction deviated by 45° from the absorption axis
of the first polarizing plate 8. In FIG. 25, the arrows shown in
the glass substrates 1 and 2 represent the stress directions. For
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example, in the second glass substrate 2, a stress to stretch the
second glass substrate 2 is formed, and in the first glass
substrate 1, a stress to shrink the first glass substrate 1 is
formed.

[0263] Itisassumed that light linearly polarized in various
directions has entered into the first polarizing plate 8. When
this light passes through the first polarizing plate 8, the polar-
ization state of the light becomes linear polarization in a
direction perpendicular to the absorption axis of the first
polarizing plate 8.

[0264] When this linearly polarized light passes through
the first glass substrate 1 in which a stress is formed in a
direction at 45° from the polarization direction, it becomes
elliptically-polarized light.

[0265] Further, when this elliptically-polarized light passes
through the liquid crystal layer 5, it becomes elliptically-
polarized light with the rotation reversed.

[0266] Further, this elliptically-polarized light passes
through the half-wavelength plate 51. The direction of the
elliptical polarization of light passed through the half-wave-
length plate 51 is reversed to the direction when passed
through the liquid crystal layer 5. That is, the polarization
state of light passed through the half-wavelength plate 51 is
the same as when passed through the first glass substrate 1.
[0267] When this light passes through the second glass
substrate 2, the polarization state of light becomes the same
linear polarization as before passing through the first glass
substrate 1.

[0268] Thedirection ofthis linear polarization is parallel to
the absorption axis of the second polarizing plate 9. There-
fore, the light passed through the second glass substrate 2 will
not pass through the second polarizing plate 9.

[0269] Thus, in a normally black liquid crystal display
device 15, it is possible to prevent light leakage in a case
where a stress is exerted at the time when no electric field is
applied.

[0270] The foregoing description has been made with ref-
erence to a case where the half-wavelength plate (retardation
layer) 51 is formed on the second glass substrate 2, but also in
a case where the half-wavelength plate 51 is formed on the
first glass substrate 1, the change in the polarization state of
light is the same as describe above, and it is possible to
prevent light leakage. Further, also in a case where the retar-
dation layer 51 is divided into a plurality of layers, and such
layers are disposed on each of the glass substrates 1 and 2, it
is possible to prevent light leakage.

[0271] Further, even if the retardation layer 51 is formed
between the first and second glass substrates 1 and 2, there
will be no influence to the image at the time of displaying the
image in the effective display region by driving the liquid
crystal display device. Further, in such a state that an image is
displayed by driving the liquid crystal display device, even if
a stress is formed, such will not influence the display quality.
Therefore, in the following description of FIGS. 26 and 27, a
case where no stress is formed will be described.

[0272] FIG. 26 is a schematic view illustrating a compari-
son of changes in polarization state of transmitted light during
halftone display as between a case where the retardation layer
51 is formed and a case where the retardation layer 51 is not
formed. FIG. 26(a) illustrates a case where the retardation
layer 51 is formed, and FIG. 26() illustrates a case where the
retardation layer 51 is not formed. Further, in FIG. 26, the
broken line arrow in the liquid crystal layer 5 represents the
alignment direction during no application of an electric field,
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and the solid line arrow represents the alignment direction
during the halftone display. That is, it shows a state where an
electric field corresponding to the halftone is applied between
the common electrode and each pixel electrode, and liquid
crystal molecules are deviated at 22.5° from the alignment
direction during no application of an electric filed.

[0273] In this example, no stress is formed in the glass
substrates 1 and 2, whereby the glass substrates 1 and 2
present no influence to the polarization state of transmitted
light. Thus, the polarization state of light after passing
through the first glass substrate 1 becomes linear polarization
in a direction perpendicular to the absorption axis of the first
polarizing plate 8. And when this linearly polarized light
passes through the liquid crystal layer 5, only its direction
changes, while it remains to be linearly polarized. When this
linearly polarized light passes through the retardation layer
51 (see FIG. 26(a)), only its direction changes axisymmetri-
cally based on the axis perpendicular to the slow axis of the
retardation layer 51, while it remains to be linearly polarized.

[0274] Accordingly, as between a case where the retarda-
tion layer 51 is present and a case where the retardation layer
51 is not present, the polarization state of light entering into
the second glass substrate 2 is not changed to be a linearly
polarized, while only the polarizing direction is axisymmetri-
cally different based on the axis perpendicular to the slow axis
of the retardation layer 51 (see FIGS. 26(a) and (5)).

[0275] Thus, the amount of linearly polarized light passing
through the second polarizing plate 9 does not change irre-
spective of the presence or absence of the retardation layer51.
This means that provision of the retardation layer 51 does not
influence the halftone display.

[0276] FIG. 27 is a schematic view illustrating a compari-
son of changes in the polarization state of transmitted light
during white display as between a case where the retardation
layer 51 is formed and a case where the retardation layer 51 is
not formed. FIG. 27(a) illustrates a case where the retardation
layer 51 is formed, and FIG. 27(b) illustrates a case where the
retardation layer 51 is not formed. Further, in FIG. 27, the
broken line arrow in the liquid crystal layer 5 represents the
alignment direction during no application of an electric field,
and the solid line arrow in the liquid crystal layer 5 represents
the alignment direction during the white display. That s, it
illustrates a state where an electric field corresponding to the
white display is applied between the common electrode and
each pixel electrode, and liquid crystal molecules are devi-
ated at45° from the alignment direction during no application
of an electric field.

[0277] The polarization state of light entering into the lig-
uid crystal layer 5 is the same as in the case shown in FIG. 26
and becomes linear polarization in a direction perpendicular
to the absorption axis of the first polarizing plate 8 irrespec-
tive of the presence or absence of the retardation layer 51.
When this linearly polarized light passes through the liquid
crystal layer 5, it changes so that its direction becomes par-
allel to the alignment direction during no application of an
electric field, while it remains to be linearly polarized. Even
when this light passes through the retardation layer 51, the
polarization state will not change. Accordingly, irrespective
of the presence or absence of the retardation layer 51, light
passed through the liquid crystal layer 5 will pass, as it is,
through the second glass substrate 2 and the second polariz-
ing plate 9. This means that provision of the retardation layer
51 does not influence the white display.
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[0278] Thus, even if the retardation layer 51 is formed
between the glass substrates 1 and 2, there will be no influence
to the display image at the time of driving the liquid crystal
display device.

Embodiment 5

[0279] The fifth embodiment and the sixth embodiment
show liquid crystal display devices which provide an effect to
prevent light leakage in such a state that no electric field is
applied to the liquid crystal layer, and the entire effective
display region becomes black display, and which are capable
of widening the viewing angle during such black display.
[0280] FIG. 28 is a schematic view illustrating an example
of the liquid crystal display device according to the fifth
embodiment of the present invention. The same constituting
elements as in the fourth embodiment are represented by the
same symbols as in FIG. 22, and their description will be
omitted.

[0281] The liquid crystal display device according to the
fifth embodiment has a biaxial retardation film 31 between
the first glass substrate 1 and the first polarizing plate 8, or
between the second glass substrate 2 and the second polariz-
ing plate 9. FIG. 28 illustrates a construction wherein the
biaxial retardation film 31 is provided between the second
glass substrate 2 and the second polarizing plate 9, but the
biaxial retardation film 31 may be disposed between the first
glass substrate 1 and the second polarizing plate 8.

[0282] The biaxial retardation film 31 is the same as the
biaxial retardation film in the second embodiment. That is, it
satisfies the condition of nx>nz>ny. Further, the Nz value of
the biaxial retardation film 31 (=(nz-nx)/(ny-nx)) is prefer-
ably in the vicinity of 0.5. Specifically, the Nz value is pref-
erably atleast 0.4 and at most 0.6. When the Nz value is in the
vicinity of 0.5, it is possible to improve the effect to widen the
viewing angle in such a state that the entire effective display
region becomes black display.

[0283] The mode of disposition regions of the adhesive 4,
the retardation layer 51 and the alignment film 52 is the same
as in the fourth embodiment, and its description will be omit-
ted.

[0284] The following description will be made with refer-
ence to a case where the retardation layer 51 is a half-wave-
length plate.

[0285] The relation of the alignment direction during no
application of an electric field, the slow axis of the half-
wavelength plate 51, the absorption axes of the respective
polarizing plates 8 and 9, and the slow axis of the biaxial
retardation film 31 will be described. F1G. 29 schematically
illustrates a state of a case where the first polarizing plate 8,
the first glass substrate 1, the liquid crystal layer 5, the half-
wavelength plate 51, the second glass substrate 2, the biaxial
retardation film 31 and the second polarizing plate 9 are
observed from the viewer’s side. The arrows shown in FI1G. 29
are the same as in FIG. 24. The broken line arrow shown in the
biaxial retardation film 31 represents the slow axis of the
biaxial retardation film. In the biaxial retardation film 31, two
broken line arrows are shown, but the slow axis may be
parallel to one of these two arrows. Further, FIG. 29(a) illus-
trates a case where the biaxial retardation film 31 is disposed
between the second glass substrate 2 and the second polariz-
ing plate 9, as shown in FIG. 28. F1G. 29(5) illustrates a case
where the biaxial retardation film 31 is disposed between the
first glass substrate 1 and the first polarizing plate 8.
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[0286] Theabsorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are per-
pendicular to each other. And, the alignment direction during
no application of an electric field is perpendicular to one of
the absorption axis of the first polarizing plate 8 and the
absorption axis of the second polarizing plate 9 and parallel to
the other.

[0287] Further, in this embodiment, the slow axis of the
half-wavelength plate 51 and the alignment direction during
no application of an electric field, are parallel to each other.

[0288] And, the slow axis of the biaxial retardation film 31
is preferably parallel to the absorption axis of one of the first
and second polarizing plates 8 and 9. In such a case, it is
possible to further improve the effect to widen the viewing
angle.

[0289] In the example shown in FIG. 29(a), the half-wave-
length plate 51 is disposed so that the slow axis of the half-
wavelength plate 51 becomes parallel to the alignment direc-
tion during no application of an electric field. And, FIG. 29(a)
illustrates a case where the first polarizing plate 8 and the
second polarizing plate 9 are disposed so that the absorption
axis of the first polarizing plate 8 becomes parallel to the
alignment direction during no application of an electric field,
and the absorption axis of the second polarizing plate 9
becomes perpendicular to the alignment direction during no
application of an electric field. At that time, the absorption
axis of the first polarizing plate 8 and the absorption axis of
the second polarizing plate 9 are perpendicular to each other.
The biaxial retardation film 31 may be disposed between the
second glass substrate 2 and the second polarizing plate 9 so
that the slow axis of the biaxial retardation film 31 becomes
parallel to the absorption axis of the first polarizing plate 8 or
to the absorption axis of the second polarizing plate 9.

[0290] In the example shown in FIG. 29(b), the half-wave-
length plate 51 is disposed so that the slow axis of the half-
wavelength plate 51 becomes parallel to the alignment direc-
tion during no application of an electric field. And, FIG. 29(5)
illustrates a case where the first polarizing plate 8 and the
second polarizing plate 9 are disposed so that the absorption
axis of the first polarizing plate 8 becomes perpendicular to
the alignment direction during no application of an electric
field, and the absorption axis of the second polarizing plate 9
becomes parallel to the alignment direction during no appli-
cation of an electric field. At that time, the absorption axis of
the first polarizing plate 8 and the absorption axis of the
second polarizing plate 9 are perpendicular to each other. The
biaxial retardation film 31 may be disposed between the first
glass substrate 1 and the first polarizing plate 8 so that the
slow axis of the biaxial retardation film 31 becomes parallel to
the absorption axis of the first polarizing plate 8 or to the
absorption axis of the second polarizing plate 9.

[0291] FIG. 29 illustrates a case where the half-wavelength
plate (retardation layer) 51 is formed on the second glass
substrate 2, but in each of FIGS. 29(a) and (b), the half-
wavelength plate 51 may be formed on the first glass substrate
1. Even in such a case, the direction of the slow axis of the
half-wavelength plate 51 may be parallel to the alignment
direction during no application of an electric field. Further, in
each of FIGS. 29(a) and (b), the retardation layer 51 may be
made of a plurality of retardation films, and some retardation
films may be formed on the first glass substrate 1, and other
retardation films may be formed on the second glass substrate
2. In such a case, the slow axes of the plurality of retardation
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films constituting the retardation layer 51 may all be made to
be parallel to the alignment direction during no application of
an electric field.

[0292] Inthe same manner as in the fourth embodiment, let
us consider a case where a stress is formed in a direction
deviated by 45° from the absorption axis of the first polarizing
plate 8 by a bending force exerted to the liquid crystal display
device in such a state that no electric field is applied to the
liquid crystal display device. At that time, the stresses formed
in the first and second glass substrates 1 and 2 are the same as
in fourth embodiment (see FIG. 25). Further, the biaxial retar-
dation film 31 presents no influence to the polarization state of
light passing therethrough. Thus, even iflight enters from the
first polarizing plate 8 side, the polarization state of such light
changes in the same manner as in the fourth embodiment (see
FIG. 25), and such light will not pass through the second
polarizing plate 9. That is, in a normally black liquid crystal
display device, it is possible to prevent light leakage in a case
where a stress is exerted at the time when no electric field is
applied.

[0293] Further, in this embodiment, the biaxial retardation
film 31 which satisfies the condition of nx>nz>ny, is dis-
posed, whereby it is possible to widen the viewing angle at the
time when the liquid crystal display device is not driven and
the entire screen becomes black display. When the Nz value is
in the vicinity of 0.5, it is possible to further improve such an
effect.

Embodiment 6

[0294] The sixth embodiment shows a liquid crystal dis-
play device capable of obtaining the same effect as in the fifth
embodiment. However, the liquid crystal display device
according to the sixth embodiment is provided with two
biaxial retardation films.

[0295] FIG. 30 is a schematic view illustrating an example
of the liquid crystal display device according to the sixth
embodiment of the present invention. The same constituting
elements as in the fourth embodiment are represented by the
same symbols as in FIG. 22, and their description will be
omitted.

[0296] The liquid crystal display device according to the
sixth embodiment has a first biaxial retardation film 31a
between the first glass substrate 1 and the first polarizing plate
8. Further, it has a second biaxial retardation film 315
between the second glass substrate 2 and the second polariz-
ing plate 9.

[0297] The first and second biaxial retardation films 31a
and 315 are the same as two biaxial retardation films 31a and
315 in the third embodiment, respectively. That is, the first
and second biaxial retardation films 31e and 3154 satisfy the
condition of nx>nz>ny.

[0298] Further, the Nz value of the first and second biaxial
retardation films 31« and 315 (=(nz-nx)/(ny-nx)) is prefer-
ably at least 0.2 and at most 0.4. By the construction wherein
two biaxial retardation films 31a and 315 are disposed, by
adjusting the Nz value to be a value within this range, it is
possible to further improve the effect to widen the viewing
angle in such a state that the entire effective display region
becomes black display. It is particularly preferred that the Nz
value of the biaxial retardation films 31a and 315 1s 0.25.
[0299] The mode of disposition regions for the adhesive 4,
the retardation layer 51 and the alignment films 52 is the same
as in the fourth embodiment, and its description will be omit-
ted.
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[0300] However, in the sixth embodiment, the retardation
layer 51 is formed on one of the first and second glass sub-
strates 1and 2. That is, in a case where the retardation layer 51
is made of a single half-wavelength plate, such a half-wave-
length plate is disposed on one of the glass substrates. Or in a
case where the retardation layer 51 is made of a plurality of
retardation films, such a plurality of retardation films are all
disposed on one of the glass substrates 1 and 2. Thus, the sixth
embodiment will not take such a construction that among the
plurality of retardation films to constitute the retardation layer
51, some of them are disposed on the first glass substrate 1 and
other retardation films are disposed on the second glass sub-
strate 2.

[0301] The following description will be made with refer-
ence to a case where the retardation layer 51 is a half-wave-
length plate.

[0302] Now, the relation of the alignment direction during
no application of an electric field, the slow axis of the half-
wavelength plate 51, the absorption axes of the respective
polarizing plates 8 and 9 and the slow axes of the respective
biaxial retardation films 31«4 and 315 will be described. FIG.
31 is a schematic view illustrating such a relation. FI1G. 31
schematically illustrates a state of a case where the first polar-
izing plate 8, the first biaxial retardation film 31a, the first
glass substrate 1, the liquid crystal layer 5, the half-wave-
length plate 51, the second glass substrate 2, the second
biaxial retardation film 315 and the second polarizing plate 9
are observed from the viewer’s side. The arrows shown in
FIG. 31 are the same as in FIG. 24. However, the arrows
shown in the respective biaxial retardation films 31a and 315
represent the slow axes of the biaxial retardation films. Fur-
ther, FIG. 31(a) illustrates a case where the half-wavelength
plate 51 is disposed on the second glass substrate 2. FIG.
31(b) illustrates a case where the half-wavelength plate 51 is
disposed on the first glass substrate 1.

[0303] Theabsorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are per-
pendicular to each other. And, the alignment direction during
no application of an electric field becomes perpendicular to
one ofthe absorption axis of the first polarizing plate 8 and the
absorption axis of the second polarizing plate 9 and parallel to
the other one.

[0304] Further, in this embodiment, the slow axis of the
half-wavelength plate 51 and the alignment direction during
no application of an electric field are perpendicular to each
other.

[0305] And, it is preferred that the slow axis of the first
biaxial retardation film 31a is parallel to the absorption axis of
the first polarizing plate 8, and the slow axis of the second
biaxial retardation film 315 is parallel to the absorption axis of
the second polarizing plate 9. In such a case, it is possible to
improve the effect to widen the viewing angle.

[0306] In the example shown in FIG. 31(a), the half-wave-
length plate 51 is disposed on the second glass substrate 2 so
that the slow axis of the half-wavelength plate 51 becomes
perpendicular to the alignment direction during no applica-
tion of an electric field. And, FIG. 29(a) illustrates a case
where the first polarizing plate 8 and the second polarizing
plate 9 are disposed so that the absorption axis of the first
polarizing plate 8 becomes perpendicular to the alignment
direction during no application of an electric field, and the
absorption axis of the second polarizing plate 9 becomes
parallel to the alignment direction during no application of an
electric field. At that time, the absorption axis of the first
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polarizing plate 8 and the absorption axis of the second polar-
izing plate 9 are perpendicular to each other. The first biaxial
retardation film 31a may be disposed between the first glass
substrate 1 and the first polarizing plate 8 so that the slow axis
of the first biaxial retardation film 31a becomes parallel to the
absorption axis of the first polarizing plate 8. The second
biaxial retardation film 315 may be disposed between the
second glass substrate 2 and the second polarizing plate 9 so
that the slow axis of the second biaxial retardation film 315
becomes parallel to the absorption axis of the second polar-
izing plate 9.

[0307] In the example shown in FIG. 31(b), the half-wave-
length plate 51 is disposed on the first glass substrate 1 so that
the slow axis of the half-wavelength plate 51 becomes pet-
pendicularto the alignment direction during no application of
an electric field. And, FIG. 29(b) illustrates a case where the
first polarizing plate 8 and the second polarizing plate 9 are
disposed so that the absorption axis of the first polarizing
plate 8 becomes parallel to the alignment direction during no
application of an electric field, and the absorption axis of the
second polarizing plate 9 becomes perpendicular to the align-
ment direction during no application of an electric field. At
that time, the absorption axis of the first polarizing plate 8 and
the absorption axis of the second polarizing plate 9 are per-
pendicular to each other. The first biaxial retardation film 31a
may be disposed between the first glass substrate 1 and the
first polarizing plate 8 so that the slow axis of the first biaxial
retardation film 31a becomes parallel to the absorption axis of
the first polarizing plate 8. The second biaxial retardation film
315 may be disposed between the second glass substrate 2 and
the second polarizing plate 9 so that the slow axis of the
second biaxial retardation film 315 becomes parallel to the
absorption axis of the second polarizing plate 9.

[0308] Therespective biaxial retardation films 31a¢ and 315
present no influence to the polarization state of light passing
therethrough. Therefore, even if light enters from the first
polarizing plate 8 side when a bending force is exerted to the
liquid crystal display device in such a state that no electric
filed is applied to the liquid crystal display device, the polar-
ization state of such light changes in the same manner as in the
fourth embodiment, and the light will not pass through the
second polarizing plate 9. That is, in a normally black liquid
crystal display device, itis possible to prevent light leakage in
a case where a stress is exerted at the time when no electric
field is applied. In this respect, the same merit is obtainable
either by the construction shown in FIG. 31(a) or by the
construction shown in FIG. 31(b).

[0309] Further, as the first and second biaxial retardation
films 31a and 315 are disposed, it is possible to widen the
viewing angle at the time when the liquid crystal display
device is not driven and the entire screen becomes black
display. When the Nz value is at least 0.2 and at most 0.4, it is
possible to further improve this effect.

[0310] Further, FIG. 31 illustrates an example of a case
where the retardation layer 51 is made of a half-wavelength
plate, but in the construction shown in FIG. 31, instead of the
half-wavelength plate 51, a plurality of retardation films may
be used. However, each of the slow axes of the respective
retardation films is made to be perpendicular to the alignment
direction during no application of an electric field. Further,
the plurality of retardation films to constitute the retardation
layer 51, are disposed on only one of the glass substrates.
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[0311] Inthe foregoing description of embodiments, liquid
crystal display devices as defined in the following (1) to (37)
are disclosed.

(1) A liquid crystal display device comprising a first transpar-
ent substrate, a second transparent substrate, a first adhesive
to bond the first and second transparent substrates along their
peripheral portions, and a liquid crystal layer sealed between
the first and second transparent substrates by the first and
second transparent substrates and the first adhesive, wherein
one of the first and second transparent substrates has, on its
liquid crystal layer side, a common electrode set up com-
monly for respective pixels and a pixel electrode set up inde-
pendently for every pixel, and liquid crystal molecules in the
liquid crystal layer are aligned in parallel to the first and
second transparent substrates in such a state that no electric
field is applied between the common electrode and each pixel
electrode, and change their alignment direction in a plane
parallel to the first and second transparent substrates when an
electric field is applied in parallel to the first and second
transparent substrates by the common electrode and the pixel
electrode; and further comprising a third transparent substrate
which is fixed by a second adhesive to the second transparent
substrate on the side opposite to the liquid crystal layer, and a
retardation layer to impart to transmitted light a phase differ-
ence corresponding to a half wavelength of the transmitted
light, between the second and third transparent substrates,
wherein the first transparent substrate has a first polarizing
plate on the side opposite to the liquid crystal layer, and the
third transparent substrate has a second polarizing plate on
the side opposite to the retardation layer, so that the absorp-
tion axis is perpendicular to the absorption axis of the first
polarizing plate.

(2) Theliquid crystal display device according to (1), wherein
the slow axis of the retardation layer is perpendicular or
parallel to the alignment direction of liquid crystal molecules
in the liquid crystal layer in such a state that no electric field
is applied between the common electrode and each pixel
electrode.

(3) The liquid crystal display device according to (1) or (2),
wherein the slow axis of the retardation layer is parallel to the
absorption axis of the second polarizing plate, and the align-
ment direction of liquid crystal molecules in the liquid crystal
layer in such a state that no electric field is applied between
the common electrode and each pixel electrode, is parallel to
the absorption axis of the first polarizing plate.

(4) The liquid crystal display device according to any one of
(1)to (3), wherein the phase difference of the retardation layer
is at least 50% and at most 150% of the retardation of the
liquid crystal layer.

(5) The liquid crystal display device according to any one of
(1) to (4), wherein the disposition region of the retardation
layer coincides with the effective display region which is a
collection of regions of pixels corresponding to the respective
pixel electrodes, or is larger than the effective display region.
(6) The liquid crystal display device according to any one of
(1) to (5), wherein the first and second transparent substrates
have common thickness, Young’s modulus and photoelastic
coefficient, and when the thickness of the first and second
transparent substrates is represented by d;, the Young’s
modulus of the first and second transparent substrates is rep-
resented by E,, the photoelastic coefficient of the first and
second transparent substrates is represented by C,, the thick-
ness of the third transparent substrate is represented by d,, the
Young’s modulus of the third transparent substrate is repre-
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sented by E,, and the photoelastic coefficient of the third
transparent substrate is represented by C;, the following for-
mula is satisfied:

ped [Cl 1]2 4CLE, () .
3sa [ +CsEs +C_3_

(7) The liquid crystal display device according to any one of
(1) to (6), wherein the first and second transparent substrates
have common thickness, Young’s modulus and photoelastic
coefficient, and when the thickness of the first and second
transparent substrates is represented by d,, the Young’s
modulus of the first and second transparent substrates is rep-
resented by E,, the photoelastic coefficient of the first and
second transparent substrates is represented by C,, the thick-
ness of the third transparent substrate is represented by d,, the
Young’s modulus of the third transparent substrate is repre-
sented by E,, and the photoelastic coefficient of the third
transparent substrate is represented by Cs, the following for-
mula is satisfied:

d_dl (Cl 2]2+8C1E1 +c1 5
) [ CE; O3

(8) The liquid crystal display device according to any one of
(1) to (7), wherein an effective display region as a collection
of regions of pixels corresponding to respective pixel elec-
trodes, is rectangular, the second adhesive is disposed at least
in aregion outside of each side of the effective display region,
and the length of the second adhesive disposed along each
side in the region outside of each side of the effective display
region, is at least ¥2 of the length of the side of the effective
display region corresponding to such a disposition position.

(9) The liquid crystal display device according to (8), wherein
the second adhesive is transparent and is disposed to cover the
effective display region between the transparent substrate
provided with the retardation layer and the third transparent
substrate.

(10) The liquid crystal display device according to (9),
wherein the distance between the transparent substrate pro-
vided with the retardation layer and the third transparent
substrate, is larger than the thickness of the retardation layer.
(11) The liquid crystal display device according to any one of
(1) to (10), wherein the retardation layer is a half-wavelength
plate.

(12) The liquid crystal display device according to any one of
(1) to (7), wherein the retardation layer is a second liquid
crystal layer sealed by the second and third transparent sub-
strates and the second adhesive, wherein the alignment direc-
tion of liquid crystal molecules is prescribed.

(13) The liquid crystal display device according to (12),
wherein the second liquid crystal layer as the retardation layer
is a liquid crystal layer made of the same material as the liquid
crystal layer sealed between the first and second transparent
substrates.

(14) The liquid crystal display device according to (12) or
(13), wherein an inlet for the liquid crystal layer sealed
between the first and second transparent substrates and an
inlet for the second liquid crystal layer, are provided on the
same side of the liquid crystal display device itself.
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(15) The liquid crystal display device according to any one of
(1) to (14), wherein the second adhesive is photo-curable.
(16) The liquid crystal display device according to any one of
(1) to (15), wherein the second adhesive is an adhesive made
of the same material as the first adhesive to bond the first and
second transparent substrates along their peripheral portions.
(17) The liquid crystal display device according to any one of
(1) to (16), wherein the third transparent substrate is a touch
panel having a transparent electrode on at least one side
thereof.

(18) The liquid crystal display device according to any one of
(1) to (17), which has a transparent electrically-conductive
layer between the third transparent substrate and the second
polarizing plate.

(19) The liquid crystal display device according to (1), which
has a biaxial retardation film between the third transparent
substrate and the second polarizing plate, or between the first
transparent substrate and the first polarizing plate, wherein
when the refractive index in a slow axis direction of the
biaxial retardation film is represented by nx, the refractive
index in a direction parallel to the main surface and perpen-
dicular to the slow axis of the biaxial retardation film is
represented by ny, and the refractive index in a thickness
direction of the biaxial retardation film is represented by nz,
nx>nz>ny is satisfied, and the slow axis of the retardation
layer is parallel to the alignment direction of liquid crystal
molecules in the liquid crystal layer in such a state that no
electric field is applied between the common electrode and
each pixel electrode.

(20) The liquid crystal display device according to (19),
wherein the slow axis of the biaxial retardation film is parallel
to the absorption axis of one of the first and second polarizing
plates.

(21) The liquid crystal display device according to (19) or
(20), wherein the value of (nz-nx)/(ny-nx) is at least 0.4 and
at most 0.6.

(22) The liquid crystal display device according to (1), which
has a first biaxial retardation film between the first transparent
substrate and the first polarizing plate and has a second biaxial
retardation film between the third transparent substrate and
the second polarizing plate, wherein when the refractive
index in a slow axis direction of the first and second biaxial
retardation films is represented by nx, the refractive index in
a direction parallel to the main surface and perpendicular to
the slow axis of the first and second biaxial retardation films
is represented by ny, and the refractive index in a thickness
direction of the first and second biaxial retardation films is
represented by nz, nx>nz>ny is satisfied, and the alignment
direction of liquid crystal molecules in the liquid crystal layer
in such a state that no electric field is applied between the
common electrode and each pixel electrode, is perpendicular
to each of the absorption axis of the first polarizing plate and
the slow axis of the retardation layer.

(23) The liquid crystal display device according to (22),
wherein the slow axis of the first biaxial retardation film is
parallel to the absorption axis of the first polarizing plate, and
the slow axis of the second biaxial retardation film is parallel
to the absorption axis of the second polarizing plate.

(24) The liquid crystal display device according to (22) or
(23), wherein the value of (nz-nx)/(ny-nx) is at least 0.1 and
at most 0.4.

(25) A liquid crystal display device comprising a first trans-
parent substrate, a second transparent substrate, an adhesive
to bond the first and second transparent substrates along their
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peripheral portions, and a liquid crystal layer sealed between
the first and second transparent substrates by the first and
second transparent substrates and the adhesive, wherein one
of the first and second transparent substrates has, on its liquid
crystal layer side, a common electrode set up commonly for
respective pixels and a pixel electrode set up independently
for every pixel, liquid crystal molecules in the liquid crystal
layer are aligned in parallel to the first and second transparent
substrates in such a state that no electric field is applied
between the common electrode and each pixel electrode, and
change their alignment direction in a plane parallel to the first
and second transparent substrates when an electric field is
applied in parallel to the first and second transparent sub-
strates by the common electrode and the pixel electrode, the
first transparent substrate has a first polarizing plate, and the
second transparent substrate has a second polarizing plate so
that the absorption axis is perpendicular to the absorption axis
of the first polarizing plate; and further comprising a retarda-
tion layer to impart a phase difference to transmitted light,
between at least one of the first and second transparent sub-
strates, and the liquid crystal layer, wherein the sum of phase
differences imparted to the transmitted light by the retarda-
tion layer is a phase difference of a half-wavelength of the
transmitted light, the alignment direction of liquid crystal
molecules in the liquid crystal layer in such a state that no
electric field is applied between the common electrode and
each pixel electrode, is perpendicular to an absorption axis of
one of the first and second polarizing plates, and the slow axis
of the retardation layer is perpendicular or parallel to the
alignment direction of the liquid crystal molecules.

(26) The liquid crystal display device according to (25),
wherein the sum of phase differences imparted to the trans-
mitted light by the retardation layer is at least 50% and at most
150% of the retardation of the liquid crystal layer.

(27) The liquid crystal display device according to (25) or
(26), wherein the retardation layer is one or more retardation
films.

(28) The liquid crystal display device according to any one of
(25) to (27), which has an alignment layer to prescribe the
alignment direction of liquid crystal molecules in the liquid
crystal layer in such a state that no electric field is applied
between the common electrode and each pixel electrode, as
the uppermost layer on the liquid crystal layer side, of each of
the first and second transparent substrates.

(29) The liquid crystal display device according to (28),
wherein the retardation layer is a half-wavelength plate, the
half-wavelength plate is disposed between one of the first and
second transparent substrates, and the liquid crystal layer, and
the alignment layer is formed on the surface in contact with
the liquid crystal layer, of the half-wavelength plate.

(30) The liquid crystal display device according to (28) or
(29), wherein the disposition region of the alignment layer
includes the disposition region of the retardation layer, or
coincides with the disposition region of the retardation layer.
(31) The liquid crystal display device according to any one of
(25) to (30), wherein the retardation layer is disposed in a
region enclosed by the adhesive, and the disposition region of
the retardation layer coincides with the effective display
region which is a collection of regions of pixels correspond-
ing to the respective pixel electrodes, or is larger than the
effective display region.

(32) The liquid crystal display device according to (25),
which has a biaxial retardation film between the first trans-
parent substrate and the first polarizing plate. or between the

Apr. 26,2012

second transparent substrate and the second polarizing plate,
wherein when the refractive index in a slow axis direction of
the biaxial retardation film is represented by nx, the refractive
index in a direction parallel to the main surface and perpen-
dicular to the slow axis of the biaxial retardation film is
represented by ny, and the refractive index in a thickness
direction of the biaxial retardation film is represented by nz,
nx>nz>ny is satisfied, and the slow axis of the retardation
layer is parallel to the alignment direction of liquid crystal
molecules in the liquid crystal layer in such a state that no
electric filed is applied between the common electrode and
each pixel electrode.

(33) The liquid crystal display device according to (32),
wherein the slow axis of the biaxial retardation film is parallel
to the absorption axis of one of the first and second polarizing
plates.

(34) The liquid crystal display device according to (32) or
(33), wherein the value of (nz-nx)/(ny-nx) is at least 0.4 and
at most 0.6.

(35) The liquid crystal display device according to (25),
which has a first biaxial retardation film between the first
transparent substrate and the first polarizing plate and has a
second biaxial retardation film between the second transpar-
ent substrate and the second polarizing plate, wherein when
the refractive index in a slow axis direction of the first and
second biaxial retardation films is represented by nx, the
refractive index in a direction parallel to the main surface and
perpendicular to the slow axis of the first and second biaxial
retardation films, is represented by ny, and the refractive
index in a thickness direction of the first and second biaxial
retardation films is represented by nz, nx>nz>ny is satisfied,
the retardation layer is formed on one of the first and second
transparent substrates, and the slow axis of the retardation
layer is perpendicular to the alignment direction of liquid
crystal molecules in the liquid crystal layer in such a state that
no electric filed is applied between the common electrode and
each pixel electrode.

(36) The liquid crystal display device according to (35),
wherein the slow axis of the first biaxial retardation film is
parallel to the absorption axis of the first polarizing plate, and
the slow axis of the second biaxial retardation film is parallel
to the absorption axis of the second polarizing plate.

(37) The liquid crystal display device according to (35) or
(36), wherein the value of (nz-nx)/(ny-nx) is at least 0.1 and
at most 0.4.

INDUSTRIAL APPLICABILITY

[0312] The present invention is suitably applicable to a
normally black IPS mode liquid crystal display device.
[0313] Theentire disclosure of Japanese Patent Application
No. 2010-238742 filed on Oct. 25, 2010 including specifica-
tion, claims, drawings and summary is incorporated herein by
reference in its entirety.

REFERENCE SYMBOLS
[0314] 1: First glass substrate (first transparent substrate)
[0315] 2: Second glass substrate (second transparent sub-
strate)
[0316] 3: Third glass substrate (third transparent substrate)
[0317] 4: Adhesive (first adhesive)
[0318] 5: Liquid crystal layer
[0319] 6: Second adhesive
[0320] 7. 51: Retardation layer
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[0321] 8: First polarizing plate
[0322] 9: Second polarizing plate
[0323] 31: Biaxial retardation film
[0324] 52: Alignment layer

What is claimed is:

1. A liquid crystal display device comprising:

a first transparent substrate,

a second transparent substrate,

a first adhesive to bond the first and second transparent
substrates along their peripheral portions, and

a liquid crystal layer sealed between the first and second
transparent substrates by the first and second transparent
substrates and the first adhesive, wherein:

one of the first and second transparent substrates has, on its
liquid crystal layer side, a common electrode set up
commonly for respective pixels and a pixel electrode set
up independently for every pixel, and

liquid crystal molecules in the liquid crystal layer are
aligned in parallel to the first and second transparent
substrates in such a state that no electric field is applied
between the common electrode and each pixel electrode,
and change their alignment direction in a plane parallel
to the first and second transparent substrates when an
electric field is applied in parallel to the first and second
transparent substrates by the common electrode and the
pixel electrode; and further comprising:

a third transparent substrate which is fixed by a second
adhesive to the second transparent substrate on the side
opposite to the liquid crystal layer, and

a retardation layer to impart to transmitted light a phase
difference corresponding to a half wavelength of the
transmitted light, between the second and third transpar-
ent substrates, wherein:

the first transparent substrate has a first polarizing plate on
the side opposite to the liquid crystal layer, and

the third transparent substrate has a second polarizing plate
on the side opposite to the retardation layer, so that the
absorption axis is perpendicular to the absorption axis of
the first polarizing plate.

2. The liquid crystal display device according to claim 1,
wherein the slow axis of the retardation layer is perpendicular
or parallel to the alignment direction of liquid crystal mol-
ecules inthe liquid crystal layer in such a state that no electric
field is applied between the common electrode and each pixel
electrode.

3. The liquid crystal display device according to claim 1,
wherein the slow axis of the retardation layer is parallel to the
absorption axis of the second polarizing plate, and the align-
ment direction of liquid crystal molecules in the liquid crystal
layer in such a state that no electric field is applied between
the common electrode and each pixel electrode, is parallel to
the absorption axis of the first polarizing plate.

4. The liquid crystal display device according to claim 1,
wherein the first and second transparent substrates have com-
mon thickness, Young’s modulus and photoelastic coefficient,
and when the thickness of the first and second transparent
substrates is represented by d,, the Young’s modulus of the
first and second transparent substrates is represented by E,,
the photoelastic coefficient of the first and second transparent
substrates is represented by C,, the thickness of the third
transparent substrate is represented by d,, the Young’s modu-
lus of the third transparent substrate is represented by E;, and
the photoelastic coefficient of the third transparent substrate
is represented by Cs, the following formula is satisfied:
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5. The liquid crystal display device according to claim 1,
wherein an effective display region as a collection of regions
of pixels corresponding to respective pixel electrodes, is rect-
angular,

the second adhesive is disposed at least in a region outside

of each side of the effective display region, and

the length of the second adhesive disposed along each side

in the region outside of each side of the effective display
region, is at least 14 of the length of the side of the
effective display region corresponding to such a dispo-
sition position.

6. The liquid crystal display device according to claim 5,
wherein the second adhesive is transparent and is disposed to
cover the effective display region between the transparent
substrate provided with the retardation layer and the third
transparent substrate.

7. The liquid crystal display device according to claim 1,
wherein the retardation layer is a half-wavelength plate.

8. The liquid crystal display device according to claim 1,
wherein the retardation layer is a second liquid crystal layer
sealed by the second and third transparent substrates and the
second adhesive, wherein the alignment direction of liquid
crystal molecules is prescribed.

9. The liquid crystal display device according to claim 8§,
wherein the second liquid crystal layer as the retardation layer
is a liquid crystal layer made of the same material as the liquid
crystal layer sealed between the first and second transparent
substrates.

10. The liquid crystal display device according to claim 8,
wherein an inlet for the liquid crystal layer sealed between the
first and second transparent substrates and an inlet for the
second liquid crystal layer, are provided on the same side of
the liquid crystal display device itself.

11. The liquid crystal display device according to claim 1,
wherein the second adhesive is photo-curable.

12. The liquid crystal display device according to claim 1,
wherein the second adhesive is an adhesive made of the same
material as the first adhesive to bond the first and second
transparent substrates along their peripheral portions.

13. The liquid crystal display device according to claim 1,
wherein the third transparent substrate is a touch panel having
a transparent electrode on at least one side thereof.

14. The liquid crystal display device according to claim 1,
which has a transparent electrically-conductive layer
between the third transparent substrate and the second polar-
izing plate.

15. The liquid crystal display device according to claim 1,
which has a biaxial retardation film between the third trans-
parent substrate and the second polarizing plate, or between
the first transparent substrate and the first polarizing plate,
wherein:

when the refractive index in a slow axis direction of the

biaxial retardation film is represented by nx, the refrac-
tive index in a direction parallel to the main surface and
perpendicular to the slow axis of the biaxial retardation
film is represented by ny, and the refractive index in a
thickness direction of the biaxial retardation film is rep-
resented by nz, nx>nz>ny is satisfied, and
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the slow axis of the retardation layer is parallel to the
alignment direction of liquid crystal molecules in the
liquid crystal layer in such a state that no electric field is
applied between the common electrode and each pixel
electrode.

16. A liquid crystal display device comprising:

a first transparent substrate,

a second transparent substrate,

an adhesive to bond the first and second transparent sub-
strates along their peripheral portions, and

a liquid crystal layer sealed between the first and second
transparent substrates by the first and second transparent
substrates and the adhesive, wherein:

one of the first and second transparent substrates has, on its
liquid crystal layer side, a common electrode set up
commonly for respective pixels and a pixel electrode set
up independently for every pixel,

liquid crystal molecules in the liquid crystal layer are

26
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aretardation layer to impart a phase difference to transmit-
ted light, between at least one of the first and second
transparent substrates, and the liquid crystal layer,
wherein:

the sum of phase differences imparted to the transmitted
light by the retardation layer is a phase difference of a
half-wavelength of the transmitted light,

the alignment direction of liquid crystal molecules in the
liquid crystal layer in such a state that no electric field is
applied between the common electrode and each pixel
electrode, is perpendicular to an absorption axis of one
of the first and second polarizing plates, and

the slow axis of the retardation layer is perpendicular or
parallel to the alignment direction of the liquid crystal
molecules.

17.The liquid crystal display device according to claim 16,

wherein the retardation layer is one or more retardation films.

18. The liquid crystal display device according to claim 16,

which has an alignment layer to prescribe the alignment
direction of liquid crystal molecules in the liquid crystal layer
in such a state that no electric field is applied between the
common electrode and each pixel electrode, as the uppermost
layer on the liquid crystal layer side of each of the first and
second transparent substrates.
19. The liquid crystal display device according to claim 18,
wherein the retardation layer is a half-wavelength plate,
the half-wavelength plate is disposed between one of the
first and second transparent substrates, and the liquid
crystal layer, and
the alignment layer is formed on the surface in contact with
the liquid crystal layer, of the half-wavelength plate.

aligned in parallel to the first and second transparent
substrates in such a state that no electric field is applied
between the common electrode and each pixel electrode,
and change their alignment direction in a plane parallel
to the first and second transparent substrates when an
electric field is applied in parallel to the first and second
transparent substrates by the common electrode and the
pixel electrode,

the first transparent substrate has a first polarizing plate,
and

the second transparent substrate has a second polarizing
plate so that the absorption axis is perpendicular to the
absorption axis of the first polarizing plate; and further
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