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A polarizing film, satisfying DI/P'=4.3x10"* which
expresses relation between degree of polarization P', and
depolarization index DI' calculated by the equation below is
disclosed. X represents a value calculated by the equation
below, provided that a polarizing plate having degree of polar-
ization of P, the polarizing film, and a polarizing plate having
degree of polarization P, having azimuths of transmission
axes of a°, b® and ¢°, respectively, are stacked in this order as
viewed from a light source, to give brightness written as

(22) Filed: Aug, 27,2010 [a/b/c].
(30) Foreign Application Priority Data
AU 28,2009 (TP) wooovoeeeeeree oo 2009-199091 p o LH2PP AP A XD
Pl +X)
Publication Classification - [0/0/0]
[0/90/90]
(51) Inmt.ClL
GO2F 1/1335 (2006.01)
124
e
A
14
18
10 27

24
T 16



Patent Application Publication =~ Mar. 3,2011 Sheet 1 of 2 US 2011/0051052 A1

FIG.1

12a

|
e

10

Sy
l

12b

FIG. 2

FIG.3

10




Patent Application Publication =~ Mar. 3,2011 Sheet 2 of 2 US 2011/0051052 A1

FIG. 4

{

""’“'—““"44 I N 92

T 18—
'%20———«___\_,.._.
10" )k

e 26—

28

T

2T



US 2011/0051052 Al

POLARIZING FILM, LAMINATE, AND
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of priority under 35
U.S.C. 1190 Japanese Patent Application No. 2009-199091,
filedon Aug. 28, 2009, which is expressly incorporated herein
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a polarizing film
useful as so-called, in-cell polarizer; and a laminate and a
liquid crystal display device using the polarizing film.
[0004] 2. Background Art

[0005] There has conventionally been a problem in that a
color filter incorporated in a liquid crystal display device
induces depolarization, to thereby increase the amount of
transmitted light in the black state. One method having been
proposed in order to solve the problem is such as providing a
polarizing layer (so-called, in-cell polarizer, and also referred
to as “internal polarizing layer”, hereinafter) between a color
filter and a liquid crystal material layer (Japanese Laid-Open
Patent Publication No. 2008-90317). According to the
method, the depolarization by the color filter may be sup-
pressed, scattered light ascribable to the depolarization by the
color filter may consequently be suppressed, and thereby
leakage of light in the black state may be moderated.

SUMMARY OF THE INVENTION

[0006] However, investigations by the present inventors
revealed that, in some cases, the polarizing layer may con-
versely enhance the depolarization, and may increase the
amount of transmitted light in the dark state against expecta-
tion, depending on optical characteristics of so-called internal
polarizing layer disposed in the liquid crystal cell. It was also
found that, depending on optical characteristics of the internal
polarizing layer, the amount of transmitted light in the bright
state may decrease to a considerable degree, enough to ruin
the practicability. As described in the above, the liquid crystal
display device may not always be ensured to give an excellent
contrast, only simply by disposing the polarizing layer in the
liquid crystal cell.

[0007] One object of the present invention is to provide a
polarizing film useful as the internal polarizing layer; and a
laminate and a liquid crystal display device using the polar-
izing film.

[0008] Another object of the present invention is to provide
a polarizing film, contributive to moderate depolarization
possibly induced by various components, such as color filter,
disposed in the liquid crystal cell.

[0009] Still another object of the present invention is to
improve the liquid crystal display device having the internal
polarizing layer.

[0010] Still another object of the present invention is to
provide a liquid crystal display device, successfully moder-
ated in depolarization possibly induced by various compo-
nents, such as a color filter, disposed in the liquid crystal cell,
by providing an internal polarizing layer.

[0011] Still another object of the present invention is to
provide a liquid crystal display device, not only successfully
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suppressed in leakage of light in the black state, but also
improved in brightness in the white state.

[0012] The means for achieving the above objects are as
follows.
[0013] [1] A polarizing film, satisfying DI'/P'=4.3x10~

which expresses relation between degree of polarization P',
and depolarization index DI' calculated by the equation
below:

C1+22PP PP+ X (PP -)
B PHL+X)

4

[0014] where, X represents a value calculated by the equa-
tion below, provided that a polarizing plate having degree of
polarization of P, the polarizing film, and a polarizing plate
having degree of polarization P, having azimuths of transmis-
sion axes of a°, b° and c°, respectively, are stacked in this
order as viewed from a light source, to give brightness written
as [a/b/c]:

_ [oon]
" [0/90/90]

[0015] [2] The polarizing film of [1], having a transmit-
tance value of 30% or larger.

[0016] [3] The polarizing film of [1] or [2], wherein the
degree of polarization P' and the depolarization index DI'
satisfy DIVP'=2.5x107".

[0017] [4] The polarizing film of any one of [1] to [3],
wherein the degree of polarization P' is 0.4 to 1.0.

[0018] [5] The polarizing film of any one of [1] to [4],
formed of a composition comprising one or more species
of liquid-crystalline azo dye.

[0019] [6] The polarizing film of [5], wherein the compo-
sition comprises at leas one colorant compound in the
amount of equal to or more than 30% with respect to the
total amount of a liquid-crystalline material contained in
the composition.

[0020] [7] The polarizing film of [5] or [6], wherein the one
or more species of liquid-crystalline azo dye is a nematic
liquid-crystalline azo dye represented by formula (I):

O

R/ R?
RS
1 1 1 —_ /
Al—L'—B!'—N=N»- N
\
RG
R} R*

[0021] where R' to R* respectively represent a hydrogen
atom or a substituent; R®> and R respectively represent a
hydrogen atom or an optionally-substituted alkyl; L' repre-
sents —N—N—, —N—CH—, —C(—0)O— or —OC
(=0)—; A" represents an optionally-substituted phenyl, an
optionally-substituted naphthyl, an optionally-substituted
aromatic heterocyclic group; B' represents an optionally-
substituted divalent aromatic hydrocarbon group or an
optionally-substituted divalent aromatic heterocyclic group;
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n is an integer from 1 to 4, and B may be same or different

when n is equal to or more than 2.

[0022] [8] The polarizing film of any one of [5] to [7],
formed by coating the composition.

[0023] [9] A laminate comprising a color filter layer, and a
polarizing film of any one of [1] to [8].

[0024] [10] A liquid crystal display device comprising a
polarizing film of any one of [1] to [8].

[0025] [11] The liquid crystal display device of [10],
wherein the polarizing film is disposed in a liquid crystal
cell.

[0026] [12] The liquid crystal display device of [11],
wherein the polarizing film is disposed between a color
filter layer and a liquid crystal layer.

[0027] [13] The liquid crystal display device of any one of
[10] to [12], comprising

[0028] first and second external polarizing plates,
[0029] aliquid crystal cell disposed therebetween, and
[0030] the polarizing film and a color filter layer being

disposed in the liquid crystal cell,
[0031] wherein the liquid crystal display device satisfies
the relational expression below:

DIYP'<DI, /Py

[0032] where, P' and DI' represent degree of polarization
and depolarization index, respectively, of the polarizing film;
and P, and DI, . represent degree of polarization and
depolarization index, respectively, of a combination of the
color filter layer and the first external polarizing plate dis-
posed more closer to the color filter layer, which are calcu-
lated respectively from the equations below:

DIICle_PICFz

Pier=P(1-Dlcr)

[0033] P: degree of polarization of the first external polar-
izing plate; and

[0034] DI, depolarization index of the color filter layer.
[0035] According to the present invention, it is possible to
provide a polarizing film, contributive to moderate depolar-
ization possibly induced by various components, such as
color filter, disposed in the liquid crystal cell. The liquid
crystal display device, having the polarizing film in the liquid
crystal cell, is not only successfully suppressed in leakage of
light in the black state but also improved in brightness in the
white state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a schematic sectional view of a liquid
crystal display device according to one embodiment of the
present invention;

[0037] FIG. 2 is a schematic sectional view partially illus-
trating an exemplary color filter layer applicable to the
present invention;

[0038] FIG. 3 is a schematic sectional view of a liquid
crystal display device according to another embodiment of
the present invention; and

[0039] FIGS. 4A and 4B are schematic sectional views ofa
liquid crystal display device according to still another
embodiment of the present invention.

[0040] Reference numerals used in the drawings represent
as follow:

[0041] 10,10, 10": liquid crystal cell;

[0042] 124, 125: external polarizing layer;
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[0043] 14,14, 16, 16" cell substrate;
[0044] 18, 18" color filter layer;
[0045] 20,20" internal polarizing layer (the polarizing film

of the present invention);

[0046] 22,22" transparent electrode layer;
[0047] 24, 24" pixel electrode layer;
[0048] 26: liquid crystal layer; and

[0049] 28: reflective layer.

DETAILED DESCRIPTION OF THE INVENTION

[0050] The present invention will be detailed below. Note
that, in this patent specification, all numerical ranges
expressed using “to” mean ranges including the numerals
placed therebefore and thereafter as the lower limit value and
the upper limit value.

[0051] The present invention relates to a polarizing film
which satisfies a predetermined optical characteristic. The
polarizing film of the present invention is useful as an in-cell
polarizer. An exemplary liquid crystal display device having
the polarizing film of the present invention is a liquid crystal
display device having a first and a second external polarizing
layer, a liquid crystal cell disposed therebetween, and the
polarizing film of the present invention disposed in the liquid
crystal cell. In this embodiment, the polarizing film is used for
moderating depolarization possibly induced by various com-
ponents disposed in the liquid crystal cell, in particular by a
color filter layer. For this purpose, it may be preferable to
dispose the color filter layer, the internal polarizing layer and
adriven liquid crystal layer, disposed in this order in the liquid
crystal cell.

[0052] Paragraphs below will explain an embodiment hav-
ing a first external polarizing layer, the color filter layer, the
internal polarizing layer (the polarizing film of the present
invention), the driven liquid crystal layer, and the second
external polarizing layer stacked in this order.

[0053] The internal polarizing layer is disposed so that the
transmission axis thereofkeeps a predetermined relation with
the transmission axes of the first and the second external
polarizing layers, in order to avoid degradation in the display
performance. Preferable relation among the in-plane direc-
tions of the transmission axes of the first external polarizing
layer, the internal polarizing layer, and the second external
polarizing layer varies, depending on whether the driven lig-
uid crystal layer is expected to give a retardation of approxi-
mately zero or A/2 in the black state, with respect to a polar-
ized light incident on the liquid crystal cell. In one
embodiment in which the driven liquid crystal layer gives a
retardation of approximately zero in the black state, it is
preferable to set the angle of transmission axis of the internal
polarizing layer to 0°, and to set the angle of the transmission
axis of the second external polarizing layer to 90°, while
assuming the azimuth angle of the transmission axis of the
first external polarizing layer as 0°. On the other hand, for
another embodiment in which the driven liquid crystal layer
gives a retardation of approximately A/2 in the black state, it
is preferable to set the angle of transmission axis of the
internal polarizing layer to 0°, and to set the angle of the
transmission axis of the second external polarizing layer
again to 0°, while assuming the azimuth angle of the trans-
mission axis of the first external polarizing layer as 0°. In
whichever embodiment, angles of the transmission axes of
the first external polarizing layer and the internal polarizing
layer preferably coincide.
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[0054] As for direction of incidence of light on the liquid
crystal display device, whichever embodiment allowing inci-
dence of light on the internal polarizing layer prior to inci-
dence on the driven liquid crystal layer, in other words, allow-
ing incidence of light from the outside of the first external
polarizing layer, or embodiment allowing incidence of light
on the internal polarizing layer after incidence on the driven
liquid crystal layer, in other words, allowing incidence of
light from the outside of the second external polarizing layer,
may be adoptable. In the embodiment allowing incidence of
light from the outside of the first external polarizing layer, the
light is polarized by the first external polarizing layer, depo-
larized by scattering while passing through the color filter
layer to produce light mixed with non-polarized light, and
again polarized while passing through the internal polarizing
layer before incidence on the driven liquid crystal layer,
thereby leakage of light ascribable to the depolarization by
the color filter layer may be suppressed. On the other hand, in
the embodiment allowing incidence of light from the outside
of the second external polarizing layer, the light is polarized
by the second external polarizing layer, and then allowed to
pass through the driven liquid crystal layer in the black state,
but the most part of the light is then absorbed while passing
through the internal polarizing layer which is disposed in the
cross-Nicol relation with the light output from the driven
liquid crystal layer. Since only a few amount of light is input
to the color filter layer, so that the amount of depolarized light
ascribable to the scattering may be suppressed to a low level.
[0055] By making use of the operation of the internal polar-
izing layer, it may also be possible to produce a liquid crystal
display device, having the color filter layer, the internal polar-
izing layer, the driven liquid crystal layer, and the second
external polarizing layer stacked in this order, without using
the first external polarizing layer.

[0056] As described in the above, leakage of light in the
black state ascribable to the depolarization by the color filter
layer may be suppressed by disposing the internal polarizing
layer in the liquid crystal cell. However, in practice, also the
internal polarizing layer induces the depolarization. It may,
therefore, be said that the disposition of the internal polariz-
ing layer does not always improve the contrast of the liquid
crystal display device. Possible causes for the depolarization
may be exemplified by scattering ascribable to surface irregu-
larity, scattering ascribable to population density distribution
or alignment distribution of material molecules in the layer,
and so forth. Of course also the internal polarizing layer,
composed of a certain substance, may similarly cause scat-
tering.

[0057] On the other hand, in the white state, a polarized
light having the direction of electric field nearly equal to the
direction of the transmission axis of the internal polarizing
layer may be allowed to pass, irrespective of direction of
incidence of light from the outside of the first external polar-
izing layer or from the outside of the second external polar-
izing layer. It is, however, difficult to produce a polarizing
layer allowing therethrough 100% transmission of light
nearly in the direction of the transmission axis, only to inevi-
tably lower the amount of light output through the internal
polarizing layer. It is, therefore, necessary to elevate thetrans-
mittance value of the internal polarizing layer nearly in the
direction of the transmission axis, for the purpose of obtain-
ing a desirable white state.

[0058] The present inventors then predicted the contrast
ratio based on parameters which represent optical character-
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istics of the individual components in the liquid crystal dis-
play device, and examined characteristics capable of giving
the highest contrast ratio.

[0059] Methods adopted herein are a method of measuring
depolarization index ascribable to the color filter, and a
method of predicting contrast of the liquid crystal display
device using the same, making use of the Mueller matrix,
which are typically proposed by Y. Utsumi et al., SID 08
Digest, 129 (2008); Y. Utsumi et al., Euro Display 2005 301
(2005), and so forth.

[0060] Procedures of the method of prediction are as fol-
low:
[0061] First, the Mueller matrices of the individual compo-

nents are determined.

P10 0
Mpoy = Tpol

for polarizing plate having

transmission axis with azimuth = 0°

[0062] P: degree of polarization of polarizing plate;
[0063] T, ; transmittance value of polarizing plate.
1 =P 00
-p 1 0 0
Mpot = Tpo 0 ... ..
0 0 ...

for polarizing plate having

transmission axis with azimuth = 90°

1 0 0 0
0 1-Dicr 0 0
Mer=Terl g 0y _p, 0
0 0 0  1-Dic
[0064] DI depolarization index of color filter;
[0065] T,z transmittance value of color filter.
1 0 0 0
0 1-Dljc O 0
Mic=Tidy o 1oppe o
0 0 0 1-DiI¢
[0066] DI, . depolarization index of liquid crystal cell;
[0067] T, transmittance value of liquid crystal cell.
[0068] Then the Mueller matrices of the individual compo-

nents are multiplied, to thereby determine transmittance
value I of the liquid crystal display device.

MponMicMcrMpor

o O O -
Ly O B O~
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[0069] Contrast of the liquid crystal display device may be
calculated based on parameters obtained from the individual
components, by calculating the transmittance value for both
embodiments in which the transmission axes of two polariz-
ing plates are aligned in the same direction, corresponding to
the white state of the liquid crystal display device, and in
which they are aligned 90° from each other, corresponding to
the black state, and then calculating (transmittance value in
the white state)/(transmittance value in the black state).
[0070] The present inventors, however, found out from our
investigations that a value of contrast, obtained for the
embodiment in which a linear polarizing layer was disposed
between the color filter and the driven liquid crystal layer,
calculated by directly applying M, having the above-de-
scribed form to the Mueller matrix of the internal polarizing
layer, was far larger than a measured value, only to result in
failure in predicting the contrast. From further investigations,
the present inventors also found out that also the internal
polarizing layer shows depolarization, and that the Mueller
matrix in a form given below may rationally be adoptable.

1 P 0 0
P 1-Dr 0 0
Mipot =T’

0 0 e

0 0 e e
[0071] P degree of polarization of internal polarizing
layer;
[0072] DI depolarization index of internal polarizing
layer;
[0073] T" transmittance value of internal polarizing layer.
[0074] The present inventors then calculated the contrast

ratios for both embodiments in which a liquid crystal display
device has the internal polarizing layer disposed in the liquid
crystal cell, and has no internal polarizing layer, using the
above-described Mueller matrix, and found out from the
comparison therebetween that the contrast ratio of the liquid
crystal display device may be elevated by disposition of the
internal polarizing layer, if the conditions below are satisfied:

DI Dler

— > .
P Picr

[0075]
layer;
[0076]
layer;
[0077] DI;: depolarization index of combination of first
external polarizing layer and color filter layer;

DI depolarization index of internal polarizing

P" degree of polarization of internal polarizing

DI, cz=1-P 1CF2

[0078] P, degree of polarization of combination of first
external polarizing layer and color filter layer;

P\ cp=P(1-Dlx)

[0079] P: degree of polarization of first external polarizing
layer;

[0080] DI, depolarization index of color filter layer.
[0081] Inshort,if DIYP', which is an index represented by a

ratio of the depolarizability to polarizability of the internal
polaizer layer, is smaller than DI, /P, o, which is a n index
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represented by a ratio of the depolarizability to polarizability
of a combination of the first external polarizing layer and the
color filter layer, then the contrast ratio of the liquid crystal
display device of the internal polarizing layer may be
improved to a larger degree, by using the internal polarizing
layer.

[0082] Procedures of obtaining the individual parameters
of the Mueller matrices are as follow:

[0083] A diffusive light source such as a back light used for
liquid crystal display device is obtained, two external polar-
izing layers are disposed in front thereof in the cross-Nicol
arrangement, or in a parallel arrangement, and the brightness
values for both embodiments are measured.

Conr—1
P= |— =
Cont + 1
brightness under parallel arrangement
Cont =

brightness under cross- Nicol arrangement

[0084] Proceduresofobtaining the degree of polarization P'
of the internal polarizing layer are as follow:

[0085] A diffusive light source such as a back light used for
liquid crystal display device is obtained, two internal polar-
izing layers are disposed in front thereof in the cross-Nicol
arrangement, or in a parallel arrangement, and the brightness
for both embodiments are measured.

Conr—1
P= Cont + 1

brightness under parallel arrangement

Conr = — -
brightness under cross- Nicol arrangement

[0086] Proceduresofobtaining the depolarization index DI'
of the internal polarizing layer are as follow:

[0087] A diffusive light source such as a back light used for
liquid crystal display device is obtained, and the first measur-
ing polarizing layer, the internal polarizing layer and the
second measuring polarizing layer are disposed in front
thereof while being stacked in this order.

[0088] Given now that brightness, observed through the
polarizing layers having the azimuths of the transmission
axes of a°; b° and c°, respectively, is written as [a/b/c], the
depolarization index DI' is calculated by the equation below,
where P represents the degree of polarization of the measur-
ing polarizing layer:

a

_1+22PP PP+ X (P - 1)
- PHL+X)

_ [o/0/0]

T [0/90/90]

[0089] Procedures of obtaining the transmittance value T'
of the internal polarizing layer are as follow:

[0090] A diffusive light source such as a back light used for
liquid crystal display device is obtained, and the brightness,
referred to as light source brightness, is measured. The inter-
nal polarizing layer is then disposed in front thereof, and the
brightness, referred to as single layer brightness of the inter-
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nal polarizing layer, is measured. The transmittance value T'
may be calculated from the equation below:

_ single layer brightness of internal polarizing layer
B light source brightness

7'

[0091] The transmittance value may be determined by
similar procedures also for the color filter layer, the liquid
crystal cell, and the external polarizing layer.

[0092] Procedures of obtaining the depolarization index
DI of the color filter layer are as follow:

[0093] A diffusive light source such as a back light used for
liquid crystal display device is obtained, and the first polar-
izing layer for measuring, the color filter layer, and the second
polarizing layer for measuring are disposed in front thereof
while being stacked in this order. The brightness values
obtained under parallel arrangement and the cross-Nicol
arrangement of the first and second polarizing layers for
measuring, referred to as parallel brightness and cross-Nicol
brightness, are measured. By using the ratio Cont of these
values, the depolarization index DI may be calculated from
the equation below, where P represents the degree of polar-
ization of the polarizing layer for measuring.

Dl = 1 1 Cont-1
T TP Cont+ 1

brightness under parallel arrangement
Cont =

brightness under cross- Nicol arrangement

[0094] From the investigations described in the above,
while taking various characteristics of the currently-available
external polarizing layer, and various components disposed in
the liquid crystal cell into consideration, the present inventors
found out that the black state may be improved, almost with-
out inducing adverse effect by the internal polarizing layer
per se, if the degree of polarization P' and the depolarization
index DI' of the internal polarizing layer satisfy the relation of
DI/P'=4.3x107*. In the present invention, DIVP' of the inter-
nal polarizing layer is preferably equal to or smaller than
3.5x107*, and more preferably equal to or smaller than 2.5x
10~*. While the smallest possible value may be preferable as
the lower limit, where the theoretical limit is zero, a value of
107° or larger is not problematic, and even a value of 107> or
larger is not substantially problematic.

[0095] The degree of polarization P' and the depolarization
index DI' of the polarizing film ofthe present invention are not
specifically limited, so far as the above-described relation is
satisfied. In general, the degree of polarization P' is preferably
equal to or larger than 0.4. The internal polarizing layer
having the degree of polarization P' of smaller than 0.4 does
not function as the polarizing layer. The degree of polariza-
tion P' is more preferably equal to or larger than 0.5, and still
more preferably equal to or larger than 0.6. The upper limit
value is preferably set to as close as possible to 1, which is the
theoretical limit value, and preferably falls in the range from
0.4 to 1.0. A degree of polarization P' 0f 0.99 or smaller is not
problematic, a value of 0.95 or smaller is not substantially
problematic, and even a value of 0.90 or smaller is almost not
problematic.

[0096] Ingeneral, the depolarization index DI' of the polar-
izing film of the present invention is preferably equal to or
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smaller than 3.5x107*, more preferably equal to or smaller
than 2x107*, and still more preferably equal to or smaller than
1x10™*. While the lower limit value is preferably set to as
close as possible to zero, which is the theoretical limit value,
avalue of 1079 or larger is not problematic, and even a value
of 1073 or larger is not substantially problematic.

[0097] The transmittance value of the polarizing film of the
present invention is preferably equal to or larger than 30%,
and more preferably equal to or larger than 35%. The trans-
mittance value of smaller than 30% may result in lowered
brightness of the white state, so that the contrast ratio is not
improved even if the leakage of light in the black state is
moderated. While the transmittance value may preferably be
set to as large as possible, where the practical transmittance
value of the polarizing film produced using currently-avail-
able materials may be 70% or around at a maximum, and may
generally be 60% or smaller.

[0098] In the present invention, there is no special limita-
tion on the relation between the depolarization index DI' of
the internal polarizing layer and the depolarization index
DI of the color filter layer. The effect of the present inven-
tion may be obtained, if only the above-described relation is
satisfied, under whichever condition of DI=DI., and
DI">DI . It is, however, preferable that the DI' does not
exceed 2.5xDI ..

[0099] In the present invention, since the polarizing film
which satisfies the above-described relation is used as the
internal polarizing layer so as to obtain the effect of the
present invention, so that the other components, such as the
first and second external polarizing layers disposed outside
the liquid crystal cell, and the liquid crystal cell, may be
configured by using any of those generally available.

[0100] Forexample, a general linear polarizing film may be
adoptable to the first and second polarizing layers, the degree
of polarization of which is preferably equal to or larger than
0.999, more preferably equal to or larger than 0.9999, and still
more preferably equal to or larger than 0.99995. While the
upper limit value is preferably set to as close as possible to 1,
which is the theoretical limit value, a value of 0.999999 or
smaller may be adoptable, and even a value of 0.99999 or
smaller is not substantially problematic.

[0101] There is no special limitation also on the liquid
crystal cell. Any general liquid crystal cell, having a driven
liquid crystal layer, and additionally having a color filter
layer, an electrode layer, alignment films and so forth, may be
adoptable. In general, the depolarization index of the liquid
crystal cell is around 10~ or smaller, preferably equal to or
smaller than 5x10~*, and more preferably equal to or smaller
than 2x10™* While the lower limit value is preferably set to as
close as possible to 0, which is the theoretical limit value, a
value of 107> may be good enough, and even a value of 2x10~>
or larger is not substantially problematic.

[0102] Also to the color filter layer, any general ones may
be adoptable. The depolarization index of the general color
filter layer is equal to or smaller than 1.0x107>, preferably
equal to or smaller than 2x10~*, and more preferably equal to
or smaller than 1x10™*. While the lower limit value may
preferably be set to as close as possible to zero, which is the
theoretical limit, a value of 10~ or larger is not problematic,
and even a value of 2x107° is not substantially problematic.
[0103] Next, an embodiment of the liquid crystal display
device of the present invention will be explained, referring to
the attached drawings.
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[0104] FIG. 1is a schematic sectional view illustrating an
embodiment of the liquid crystal display device of the present
invention. Note that relative relation of the thickness of the
individual components does not comply with the actual rela-
tion. The same will apply also to the drawings referred to
hereinafter. The back light is disposed on the lower side of the
drawings, so that the display screen is directed upward.
[0105] The liquid crystal display device illustrated in FIG.
1 has a pair of external polarizing layers 12a and 125, and a
liquid crystal cell 10 disposed therebetween. The liquid crys-
tal cell 10 has a pair of substrates 14 and 16. The upper
substrate 14 has, on the inner surface thereof, a color filter
layer 18, an internal polarizing layer 20 which is the polariz-
ing film of the present invention, and a transparent electrode
layer 22, stacked in this order. On the other hand, the lower
substrate 16 has a pixel electrode layer 24 which contains
switching elements, disposed on the inner surface thereof. A
liquid crystal layer 26 disposed between the substrates 14 and
16 is configured so as to be driven by the transparent electrode
layer 22 and the pixel electrode layer 24.

[0106] In this embodiment, since the internal polarizing
layer 20, configured to satisfy the above-described condi-
tions, is suppressed in the depolarization inherent thereto, so
that leakage of light in the black state, ascribable to depolar-
ization by the color filter layer and other various component
disposed in the liquid crystal cell, may be moderated.

[0107] Directions of the transmission axes of the external
polarizing layers 12a and 124 vary depending on desired
retardation of the liquid crystal layer 26 in the black state.
Both axes are orthogonal to each other in an embodiment
where the retardation of the liquid crystal layer 26 in the black
state is approximately zero, whereas both axes are parallel
with each other if the retardation is approximately A/2. The
transmission axis of the internal polarizing layer 20 is parallel
with the transmission axis of the external polarizing layer 12a
in both embodiments.

[0108] Note that each of the individual components in FIG.
1 is illustrated to have a uniform structure for the sake of
simplicity. For example, FIG. 2 is an exemplary schematic
sectional view illustrating a part of a general RGB color filter
layer, so that also the color filter layer illustrated in FIG. 1
may be configured to have the individual color layers of red
(R), green (G) and blue (B), and ablack matrix (BM) disposed
thereamong, in a similar manner as illustrated in FIG. 2.
[0109] Since FIG. 1 is a schematic drawing, so that the
liquid crystal display device may, of course, have other vari-
ous components owned by general liquid crystal display
devices. For example, a retardation layer aimed at optical
compensation may be disposed between the liquid crystal cell
10 and each of the external polarizing layers 12¢ and 124.
Alternatively, a planarizing layer, or an alignment film used
for forming the internal polarizing layer, may be disposed
between the color filter layer 18 and the internal polarizing
layer 20. Still alternatively, an alignment film for controlling
alignment of the liquid crystal layer 26 may be disposed
respectively between the transparent electrode layer 22 and
the liquid crystal layer 26, and between the pixel electrode
layer and the liquid crystal layer 26. The same will apply also
to the drawings referred to hereinafter.

[0110] FIG. 3illustrates another embodiment of the present
invention, which relates to so-called, color-filter-on-array
(COA) structure. All identical components illustrated in FIG.
1 will given the same reference numerals or symbols, so as to
avoid repetitive detailed explanation.
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[0111] The liquid crystal display device illustrated in FIG.
3 adopts a liquid crystal cell 10" based on so-called, color-
filter-on-array (COA) configuration, in which the color filter
layer 18 and the internal polarizing layer 20" are disposed
over a pixel electrode 24'.

[0112] According to the liquid crystal display device of this
embodiment, an effect of reducing leakage of light in the
black state by the contribution of the internal polarizing layer
20" may be obtained, similarly to the liquid crystal display
device illustrated in FIG. 1, and also an effect of improving
brightness in the white state by virtue of adoption of the COA
structure may be expectable.

[0113] FIGS. 4A and 4B relate to still another embodiment
pf the present invention based on a semi-transparent system,
wherein F1G. 4A illustrates a structure of a transmissive por-
tion, and FIG. 4B illustrates a reflective portion. Note that all
components identical to those in FIG. 1 will be given the same
reference numerals or symbols, so as to avoid repetitive
explanation.

[0114] Theliquid crystal display device illustrated in FIGS.
4A and 4B has a semi-transparent liquid crystal cell 10". As
illustrated in FIG. 4A, the transmissive portion is configured
similarly to the liquid crystal cell 10 illustrated in FIG. 1. On
the other hand, as illustrated in FIG. 4B, the reflective portion
has a reflective layer 28 disposed between the pixel electrode
24 and the substrate 16, so as to make use of external light
coming through the external polarizing layer 12a. According
to the liquid crystal display device of this embodiment, an
effect of reducing leakage of light in the black state by virtue
of the internal polarizing layer 20 may be obtained similarly
to the case of liquid crystal display device illustrated in FIG.
1, and also an effect of improving brightness in the white state
and an effect of reducing the drive power consumption, by
virtue of adoption of the semi-transparent structure which
makes use of not only back light beam but also the external
light.

[0115] Paragraphs below will detail the individual compo-
nents applicable to the liquid crystal display device of the
present invention, in particular the polarizing film of the
present invention, while placing a stress on materials and
methods preferably applicable to the manufacturing.

[Polarizing Film]

[0116] Types of the polarizing film of the present invention
are not specifically limited. The types of the polarizing film
include absorption type represented by iodine-containing
polarizing plate; reflection type represented by wire grid
polarizing plate; and polarization splitting type represented
by Glan-Thompson prism. While any of these types may be
adoptable, the reflection type tends to suffer from an
increased amount of stray light in the liquid crystal cell due to
its non-light-absorptive nature, and may therefore be disad-
vantageous in terms of suppressing leakage of light in the
black state. On the other hand, the polarization splitting type
may be shrunk only with difficulty, in the effort of applying it
to liquid crystal display. Therefore, the absorption type polar-
izing layer, free from these problems, may be preferable.

[0117] The polarizing film of the present invention prefer-
ably has a large degree of polarization and a large transmit-
tance value, in view of satisfying the above-described condi-
tions. Since the transmittance value decreases in proportion
with the thickness, so that the polarizing film may preferably
be a film having a large degree of polarization despite of its
thinness. The polarizing film which satisfies the characteris-
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tics is preferably formed using a composition containing one
or more species of liquid-crystalline azo dyes.

[0118] Among the azo dyes, azo dyes represented by for-
mula (I) are preferable.

M

R! R2
RS
/
Al—L!—+B!'—N=N5; N
\
RG
R} R*

[0119] In the formula, R' to R* respectively represent a
hydrogen atom or a substituent; R® and R° respectively rep-
resent a hydrogen atom or an optionally-substituted alkyl; L'
represents —N—N—, —N—CH—, —C(=0)O— or—0C
(=0)—; A" represents an optionally-substituted phenyl, an
optionally-substituted naphthyl, or an optionally-substituted
aromatic heterocyclic group; B' represents an optionally-
substituted divalent aromatic hydrocarbon group or an
optionally-substituted divalent aromatic heterocyclic group;
n is an integer from 1 to 4, and B' may be same or different
when n is equal to or more than 2.

[0120] Examples of the substituent represented by R'-R*
respectively include alkyls (preferably C, _,,, more preferably
C,.,, and even more preferably C, 4 alkyls such as methyl,
ethyl, isopropyl, tert-butyl, n-octyl, n-decyl, n-hexadecyl,
cyclopropyl, cyclopentyl and cyclohexyl), alkenyls (prefer-
ably C,_,,, more preferably C,_,, and even more preferably
C,_5 alkenyls such as vinyl, allyl, 2-butenyl and 3-pentenyl),
alkynyls (preferably C, ,,, more preferably C, ;, and even
more preferably C,_; alkynyls such as propargyl and 3-pen-
tynyl), aryls (preferably C, 5,, more preferably Cg ,, and
even more preferably C_|, aryls such as phenyl, 2,6-diethyl
phenyl, 3,5-ditrifluoromethyl phenyl, naphthyl and biphe-
nyl), substituted or non-substituted aminos (preferably C,_,,,
more preferably C,_;, and even more preferably C,_s aminos
such as non-substituted amino, ethylamino, dimethylamino,
diethylamino and anilino), alkoxys (preferably C, ,,, more
preferably C,_,, and even more preferably C,_ alkoxys such
as methoxy, ethoxy and butoxy), oxycarbonyls (preferably
C,_», more preferably C,_, 5 and even more preferably C,_|,
oxycarbonyls such as methoxycarbonyl, ethoxycarbonyl and
phenoxycarbonyl), acyloxys (preferably C,_,,, more prefer-
ably C,_,, and even more preferably C, ¢ acyloxys such as
acetoxy and benzoyloxy), acylaminos (preferably C,._,,
more preferably C,_ |, and even more preferably C,  acy-
laminos such as acetylamino and benzoylamino), alkoxycar-
bonylaminos (preferably C,_,,, more preferably C,_;, and
even more preferably C,_, alkoxycarbonylaminos such as
methoxycarbonylamino), aryloxycarbonylaminos (prefer-
ably C,_,,, more preferably C,_,, and even more preferably
C,_5 aryloxycarbonylaminos such as phenyloxycarbony-
lamino), sulfonylaminos (preferably C,_,,, more preferably
C,_;, and even more preferably C,  sulfonylaminos such as
methane sulfonylamino and benzene sulfonylamino), sulfa-
moyls (preferably C,_,,, more preferably C,_,, and even more
preferably C,_ . sulfamoyls such as non-substituted sulfa-
moyl, methyl sulfamoyl, dimethyl sulfamoyl and phenyl sul-
famoyl), carbamoyls (preferably C, _,,, more preferably C, |,
and even more preferably C,_ carbamoyls such as non-sub-
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stituted carbamoy], methyl carbamoyl, diethyl carbamoyl and
phenylcarbamoyl), alkylthios (preferably C, ,,: more prefer-
ably C, _,, and even more preferably C,  alkylthios such as
methylthio and ethylthio), arylthios (preferably C, ,,; more
preferably C;_, and even more preferably C,_,, arylthios
such as phenylthio), sulfonyls (preferably C, ,,, more pref-
erably C,_,, and even more preferably C,_, sulfonyls such as
mesyl and tosyl), sulfinyls (preferably C, _,,, more preferably
C,.,oand even more preferably C,_,sulfinyls such as methane
sulfinyl and benzene sulfinyl), ureidos (preferably C, ,.;
more preferably C,_, , and even more preferably C, _, ureidos
such as non-substituted ureido, methyl ureido and phenyl
ureido), amide phosphate group (preferably C, _,,; more pref-
erably C,_,, and even more preferably C, ¢ amide phosphate
group such as diethyl amide phosphate and phenyl amide
phosphate), hydroxy, mercapto, halogen atoms (for example,
fluorine atom, chlorine atom, bromine atom and iodine atom),
cyano, nitro, hydroxamic group, imino (—CH—N— or
—N=—=CH—), azo group, heterocyclic group (preferably
C,_30 and more preferably C, |, heterocyclic group having at
least one hetero atom selected from nitrogen atom, oxygen
atom, sulfur atom and so on including imidazolyl, pyridyl,
quinolyl, furyl, piperidyl, morpholino, benzoxazolyl, ben-
zoimidazolyl and benzothiazolyl), and silyl group (preferably
C,_40; more preferably C,_,, and even more preferably C, _,,
silyl group such as trimethyl silyl and triphenyl silyl.

[0121] These substituents may have one or more substitu-
ents. Two or more substituents may be same or different. And
they may combine to form a ring.

[0122] Preferable examples of R' to R* include a hydrogen
atom, alkyl, alkoxy and a halogen atom, more preferably a
hydrogen atom, alkyl and alkoxy, and even more preferably a
hydrogen atom and methyl.

[0123] The optionally-substituted alkyl represented by R®
or RC is preferably a C, ,,, more preferably C,_,, and even
more preferably C,_; alkyl such as methyl, ethyl and n-octyl.
Examples of the substituent of the alkyl represented by R or
RS include those exemplified above as a substituent of any of
R to R*, When R’ or R° represents an alkyl, it may combine
with R? or R* to form a ring. Preferably, R® and R® represent
a hydrogen atom or alkyl respectively; and more preferably,
R’ and R® represent a hydrogen atom, methyl or ethyl respec-
tively.

[0124] In the formula, A' represents an optionally-substi-
tuted phenyl, an optionally-substituted naphthyl or an option-
ally-substituted aromatic heterocyclic group.

[0125] Thesubstituent of the phenyl or the naphthyl may be
any substituent having at least one group capable of enhanc-
ing the solubility or the nematic liquid crystallinity of the azo
compound, any substituent having at least one electron-re-
leasing or electron-attracting group capable of controlling the
hue of the azo dye, or any substituent having at least one
polymerizable group capable of fixing the alignment of the
azo compound. And specific examples thereof include those
exemplified above as a substituent of any of R* to R*. Prefer-
able examples of the substituent include optionally-substi-
tuted alkyls, optionally-substituted alkenyls, optionally-sub-
stituted alkynyls, optionally-substituted aryls, optionally-
substituted alkoxys, optionally-substituted oxycarbonyls,
optionally-substituted acyloxys, optionally-substituted acy-
laminos, optionally-substituted aminos, optionally-substi-
tuted alkoxycarbonylaminos, optionally-substituted sulfony-
laminos, optionally-substituted sulfamoyls, optionally-
substituted carbamoyls, optionally-substituted alkylthios,
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optionally-substituted sulfonyls, optionally-substituted urei-
dos, nitro, hydroxy, cyano, imino, azo and halogen atoms;
[0126] more preferable examples of the substituent include
optionally-substituted alkyls, optionally-substituted alk-
enyls, optionally-substituted aryls, optionally-substituted
alkoxys, optionally-substituted oxycarbonyls, optionally-
substituted acyloxys, nitro, imino and azo. Among these sub-
stituents, regarding each of those having a carbon atom(s), the
preferable range of the number of carbon atoms therein is
same as that of the substituent represented by each of R' to R*.
[0127] Thephenyl or the naphthyl may have 1 to 5 substitu-
ents selected from the above described examples; and pref-
erably, the phenyl or the naphthyl may have one substituent
selected from the above described examples. Regarding the
phenyl, preferably, it has one substituent selected from the
above described examples at a para-position with respect to
L.

[0128] The aromatic heterocyclic group may be preferably
derived from a monocyclic or bicyclic hetero-ring. The atom,
embedded in the aromatic heterocyclic group, other than a
carbon atom may be a nitrogen, sulfur or oxygenatom. Two or
more hetero atoms embedded in the aromatic heterocyclic
group may be same or different from each other. Examples of
the aromatic heterocyclic group include pyridyl, quinolyl,
thiophenyl, thiazolyl, benzothiazolyl, thiadiazolyl, quinolo-
nyl, naphthalimidoyl, and thienothiazoly.

[0129] Preferably, the aromatic heterocyclic group is
pyridyl, quinolyl, thiazolyl, benzothiazolyl, thiadiazolyl, or
thienothiazoly; and more preferably, the aromatic heterocy-
clic group is pyridyl, benzothiazolyl, or thienothiazoly.
[0130] Preferably, A' represents optionally-substituted
phenyl, pyridyl, benzothiazolyl, or thienothiazoly.

[0131] In the formula, B represents an optionally-substi-
tuted divalent aromatic hydrocarbon group or an optionally-
substituted divalent aromatic heterocyclic group. In the for-
mula, n is an integer from 1 to 4, and B' may be same or
different when n is equal to or more than 2.

[0132] Preferable examples of the aromatic hydrocarbon
group include phenyl and naphthyl. Preferable examples of
the substituent of the aromatic hydrocarbon group include
optionally-substituted alkyls, optionally-substituted alkoxys,
hydroxy, nitro, halogen atoms, optionally-substituted ami-
nos, optionally-substituted acylaminos and cyano. Among
these, optionally-substituted alkyls, optionally-substituted
alkoxys and halogen atoms are more preferable; and methyl
and halogen atoms are even more preferable.

[0133] The aromatic heterocyclic group may be preferably
derived from a monocyclic or bicyclic hetero-ring. The atom,
embedded in the aromatic heterocyclic group, other than a
carbon atom may be a nitrogen, sulfur or oxygenatom. Two or
more hetero atoms embedded in the aromatic heterocyclic
group may be same or different from each other. Examples of
the aromatic heterocyclic group include pyridyl, quinolyl,
isoquinolyl, benzothiadiazole, phthalimide, and thienothiaz-
ole. Among these, thienothiazole is more preferable.

[0134] Examples of the substituent of the aromatic hetero-
cyclic group include alkyls such as methyl and ethyl; alkoxys
such as methoxy and ethoxy; aminos such as non-substituted
amino and methyl amino; acetylaminos, acylaminos, nitro,
hydroxy, cyano and halogen atoms. Among these substitu-
ents, regarding each of those having a carbon atom(s), the
preferable range of the number of carbon atoms therein is
same as that of the substituent represented by each of R' toR”.
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[0135] Preferable examples of the azo dye include those
represented by any one of formulas (Ia) to (Ic).

(Ta)

R7
/
Ala_Lla_Bla_NzN_Bza—N=N N
\
RS

In the formula, R” and R® respectively represent a hydrogen
atom, methyl or ethyl; L'® represents —N—N—,
—N—CH—, —O(C=0)— or —CH—CH—; A'“ repre-
sents a group (Ila) or (Illa); and B'* and B** respectively
represent a group (IVa), (Va) or (Vla).

O

[0136] In the formula, R® represent an optionally-substi-
tuted alkyl, an optionally-substituted aryl, an optionally-sub-
stituted alkoxy, an optionally-substituted oxycarbonyl, or an
optionally-substituted acyloxy.

(ITa)

(Illa)

_ ava)
<\ | />
(Tl
(Va)
|
(CH)y
(Via)

(CHz)y,

[0137] Inthe formulas, m represents an integer of from 0 to
2.

(Ib)

(CHz) (CH)m
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[0138] Inthe formula, R*® and R respectively represent a
hydrogen atom, methyl or ethyl; L' represents —N—N— or
—(C=0)0—; L represents —N—CH—, —(C—0)0—
or —O(C=0)—; A* represents a group (1Ib) or (I1Ib);and m
represents an integer of from 0 to 2.

(IIb)

(IIIb)

[0139] In the formula, R'* represents an optionally-substi-
tuted alkyl, an optionally-substituted aryl, an optionally-sub-
stituted alkoxy, an optionally-substituted oxycarbonyl, or an
optionally-substituted acyloxy.

@)
g RIZ
/
le _N=— / =
AN N4<\|Ar />—N NON\
S N Rl3

[0140] Inthe formula, R*? and R respectively represent a
hydrogen atom, methyl or ethyl; and A’ represents a group
(IIe) or (ITlc).

(1)

\_/
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-continued

Rl4 < >

[0141] In the formula, R'* represents an optionally-substi-
tuted alkyl, an optionally-substituted aryl, an optionally-sub-
stituted alkoxy, an optionally-substituted oxycarbonyl, or an
optionally-substituted acyloxy.

[0142] Examples of the substituent of each of the groups in
formulas (Ia), (Ib) and (Ic) include those exemplified above as
a substituent of any of R to R*. Among these substituents,
regarding each of those (such as alkyls) having a carbon
atom(s), the preferable range of the number of carbon atoms
therein is same as that of the substituent represented by each
of R! to R*.

[0143] The compound represented by formula (Ia), (Ib) or
(Ie) may have one or more polymerizable groups as a sub-
stituent. Using the compound having one or more polymer-
izable groups may contribute to improvement in hardenabil-
ity. Examples of the polymerizable group include an
unsaturated polymerizable group, epoxy group and aziridinyl
group; an unsaturated polymerizable group is preferable; and
an ethylene unsaturated polymerizable group is more prefer-
able. Examples of the ethylene unsaturated polymerizable
group include an acryloyl group and a methacryloyl group.
[0144] Preferably, the polymerizable group(s) exists at the
molecular end, that is, preferably, the polymerizable group(s)
exists as a substituent of R and/or R® or as a substituent of A*
in formula (I).

[0145] Examples of the compound represented by formula
(1) include, but are not limited to, those described below.

(Illo)

Xl
Vi
YION=N N=N N=N N=N N=N N
\)(2
RZS R24 R23 RZZ RZI

No. Xl XZ RZZ RZ3 RZ4 RZS Yl

A-l —C,H; —C,H; —H —CH, —H —H —H —C,H,
A2 —C,H; —C,H; —H —CH, —CH, —cH, —H —C,H,
A-3 —CH, —CH; —H —CH, —H —H —H —C,H,
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1

/X
N=N N=N N=N N=N—®—N
\){2
H;C HC H;C H;C
No. X! X2 !
A-4 —C,H; —C,H; 0
—0 0(CH,);0COCH=CH,
A5 —C,H; —C,H; 0
—o0 O(CH,);;0COCH=—CH,
Xl
/
Y! N=N N=N N=N N=N N
\X2
R24 R23 R22 RZI
NO X 1 XZ R2 1 R22 R23 R24 YVI
A9 —C,H, —C,H, —H —CH, —H —H —CH,
A-10 —C,H; —C,H; —CH, —CH, —H —H —C,H,
A-11 —C,H; —C,H; —H —CH, —CH, —CH, —C,H,
Xl
/
vl N=N N=N N=N N
\
X2
R23 R22 RZI
No. Xl X2 RZI R22 R23 Yl
Al6 —CHy —CHy —H —CH, —H —C4H,
A7 —CHy —CHy —H —CH, —CH, —C,H,
A8 —CHy —CHy —H —CH, —H 0
—0 O(CH,),0COCH=CH,
A19 —CHs —CHs —H —CHy —H 0
—o0 O(CH,);|0COCH=CH,
A-24 —CHs —CHs —OCH, —CH, —H —C4H,
A5 —CHs —CHs —H —CHy —CH, 0
—0 O(CH,),0COCH=CH,
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DO OO
_/

DO QOO
_/

_\ =N N=N I 0] CN
OO0
OO

_/ - - \_/
Ko OO
OO O
_/
OO
_/ .
DO OO
_/ f
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_/ .
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DO QOO
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OO
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N=N C4Hy"

OO
_/ "

£
- OO

C-29
0
— 0 0 04<;
A=A A T
R! R?
s N R¢
R N=N | \>—N= N
\ \
S R’
5 3 4
R R R
No. R! R’ R R R RS R’ R
D-1 -H -H -H —H -H —C,H, —C,H, —C,H,
D-2 -H -H -H —H -H —C,H; —C,H; —CH 5
D-3 -H -H -H —H -H —C,H; —C,H; —OC,4H,
D4 -H -—H -—H -—H —H —C,H, —C,H; —CF,
D-5 -H -H -H —H -H —C,H; —C,H; —OH
D-6 -H -H -H —H -H —C,H; —C,H; —CN
D-7 -H -H -H —H -H —C,H, —C,H; —NO,
D-8 -H -H -H —H -H —C,H, —C,H, —F
D9 -H -H -H —H -—H —C,H; —C,H; —Br
D6 -H —H -—H -—H —H —C,H, —C,H; —1I
D11 -H —H -—H -—H —H —CH, —H —C,H,
D12 -H —-H —-H —H —H —CH, —CH, —C,H,
D13 -H —-H —-H —H —H —CH, —CeHy; —C,H,
D4 -H —H -—H -—H —H —CH, —CH,CH,0H —C,H,
DlSs -H —-H —-H -—H —H —CH, —CH,CH,0CH, —C,H,

D6 -H -—H -—H -H -—H —CH, — CH,CH,0COCH—CH, —C.H,
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[0146] Theazo compounds represented by formula (I) may
be prepared easily according to the method described in Jour-
nal of Materials Chemistry (1999), 9(11), 2755-2763.

[0147] Preferably, the azo compound represented by for-
mula (I) exhibits a nematic liquid crystallinity at a tempera-
ture of from 10 to 300 degrees Celsius, and more preferably at
a temperature of from 100 to 250 degrees Celsius.

[0148] In the composition used for forming the polarizing
film of the present invention, itis preferable that 30% or more,
and more preferably 50% or more, of the liquid crystalline
material contained in the composition is colorant compound.
The azo dye may align the molecules thereof by the self-
aligning ability of their own, and may fix the aligned state, so
that a polarizing film capable of exhibiting a large degree of
polarization even with a small thickness may be obtained. On
the other hand, for an exemplary case of so-called, guest-host
(GH) type polarizer, which is formed by using a composition
containing a dichroic dye together with a non-chromogenic
liquid crystal compound, and by allowing the molecules of
the dichroic dye to align along the alignment of the molecules
of the non-chromogenic liquid crystal compound, a large
degree of polarization may not always be attainable, due to a
low degree of alignability of the non-chromogenic liquid
crystal compound.

[0149] Note that, in the present invention, the phrase of “a
certain material exhibits liquid crystallinity” means that the
material exhibits, alone by itself, a liquid crystal state at room
temperature, after being heated, after being cooled, or after
being heated and then cooled. The phrase also means that a
certain material exhibits a liquid crystal state after the mate-
rial alone is dissolved into a solvent.

[0150] In the present invention, the phrase of “a certain
material exhibits chromogenicity” means that the material
shows an absorption peak in the wavelength range from 380
nm to 780 nm, having an intensity of larger than Yioo of the
absorbance of an absorption peak which firstly appears in the
wavelength region shorter than 380 nm.

[0151] The composition for preparing the polarizing film
preferably contains two or more types of the azo dyes repre-
sented by formula (I). Any combinations of the azo dyes may
be used in the present invention, and for achieving the high
polarization degree, preferably, the composition is prepared
by mixing the azo dyes so that the composition becomes
black.

[0152] Preferably, the composition may contain at least one
type of the azo dyes represented by formula (Ia) and at least
one type of the azo dyes represented by formula (Ib) or (Ic).
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[0153] More preferably, the composition may contain at
least one type of the azo dyes represented by formula (Ia), at
least one type of the azo dyes represented by formula (Ib), and
at least one type of the azo dyes represented by formula (Ic).
[0154] The composition for preparing the polarizing film
may contain any coloring material other than the azo dye
represented by formula (T) unless the effect of the invention is
lowered. Preferably, the coloring material other than the azo
dye represented by formula (T) is selected from compounds
exhibiting liquid crystallinity.

[0155] The composition may contain additives other than
the liquid-crystalline azo dye. The additives may be exempli-
fied by surfactant which is added for the purpose of improving
the coatability, additive for promoting horizontal alignment
of molecules of the liquid-crystalline azo dye, curing compo-
nent (non-liquid-crystalline monomer and polymerization
initiator), and non-liquid-crystalline polymer binder. The
content of one or more species of the liquid-crystalline azo
dye contained in the composition is preferably 20% by mass
or more, and particularly preferably 30% by mass or more.

[0156] The polarizing film of the present invention is pref-
erably a film formed by coating the composition. Methods of
coating may be any of publicly-known ones, which are exem-
plified by spin coating, gravure printing, flexographic print-
ing, ink jet printing, die coating, slit die coating, cap coating,
dipping and so forth. Among them, the slit coating is particu-
larly preferable. According to the slit coating, a highly uni-
form film may stably be formed, without exerting shear stress
on the coating liquid in the process of coating. In addition, in
the slit coating, since the direction of extrusion of the coating
liquid through a slit may be agreed with the direction of
rubbing of the alignment film described later, the direction of
irradiation of light or the like, so that disturbance in the
alignment ascribable to disagreement between the direction
of spreading of the coating liquid and the direction of rubbing
(forexample, in the spin coating, the direction of spreading of
the coating liquid cannot be agreed with the direction of
rubbing over the entire surface, because the coating liquid is
spread over the surface by centrifugal force), may be less
likely to occur. According to the slit coating, the polarizing
layer excellent in uniformity and dichroism may be formed.

[0157] The internal polarizing layer may preferably be
formed, making use of an alignment film having a rubbed
surface, photo-aligned film and any other alignment films.
The alignment film adoptable to the present invention may be
any layer, so long as it can allow thereon a desired mode of
alignment of molecules of the liquid-crystalline azo dye. The
alignment film may be provided typically by rubbing of the
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surface of organic compound (preferably polymer) film,
oblique vacuum evaporation of inorganic compound, forma-
tionofalayerhaving micro-grooves, or stacking of an organic
compound (for example, w-trichosanic acid, dioctadecyl
dimethyl ammonium chloride, methyl stearate) by the Lang-
muir-Blodgett (LB) method. Still alternatively, also an align-
ment film capable of exhibiting alignment function upon
being applied with electric field or magnetic field, and upon
being irradiated by light, have been known. Among them, the
alignment film formed by rubbing may be preferable in the
present invention, from the viewpoint of readiness in control-
ling the pre-tilt angle of the alignment film, whereas the
photo-aligned film formed by irradiation of light may be
preferable, from the viewpoint of good uniformity in align-
ment.

Rubbed Alignment Film

[0158] Polymer materials adoptable to the alignment film
formed by rubbing have been described in a number of litera-
tures, and may commercially be available a lot. Poly(vinyl
alcohol) or polyimide, and derivatives of them may prefer-
ably be applicable to the alignment film of the present inven-
tion. Details of the alignment film may be referred to the
description from line 24, page 43 to line 8, page 49 of WO01/
88574A1.

[0159] The thickness of the alignment film is preferably
0.01 to 10 pm, and more preferably 0.01 to 1 um.

[0160] The rubbing may generally be provided by rubbing
the surface of the polymer layer with paper or cloth several
times in a fixed direction. In particular in the present inven-
tion, it may preferably be provided by the method described
in “Ekisho Binran (The Handbook of Liquid Crystal)” (pub-
lished by Maruzen Co., Ltd., Oct. 30, 2000).

[0161] Also a method of varying the density of rubbing
adoptable herein may be found in the aforementioned
“Ekisho Binran” (published by Maruzen Co., Ltd.). The den-
sity of rubbing (L) is quantified by the equation (A) below:

L=NI{1+2mm/60v) Eq. (A4)

[0162] Inequation(A), Nrepresents the number of times of
rubbing, I represents the length of contact of a rubbing roller,
rrepresents the diameter of the roller, n represents the number
of rotation (rpm) of the roller, and v represents a travel speed
of the stage (per second).

[0163] Thedensity of rubbing may be increased by increas-
ing the number of time of rubbing, increasing the length of
contact of the rubbing roller, increasing the diameter of the
roller, increasing the number of rotation of the roller or by
decreasing the travel speed of the stage. On the other hand, the
density of rubbing may be decreased by making these condi-
tions vice versa.

[0164] The density of rubbing and the pre-tilt angle of the
alignment film are correlated such that higher density of
rubbing corresponds to smaller pre-tilt angle, and lower den-
sity of rubbing corresponds to larger pre-tilt angle.

Photo-Aligned Film

[0165] Photo-alignable materials adoptable to the align-
ment film formed by irradiation of light have been described
in a number of literatures. Preferable examples of the mate-
rials for composing the alignment film of the present inven-
tion include azo compounds described in Japanese Laid-
Open Patent Publication Nos. 2006-285197, 2007-76839,
2007-138138, 2007-94071, 2007-121721, 2007-140465,
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2007-156439, 2007-133184, 2009-109831, and Japanese
Patent Nos. 3883848, 4151746, aromatic ester compounds
described in Japanese Laid-Open Patent Publication No.
2002-229039; maleimide and/or alkenyl-substituted nadim-
ide compound having a photo-alignable unit, described in
Japanese Laid-Open Patent Publication Nos. 2002-265541
and 2002-317013; photo-crosslinkable silane derivatives
described in Japanese Patent Nos. 4205195 and 4205198; and
photo-crosslinkable polyimide, polyamide or ester described
in Published Japanese Translation of PCT International Pub-
lication for Patent Publication Nos. 2003-520878, 2004-
529220, and Japanese Patent No. 4162850. Among them, the
azo compound, and photo-crosslinkable polyimide, polya-
mide or ester are preferable.

[0166] The photo-alignable film made of the above-de-
scribed material is then irradiated by linear polarized light or
non-polarized light, to thereby manufacture the photo-
aligned film.

[0167] In this patent specification, the term of “irradiation
of linear polarized light” means an operation for inducing
photo-reaction in the photo-alignable material. The wave-
length of light adoptable herein may vary depending on the
photo-alignable material to be used, and is not specifically
limited so far as the wavelength is necessary for the photo-
reaction. Light used for the irradiation of light preferably has
a peak wavelength of 200 nm to 700 nm, and is more prefer-
ably ultraviolet radiation having a peak wavelength of 400 nm
or shorter.

[0168] Light sources generally used for the irradiation of
light may be exemplified by those generally adopted, which
include lamps such as tungsten lamp, halogen lamp, xenon
lamp, xenon flash lamp, mercury lamp, mercury xenon lamp,
and carbon arc lamp; various types of laser (for example,
semiconductor laser, helium-neon laser, argon ion laser,
helium cadmium laser, YAG laser); light emitting diode; cath-
ode ray tube and so forth.

[0169] Methods of obtaining linear polarized light adopt-
able herein may be exemplified by those using polarizing
plate (for example, iodine-containing polarizing plate, dich-
roic dye-containing polarizing plate, wire grid-type polariz-
ing plate); prism element (for example, Glan-Thompson
prism); reflective polarizer allowing incidence at the Brew-
ster’s angle; or light emitted from polarized laser light source.
Alternatively, light having only necessary wavelength may
selectively be irradiated, using a filter, wavelength conversion
element or the like.

[0170] For the case where linear polarized light is used, a
method of irradiation adoptable herein is such as irradiating
the light from the top surface or back surface of the alignment
film, in the direction normal or oblique thereto. While the
angle of incidence of the light may vary depending on the
photo-alignable materials, it may be adjustable within the
range from 0° to 90° (normal), and preferably from40° to 90°.
[0171] For the case where non-polarized light is used, the
light is irradiated in oblique directions, where the angle of
incidence may be adjustable within the range from 10° to 80°,
preferably from 20° to 60°, and particularly preferably from
30° to 50°.

[0172] Irradiation time is preferably 1 minute to 60 min-
utes, and more preferably 1 minute to 10 minutes.

[0173] Ifthe polarizing film is necessarily patterned, meth-
ods adoptable thereto may be such as irradiating light through
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a photomask, repeated by number of times necessary for the
patterning, and such as drawing a pattern by laser beam scan-
ning.

[0174] Alternatively, the internal polarizing layer may be
formed by using a transfer material. More specifically, a
polarizing layer is formed on a temporary support by the
method described in the above, and then the polarizing layer
may be transferred onto the surface of the liquid crystal cell
substrate.

[0175] Next, the components other than the internal polar-
izing layer will be explained.

[External Polarizing Layer]

[0176] Generally utilized polarizer may preferably be
adoptable to the first and second external polarizing layers
used for the liquid crystal display device of the present inven-
tion. An exemplary product adoptable herein is an iodine-
containing polarizing plate or a dye-containing polarizing
film, composed of a polymer matrix such as poly(viny! alco-
hol) matrix stretched after being immersed into an iodine
solution or dichroic dye solution, and protective films made of
TAC, cycloolefin polymer, acrylic resin, polypropylene or the
like bonded to both surfaces thereof. Also Ta,04/SiO, pho-
tonic crystal, a crystal film produced by the auto-cloning
technique, and so forth may be adoptable.

[0177] Besides them, a linear or circular polarizer making
use of a polymerizable cholesteric liquid crystal described in
Japanese Laid-Open Patent Publication No. 2000-352611;
guest-host-type linear polarizers making use of uniaxially-
aligned liquid crystals and containing dichroic dyes,
described in Japanese Laid-Open Patent Publication Nos.
HO11-101964, 2006-161051 and 2007-199237, Published
Japanese Translation of PCT International Publication for
Patent Publication Nos. 2002-527786, 2006-525382, 2007-
536415 and 2008-547062, and Japanese Patent No. 3335173,
a wire grid polarizer making use of a metal grid typically
composed of aluminum, described in Japanese Laid-Open
Patent Publication No. S55-95981; an inorganic visible-light-
reflective polarizer described in Published Japanese Transla-
tion of PCT International Publication for Patent Publication
No. 2002-510062; a polarizer composed of a polymer com-
pound of liquid-crystalline compound, having carbon nano-
tubes diffused or aligned therein, described in Japanese Laid-
Open Patent Publication No. 2002-365427; a polarizer
composed of a polymer compound having metal particles
diffused or aligned therein, described in Japanese Laid-Open
Patent Publication No. 2006-184624; polyvinylene-type lin-
ear polarizers described in Japanese Laid-Open Patent Pub-
lication No. H011-248937, Published Japanese Translation
of PCT International Publication for Patent Publication Nos.
H10-508123,2005-522726, 2005-522727 and 2006-522365;
polarizers composed of lyotropic liquid-crystalline dyes rep-
resented typically by (chromogen)(SO;M),, described in
Japanese Laid-Open Patent Publication Nos. H07-261024,
H08-286029, 2002-180052, 2002-90526, 2002-357720,
2005-154746, 2006-47966, 2006-48078, 2006-98927, 2006-
193722, 2006-206878, 2006-215396, 2006-225671, 2006-
328157, 2007-126628, 2007-133184, 2007-145995, 2007-
186428, 2007-199333, 2007-291246, 2007-302807, 2008-
9417, Published Japanese Translation of PCT International
Publication for Patent Publication Nos. 2002-515075, 2006-
518871, 2006-508034, 2006-531636, 2006-526013 and
2007-512236; and polarizers composed of dichroic dyes,
described in Japanese Laid-Open Patent Publication Nos.
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HO08-278409 and HO11-305036. While the cholesteric liquid
crystal generally has a function of circular polarization split-
ting, it may be given as a linear polarizer, if combined with a
M4 plate. The M4 plate is preferably composed of a compo-
sition containing at least one species of liquid-crystalline
compound, and preferably composed of a layer formed by
bringing a composition, which contains at least one species of
liquid-crystalline compound having a polymerizable group,
into a liquid crystal phase, and by curing the composition by
heating and/or ultraviolet irradiation.

[0178] Among them, in particular the iodine-containing
polarizing film, the dye-containing polarizing film, the polar-
izing film composed of dichroic dye, and the wire grid-type
polarizer may preferably be used, from the viewpoint of the
degree of polarization.

[Liquid Crystal Cell Substrate]

[0179] Substrates adoptable herein may be exemplified by
those composed of no-alkali glass, soda glass, Pyrex (regis-
tered trademark) glass, quartz glass typically used for liquid
crystal display devices; those used for photo-electric conver-
sion devices such as solid imaging devices; silicon substrate;
plastic substrate; and the above-described substrates addi-
tionally having functional layers, such as transparent electro-
conductive film, color filter film, electrode, TFT and so forth,
formed thereon. These substrates may have a black matrix for
partitioning the individual pixels, or a transparent resin layer
for improving adhesiveness, provided thereon. The plastic
substrate preferably has a gas barrier layer and/or solvent-
resistant layer formed on the surface thereof.

[0180] Alternatively, also the substrate having so-called
COA structure, described in the above, may be adoptable,
wherein the internal polarizing layer may be disposed over
the COA structure.

[0181] Thelight transmittance value of the substrate adopt-
able to the present invention is preferably 80% or larger. The
plastic substrate may preferably be composed of an optically
isotropic polymer film. Specific examples of the polymer and
preferable embodiments adoptable herein may be those
described in paragraph [0013] of Japanese Laid-Open Patent
Publication No. 2002-22942. Even polymers such as poly-
carbonate and polysulfon, known to be likely to express bire-
fringence, may be adoptable, after being modified with the
molecules described in WO00/26705 so as to reduce the
expressivity.

[Driven Liquid Crystal Layer]

[0182] Operational mode of the liquid crystal display
device of the present invention is not specifically limited,
allowing adoption of whatever modes of VA, IPS, TN, OCB,
HAN, ECB, STN, DSTN and PSA; and modes using verti-
cally-aligned, in-plane electric field switching liquid crystal,
ferroelectric liquid crystal, anti-ferromagnetic liquid crystal,
and blue-phase liquid crystal; multi-domain liquid crystal
using any of these liquid crystals (for example, MVA and
PVA); and ASV. The driven liquid crystal layer may be adopt-
able also to liquid crystal display devices based on opera-
tional modes other than those described in the above. Targets
of adoption may be the transmission-type liquid crystal dis-
play devices illustrated in FIG. 1 and FIG. 3, reflection-type
liquid crystal display devices, or semi-transparent-type liquid
crystal display devices illustrated in F1G. 4. The liquid crystal
display devices of these sorts may be exemplified by those
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described in “Ekisho Hyoji Sochi Kosei Zairyo no Saishin
Gijutsu (Latest Technologies of Materials for Composing
Liquid Crystal Display Devices)”, edited by Yasufumi
limura, published by CMC Publishing Co., Ltd., Chapter 1.
[0183] The liquid crystal materials to be driven, preferably
adoptable to the present invention, may be those used for
general liquid crystal display devices having operational
modes of VA, IPS, TN, OCB, HAN, ECB, STN, DSTN and
PSA; vertically-aligned, in-plane electric field switching lig-
uid crystal; ferroelectric liquid crystal; anti-ferromagnetic
liquid crystal; and blue-phase liquid crystal. The liquid crys-
tal materials may be exemplified by those described in
“Ekisho Hyoji Sochi Kosei Zairyo no Saishin Gijutsu (Latest
Technologies of Materials for Composing Liquid Crystal
Display Devices)”, edited by Yasufumi limura, published by
CMC Publishing Co., Ltd., Chapter 3.

[Pixel Electrode Layer]

[0184] The pixel electrode layer adoptable to the liquid
crystal display device of the present invention is not specifi-
cally limited. In general, the pixel electrodes are provided so
as to apply voltage to each thin film transistor (TFT) provided
to each pixel of the liquid crystal display device. Each TFT
and the pixel electrodes are electrically connected through
contact holes.

[0185] TFT preferably adoptable herein may be exempli-
fiedby a-Si TFT, LTPS-TFT, II-VI compound semiconductor
TFT, pc-Si TFT, HTPS-TFT, oxide semiconductor TFT, ZnO
TFT, In—Ga—7n—O0O TFT, organic semiconductor TFT and
so forth. Also TFT described in “Hakumaku Toranjisuta
Gijutsu no Subete—Kozo, Tokusei, Seizo Purosesu kara Jise-
dai TFT made (All about Thin Film Transistor Technolo-
gies—From Structure, Characteristic, Manufacturing Pro-
cess to Next-Generation TFT)”, written by Yasuhiro Ukai,
may preferably be adoptable.

[ Transparent Electrode Layer]

[0186] The transparent electrode layer may be formed
using ITO by sputtering. Besides ITO, also ZnO-base trans-
parent electro-conductive film, In,0,—Z7n0O-base transpar-
ent electro-conductive film, Ga-added ZnO (GZ0) film, sil-
ver-added ITO film, p-type oxide transparent electro-
conductive film, CuAlO, delafossite film, SrCu,0, film,
In,Sn,O,, transparent electro-conductive film, InGaZnO,
transparent electro-conductor, TiN film, silver nanowire film,
and so forth may be adoptable. For example, also the mate-
rials described in “Ekisho Hyoji Sochi Kosei Zairyo no
Saishin Gijutsu (Latest Technologies of Materials for Com-
posing Liquid Crystal Display Devices)”, edited by Yasufumi
Timura, published by CMC Publishing Co., Ltd., Chapter 3;
those described in ““Tomei Dodenmaku (Transparent Electro-
Conductive Film)”, edited by Yutaka Sawada, published by
CMC Publishing Co., Ltd.; those described in “Tomei Doden-
maku no Gijutsu (Technologies of Transparent Electro-Con-
ductive Film)”, compiled by the 166th Committee for Trans-
parent Oxide Optoelectronic Materials in Japan Society for
the Promotion of Science, may be preferable.

[Planarizing Layer (Transparent Resin Cured Layer)]

[0187] A planarizing layer may be disposed over the sur-
faces of the color filter layer and the TFT, if the surfaces have
irregularity. The planarizing layer may be disposed over the
surfaces of the polarizing film and so forth, so as to give
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physical strength, durability, or optical characteristics. The
thickness of the transparent resin cured layer preferably falls
in the range from 1 to 30 um, and particularly preferably from
1to 10 um.

[0188] The transparent resin cured layer is preferably
formed based on crosslinking reaction or polymerization
reaction of an ionized radiation-curable (preferably ultravio-
let-curable) compound. The transparent resin cured layer in
the present invention may be formed by coating a coating
composition, which contains an ionized radiation-curable,
multi-functional monomer or multi-functional oligomer,
onto the surface of the polarizer, and by allowing the multi-
functional monomer or the multi-functional oligomer to pro-
ceed cross-linking reaction or polymerization reaction.

[Color Filter Layer]

[0189] The color filter layer applicable to the liquid crystal
display device of the present invention is not specifically
limited. The color filter layer is generally configured to have
red, green and blue dot-patterned pixels disposed on a sub-
strate in a matrix arrangement, and partitioning them at the
boundary using a dark-colored partition wall such as black
matrix. Both types of the color filter layer, making use of
pigment or dye as the colorant thereof, may preferably be
adoptable. Preferable examples of the pigment and dye are
described in Japanese Laid-Open Patent Publication No.
2009-139616. The pigment preferably has a small mean pri-
mary particle size. Also inorganic pigments such as ironoxide
and complex oxide may be preferable as the pigment. Pref-
erable materials for composing the black matrix adoptable
herein include graphite, carbon black, titanium black, chro-
mium and so forth. Preferable examples of method of manu-
facturing the color filter include dyeing, printing, colored
resist patterning, transfer process, ink jet process, and so
forth.

[Combined Use with Retardation Film]

[0190] The liquid crystal display device of the present
invention may have a retardation layer, disposed between the
liquid crystal cell and the external polarizing layer, or dis-
posed in the liquid crystal cell. The retardation layer is used
for the purpose of compensating retardation induced by the
liquid crystal cell, angular dependence of the polarizing plate,
and so forth. Examples of the retardation film, which can be
used as the retardation layer in the present invention, may be
exemplified by those composed of stretched film of various
polymers, and those obtained by coating and succeeding fixa-
tion of alignment of polymerizable liquid crystal. Whichever
film of A-plate, C-plate, biaxial film, films containing disk-
like or rod-like molecules in hybrid alignment, categorized by
the direction of expression of retardation, may preferably be
adoptable. Also the retardation film having an additional
function of the external polarizing layer, and in-cell retarda-
tion film formed in the liquid crystal cell may preferably be
used. Examples of the retardation film of these sorts are
described in “Fkisho Hyoji Sochi Kosei Zairyo no Saishin
Gijutsu (Latest Technologies of Materials for Composing
Liquid Crystal Display Devices)”, edited by Yasufumi limura,
published by CMC Publishing Co., Ltd., Chapter 3, for
example.

[Back Light Unit]

[0191] The back light unit applicable to the liquid crystal
display device of the present invention may be configured by
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areflective sheet, a light source, a light guide plate, a diffuser
plate, a light condensing plate and so forth, and any of those
generally used for the liquid crystal display devices may
preferably be adoptable, without special modification. The
light source may be exemplified by cold cathode ray fluores-
cent lamp, xenon fluorescent lamp, LED, organic EL and so
forth. The light condensing plate may be exemplified by
prism array sheet, lens array sheet, dotted sheet, luminance
enhancing film and so forth. Also a reflective polarization
splitting sheet designed to give anisotropy in the reflectivity
as a result of stacking of a plurality of films having different
anisotropy of refractive indices; film having cholesteric liquid
crystal polymer aligned therein; and circular polarization
splitting sheet obtained by allowing a film base to support
thereon the thus-aligned liquid crystal layer; may preferably
be used.

[0192] Numerous examples of components composing the
back light unit are described, for example, in “Ekisho Hyoji
Sochi Kosei Zairyo no Saishin Gijutsu (Latest Technologies
of Materials for Composing Liquid Crystal Display Devices)
”, edited by Yasufumi Iimura, published by CMC Publishing
Co., Ltd., Chapter 3; and “Ekisho Hyoji Sochi-yo Bakku
Raito Gijutsu (Back Light Technology For Liquid Crystal
Display Device)”, edited by Kalantar Kalil, published by
CMC Publishing Co., Ltd., any of which may preferably be
adoptable.

[Anti-Reflection Film/Protection Film]

[0193] The liquid crystal display device of the present
invention may have an anti-reflection film on the screen side.
Anti-reflection film of whichever type of AR (anti-reflection)
type having a surface reflectivity of 0 to 0.5% or around, and
LR (low reflection) type having a surface reflectivity of0.5 to
4% or around, may be adoptable, so far as they are generally
used for liquid crystal display devices and plasma display
devices. Anti-reflection film of whichever type of AG (anti-
glare)-finished type, given with anti-glare performance by
dispersing particles in the film or by providing surface irregu-
larity, and clear-finished type, having a smooth surface and
thereby ensuring high contrast and good visibility, but not
having anti-glare performance, may preferably be adoptable.

[Applications]

[0194] Applications of the liquid crystal display device of
the present invention will be explained.

[0195] The liquid crystal display device of the present
invention is suitable for large-sized television set. The large-
sized television set is favored for the purpose of viewing
cinema and so forth, and is required to have a higher dense-
ness of the black state as compared with ordinary-sized tele-
vision set. In addition, due to its largeness of area, also a light
source used therefor tends to increase in size and power
consumption, so that it is important from the viewpoint of
energy saving to ensure a high transmittance value in the
white state to thereby keep a high level of efficiency of use of
light.

[0196] Since the ordinary polarizing film manufactured by
stretching poly(vinyl alcohol) film is dimensionally limited
by the size of stretching machine, so that a coating-type
polarizing layer, which is less affected by the dimensional
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limit of machine, may be adoptable as the external polarizing
layer for the large-sized television set, similarly to the internal
polarizing layer.

[0197] The liquid crystal display device of the present
invention is preferable also for digital signage. The digital
signage is a system for providing the users with advertising
information and so forth, in a displayed form on display
devices installed at public places, in shops, and so forth. Since
the system is used in a distant view, it is important for the
system to ensure a high contrast for a good visibility. Since the
system may be used outdoors, it is also important for the
system to be bright. If the transmittance value in the white
state is low, it may correspondingly be necessary to increase
brightness of the back light, and may result in problem of
power consumption. The liquid crystal display device of the
present invention is less likely to cause such problem, proving
its usefulness in this application.

[0198] The liquid crystal display device of the present
invention is preferably applicable also to television sets using
LED back light or organic EL back light. Alternatively, it may
preferably be applicable also as a liquid crystal panel for
projector. Still alternatively, the present invention is suitable
also for high-definition liquid crystal display devices con-
forming to full high definition or 4K2K format.

[0199] Alternatively, it is efficient to combine the liquid
crystal display device of the present invention with four or
more colors of color filters aimed at improved color repro-
ducibility, or with a light source.

[0200] Still alternatively, it is also efficient to apply the
liquid crystal display device of the present invention to digital
camera, car navigation system, mobile phone, PDA and so
forth.

[0201] The polarizing film of the present invention may be
applicable to a luminance improving film, in acombined form
with a A/4 layer. The polarizing film may be applicable to
whatever applications so far as the polarizing plate may be
adoptable thereto. For example, the polarizing film may be
applicable also to patterned circular polarizing plate for 3D
liquid crystal display device and head-mounting display
device, in a combined form with a patterned A/4 layer. Alter-
natively, it may be applicable also to a semi-transparent liquid
crystal display device described by T. Ohyama et al. in
SID’04 Digest of Technical Papers, pp. 1106-1109 (2004).
The polarizing film may be adoptable as an internal polariz-
ing layer on the reflective portion side, and also the external
polarizing layer may be a polarizing layer formed by coating
similarly to the internal polarizing layer. It may also be suit-
able for dual-view and triple-view liquid crystal display
devices.

[0202] The polarizing film of the present invention may be
adoptable as a polarizing plate for ellipsometry, or as a polar-
ized light receiving element combined with an image sensor.
It may also be adoptable to a pick-up unit for optical disk, or
a polarizing plate for optical communication. It may still also
be suitable for anti-reflection applications, if combined with a
M4 retardation layer. The anti-reflective applications include
prevention of reflection on the electrodes of the liquid crystal
display device and organic EL device.

[0203] The polarizing film of the present invention may be
adoptable also to a polarization lens for auto-focus camera, if
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combined with a A/4 retardation layer. A pair of polarizing
sunglasses may also be a preferable application. It may still
alternatively be applicable, in a combined form with a A/4
retardation layer, to a substitute of the black matrix in the
color filter of the liquid crystal cell and various types of
display devices.

EXAMPLES

[0204] The present invention will be explained to further
detail, referring to Examples. Note that the materials,
reagents, amounts and ratios of substances, operations and so
forth explained in Examples below may appropriately be
modified without departing from the spirit of the present
invention. The scope of the present invention is, therefore, not
limited to the specific examples described below.

1. Example 1

(1) Formation of External Polarizing Layer

[0205] An iodine-containing polarizing plate was bonded
to one surface of a glass plate (liquid crystal cell substrate),
while placing an adhesive film in between, to thereby form an
external polarizing layer. The degree of polarization of the
external polarizing layer, measured by the method described
later, was found to be 0.99978, which was nearly equivalent to
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the degree of polarization of the polarizing plate generally
used for the liquid crystal display device.

(2) Formation of Color Filter Layer

[0206] Color resist CG-9500L from FUJIFILM Electronic
Materials, Co., Ltd. was coated on the surface of the glass
substrate opposite to the surface having the external polariz-
ing layer previously formed thereon, by spin coating at 500
rpm for 20 seconds. The coated film was dried at 80° C. for 5
minutes, and then annealed in an oven at 230° C. for one hour.
The color filter layer was thus formed. The depolarization
index of the color filter layer, measured by the method
described later, was found to be 2.1x10™*, which was nearly
equivalent to the depolarization index of the color filter gen-
erally used for the liquid crystal display device.

(3) Formation of Internal Polarizing Layer

[0207] A 4% aqueous solution of poly(vinyl alcohol)
“PVA103” from Kuraray Co., Ltd. was coated on the color
filter layer on the glass substrate, using a #12 bar, and the
coated solution was dried 80° C. for 5 minutes. The resultant
film was then rubbed according to the conditions listed in
Table below.

[0208] Each of the coating liquids having compositions
listed in Table below was coated on the rubbed surface
according to the conditions for coating listed again in Table
below. The individual coated liquids were then aged at 70° C.
for 30 seconds, to thereby form internal polarizing layers
having various characteristics.

TABLE 1

Internal polarizing

layer No.

Composition of coating liquid ~Conditions of rubbing

Conditions of coating

1
(Example)

2
(Example)

3
(Example)

4
(Example)

5
(Comparative
Example)

6
(Comparative
Example)

7
(Comparative

Example)

Azo dye A-46: 0.5%
(Cr158°C.N240°C.1)
Solvent: chloroform
Azo dye A-46:0.5%
(Cr158°C.N240°C.1)
Solvent: chloroform
Azo dye A-46: 0.45%
(Cr158°C.N240°C. 1)
Azo dye C-9: 0.30%
(Cr167°C.N294°C. 1)
Solvent: chloroform
Azo dye B-18: 0.25%
(Cr237°C.N240°C.1)
Azo dye D-1: 0.25%
(Cr200°C.N237°C.T)
Solvent: chloroform
Azo dye A-46: 1.0%
(Cr158° C.N240°C. 1)
Solvent: chloroform
Azo dye A-46: 1.0%
(Cr158°C.N240°C.1)
Solvent: chloroform
Azo dye A-46:3.0%
(Cr158°C.N240°C.1)

Solvent: chloroform

Reciprocating rubbing

3 times at 400 rpm

Reciprocating rubbing

3 times at 400 rpm

Reciprocating rubbing
3 times at 400 rpm

Reciprocating rubbing

3 times at 400 rpm

Reciprocating rubbing

3 times at 1200 rpm

Reciprocating rubbing

once at 400 rpm

Reciprocating rubbing
once at 400 rpm

Spin coating
1500 rpm, 30 sec.

Spin coating
2000 rpm, 30 sec.

Spin coating

1500 rpm, 30 sec.

Spin coating
1200 rpm, 30 sec.

Spin coating
1000 rpm, 30 sec.

Spin coating

1000 rpm, 30 sec.

Spin coating

1000 rpm, 30 sec.
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[Evaluation of Optical Characteristics]

[0209] A commercially-available liquid crystal television
set was decomposed, and a back light module was taken out
so as to be used as a light source. A luminance meter BM-5
from TOPCON Corporation was disposed 70 cm away from
the light source in the perpendicular direction, so as to enable
measurement of brightness in a viewing angle of 1°.

[0210] The degree of polarization of the external polarizing
layer was measured as described below. An external polariz-
ing layer 1 and an external polarizing layer 2 were stacked in
this order in close contact with each other, on the light source
in close contact therewith. The brightness was measured for
both cases where the relative azimuth of the transmission axes
of the external polarizing layer 1 and the external polarizing
layer 2 was adjusted to 0° which represents parallel arrange-
ment, and adjusted to 90° which represents cross-Nicol
arrangement. The degree of polarization P was calculated
from the equation below:

brightness under parallel arrangement
Cont =

brightness under cross- Nicol arrangement
p Conr—1
"N Conr+1

[0211] Thedepolarization index of the color filter layer was
measured as described below. The polarizing layer 1 for mea-
suring, the color filter layer, and the polarizing layer 2 for
measuring were stacked in this order in close contact with
each other, on the light source in close contact therewith. The
brightness was measured for both cases where the relative
azimuth of the transmission axes of the polarizing layer 1 for
measuring and the polarizing layer 2 for measuring was
adjusted to 0° which represents parallel arrangement, and
adjusted to 90° which represents cross-Nicol arrangement.
The depolarization index DI was calculated from the equa-
tion below, where P represents the degree of polarization of
the polarizing layer for measuring.

brightness under parallel arrangement
Cont =

brightness under cross- Nicol

1 Cont-1

Dicp=1-———
o P Cont + 1

[0212] The degree of polarization P' of the internal polar-
izing layer was measured in a similar manner as the measure-
ment of the degree of polarization of the external polarizing
layer.

[0213] The depolarization index DI' of the internal polariz-
ing layer was measured as described below.

[0214] The polarizing layer 1 for measuring, the internal
polarizing layer, and the polarizing layer 2 for measuring
were stacked in this order in close contact with each other, on
the light source in close contact therewith. The brightness was
measured for both cases where the relative azimuth of the
transmission axes of the internal polarizing layer and the
polarizing layer 2 for measuring, with respect to the polariz-
ing layer 1 for measuring, was adjusted to 0° which represents
parallel arrangement, and adjusted to 90° which represents
cross-Nicol arrangement. The depolarization index DI' was
calculated from the equation below, where P represents the
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degree of polarization of the polarizing layers for measuring,
and P' represents the degree of polarization of the internal
polarizing layer.

brightness under parallel arrangement

brightness under cross- Nicol arrangement

_L+2PP + P+ X(P - )
B P21 +X)

7

[0215] The single-layer transmittance value T' of the inter-
nal polarizing layer was measured as described below. The
internal polarizing layer was disposed in close contact with
the light source. The brightness was measured in the presence
and absence of the internal polarizing layer, and the single-
layer transmittance value T' was calculated from the equation
below:

brightness in the presence of internal polarizing layer

T'=— - - —
brightness in the absence of internal polarizing layer

[0216] The contrast of the liquid crystal display device was
measured as described below. The polarizing layer 1 for mea-
suring, the color filter layer, the internal polarizing layer, and
the polarizing layer 2 for measuring were stacked in this order
in close contact with each other, on the light source in close
contact therewith. The brightness was measured for both
cases where the relative azimuth of the transmission axes of
the internal polarizing layer and the polarizing layer 2 for
measuring, with respect to the polarizing layer 1 for measur-
ing, was adjusted to 0° which represents parallel arrange-
ment, and adjusted to 90° which represents cross-Nicol
arrangement. The contrast was calculated from the equation
below:

brightness under parallel arrangement
Cont =

brightness under cross- Nicol arrangement

[0217] Rate of decrease in the white transmittance value of
the liquid crystal display device caused by incorporation of
the internal polarizing layer was measured as described
below. The external polarizing layer 1, the color filter layer,
the internal polarizing layer, and the external polarizing layer
2 were stacked in this order in close contact with each other,
on the light source in close contact therewith. The brightness
was measured for the case where the relative azimuth of the
transmission axes of the internal polarizing layer and the
external polarizing layer 2, with respect to the external polar-
izing layer 1, was adjusted to 0° which represents parallel
arrangement, to thereby determine white brightness in the
presence of the internal polarizing layer. On the other hand,
the brightness was measured also for the case where the
internal polarizing layer was removed from the above-de-
scribed configuration, to thereby determine white brightness
in the absence of the internal polarizing layer. Rate of
decrease in the white transmittance value of the liquid crystal
display device caused by incorporation of the internal polar-
izing layer was measured as described below. Smaller value
of the rate of decrease calculated from the equation below
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desirably means smaller effect of decrease in the white bright-
ness due to internal polarizing layer.

white brightness in the presence

of internal polarizing layer
Rate of decrease = 100%|1 -

white brightness in the absence

of internal polarizing layer

[0218] Each of the individual samples configured as listed
below was measured, and the rate of decrease was calculated.
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29

[0222] The order of stacking was given as external polar-
izing layer/color filter layer/internal polarizing layer/liquid
crystal layer/external polarizing layer, for all samples except
sample 1 (Comparative Example).

[0223] It may be understood from the results described in
the above that the contrast may distinctively be improved if
the relation of DI'VP'<D, -f,p, 15 satisfied.

[0224] Itmay also be understood that the effect of decreas-
ing the white transmittance value due to incorporation of the
internal polarizing layer may be suppressed, if the internal
polarizing layer has a transmittance value of 30% or larger.

TABLE 2
Sample Internal polarizing layer Rate of
No. No. P pr T'(%) DI'/P Contrast decrease
1 - — — — — 5160 0%
(Comparative
Example)
2 1 085 235x10™ 55  271x10™ 6490  6.4%
3 2075 139%x107 60 1.87x107* 7210 4.8%
4 3096 3.66x107 45 381x107% 3610 13%
5 4 055 207x107 54 376x10™ 5500  16%
[0219] The order of stacking was given as external polar- 2. Example 2
izing layer/color filter layer/internal polarizing layer/liquid . o .
crystal layer/external polarizing layer, for all samples except Evaluation of VA MoDde ,qumd Crystal Display
evice

sample 1 (Comparative Example).

[0220] It may be understood from the results described in
the above that, in the liquid crystal display device produced
by combining the external polarizing layer having a general
degree of polarization and the color filter layer having a
general polarization index, with the internal polarizing layer,
the contrast may be improved while the rate of decrease in the
white brightness due to incorporation of the internal polariz-
ing layer is not greater than 30% or around, by adopting the
polarizing film of the present invention having DIVP' of 4.3x
107* or smaller as the internal polarizing layer.

[0221] Next, various samples having different relations
between DI'/P' of the internal polarizing layer, and D, /P,
of the combination of the color filter layer and the external
polarizing layer, were produced, and the contrast and the rate
of decrease in the white transmittance value were examined in
a similar manner. Results are shown in Table below.

(1) Production of VA Mode Liquid Crystal Display
Device C1 of Comparative Example

[0225] A glass substrate of 0.7 mm thick, having a silicon
nitride layer which functions as a passivation film preliminar-
ily formed thereon, was obtained, and interconnects such as
scanning lines and signal lines, and thin film transistors which
function as switching elements were formed on the silicon
nitride layer, by repetitive formation and patterning of films,
similarly to the general processes of forming film transistors.
A ultraviolet-curable transparent resist was then coated
thereon, and allowed to cure under ultraviolet irradiation, to
thereby form an insulating layer while leaving the through-
holes unfilled.

[0226] Next, an ITO film of 200 nm thick was stacked
thereon by sputtering, and then etched to form a pixel elec-

TABLE 3
Sample Internal polarizing laver Rate of
No. No. P pr T'(%) Dr/P Di¢#/Picr Contrast decrease
1 — — 444x10™ 5160 0%
(Comparative
Example)
2 1 085 235x10* 50 271x10™%  444x10™* 6490  6.4%
3 2 075 139x10* 55 1.87x 10 444x10* 7210  4.8%
4 3096 3.66x107% 42 3.81x107%  444x10™ 5610 13%
5 4 055 207x107% 49 3.76x 107 444x10™ 5500 16%
6 5 0991 9.57x107% 36 9.66x 107 444x 10 400 21%
7 6 0990 9.82x10™* 38 9.92x10™*  444x10™* 3030 18%
8 7 0997 441x10™* 29 443x 10 444x10* 5170 36%
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trode layer. Over the electrode layer, zigzag-patterned stripes
(with a height of 1.5 um, and a width of the bottom of 10 pum)
were formed using a ultraviolet-curable transparent negative
resist by a photolithographic process, so as to give projections
for alignment control. On the thus-obtained projections for
alignment control, projections of 2 pum high, used later as
spacers, were formed using a ultraviolet-curable transparent
negative resist, by a photolithographic process in a similar
manner as described in the above. On the substrate having
thereon the thus-formed spacers, a vertical alignment film of
70 nm thick was formed by coating JALS-688 (from JSR
Corporation) by spin coating, and annealed at 200° C. for one
hour, to thereby manufacture a TFT substrate.

[0227] Another glass substrate of 0.7 mm thick was
obtained, and a photolithographic process was repeated
thereon, typically by coating an ultraviolet-curable colored
resist, setting a photomask having a predetermined light inter-
ception pattern, irradiating ultraviolet radiation so as to cure a
predetermined portion of the resist, and removing the uncured
portion by development. In this way, color filter layers col-
ored in blue, green and red, partitioned by a black matrix,
were formed.

[0228] Thereafter, an ITO film was deposited thereon by
sputtering, and the film is then etched to thereby form a
transparent electrode having 10-um-wide slits which allow
the glass substrate to expose therein. The substrate with the
transparent electrode was thus manufactured. A vertical
alignment film of 70 nm thick was then formed thereon, by
coating JALS-688 (from JSR Corporation) by spin coating,
and by annealing the coated film at 200° C. for one hour. The
opposing substrate was obtained in this way.

[0229] A liquid crystal cell was then configured by using
the thus-manufactured opposing substrate and the previ-
ously-manufactured TFT substrate, and a liquid crystal layer
was formed therebetween by dropping, or injecting, a liquid
crystal material (“MLC6608”, from MERCK) having a nega-
tive dielectric anisotropy. The liquid crystal cell was then
annealed at 110° C. for one hour so as to cancel the effect of
flow-induced alignment, and then bonded with polarizing
plates respectively on both surfaces thereof. A VA-mode lig-
uid crystal display device (liquid crystal display device C1)
was thus obtained.

(2) Production of VA Mode Liquid Crystal Display
Device C2 for Comparative Example

[0230] A glass substrate of 0.7 mm thick, having a silicon
nitride layer which functions as a passivation film preliminar-
ily formed thereon, was obtained, and interconnects such as
scanning lines and signal lines, and thin film transistors which
function as switching elements were formed on the silicon
nitride layer, by repetitive formation and patterning of films,
similarly to the general processes of forming film transistors.
Next, on the surface of the substrate having the thin film
transistors formed thereon, a photolithographic process was
repeated typically by coating a ultraviolet-curable colored
resist, setting a photomask having a predetermined light inter-
ception pattern, irradiating ultraviolet radiation so as to cure a
predetermined portion of the resist, and removing the uncured
portion by development. In this way, color filter layer colored
in blue, green and red, partitioned by a black matrix, was
formed.

[0231] Next, an ITO film of 200 nm thick was stacked
thereon by sputtering, and then etched to form a pixel elec-
trode layer. Over the transparent electrode layer, zigzag-pat-
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terned stripes (with a height of 1.5 um, and a width of the
bottom of 10 pm) were formed using a ultraviolet-curable
transparent negative resist by a photolithographic process, so
as to give projections for alignment control. On the thus-
obtained projections for alignment control, projections of 2
pm high, used later as spacers, were formed using a ultravio-
let-curable transparent negative resist, by a photolithographic
process in a similar manner as described in the above. On the
substrate having thereon the thus-formed spacers, a vertical
alignment film of 70 nm thick was formed by coating JALS-
688 (from JSR Corporation) by spin coating, and annealed at
200° C. for one hour, to thereby manufacture a COA sub-
strate.

[0232] Another glass substrate of 0.7 mm thick was
obtained, an 1TO film was deposited thereon by sputtering,
and the film is then etched to thereby form a transparent
electrode having 10-um-wide slits allowing the glass sub-
strate to expose therein. The substrate with the transparent
electrode was thus manufactured. A vertical alignment film of
70 nm thick was then formed thereon, by coating JALS-688
(from JSR Corporation) by spin coating, and by annealing the
coated film at 200° C. for one hour. The opposing substrate
was obtained in this way.

[0233] A liquid crystal cell was then configured by using
the thus-manufactured opposing substrate and the previ-
ously-manufactured COA substrate, and a liquid crystal layer
was formed therebetween by dropping, or injecting, a liquid
crystal material (“MLC6608”, from MERCK) having a nega-
tive dielectric anisotropy. The liquid crystal cell was then
annealed at 110° C. for one hour so as to cancel the effect of
flow-induced alignment, and then bonded with polarizing
plates respectively on both surfaces thereof. A VA-mode lig-
uid crystal display device (liquid crystal display device C2)
was thus obtained.

(3) Production of VA Mode Liquid Crystal Display
Device 1 of Example

[0234] A VA-mode liquid crystal display device (liquid
crystal display device 1) of Example of the present invention
was manufactured similarly to the liquid crystal display
device C1, except that an internal polarizing layer was formed
by coating, using a slit coater according to the procedures
below, so as to be provided between the color filter layer and
the ITO layer of the opposing substrate used for manufactur-
ing the liquid crystal display device C1 of Comparative
Example.

(Preparation of Coating Liquid AL-1 for Forming Intermedi-
ate Layer/Alignment Film)

[0235] The composition below was prepared, and filtered
through a 30-um-pore polypropylene filter. The filtrate was
used as coating liquid AL-1 for forming the intermediate
layer/alignment film.

Composition of Coating Liquid for Forming Intermediate Layer/
Alignment Film (% by mass)

Poly(vinyl alcchol) shown below 3.21
Poly(vinyl pyrrolidone) (Luvitec K30, from BASF) 148
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-continued

Composition of Coating Liquid for Forming Intermediate Layer/

Alignment Film (% by mass)

Distilled water 52.1
Methanol 43.21

Poly(vinyl alcohol)

—(—CH;—(leﬁ— —¢CH,—CHy—
98 2

OH O—CO—CH;

(Preparation of Coating Liquid POL-1 for Forming Polariz-
ing Film)

[0236] The composition below was prepared, and filtered
through a 0.2-um-pore polypropylene filter. The filtrate was
used as coating liquid POL-1 for forming the polarizing film.

Composition of Coating Liquid for
Forming Polarizing film (% by mass)

Surfactant: compound (I-6) shown below 0.02
Solvent: chloroform 93.89
Azodye: (B-18) 1.00
(D-1) 1.00
Non-liquid-crystalline, multi-functional monomer: 2.00

ethylene oxide-modified trimethylolpropane triacrylate
(V#360, from Osaka Organic Chemical Industry, Ltd.)

Dipentaerythritol hexaacrylate 2.00
(KAYARAD DPHA, from Nippon Kayaku Co., Ltd.)
Polymerization initiator: Irgacure 907(from CIBA Inc.) 0.06
Sensitizer: Kayacure DETX (from Nippon Kayaku Co., Ltd.) 0.03
Rl
X R!

RZ )\ R?
]
)\
X N X
Compound

No. R! R? X

R? R?

I-6 O(CH,),0(CHo)5(CFy)6F  O(CH,),0(CH,),(CF,)sf  NH

(Preparation of Coating Liquid PP-1 for Forming Photo-Sen-
sitive Resin Layer)

[0237] The composition below was prepared, and filtered
through a 0.2-um-pore polypropylene filter. The filtrate was
used as coating liquid PP-1 for forming the photo-sensitive
resin layer.
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Composition of Coating Liquid for Forming
Photo-Sensitive Resin Layer (% by mass)

Random copolymer having a molar ratio of benzyl methacrylate/ 5.0
methacrylic acid = 72/28 (weight average molecular weight =

37,000)

Random copolymer having a molar ratio of benzyl methacrylate/ 245
methacrylic acid = 78/22 (weight average molecular weight =

40,000)

KAYARAD DPHA (from Nippon Kayaku Co., Ltd.) 3.2
Radical polymerization imtiator (Irgacure 907, from CIBA Inc.) 0.75
Sensitizer (Kayacure DETX, from Nippon Kayaku Co., Ltd.) 0.25
Propylene glycol monomethy! ether acetate 27.0
Methyl ethyl ketone 53.0
Cyclohexanone 9.2
Megafac F-176PF (DIC Corporation) 0.05

(Formation of Internal Polarizing Layer)

[0238] A color filter layer colored in blue, green and red
was formed on a substrate having a black matrix layer previ-
ously formed thereon, and coating liquid AL-1 for forming
the intermediate layer/alignment film was coated using a wire
bar. The coating liquid was dried, and the resultant alignment
film was then rubbed. The dry thickness of the film was found
to be 1.6 um. Coating liquid POL-1 for forming polarizing
film was then coated using a slit coater, and then dried at 50°
C. for 60 seconds, to thereby form a coated film having a dry
thickness 0f 0.36 pm. The coated film was then irradiated with
ultraviolet radiation at an irradiation energy of 5 J in a nitro-
gen atmosphere (oxygen concentration is 100 ppm or lower)
so as to proceed photo-polymerization, and further annealed
at 180° C. for one hour, to thereby form a polarizing film
having a fixed state of alignment.

[0239] Thereafter, the ITO layer and the vertical alignment
film were formed in a similar manner as described in the
manufacturing process of the liquid crystal display device C1
in Comparative Example, to thereby obtain an opposing sub-
strate.

(4) Production of VA-Mode Liquid Crystal Display
Device 2 of Example

[0240] A VA-mode liquid crystal display device (liquid
crystal display device 2) of Example of the present invention
was manufactured similarly to the liquid crystal display
device C2, except that an internal polarizing layer was formed
by coating, using a slit coater in a similar manner as the
method of manufacturing the liquid crystal display device 1,
so as to be provided between the color filter layer and the pixel
electrode layer of the COA substrate used for manufacturing
the liquid crystal display device C2 of Comparative Example.

(5) Production of VA-Mode Liquid Crystal Display
Device 3 of Example

[0241] A VA-mode liquid crystal display device (liquid
crystal display device 3) of Example of the present invention
was manufactured similarly to the liquid crystal display
device C1, except that an internal polarizing layer was formed
by the procedure described below, so as to be provided by
transfer between the color filter layer and the ITO layer of the
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opposing substrate used for manufacturing the liquid crystal
display device C1 of Comparative Example.

(Preparation of Coating Liquid CU-1 for Forming Thermo-
plastic Resin Layer)

[0242] The composition below was prepared, and filtered
through a 30-um-pore polypropylene filter. The filtrate was
used as coating liquid CU-1 for forming the thermoplastic
resin layer.

Composition of Coating Liquid for Forming
Thermoplastic Resin Layer (% by mass)

Methyl methacrylate/2-ethyl hexyl acrylate/benzyl methacrylate/ 5.89
methacrylic acid copolymer (copolymerization compositional

ratio (molar ratio) = 55/30/10/5, weight average molecular

weight = 100,000, Tg = 70° C.)

Styrene/acrylic acid copolymer (copolymerization compositional 13.74
ratio (molar ratio) = 65/35, weight average molecular

weight = 10,000, Tg = 100° C.)

BPE-500 (from Shin-Nakamura Chemical Co., Ltd.) 9.20
Megafac F-780-F (from DIC Corporation) 0.55
Methanol 11.22
Propylene glycol monomethyl ether acetate 6.43
Methy! ethyl ketone 52.97

(Production of Transfer Material R-1 for Forming Polarizer)

[0243] Coating liquid CU-1 for forming the thermoplastic
resin layer, and coating liquid AL-1 for forming the interme-
diate layer/alignment film which was used for manufacturing
the internal polarizing layer using a slit coater, were coated in
this order using a wire bar on a temporary support composed
of arolled polyethylene terephthalate film of 75 pm thick, the
coated films were dried, and the resultant alignment film was
rubbed. The dry thicknesses of the coated films were found to
be 14.6 um and 1.6 um, respectively. Next, coating liquid
POL-1 for forming the polarizer, which was used for manu-
facturing the internal polarizing layer using the slit coater,
was coated thereon using a wire bar, and the coated films were
then dried at 50° C. for 60 seconds, to thereby form a coated
film having a dry thickness 0of 0.36 pm. The coated film was
then irradiated with ultraviolet radiation at an irradiation
energy of 5] in a nitrogen atmosphere (oxygen concentration
is 100 ppm or lower) so as to proceed photo-polymerization,
and further annealed at 180° C. for one hour, to thereby form
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a polarizing film having a fixed state of alignment. Lastly, the
coating liquid PP-1 for forming the photo-sensitive resin
layer, which was used for manufacturing the internal polar-
izing layer using the slit coater, was coated on the surface of
the polarizing film. The coated film was then dried to thereby
form a photo-sensitive resin layer of 1.0 pm thick. A transfer
material R-1 was thus manufactured.

(Formation of Internal Polarizing Layer)

[0244] Using the thus-obtained transfer material R-1, the
internal polarizing layer was formed between the color filter
layer and the ITO layer of the opposing substrate. More
specifically, the transfer material R-1 manufactured in the
above was laminated onto the substrate preliminarily heated
at 100° C. for 2 minutes, using a laminator Lamic IT (from
Hitachi Plant Technologies, L.td.), at a rubber roller tempera-
ture of 130° C., a line pressure of 100 N/cm, and a conveyor
speed of 2.2 m/min. In this process, laminating was carried
out while bringing the surface of the photo-sensitive resin
layer into contact with the surface of the substrate. After the
tempaorary support was separated, the product was subjected
to light exposure over the entire surface using a super high
pressure mercury lamp at an exposure energy of 50 mJ/em?,
to thereby fix the photo-sensitive resin layer and the polariz-
ing layer onto the substrate.

(6) Production of VA-Mode Liquid Crystal Display
Device 4 of Example

[0245] A VA-mode liquid crystal display device (liquid
crystal display device 4) of Example of the present invention
was manufactured similarly to the liquid crystal display
device C2, except that an internal polarizing layer was pro-
vided between the color filter layer and the pixel electrode
layer of the COA substrate used for manufacturing the liquid
crystal display device C2 of Comparative Example, by using
the above-described transfer material R-1, so as to transfer the
internal polarizing layer formed by the wire bar coating.

[0246] The contrast (white luminance/black luminance)
values of the thus-manufactured VA-mode liquid crystal dis-
play devices 1 to 4, and the VA-mode liquid crystal display
devices C1 and C2 of Comparative Examples were measured.
Results are shown in Table below. The Table also shows DI'/P'
values of the internal polarizing layer of the individual liquid
crystal display devices, and DI, /P, - values of combina-
tions of the color filter layer and the external polarizing layer.

TABLE 4
Liquid Color filter layer +
crystal external
display Internal polarizing layer polarizing layer =~ COA structure
device  Method of formation DI/P DI, c#/Picr *1 Contrast ratio
1 Slit coating 4.03x 107 489x 107 X 4990
2 Slit coating 4.03x10™ 544107 o 4860
3 Wire bar coating + 417x 107 489% 107 X 4900
transfer
4 Wire bar coating + 417x107* 544%x 107 o 4800
transfer
C1 — — 489x 107 X 4610
2 — — 5.44x 107 o 4330

*1 “o” indicates that the COA structure is adopted, and “x” indicates that the COA structure is not adopted.
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What is claimed is:

1. A polarizing film, satisfying DI'/P'=4.3x10~* which
expresses relation between degree of polarization P', and
depolarization index DI' calculated by the equation below:

C1H2PP AP X(P - 1)
- P21+ X)

y

where, X represents a value calculated by the equation
below, provided that a polarizing plate having degree of
polarization of P, the polarizing film, and a polarizing
plate having degree of polarization P, having azimuths of
transmission axes of a°, b° and c°, respectively, are
stacked in this order as viewed from a light source, to
give brightness written as [a/b/c]:

_ [0/0/0]
"~ [0/90/90]

2. The polarizing film of claim 1, having a transmittance
value of 30% or larger.

3. The polarizing film of claim 1, wherein the degree of
polarization P' and the depolarization index DI' satisfy DI/
Pr=2.5x107%.

4. The polarizing film of claim 1, wherein the degree of
polarization P'is 0.4 to 1.0.

5. The polarizing film of claim 1, formed of a composition
comprising one or more species of liquid-crystalline azo dye.

6. The polarizing film of claim 5, wherein the composition
comprises at leas one colorant compound in the amount of
equal to or more than 30% with respect to the total amount of
a liquid-crystalline material contained in the composition.

7. The polarizing film of claim 5, wherein the one or more
species of liquid-crystalline azo dye is a nematic liquid-crys-
talline azo dye represented by formula (I):

O
R! R?
RS
Al—L!+B!'—N=N+; N
\
RG
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where R' to R* respectively represent a hydrogen atom ora
substituent; R> and R respectively represent a hydrogen
atom or an optionally-substituted alkyl; L' represents
—N—N—, —N—CH—, —C(=0)0— or —OC
(=0)—; A' represents an optionally-substituted phe-
nyl, an optionally-substituted naphthyl, an optionally-
substituted aromatic heterocyclic group; B* represents
an optionally-substituted divalent aromatic hydrocarbon
group or an optionally-substituted divalent aromatic het-
erocyclic group; n is an integer from 1 to 4, and B* may
be same or different when n is equal to or more than 2.

8. The polarizing film of claim 5, formed by coating the
composition.

9. A laminate comprising a color filter layer, and a polar-
izing film of claim 1 thereon.

10. A liquid crystal display device comprising a polarizing
film of claim 1.

11. The liquid crystal display device of claim 10, wherein
the polarizing film is disposed in a liquid crystal cell.

12. The liquid crystal display device of claim 11, wherein
the polarizing film is disposed between a color filter layer and
a liquid crystal layer.

13. The liquid crystal display device of claim 10, compris-
ing

first and second external polarizing plates,

a liquid crystal cell disposed therebetween, and

the polarizing film and a color filter layer being disposed in

the liquid crystal cell,

wherein the liquid crystal display device satisfies the rela-

tional expression below:

DIVP'<DI, ;i/P\ cx

where, P' and DI' represent degree of polarization and
depolarization index, respectively, of the polarizing
film; and P, & and DI, . represent degree of polariza-
tion and depolarization index, respectively, of a combi-
nation of the color filter layer and the first external polar-
izing plate disposed more closer to the color filter layer,
which are calculated respectively from the equations
below:

Dllcfl‘Plch
Pcr=P(1-Dlcr)

P: degree of polarization of the first external polarizing
plate; and
DI depolarization index of the color filter layer.
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