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(57) ABSTRACT

[Object] The present invention provides a liquid crystal panel
with which a display with extremely small change in color
depending on a viewing direction can be realized, and a liquid
crystal display including the same.

[Solutionto Problem] The liquid crystal panel includes: a first
polarizer 30; a second polarizer 50; a first optical compensa-
tion layer 60; a second optical compensation layer 70; and a
liquid crystal cell 40. The first polarizer 30 is arranged on one
surface ofthe liquid crystal cell 40. The second polarizer 50 is
arranged on the other surface of the liquid crystal cell 40. The
first optical compensation layer 60 is arranged between the
liquid crystal cell 40 and the first polarizer 30. The second
optical compensation layer 70 is arranged between the liquid
crystal cell 40 and the second polarizer 50. The first optical
compensation layer 60 satisfies the following mathematical
formulae (1) and (2). The second optical compensation layer
satisfies the following mathematical formulae (3) and (4).
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LIQUID CRYSTAL PANEL AND LIQUID
CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Japanese
Patent Applications No.2009-188160 (application date: Aug.
15, 2009) and No. 2010-165512 (application date: Jul. 23,
2010). The entire subject matters of the Japanese Patent
Applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
panel and a liquid crystal display.

[0004] 2. Description of Related Art

[0005] Accompanying the increase in resolution and per-
formance enhancement of liquid crystal displays, uniformity
in a display screen and further improvement in display quality
have been required. In particular, there has been a demand for
a liquid crystal display that is free from coloring occurred
depending on a viewing direction (angle). However, with
conventional liquid crystal displays, it has been difficult to
provide a neutral display that is free from coloring in every
direction.

[0006] Inorderto provide a neutral display that is free from
coloring in every direction in a liquid crystal display, for
example, a liquid crystal panel including a first birefringence
layer in which a Nz coefficient defined by Nz=(nx-nz)/(nx—
ny) has a relationship satistying 1<Nz=2 and a second bire-
fringence layer having a refractive index distribution satisfy-
ing nx=ny>nz has been proposed (JP 2008-3559 A). Further,
a liquid crystal panel including a liquid crystal cell having a
relationship satisfying 0.8<Re[450]/Re[550]<1, a first opti-
cal compensation layer having a Nz coefficient in the range of
0.8 to 1.4 and having a relationship satisfying 0.8<Re[450]/
Re[550]<1, and a second optical compensation layer satisfy-
ing nx=ny>nz and having a relationship satisfying 0.98<Re
[450)/Re[550]<1.04 has been proposed (JP 2008-170514 A).

1. Field of the Invention

SUMMARY OF THE INVENTION

[0007] However, in recent years, accompanying the
demand for a thinner liquid crystal cell and the increase in
screen size of a liquid crystal display, it has been required that
a change in color depending on a viewing direction is further
reduced.

[0008] The liquid crystal panel of the present invention
includes: a first polarizer; a second polarizer; a first optical
compensation layer; a second optical compensation layer;
and a liquid crystal cell. The first polarizer is arranged on one
surface of the liquid crystal cell, and the second polarizer is
arranged on the other surface of the liquid crystal cell. The
first optical compensation layer is arranged between the liq-
uid crystal cell and the first polarizer, and the second optical
compensation layer is arranged between the liquid crystal cell
and the second polarizer. The first optical compensation layer
satisfies the following mathematical formulae (1) and (2), and
the second optical compensation layer satisfies the following
mathematical formulae (3) and (4).
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[0009] In the mathematical formulae (1), (2), (3), and (4),

nx denotes a maximum refractive index in a plane direction of
each of the first optical compensation layer and the second
optical compensation layer, ny denotes a refractive index in a
direction that is orthogonal to the nx direction in the plane
direction of each of the first optical compensation layer and
the second optical compensation layer, and nz denotes a
refractive index in the thickness direction of each of the first
optical compensation layer and the second optical compen-
sation layer, which is orthogonal to each of the nx and ny
directions. Re[450] denotes an in-plane retardation Re (nm)
of'the first optical compensation layer at a light wavelength of
450 nm. Re[550] denotes an in-plane retardation Re (nm) of
the first optical compensation layer at a light wavelength of
550 nm. The in-plane retardation Re (nm) is expressed by the
following mathematical formula (5). Rth[450] denotes a
retardation Rth (nm) in a thickness direction of the second
optical compensation layer at a light wavelength of 450 nm.
Rth[550] denotes a retardation Rth (nm) in the thickness
direction of the second optical compensation layer at a wave-
length of 550 nm. The retardation Rth (nm) is expressed by
the following mathematical formula (6)

Re=(nx-ny)xd (5)
Rith=(nx-nz)xd (6)
[0010] Inthe mathematical formulae (5) and (6), d denotes

each of thicknesses (nm) of the first optical compensation
layer and the second optical compensation layer, and nx, ny,
and nz denote the same as those in the mathematical formulae
(1), (2), (3), and (4).

[0011] The liquid crystal display of the present invention
includes the liquid crystal panel of the present invention.

[0012] By employing the above-described configuration in
the liquid crystal panel of the present invention, a change in
color depending on a viewing direction becomes extremely
small. For example, in the liquid crystal display including a
thin liquid crystal cell and a large-screen liquid crystal dis-
play, the problem of change in color depending on a viewing
direction tends to be significant. However, the present inven-
tion is sufficiently applicable to such liquid crystal display. It
is to be noted that the liquid crystal panel of the present
invention is not limited by the liquid crystal panel including a
thin liquid crystal cell and the large-screen liquid crystal
display, and may be applicable to any liquid crystal display.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG.1isasectional view illustrating a configuration
of a liquid crystal panel of the present invention.

[0014] FIG. 2 is a schematic sectional view showing an
example of a configuration of a liquid crystal panel of the
present invention.

[0015] FIG. 3 shows the results of evaluating black bright-
ness of liquid crystal displays of the examples and the com-
parative examples by varying a viewing direction.
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[0016] FIG. 4 shows the results of evaluating changes in
color of liquid crystal displays of the examples and the com-
parative Examples by varying a viewing direction.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Embodiments illustrating the present invention are
described below with reference to drawings.

[0018] Inthe liquid crystal panel of the present invention, it
is preferable that the liquid crystal cell is a VA mode liquid
crystal cell or an OCB mode liquid crystal cell. Further, it is
preferable that the liquid crystal cell includes a liquid crystal
layer, and the liquid crystal layer contains liquid crystal mol-
ecules that are in homeotropic alignment in a state where no
electrical field is present.

[0019] Inthe liquid crystal panel of the present invention, a
transmittance of the second optical compensation layer at the
wavelength of 400 nm is preferably 90% or more, more
preferably 92% or more. In the present invention, when the
scope of the invention is defined by numerical values, the
scope encompasses not only the exact numerical range but
also the approximate numerical range. For example, in the
mathematical formula (4), Rth[450]/Rth[550] includes
exactly 1.10 or more, and also includes approximately 1.10 or
more. Further, for example, “90% or more” of transmittance
ofthe second compensation layer at the wavelength of 400 nm
includes exactly 90% or more, and also includes approxi-
mately 90% or more.

[0020] Inthe liquid crystal panel of the present invention, it
is preferable that the second optical compensation layer
includes at least one selected from the group consisting of a
polymer having repeating units represented by the following
chemical formula (I), a polymer having repeating units rep-
resented by the following chemical formula (IA), and stere-
oisomers thereof.
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[0021] Inthe chemical formula (I), A, B, D, E, J, and K are
any substituents, and are identical to or different from each
other, a, b, d, e, j and k are integers of 0 to 4, which represent
the numbers of substituents in A, B, D, E, I, and K, respec-
tively, and are identical to or different from each other, F and
L are each a single bond, a vinylene group (—CH—CH—),
an ethynylene group (—C=C—), a methylene group
(—CH,—), —CR,— (where Rs are each a straight or
brunched alkyl group with a carbon number of 1 to 6 or a
substituted or unsubstituted aryl group, and are identical to or
different from each other), —C(CZ,),— (where Zs are halo-
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gens), a carbonyl group (—CO—), an O atom, a S atom, a
sulfonyl group (—SO,—), —SiR,— (where Rs are each a
straight or brunched alkyl group with a carbon number of 1 to
6 or a substituted or unsubstituted aryl group, and are identi-
cal to or different from each other), or —NR— (where R is a
straight or brunched alkyl group with a carbon number of 1 to
6 or a substituted or unsubstituted aryl group, and are identi-
cal to or different from each other), F and L are identical to or
different from each other, G is an atomic group which is
capable of n-conjugating to both benzene rings that are adja-
cent to G or a single bond, Ar is an aromaticity atomic group
or an atomic group in which multiple aromaticity atomic
groups are bound to each other via bonds or atomic groups
which are capable of n-conjugating to each of the aromatic
groups, pl, p2, p3, and p4 are integers of 1 to 3, and are
identical to or different from each other, and 1 and m are
integers of 1 or more, and are identical to or different from
each other. In the chemical formula (IA), X is any substituent,
q is an integer of O to 4, which represents the number of
substituents in X, when multiple Xs are present, they are
identical to or different from each other, n,, is an integer of 2
or more, R” is a group represented by the following chemical
formula (I1A), and m,, is an integer of O or 1.

’ F F
e
/\: H O0—Rl4—0—
\ Pa
F F

(I14)

@
)

[0022] Inthe chemical formula (IIA), X' is any substituent,
q' is an integer of 0 to 4, which represents the number of
substituents in X', when multiple X’s are present, they are
identical to or different from each other, R? is a divalent
aromatic group, and p,, is an integer of O or 1.

[0023] In the present invention, the alkyl group is not par-
ticularly limited, and examples thereof include a methyl
group, an ethyl group, a n-propyl group, an isopropyl group,
a n-butyl group, an isobutyl group, a sec-butyl group, and a
tert-butyl group. The same applies to a group having an alkyl
group in the structure thereof (for example, a halogenated
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alkyl group, an alkoxy group, and an alkoxy carbonyl group).
In the present invention, the acyl group is not particularly
limited, and examples thereof include a formyl group, an
acetyl group, a propionyl group, an isobutyryl group, a valeryl
group, an isovaleryl group, a pivaloyl group, a hexanoyl
group, a cyclohexanoyl group, a benzoyl group, and an
ethoxy carbonyl group. The same applies to a group having an
acyl group in the structure thereof (for example, an acyloxy
group and an alkanoyloxy group). Further, in the present
invention, the number of carbons in an acyl group includes the
number of carbonyl carbons. For example, an alkanoyl group
(an acyl group) with a carbon number of 1 indicates a formyl
group. In the present invention, “halogen” is any halogen
element, and examples thereofinclude fluorine, chlorine, bro-
mine, and iodine.

[0024] In the chemical formula (I), it is preferable that F
and I are each a single bond, a vinylene group
(—CH=—CH—), an ethynylene group (—C=C—), a meth-
ylene group (—CH,—), —CR,— (where Rs are each a
straight or brunched alkyl group with a carbon number of 1 to
6 or a substituted or unsubstituted aryl group, and are identi-
cal to or different from each other), —C(CZ,),— (where Zs
are halogens), a carbonyl group (—CO—), an O atom, a S
atom, a sulfonyl group (—SO,—), a diethyl silylene group
(—Si(CH,CH;),—), or amethylimino group (—N(CH;)—).
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[0025] Inthechemical formula (I),itis preferable that A, B,
D, E, J, and K are each a hydrogen atom, a halogen atom, a
straight or branched alkyl group with a carbon number of 1 to
6, or a substituted or unsubstituted aryl group. In this case, A,
B, D, E, ], and K are identical to or different from each other.
As the halogen atom, a fluorine atom is particularly prefer-
able. The straight or branched alkyl group with a carbon
number of 1 to 6 is more preferably a straight or branched
alkyl group with a carbon number of 1 to 4, yet more prefer-
ably a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl group, a sec-butyl
group, or a tert-butyl group, and particularly preferably a
methyl group or an ethyl group. When multiple As are present
in the chemical formula (I), they are identical to or different
from each other. The same applies to B, D, E, J, and K.
[0026] Inthe liquid crystal panel of the present invention, it
is more preferable that the polymer having repeating units:
represented by the chemical formula (I) is at least one selected
from the group consisting of a polymer having repeating units
represented by the following chemical formula (II); a poly-
mer having repeating units represented by the following
chemical formula (III); a polymer having repeating units
represented by the following chemical formula (IV); a poly-
mer having repeating units represented by the following
chemical formula (V); a polymer having repeating units rep-
resented by the following chemical formula (VI); and stere-
oisomers thereof.

an

"QO"_@@

o /7= 0
\ Il

Il s
FC L/ -—C-0
\J/
Qq

P

(D)

I /e NN NN BN\ T
_-C@C_oﬁ\l \ L@ﬁ \ H@@@@
Q i/, Kk /, Aa Bb Dd /[, Bl |

av

i N — Wan N —

@@Sf\ ) L@ﬁ ) HQQ@@
/\Qq i Kk /, Aa Bb Dd /, Be gy |

) ! %)

—(Ic? ICcl)—o - e o EO—G—@—E—O - L WNo

@ \/ \/ \/ "\ [/ \ |/ \/

| 5/, 4| Aa Bb pd e L)

Qq

VD

Lf( )>70 C G Cc—0 F (¢]
Jj 5 Kk /o Aa Bb Dd o1 Ee /o2 1



US 2011/0176092 Al

[0027] In the chemical formulae (II), (IIT), (IV), (V), and
(VD,A,B,D,E,a,b,d, e, F, G, pl, and p2 are the same as
those in the chemical formula (I). In the chemical formula
(I), n is an integer of 2 or more. In the chemical formulae
1), (AV), (V), and (VI), I, K, j, k, L, p3, p4, 1, and m are the
same as those in the chemical formula (I). Q is any substitu-
ent, and is identical to or different from each of A, B, D, E, I,
and K. q is an integer of 0 to 4, which represents the number
of substituents in Q, and is identical to or different from each
ofa,b,d, e, j,and k.

[0028] Inthechemical formulae (IIT), (IV), (V), and (VI), it
is more preferable that Q is at least one selected from the
group consisting of a hydrogen atom, a halogen atom, a
straight or branched alkyl group with a carbon number of 1 to
6, and a substituted or unsubstituted aryl group.

[0029] It is still more preferable that the polymer having
repeating units represented by the chemical formula (I) is at

le) RI00 le)
I I

A
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least one selected from the group consisting of: a polymer
having repeating units represented by the following chemical
formula (VII); a polymer having repeating units represented
by the following chemical formula (VIII); polymer having
repeating units represented by the following chemical for-
mula (IX); a polymer having repeating units represented by
the following chemical formula (X); a polymer having repeat-
ing units represented by the following chemical formula (XI);
a polymer having repeating units represented by the follow-
ing chemical formula (VIIB); a polymer having repeating
units represented by the following chemical formula (VIIIB);
a polymer having repeating units represented by the follow-
ing chemical formula (IXB); a polymer having repeating
units represented by the following chemical formula (XB); a
polymer having repeating units represented by the following
chemical formula (XIB); and stereoisomers thereof.
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-continued
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[0030] In the chemical formulae (VII), (VII), (IX), (X),
(XD), (VIIB), (VIIIB), IXB), (XB), and (XIB), A, B, D, E, a,
b,d, e, and F are the same as those in the chemical formula (I).
In the chemical formulae (VII), (VIII), (IX), (X), and (XI),
R'% and R?°° are each a hydrogen atom or a straight or
branched alkyl group with a carbon number of 1 to 10, and are
identical to or different from each other. In the chemical
formulae (VII) and (VIIB), n is an integer of 2 or more. In the
chemical formulae (VIII), (IX), (X), (XD), (VIIIB), (IXB),
(XB), and (XIB), J, K, j, k, L, 1, and m are the same as those
in the chemical formula (1), and Q and q are the same as those
in the chemical formulae (IIT), (IV), (V), and (VI).

[0031] It is yet more preferable that the polymer having
repeating units represented by the chemical formula (I) is at
least one selected from the group consisting of: a polymer

having repeating units represented by the following chemical
formula (XII); a polymer having repeating units represented
by the following chemical formula (XIII); a polymer having
repeating units represented by the following chemical for-
mula (XIV); a polymer having repeating units represented by
the following chemical formula (XV); a polymer having
repeating units represented by the following chemical for-
mula (XVI); a polymer having repeating units represented by
the following chemical formula (XIIB); a polymer having
repeating units represented by the following chemical for-
mula (XIIIB); a polymer having repeating units represented
by the following chemical formula (XIVB); a polymer having
repeating units represented by the following chemical for-
mula (XVB); a polymer having repeating units represented
by the following chemical formula (XVIB); and stereoiso-
mers thereof.
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[0032] Inthe chemical formulae (XII), (XIII), (XIV), (XV),
(XVD), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB), A, B,
a, and b are the same as those in the chemical formula (I), R*
and R? are each a hydrogen atom, a straight or branched alkyl
group with a carbon number of 1 to 10, or a substituted or
unsubstituted aryl group, and are identical to or different from
each other, and R® to R° are each a hydrogen atom, a halogen
atom, a straight or branched alkyl group with a carbon num-
ber of 1 to 6, or a substituted or unsubstituted aryl group, and
are identical to of different from each other. In the chemical
formula (XII), (XIII), (XIV), (XV), and (XVI), R'°° and R>*°
are each a hydrogen atom or a straight or branched alkyl
group with a carbon number of 1 to 10, and are identical to or
different from each other. In the chemical formulae (XII) and
(X1IB), nis an integer of 2 or more. In the chemical formulae
(XIID), (XIV), (XV), (XV]), XIIIB), (XIVB), (XVB), and
(XVIB), 1 and m is the same as those in the chemical formula
(D), Q and q are the same as those in the chemical formulae
(1) to (VI), R” and R® are each a hydrogen atom, a straight or
branched alkyl group with a carbon number of 1 to 10, or
substituted or unsubstituted aryl group, and are identical to or
different form each other, and R® to R'? are each a hydrogen
atom, a halogen atom, a straight or branched alkyl group with
a carbon number of 1 to 6, or a substituted or unsubstituted
aryl group, and are identical to or different from each other.
[0033] Inthe chemical formulae (XII), (XIII), (XIV), (XV),
(XVD), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB), it is
more preferable that R? is a straight or branched alkyl group
with a carbon number of 2 to 10, and at least one of R® to R®
is not a hydrogen atom. In the chemical formulae (XIII),
(XIV), (XV), (XV]), XIIIB), (XIVB), (XVB), and (XVIB), it
is more preferable that R® is a straight or branched alkyl group
with a carbon number of 2 to 10, and at least one of R® to R*?
is not a hydrogen atom.

[0034] Inthe chemical formulae (XII), (XIII), (XIV), (XV),
(XVD), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB), it is
still more preferable that R* is a methyl group, R is a straight
or branched alkyl group with a carbon number of 2 to 4. In the
chemical formulae (XIII), (XIV), (XV), XVI), (XIIIB),
(XIVB), (XVB), and (XVIB), it is still more preferable that
R is a methyl group, and R® is a straight or branched alkyl
group with a carbon number of 2 to 4.

[0035] Inthe chemical formulae (XII), (XIII), (XIV), (XV),
(XVD), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB), it is yet
more preferable that R* and R* are each a straight or branched
alkyl group with a carbon number of 1 to 4, and R* and R® are
each a hydrogen atom or a straight or branched alkyl group
with a carbon number of 1 to 4. In this case, R* and R> are
identical to or different from each other, and R* and R® are
identical to or different from each other. In the chemical
formulae (XIII), (XIV), (XV), (XVI), (XIIIB), XIVB),
(XVB), and (XVIB), it is yet more preferable that R® and R**
are each a straight or branched alkyl group with a carbon
number of 1 to 4, R'® and R'? are each a hydrogen atom or a
straight or branched alkyl group with a carbon number of 1 to
4. In this case, R® and R*! are identical to or different from
each other, and R'® and R'? are identical to or different from
each other.

[0036] Inthe chemical formulae (XII), (XIII), (XIV), (XV),
(XVD), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB), it is
even more preferable that R® to R® are each a straight or
branched alkyl group with a carbon number of 1 to 4. In this
case, R? to R® are identical to or different from one another. In
the chemical formulae (XIII), (XIV), (XV), (XVI), XIIIB),
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(XIVB), (XVB), and (XVIB), it is even more preferable that
R® to R*? are each a straight or branched alkyl group with a
carbon number of 1 to 4. In this case, R® to R'? are identical to
or different from one another.

[0037] Inthe chemical formula (IA), it is preferable that X
is a halogen atom, a straight or branched alkyl group with a
carbon number of 1 to 6, a straight or branched halogenated
alkyl group with a carbon number of 1 to 6, a straight or
branched alkoxy group with a carbon number of 1 to 6, or a
straight or branched halogenated alkoxy group with a carbon
number of 1 to 6. Further, it is preferable that X' is a halogen
atom, a straight or branched alkyl group with a carbon num-
ber of 1 to 6, a straight or branched halogenated alkyl group
with a carbon number of 1 to 6, a straight or branched alkoxy
group with a carbon number of 1 to 6, or a straight or branched
halogenated alkoxy group with a carbon number of 1 to 6. In
each of X and X', the halogen atom particularly preferably is
a fluorine atom. The straight or branched alkyl group with a
carbon number of 1 to 6 is more preferably a straight or
branched alkyl group with a carbon number of 1 to 4, still
more preferably a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl group, a
sec-butyl group, or a tert-butyl group, and particularly pref-
erably a methyl group or an ethyl group. The straight or
branched halogenated alkyl group with a carbon number of 1
to 6 is more preferably a straight or branched halogenated
alkyl group with a carbon number of 1 to 4, and particularly
preferably a trifluoromethyl group. The straight or branched
alkoxy group with a carbon number of 1 to 6 is more prefer-
ably a straight or branched alkoxy group with a carbon num-
ber of 1 to 4, still more preferably a methoxy group, an ethoxy
group, a propoxy group, an isopropoxy group, a butoxy
group, an isobutoxy group, a sec-butoxy group, or a tert-
butoxy group, and particularly preferably a methoxy group or
an ethoxy group. The straight or brunched halogenated
alkoxy group with a carbon number of 1 to 6 is more prefer-
ably a straight or brunched halogenated alkoxy group with a
carbon number of 1 to 4, and particularly preferably a trifluo-
romethoxy group.

[0038] The polymer having repeating units represented by
the chemical formula (IA) preferably is a polymer having
repeating units represented by the following chemical for-
mula (IITA).

(ITIA)

I
C4©70_(_Ra
mll

[0039] In the chemical formula (IIIA), R%, m,, and n, are
the same as those in the chemical formula (IA).

[0040] Inthechemical formula (IIA), it is preferable that R?
is at least one selected from the group consisting ofo-, m-, and
p-phenylene groups, and divalent groups derived from naph-
thalene, biphenyl, anthracene, o-, m-, and p-terphenyl,
phenanthrene, dibenzofuran, biphenyl ether and biphenyl sul-
fone, respectively. In these divalent aromatic groups, hydro-
gen directly binding to aromatic is optionally substituted with
a halogen atom, a straight or branched alkyl group with car-

n
a
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bon number of 1 to 6, or a straight or branched alkoxy group
with a carbon number of 1 to 6. It is more preferable that R?
is at least one aromatic group selected from the group con-
sisting of groups represented by the following chemical for-
mulae (IVA), (VA), (VIA), (VIIA), (VIIIA), IXA), and (XA),

respectively.

(IVA)
B
C
I
CF;
(VA)
I
C
I
CH3
(VIA)
B
C
I
CF;
(VIIA)
(VIIIA)
H
I
C
I
H
(IXA)
(XA)

[0041] Thechemical formula (IIA) (i.e., R? in the chemical
formula (IA)) preferably is a group represented by the fol-
lowing chemical formula (XIA).

(X14)

F
O_Rblo_
Pa

[0042] In the chemical formula (XIA), R? and p, are the
same as those in the chemical formula (IIA).

[0043] Inthe polymer represented by the chemical formula
(IA), it is preferable that the end on a p-tetrafluorobenzoylene

o

0
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group side is fluorine, and the end on an oxyalkylene group
side is a hydrogen atom. Such polymer can be represented by
the following formula (XIIA). In the chemical formula
(XI1A), X, q, R% m,, and n, are the same as those in the
chemical formula (IA).

(XIIA)

F C—— ——O—R¢ 51

F o Xq
1A
N

[0044] In the liquid crystal panel of the present invention,
the polymer represented by the chemical formula (I) prefer-
ably is a non-halogenated polymer having a polymer struc-
ture that has no halogen atom. Also, the polymer represented
by the chemical formula (I) preferably is a polymer that is
soluble in at least one of toluene and ethyl acetate. Similarly,
the polymer represented by the chemical formula (IA) pref-
erably is a non-halogenated polymer having a polymer struc-
ture that has no halogen atom. Also, the polymer represented
by the chemical formula (IA) preferably is a polymer that is
soluble in at least one of toluene and ethyl acetate.

[0045] The present invention is described in more detail
below.

(Definitions of Terms and Signs)

[0046] Definitions ofterms and signs in the present descrip-
tion are as follows.

[0047] The Nz coefficient is a ratio between an in-plane
retardation Re and a retardation Rth in the thickness direction
and is expressed by the following mathematical formula (7).

Nz=(nx-nz)/(nx-ny) (7

[0048] The definitions of nx, ny, nz are the same as those
mentioned in the mathematical formulae (1), (2), (3), and (4).
Re and Rth are calculated according to the mathematical
formula (5) or (6) based on the measured values of nx, ny, and
nz. Further, “nx=ny” not only means that they are completely
the same, but also encompasses the case where they are sub-
stantially the same. “nx and ny are substantially the same”
means that nx and ny are different from each other to the
extent that the difference does not practically influence on
properties of the optical compensation layer. In this case, the
absolute value of the difference between nx and ny is not
particularly limited, and is, for example, 0.0005 or less, pref-
erably 0.0001 or less. The same definition as that of “nx=ny”
applies to those of “nx=nz” and “ny=nz".

[1. Liquid Crystal Panel]

[0049] Anexample ofthe configuration ofthe liquid crystal
panel of the present invention is shown in the sectional view
of FIG. 1. As shown in FIG. 1, this liquid crystal panel 100 is
configured so that a first polarizer 30, a first optical compen-
sation layer 60, a liquid crystal cell 40, a second optical
compensation layer 70, a second polarizer 50 are laminated in
this order. The first optical compensation layer 60 satisfies the
mathematical formulae (1) and (2). The second optical com-
pensation layer 70 satisfies the mathematical formulae (3)
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and (4). The first optical compensation layer and the second
optical compensation layer are described in detail below.
[0050] Preferably, an absorption axis of the first polarizer
30 and an absorption axis of the second polarizer 50 are
substantially orthogonal to each other.

[0051] The liquid crystal cell 40 includes a pair of glass
substrates 41 and 42 and a liquid crystal layer 43 that is used
as an image medium arranged between these substrates 41
and 42. A gap (a cell gap) between the substrates 41 and 42 is
controlled by spacers 44 arranged between theses substrates
41 and 42. The substrate 41 may be an active matrix substrate.
For example, the substrate 41 is provided with a switching
element (typically, TFT) for controlling the electro-optical
characteristics of the liquid crystal and a scanning line for
supplying gate signals to this switching element and a signal
line for supplying source signals to the same (all are not
shown). The glass substrate 42 may be a color filter substrate
provided with a color filter (not shown). The active matrix
substrate 41 may be provided with a color filter. For example,
alignment films (not shown) composed of polyimide are pro-
vided onthe side of the substrate 41 to which the liquid crystal
layer 43 contacts and the side of the substrate 42 to which the
liquid crystal layer 43 contacts.

[0052] The driving mode of the liquid crystal cell 40 is not
particularly limited, and examples thereof include STN (Su-
per Twisted Nematic) mode, TN (Twisted Nematic) mode,
IPS (In-Plane Switching) mode, VA (Vertical Aligned) mode,
OCB (Optically Compensated Birefringence) mode, HAN
(Hybrid Aligned Nematic) mode, and ASM (Axially Sym-
metric Aligned Microcell). Among them, VA mode and OCB
mode are preferable as mentioned above for the reason that an
improvement in color shift is particularly significant.

[0053] In the liquid crystal panel of the present invention,
the optical compensation layers, the polarizers, and the liquid
crystal cell can be laminated via any appropriate pressure
sensitive adhesive layer or an adhesive layer. The structure of
the liquid crystal panel of the present invention is not limited
by the above description. For example, the liquid crystal cell
is not limited to the configuration of FIG. 1, and any liquid
crystal cell may be used. Although not shown in FIG. 1,
protective layers may be laminated on one side of the first
polarizer and one side of the second polarizer, respectively.
The liquid crystal panel of the present invention may option-
ally includes other components beside the first polarizer, the
first optical compensation layer, the liquid crystal cell, the
second optical compensation layer, and the second polarizer.
Examples of the other components include other optical ele-
ments (for example, retardation plates), protective layers of
the polarizers, and the pressure-sensitive adhesive or an adhe-
sive. The first polarizer and the first optical compensation
layer may be arranged on any side of the liquid crystal cell,
and the second polarizer and the second optical compensation
layer may be arranged on any side of the liquid crystal cell. It
is preferable that the first polarizer and the first optical com-
pensation layer are arranged on the visible side of the liquid
crystal cell, and the second polarizer and the second optical
compensation layer are arranged on the side opposite to the
visible side of the liquid crystal cell.

[0054] Components of the liquid crystal panel of the
present invention are described in more detail below.

[1-1. Polarizer]

[0055]  As the first polarizer and the second polarizer, any
appropriate polarizers can be used according to the purpose of
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using the polarizers. Properties such as formation materials
and thicknesses of the first polarizer and the second polarizer
may be identical to or different from each other. Specific
examples of the first polarizer and the second polarizer
include those each obtained by causing a dichromatic sub-
stance such as iodine or a dichroic dye to be absorbed in a
hydrophilic polymer film such as a polyvinyl alcohol film, a
partially formalized polyvinyl alcohol film, or a partially
saponified ethylene-vinyl acetate copolymer film and sub-
jecting the resultant film to uniaxial stretching; polyene
aligned films such as a dehydration product of polyvinyl
alcohol and a dehydrochlorination product of polyvinyl chlo-
ride. Among them, a polarizer obtained by causing a dichro-
matic substance such as iodine to be absorbed in a polyvinyl
alcohol film and subjecting the resultant film to uniaxial
stretching is particularly preferable because it has a high
polarization dichroic ratio. Thicknesses of these polarizers
are not particularly limited, and are, for example, in the range
of'about 5 to 80 um.

[0056] The polarizer obtained by causing iodine to be
absorbed in a polyvinyl alcohol film and subjecting the result-
ant film to uniaxial stretching can be produced by, for
example, dyeing polyvinyl alcohol by immersing it in an
iodine aqueous solution, and stretching the resultant polyvi-
nyl alcohol 3 to 7 times the original length. The iodine aque-
ous solution may contain, for example, boric acid, zinc sul-
fate, or zinc chloride, if necessary, and also, polyvinyl alcohol
can be immersed in, for example, a potassium iodide aqueous
solution. Further, a polyvinyl alcohol film may be washed
with water by immersing it in water before dyeing it, if nec-
essary. When polyvinyl alcohol is washed with water, a con-
taminant and an antiblocking agent on the surface of the
polyvinyl alcohol film can be removed. Further, an effect of
preventing unevenness such as unevenness of dyeing is
obtained by expanding the polyvinyl alcohol film. The
stretching may be carried out after dyeing the film with
iodine, may be carried out while dyeing, or may be carried out
before dyeing the film with iodine. The film can be stretched
in a boric acid aqueous solution, a potassium iodide aqueous
solution or a water bath.

[0057] Asmentioned above, a protective layer may be lami-
nated on at least one surface of each of these polarizers. In the
present invention, it is to be noted that one obtained by lami-
nating a protective layer on at least one surface of a polarizer
is referred to as a “polarizing plate”. The protective layer is,
for example, any appropriate film which can be used as a
protective film of the polarizing plate. Examples of the mate-
rial that is to be a main component of such film include a
cellulose resin such as triacetyl cellulose (TAC) and transpar-
ent resins such as polyester, polyvinyl alcohol, polycarbon-
ate, polyamide, polyimide, polyethersulfone, polysulfone,
polystyrene, polynorbornene, polyolefin, acryl, and acetate.
Examples of the material also include thermosetting resins of
acryl, urethane, acrylurethane, epoxy, and silicon and ultra-
violet curable resins. Besides theses materials, the material
can be, for example, a grassy polymer such as siloxane poly-
mer. Further, a polymer film described in JP 2001-343529 A
(WO 01/37007) also can be used. As a material of this film, a
resin composition containing a thermoplastic resin having a
substituted or unsubstituted imide group on the side chain
thereof and a thermoplastic resin having a substituted or
unsubstituted phenyl group and a nitrile group on the side
chain thereof can be used. Such resin composition can be, for
example, a resin composition containing an alternating
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copolymer of isobutene and N-methyl maleimide and an
acrylonitrile-styrene copolymer. The above-described poly-
mer film may also be an extrusion-molded product of the
above-described resin composition. Particularly preferably,
the material for forming a protective layer is TAC, a polyim-
ide resin, polyvinyl alcohol resin, or a glassy polymer. The
protective layer on the first polarizer and the protective layer
on the second polarizer may be identical to or different from
each other.

[0058] Preferably, the protective layer is transparent and is
not colored. In particular, the retardation in the thickness
direction of the protective layer is preferably in the range of
-90 to +90 nm, more preferably in the range of —80 to +80 nm,
most preferably in the range of =70 to +70 nm.

[0059] The thickness of the protective layer is not particu-
larly limited, and is preferably 5 mm or less, more preferably
1 mm or less, particularly preferably in the range of 1 to 500
wm, and most preferably in the range of 5 to 150 um.

[1-2. First Optical Compensation Layer]

[0060] The first optical compensation layer is a birefrin-
gence layer satisfying the mathematical formulae (1) and (2).
The mathematical formulae (1) and (2) are re-shown below.

nx>ny=nz (1)
(Ref450)/Re[550])<1.00 (2)

[0061] The upper limit of Re[450]/Re[550] is preferably
0.99 or less, more preferably 0.95 or less, and still more
preferably 0.92 or less. The lower limit of Re[450]/Re[550] is
not particularly limited, and is, for example, 0.80 or more, and
preferably 0.85 or more.

[0062] The first optical compensation layer may be a single
layer or alaminate of two or more layers. In the case where the
first optical compensation layer is a laminate, properties such
as formation materials and thicknesses ofthe layers can be set
as appropriate as long as the entire laminate has optical prop-
erties as described above.

[0063] An in-plane retardation Ra[590] of the first optical
compensation layer at a measurement wavelength of 590 nm
and a measurement temperature of 23° C. is preferably in the
range of 90 to 160 nm, more preferably in the range of 95 to
150 nm, and still more preferably in the range of 95 to 145 nm.

[0064] The thickness of the first optical compensation layer
may be set as appropriate with consideration given to the
in-plane retardation thereof. The thickness of the first optical
compensation layer is preferably in the range of 20 to 110 pum,
more preferably in the range of 25 to 105 um, and most
preferably in the range of 30 to 100 pm.

[0065] The material for forming the first optical compen-
sation layer is not particularly limited, and examples thereof
include a polyvinyl acetal resin, a cyclic olefin resin, a cellu-
lose resin, and a polyester resin. The first optical compensa-
tion layer preferably is a polyvinyl acetal film, a cyclic olefin
film, or a cellulose film.

[0066] Thepolyvinylacetal resinis not particularly limited,
and as the polyvinyl acetal resin, a resin containing a polymer
represented by the following general formula (XVII), which
is described in a paragraph [0026] of JP No. 3984277 can be
used. The polymer has superior transparency, heat resistance,
and processability because it has a naphthyl group in a mol-
ecule structure thereof.

Jul. 21, 2011

(XVII)

[0067] The polymer can be obtained by subjecting at least
one of an aldehyde compound and a ketone compound, and a
polyvinyl alcohol resin to a condensation reaction. In the
polymer represented by the general formula (XVII), the
alignment order of the basic units of r, s, and t is not particu-
larly limited, and the polymer may be any of an alternating
polymer, a random polymer, and a block polymer. The poly-
mer contains a polymer (a high polymer) having a total of
polymerization degrees of basic units of r, s, and t of 20 or
more and a high weight average molecular weight and further
contains a low polymer (i.e., oligomer) having a total of
polymerization degrees of basic units ofr, s, and t in the range
of'2 to 20 and a weight average molecular weight of about a
few thousand.

[0068] Inthe general formula (XVII), R*! and R** are each
ahydrogen atom, a halogen atom, a straight or branched alkyl
group with a carbon number of 1 to 4, or a substituted or
unsubstituted phenyl group, and are identical to or different
from each other.

[0069] In the general formula (XVII), R*?, M, and N are
each a hydrogen atom, a halogen atom, a straight or branched
alkyl group with a carbon number of 1 to 4, a straight or
branched halogenated alkyl group with a carbon number of 1
to 4, a straight or branched alkoxy group with a carbon num-
ber of 1 to 4, an alkoxy carbonyl group, an acyloxy group, an
amino group, an azide group, a nitro group, a cyano group, or
a hydroxy group, and R*>, M, and N are identical to or
different from each other. It is to be noted that R** is not a
hydrogen atom.

[0070] In the general formula (XVII), R** is a hydrogen
atom, a straight or branched alkyl group with a carbon num-
ber of 1 to 4, a substituted or unsubstituted cycloalkyl group
with a carbon number of 5 to 10, a substituted or unsubstituted
phenyl group, a substituted or unsubstituted naphthyl group,
or a substituted or unsubstituted heterocyclic group.

[0071] In the general formula (XVII), R* is a hydrogen
atom, a straight or branched alkyl group with a carbon num-
berof1 to 4, a benzyl group, a silyl group, a phosphate group,
an acyl group, a benzoyl group, or a sulfonyl group.

[0072] The first optical compensation layer is produced by,
for example, forming the above-described polyvinyl acetal
resin into a sheet by a compression molding method, a trans-
fer molding method, an injection molding method, an extru-
sion molding method, a blow molding method, a powder
molding method, a FRP molding method, or a solvent casting
method, and stretching the polymer (the polyvinyl acetal
film) formed into a sheet with appropriately selecting, for
example, stretching conditions (for example, a stretching
temperature, a stretching ratio, and a direction in which the
film is stretched) and a stretching method.
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[0073] The cyclic olefin resin is a genetic name of resins
obtained by polymerizing a cyclic olefin used as a polymer-
ization unit, and examples thereof include resins described in,
for example, JP 1-240517 A, JP 3-14882 A, and JP 3-122137
A. Specific examples thereof include a ring-opening (co)
polymer of cyclic olefin, an addition polymer of the same, a
copolymer (typically, a random copolymer) of cyclic olefin
and a-olefin such as ethylene or propylene, and graft modi-
fied products obtained by modifying these polymers with
unsaturated carboxylic acid or a derivative of the unsaturated
carboxylic acid, and hydrides of the graft modified products.
Specific examples of the cyclic olefin include norbornene
monomers.

[0074] In the present invention, other cyclo olefin can be
used in a combination with the cyclic olefin resin in the range
where the purpose of the present invention is not obstructed.
The cyclo olefin can be, for example, a compound having one
reactive double bond, such as cyclopentene, cyclooctene, or
5,6-dihydrodicyclopentadiene.

[0075] The cyclic olefin resin has the number average
molecular weight (Mn) measured by a gel permeation chro-
matography (GPC) method using a toluene solvent preferably
in the range of 25,000 to 200,000, more preferably in the
range of 30,000 to 100,000, and most preferably in the range
of 40,000 to 80,000. With the number average molecular
weight in the above-described range, a cyclic olefin resin with
superior mechanical strength, and favorable solubility, mold-
ability, and operability of flow expanding can be produced.
[0076] In the case where the cyclic olefin resin is obtained
by hydrogenating a ring-opening polymer of norbornene
monomer, the hydrogenation ratio is preferably 90% or more,
more preferably 95% or more, and most preferably 99% or
more. With the hydrogenation ratio in the above-described
range, the cyclic olefin resin has superior thermal degradation
resistance and light degradation resistance, for example.
[0077] The first optical compensation layer is obtained by,
for example, stretching the film (the cyclic olefin film) formed
of the cyclic olefin resin. As a method for forming the cyclic
olefin film, any suitable molding method can be employed.
Specific examples of the method include a compression
molding method, a transfer molding method, an injection
molding method, an extrusion molding method, a blow mold-
ing method, a powder molding method, a FRP molding
method, and a cast molding (casting) method. Among these
methods, an extrusion molding method or a cast molding
(casting) method is preferable from the viewpoint of improv-
ing smoothness of the film to be obtained, and obtaining
favorable optical uniformity. The molding conditions can be
set as appropriate according to, for example, the composition
and the type of the resin to be used and the desired properties
of the first optical compensation layer. As the cyclic olefin
film, many film products are commercially available, and
thus, the commercially available film as it is may be stretch-
treated.

[0078] The cyclic olefin film may be a film obtained by
free-end stretching or may be a film obtained by fixed-end
stretching. Preferably, the cyclic olefin film is the film
obtained by fixed-end stretching. By fixed-end stretching a
film, the film can easily satisfy a relationship nx>nyZnz.
Further, by fixed-end stretching a film, a slow axis can be
provided in the short-side direction (the width direction).
Thus, when the slow axis of the film is arranged so as to be
orthogonal to an absorption axis of a polarizer, the film and
the polarizer can be attached to each other by carrying out a
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roll-to-roll process continuously. Thus, production efficiency
of liquid crystal panel is increased.

[0079] As the cellulose resin, any appropriate cellulose
resin (typically, ester of cellulose and acid) can be employed.
[0080] TItis preferable that the cellulose resin is substituted
withan acetyl group and a propionyl group. The lower limit of
the substitution degree of this cellulose resin, “DSac (acetyl
substitution degree)+DSpr (propionyl substitution degree)”
(that expresses how many hydroxyl groups among three
hydroxyl groups in a repeating unit of cellulose are substi-
tuted with an acetyl group or a propionyl group on average),
is preferably 2 or more, more preferably 2.3 or more, and still
more preferably 2.6 or more. The upper limit of “DSac+
DSpr” is preferably 3 or less, more preferably 2.9 or less, and
still more preferably 2.8 or less. Setting the substitution
degree of the cellulose resin in the above-described range is
preferable from the viewpoint of refractive index distribution
of'the first optical compensation layer.

[0081] The lower limit of DSpr (propionyl substitution
degree) is preferably 1 or more, more preferably 2 or more,
and still more preferably 2.5 or more. The upper limit of DSpr
is preferably 3 or less, more preferably 2.9 or less, and still
more preferably 2.8 or less.

[0082] DSac (acetyl substitution degree) and DSpr (propio-
nyl substitution degree) can be determined based on the mea-
surement value obtained by 'HNMR, as described in para-
graphs [0016] to [0019] in JP 2003-315538 A.

[0083] The cellulose resin may have other substituents
besides an acetyl group and a propionyl group. Examples of
the other substituents include an ester group such as butyrate;
and ether groups such as an alkyl ether group and an aralky-
lene ether group.

[0084] The number average molecular weight of the cellu-
lose resin is preferably in the range of 5,000 to 100,000, more
preferably in the range of 10,000 to 70,000. With the number
average molecular weight in the above-described range, the
cellulose resin has superior productivity and easily obtains
favorable mechanical strength.

[0085] As a method for introducing an acetyl group and a
propionyl group into the cellulose resin, any suitable method
may be used. For example, alkali cellulose is obtained by
treating cellulose with a strong caustic soda solution, and the
alkali cellulose is acylated with a predetermined amount of
mixture of acetic anhydride and propionic anhydride. Then,
the substitution degree “DSac+DSpr” is adjusted by hydro-
lyzing the acyl group partially.

[0086] The cellulose film may contain any appropriate
polymer material. Examples of the polymer material include
cellulose ester such as cellulose butyrate; and cellulose ethers
such as methyl cellulose and ethyl cellulose. The cellulose
film may contain additives such as a plasticizer, a thermosta-
bilizer, and an ultraviolet light stabilizer, if necessary.
[0087] The first optical compensation layer may be
obtained by, for example, stretching a film (a cellulose film)
formed of the above-described cellulose resin. As a method
for forming a film of cellulose resin, any suitable molding
method can be employed. Specific examples of the method
include a compression molding method, a transfer molding
method, an injection molding method, an extrusion molding
method, a blow molding method, a powder molding method,
a FRP molding method, and a cast molding (casting) method.
Among these method, an extrusion molding method or a cast
molding (casting) method is particularly preferable from the
viewpoint of improving smoothness of the film to be
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obtained, and obtaining favorable optical uniformity. The
molding conditions can be set as appropriate according to the
composition and type of the resin to be used and desired
properties of the first optical compensation layer. As the cel-
lulose film, many film products are commercially available,
and thus, the commercially available film as it is may be
stretch-treated.

[0088] The polyester resin is not particularly limited, and
any appropriate polyester resin can be used. Preferably, as the
polyester resin, a polyester resin having a non-aromatic cyclic
structure and an ester group, which is obtained by polymer-
izing a dicarboxylic acid component having a non-aromatic
cyclic structure and a diol component is used. The dicarboxy-
lic acid component can be, for example, 1,4-cyclohexane
dicarboxylic acid. For the dicarboxylic acid component, one
type can be used independently, or two types or more can be
used in combination. Examples of the diol component include
9,9-bis[4-(2-hydroxyethoxy)phenyl]fluorene and 1,4-cyclo-
hexane dimethanol. For the diol component, one type can be
used independently, or two types or more can be used in
combination.

[0089] The intrinsic viscosity of the polyester resin prefer-
ably is in the range of 0.2 to 0.6 dL/g. The glass transition
temperature (Tg) of the polyester resin preferably is in the
range of 110° C. to 150° C. With the above-described resin, a
retardation film with further superior thermostability and
stretchability can be obtained. The intrinsic viscosity can be,
for example, measured by the method described in the
examples below. The glass transition temperature (Tg) is, for
example, calculated by a DSC method according to JIS K
7192.

[0090] The first optical compensation layer is produced by,
for example, stretching a polymer film (a polyester film)
obtained by forming the polyester resin into a sheet with
appropriately selecting, for example, stretching conditions
(for example, a stretching temperature, a stretching ratio, and
a direction in which the film is stretched) and a stretching
method.

[1-3. Second Optical Compensation Layer]

[0091] The second optical compensation layer is a birefrin-
gence layer satisfying the mathematical formulae (3) and (4).
The mathematical formulae (3) and (4) are re-shown below.

NXZ=ny>nz (3)
(Rth f450)/Rth [550])=1.10 “
[0092] The inventors of the present invention found out that

the second optical compensation layer having a wavelength
dispersion satisfying (Rth[450]/Rth[550])=1.10 that is pre-
cipitous and the first optical compensation layer are used in
the above-mentioned configuration, and arrived at the liquid
crystal panel of the present invention. Thus, the liquid crystal
panel of the present invention has an extremely small change
in color, depending on a viewing direction, and is sufficiently
applicable to, for example, a liquid crystal display including
a thin liquid crystal cell and a large-screen liquid crystal
display. The lower limit of Rth[450]/Rth[550] of the second
optical compensation layer preferably is 1.15 or more. The
second optical compensation layer may be a single layer or a
laminate of two or more layers. In the case where the second
optical compensation layer is a laminate, properties such as
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formation materials and thicknesses of the layers can be set as
appropriate as long as the entire laminate has optical proper-
ties as described above.

[0093] In the case where the second optical compensation
layer has the relationship satisfying nx=ny>nz, it may func-
tion as a negative C plate. Further, the second optical com-
pensation layer may have the relationship satisfying
nx>ny>nz. When the second optical compensation layer has
such refractive index distribution, the purpose of the present
invention can be effectively achieved by combining the sec-
ond optical compensation layer with the specific first optical
compensation layer. In the present invention, “nx=ny” not
only means that they are completely the same, but also
encompasses the case where they are substantially the same,
as described above. The in-plane retardation And, with which
the second optical compensation layer is practically accept-
able as a negative C plate is preferably in the range of 0 to 20
nm, more preferably in the range of O to 10 nm, and still more
preferably in the range of 0 to 5 nm.

[0094] The retardation Rth in the thickness direction of the
second optical compensation layer is preferably in the range
0130 to 350 nm, more preferably in the range of 60 to 300 nm,
still more preferably in the range of 80 to 260 nm, and most
preferably in the range of 100 to 240 nm.

[0095] The thickness of the second optical compensation
layer, with which the above-described retardation in the
thickness direction can be obtained may vary according to,
for example, the materials to be used. The thickness of the
second optical compensation layer is, for example, in the
range of 1 to 50 um, preferably in the range of 1 to 20 pum,
more preferably in the range of 1 to 15 um, still more prefer-
ably in the range of 1 to 10 um, particularly preferably in the
range of 1 to 8 umm, and most preferably in the range of 1 to
5 um. The thickness of the second optical compensation layer
is not limited to the above-mentioned thickness, and may be,
for example, 60 um or more. However, the extremely thin
second optical compensation layer such as mentioned above
may significantly contribute to reduce the thickness of image
display. Further, in the case where the second optical com-
pensation layer is formed to be extremely thin, heat uneven-
ness is significantly prevented.

[1-3-1. Material for Forming Second Optical Compensation
Layer and the Like]

[0096] As the material for forming the second optical com-
pensation layer, any suitable material can be employed as
long as the second optical compensation layer can obtain
optical properties satisfying the mathematical formulae (3)
and (4). The second optical compensation layer preferably is
a layer (hereinafter referred to as “coated layer”) obtained by
coating a non-liquid crystalline material from the viewpoint
of forming a extremely thin second optical compensation
layer such as mentioned above. The non-liquid crystalline
material preferably is a non-liquid crystalline polymer. In the
case where such non-liquid crystalline material is used to
form a coated layer, it is also possible to form a film exerting
uniaxiality such as nx>nz or ny>nz by properties of the film
itself regardless of alignment of a substrate. Thus, not only an
aligned substrate but also anon-aligned substrate can be used.
Further, in also the case of using a non-aligned substrate, for
example, the steps of applying an aligned film on the surface
of the substrate and the steps of laminating the aligned film
can be abbreviated.
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[0097] The non-liquid crystalline polymer is not particu-
larly limited, and is, as mentioned above, preferably at least
one selected from the group consisting of a polymer having
repeating units represented by the chemical formula (I), the
polymer having repeating units represented by the chemical
formula (IA), and stereoisomers thereof. More preferable
structures of the polymer having repeating units represented
by the chemical formula (I) are shown in the chemical for-
mulae (II) to (XVI) and (VIIB) to (XVIB). The substituents
also are the same as those mentioned above. Each of the
polymers having repeating units represented by the chemical
formulae (I) to (XVI) and (VIIB) to (XVIB), respectively, has
an ester bond in the backbone thereof, and thus, it can be said
that the each polymer is a kind of polyester. More preferable
structures of the polymer having repeating units represented
by the chemical formula (IA) also are the same as those
mentioned above. The polymer having repeating units repre-
sented by the chemical formula (IA) is a kind of aryl ether
ketone.

[0098] Polyesters represented by the chemical formulae (I)
to (XVI) and (VIIB) to (XVIB), respectively, are easily dis-
solved in a relatively low polarity solvent (for example, tolu-
ene and ethyl acetate) and thus have superior productivity of
the second optical compensation layer. The same applies to
the poly aryl ether ketone represented by the chemical for-
mula (IA). By the use of polyester represented by each of the
chemical formula (I) to (XVI) or (VIIB) to (XVIB) or poly
aryl ether ketone represented by the chemical formula (I1A),
the second optical compensation layer can realize to have
precipitous wavelength dispersion properties, and has supe-
rior transparency. The reason why the second optical com-
pensation layer can have the precipitous wavelength disper-
sion properties is not always clear, but is considered that aring
conjugated system in a polymer main chain is expanded, and
thus, aromaticity is improved. By the use of polyester repre-
sented by each of the chemical formulae (I) to (XVI) or
(VIIB) to (XVIB) or poly aryl ether ketone represented by the
chemical formula (IA), the second optical compensation
layer can have precipitous wavelength dispersion properties
satisfying (Rth[450]/Rth[550])~1.16, for example. It is to be
noted that the value of 1.16 is merely an example, and the
present invention is not limited to this.

[0099] Further, by the use of polyester represented by each
of the chemical formulae (I) to (XVI) or (VIIB) to (XVIB) or
poly aryl ether ketone represented by the chemical formula
(IA), the birefringence Rth (=nx-nz) itself in the thickness
direction of the second optical compensation layer can be
increased, and the second optical compensation layer can
have favorable optical properties. Generally, it is difficult to
obtain both of high solubility to a low polarity solvent and a
high birefringence in the thickness direction. However, by the
use of polyester represented by each of the chemical formulae
(D to (XVI) or (VIIB) to (XVIB) or poly aryl ether ketone
represented by the chemical formula (IA), itis also possible to
obtain both of high solubility to a low polarity solvent and a
high birefringence in the thickness direction. In particular, in
each of the chemical formulae (VII) to (XVI), a stilbene
backbone is introduced into a polymer backbone, and in each
of the chemical formulae (XII) to (XVI) and (VIIB) to
(XVIB), R? and R® are set to the above-mentioned specific
substituents. Thus, it becomes easy to obtain both of high
solubility to a low polarity solvent and a high birefringence in
the thickness direction. As R* and R®, straight or brunched
alkyl groups with a carbon number of 2 to 10 are preferable.
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The reason of this is not always clear, but is considered as the
followings (i) and (ii), for example.

(1) The stilbene backbone can enhance solubility by appro-
priately bending a polymer chain, and since the stilbene back-
bone has many 7 electrons, a birefringence Rth in the thick-
ness direction can be increased by enhancing the interaction
between aromatic rings

(ii) The specific substituents introduced into R* and R® cause
two benzene rings that is adjacent to each of the substituents
to change in shape according to the size of each of the sub-
stituents, and thus, solubility can be enhanced. Further, the
specific substituents maintain linearity of the polymer struc-
ture, and thus a reduction in birefringence Rth in the thickness
direction can be suppressed.

[0100] In the chemical formulae (I), (II), (III), (IV), (V),
and (VI), in the case where the atomic group G is a vinylene
group or a derivative thereof, G forms a stilbene backbone
with both the benzene rings that are adjacent to G. However,
the atomic group G may be any atomic group which is capable
of n-conjugating to both the benzene rings that are adjacent to
G from the viewpoint of enhancing the interaction between
both the benzene rings. Further, G may be a single bond as
substitute for an atomic group.

[0101] The birefringence nz in the thickness direction of
the second optical compensation layer at the wavelength of
550 nm is preferably 0.02 or more, more preferably in the
range £0.02 to 0.08. With such high birefringence nz in the
thickness direction, it becomes possible to produce a thinner
optical compensation layer with a desired retardation value
Rth (nzxthickness d of film) in the thickness direction.
[0102] Ineach ofthe chemical formulae (I), (III), (IV), (V),
(VD), (VIID, (IX), (X), (XD, (XIID), (XIV), (XV), (XVD),
(VIIIB), IXB), (XB), (XIB), (XIIIB), (XIVB), (XVB), and
(XVIB), I/(1+m) preferably in the range of 0.3 to 0.8. With
I/(1+m) in this range, a birefringence film with particularly
superior solubility and a high birefringence in the thickness
direction can be easily obtained. Each sequence (alignment of
the structure in brackets [ | or parentheses (), with the degree
of polymerization | and the structure in brackets [ | or paren-
theses (), with the degree of polymerization m) of polyesters
represented by the chemical formulae (I), (III), (IV), (V),
VD, (VIII), (IX), (X), (XI), (XIII), (XIV), (XV), (XVI),
(VIIIB), IXB), (XB), (XIB), (XIIB), (XIVB), (XVB), and
(XVIB), respectively, is not particularly limited. The polyes-
ters may be block copolymers or random copolymers. In the
chemical formula (I), in the case where the structure in brack-
ets [ ] or parentheses (), with the degree of polymerization 1
and the structure in brackets [ ] or parentheses ( ), with the
degree of polymerization m are identical to each other, the
structure becomes a structure represented by the chemical
formula (II), (VII), (XII), (VIIB), or (XIIB).

[0103] Polyesters represented by the chemical formulae (I)
to (XVI) and (VIIB) to (XVIB), respectively, and poly aryl
ether ketone represented by the chemical formula (IA) may be
stereoisomers (for example, optical isomers, geometric iso-
mers, and rotational isomers) thereof or mixtures of the ste-
reoisomers. For example, in the chemical formulae (VII) to
(XVI), R and R are described as in the trans-position,
and may be in the cis-position or a cis and trans mixture.
[0104] In the chemical formulae (VII), (VII), (IX), (X),
(XI), (XID), (XIID), (XIV), (XV), and (XVI), R**° and R**°
particularly preferably are each a hydrogen atom. Further, in
the chemical formulae (I) to (XVI), the number of substitu-
ents, a, in A and the number of substituents, b, in B particu-
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larly preferably are each 0. Furthermore, in the chemical
formulae (1), (1), (IV), (V), (VI), (VIII), (IX), (X), XI),
(XIID), (XIV), (XV), (XVI), (VIIIB), (IXB), (XB), (XIB),
(XIIIB), (XIVB), (XVB), and (XVIB), the number of sub-
stituents, q, in Q particularly preferably is O.

[0105] In the chemical formulae (I) to (XVI), the absorp-
tion wavelength derived from the atomic group G (or
—CR'"°—CR?°°—) in the ultraviolet-visible absorption
spectrum is preferably in the range of 300 to 380 nm, more
preferably in the range of 320 to 370 nm, for the reason that
the optical compensation layer that has a precipitous wave-
length dispersion and is free from coloring can be easily
obtained.

[0106] The transmittance of the second optical compensa-
tion layer at the wavelength of 400 nm is preferably 90% or
more, more preferably 92% or more. In particular, in the
chemical formulae (XII), (XIII), (XIV), (XV), (XV]), (XIIB),
(X1IIB), (XIVB), (XVB), and (XVIB), by introducing the
specific substituents into R* and R?, the second optical com-
pensation layer can easily obtain a high transmittance. The
reason of this is not always clear, but is considered that the
specific substituents cause two benzene rings that are adja-
cent to each of the substituents to change in shape so that the
benzene rings are twisted, and thus an excess overlap of the
benzene rings can be suppressed.

[0107] The degree of polymerization (n or 14m) of each of
the polyesters represented by the chemical formulae (I) to
(XVI) and (VIIB) to (XVIB), respectively, is not particularly
limited, and is, for example, in the range of 2 to 5,000 or in the
range of 5 to 500. The weight average molecular weight (Mw)
of each of the polyesters represented by the chemical formu-
lae (I) to (XVI) and (VIIB) to (XVIB), respectively, is not
particularly limited, and preferably is in the range 0£ 10,000 to
500,000. The glass transition temperature of each of the poly-
esters represented by the chemical formulae (I) to (XVI) and
(VIIB) to (XVIB), respectively, is preferably 100° C. or more
from the viewpoint of heat resistance, and preferably 300° C.
or less from the viewpoint of moldability and stretchability.

[0108] A method for producing each of polyesters repre-
sented by the chemical formulae (I) to (XVI) and (VIIB) to
(XVIB), respectively, is not particularly limited, and gener-
ally, each of the polyesters can be obtained by polyconden-
sating a biphenyl compound and a dicarboxylic acid com-
pound. The polycondensating method is not particularly
limited, and is preferably an interfacial polymerization in
which a biphenol compound and a dicarboxylic acid com-
pound are reacted to each other in a two-phase system of an
alkali aqueous solution and a water-immiscible organic sol-
vent in the presence of a phase-transfer catalyst. By such
polymerizing method, a polymer having superior transpar-
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ency and a large molecular weight can be obtained. The
reaction conditions (a reaction solvent, a reaction tempera-
ture, and a reaction time) and the like are not particularly
limited, and for example, conventionally known methods for
polycondensating a polymer may be used as appropriate as
reference purposes. Examples of the water-immiscible
organic solvent include halogenated solvents such as meth-
ylene chloride, chloroform, and carbon tetrachloride; aro-
matic hydrocarbons such as toluene and xylene; and deriva-
tives of aromatic hydrocarbons such as nitrobenzene and
anisole. The reaction temperature of the polycondensation is,
for example, in the range of -5° C. to 50° C., preferably in the
range of 5° C. to 35° C., and more preferably in the range of
10° C. 10 30° C. The reaction time of the polycondensation is,
for example, in the range of 10 minutes to 10 hours, prefer-
ably in the range of 30 minutes to 5 hours, and more prefer-
ably in the range of 1 to 4 hours.

[0109] Examples of the biphenol compound include 2,2-
bis(3,5-dimethyl-4-hydroxyphenyl)-4-methylpentane, 2,2-
bis(3-methyl-4-hydroxyphenyl)propane,  2,2-bis(3,5-dim-
ethyl-4-hydroxyphenyl)propane, and 2,2-bis(3-methyl-4-
hydroxyphenyl)butane.

[0110] The dicarboxylic acid compound is preferably 4,4'-
stilbene dicarboxylic acid chloride. In the case of copolymers
represented by the chemical formulae (III), (IV), (V), (VI),
(VII), (IX), (X), (XD, XIII), (XIV), (XV), and (XVI),
respectively, for example, terephthalic acid chloride, isoph-
thalic acid chloride, phthalic acid chloride, and biphenyl
dicarboxylic acid chloride can be used in combination.
[0111] The phase-transfer catalyst is not particularly lim-
ited, and examples thereof include quaternary ammonium
salts such as methyl tri n-octyl ammonium chloride and ben-
zyl triethyl ammonium chloride and a quaternary phospho-
nium salt such as tetraphenylphosphonium chloride. The
water-immiscible organic solvent is not particularly limited,
and examples thereof include chloroform and dichlo-
romethane.

[0112] Polyesters represented by the chemical formulae (I)
to (XVI), respectively, particularly preferably are polyester
having repeating units represented by the following chemical
formulae (XVIII), (XIX), (XX), or (XXIII). In the following
chemical formulae (XVIII), (XX), and (XXIII), | and m are
the same as those in the chemical formula (I), and in the
following formula (XIX), n is an integer of 2 or more. The
polyester having repeating units represented by the following
chemical formula (XVIII), (XIX), (XX), or (XXIII) may be
any of stereoisomers (for example, optical isomers, geomet-
ric isomers, and rotational isomers) thereof or a mixture of the
stereoisomers. For example, the vinylene structure may be
sic-, trans-, or a mixture thereof.
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[0113] In poly aryl ether ketone represented by the chemi-
cal formula (IA), the degree of polymerization n, is not par-
ticularly limited, and is, for example, in the range of 2 to 5,000
or in the range of 5 to 500. Further, the polymerization of the
poly aryl ether ketone may be composed of repeating units
having structures that are identical to or different from one
another. In latter case, the polymerization of repeating units
may be a block polymerization or a random polymerization.
The molecular weight of poly aryl ether ketone represented
by the chemical formula (IA) is not particularly limited, and
the weight average molecular weight of the same is preferably
in the range of 1,000 to 1,000,000, more preferably in the
range of 2,000 to 500,000. As poly aryl ether ketone repre-
sented by the chemical formula (IA), a commercially avail-
able product may be used as it is, or the poly aryl ether ketone

may be produced by a polymerization reaction, for example.
The producing method is not particularly limited, and con-
ventionally known method for producing poly aryl ether
ketone may be used for reference purposes.

[0114] The poly aryl ether ketone represented by the
chemical formula (IA) particularly preferably is poly aryl
ether ketone having repeating units represented by the fol-
lowing chemical formula (XIIIA), (XIVA), (XVA), or
(XVIA). In the following chemical formula (XIIIA), (XIVA),
(XVA), or (XVIA), n, is the same as that in the chemical
formula (IA). The poly aryl ether ketone having repeating
units represented by the following chemical formula (XIIIA),
(XIVA), (XVA), or (XVIA) may be any of stereoisomers (for
example, optical isomers, geometric isomers, and rotational
isomers) thereof or a mixture of the stereoisomers.
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[0115] The material for forming the second optical com- (resin) is described in more detail below. The second optical

pensation layer is not particularly limited as mentioned
above, and preferably contains one or both of at least one of
polyesters represented by the chemical formulae (I) to (XVI)
and (VIIB) to (XVIB), respectively, and poly aryl ether
ketone represented by the chemical formula (IA). In the case
where the second optical compensation layer contains at least
one of polyesters represented by the chemical formulae (I) to
(XVI]) and (VIIB) to (XVIB), respectively, the content of the
polyester is not particularly limited. The content is preferably
in the range of 50% to 100% by mass, more preferably in the
range of 80% to 100% by mass with respect to the total mass
of the second optical compensation layer. In the case where
the second optical compensation layer contains poly aryl
ether ketone represented by the chemical formula (IA), the
content of the poly aryl ether ketone is not particularly lim-
ited. The content is preferably in the range of 50% to 100% by
mass, more preferably in the range of 80% to 100% by mass
with respect to the total mass of the second optical compen-
sation layer. In the case where the second optical compensa-
tion layer contains both of at least one of polyesters repre-
sented by the chemical formulae (I) to (XVI) and (VIIB) to
(XVIB), respectively, and poly aryl ether ketone represented
by the chemical formula (IA), the total content of the poly-
ester and the poly aryl ether ketone is not particularly limited.
Thetotal content is preferably in the range of 50% to 100% by
mass, more preferably in the range 80% to 100% by mass with
respect to the total mass of the second optical compensation
layer. Further, the material for forming a second optical com-
pensation layer may further contains other polymer (for
example, polyimide, poly ether ketone, poly amide imide, or
polystyrene) besides one or both of at least one of polyesters
represented by the chemical formulae (I) to (XVI) and (VIIB)
to (XVIB), respectively, and poly aryl ether ketone repre-
sented by the chemical formula (IA). The other polymer

compensation layer may or may not contain any additives
such as UV absorbers, antistatic agents, and antioxidants.

[1-3-2. Method for Producing Second Optical Compensation
Layer]

[0116] Themethod for producing a second optical compen-
sation layer is not particularly limited, and the second optical
compensation layer can be produced by any method suchasa
solution flow-expanding method or a melt extrusion method.
For example, in the case of using polyester represented by
each of the chemical formulae (I) to (XVI) or (VIIB) to
(XVIB) or poly aryl ether ketone represented by the chemical
formula (IA), there is a case that a polymer ring is spontane-
ously aligned so that a refractive index nz in the film thickness
direction becomes smaller than the maximum refractive
index nx in the step of volatilizing a solvent. In this case, a
solution flow-expanding method preferably is used from the
viewpoint of exertion of birefringence properties of the sec-
ond optical compensation layer.

[0117] The solution flow-expanding method is a method in
which a solution is prepared by dissolving a polymer that
forms the second optical compensation layer in a solvent, this
solution is flow-expanded and applied onto the surface of a
base, and the resultant base is dried. The base is not particu-
larly limited, and may be a single layer or a laminate (for
example, including an anchor coated layer) of multiple lay-
ers. Specific examples of the base include a glass plate and a
polymer film. In the case of using a glass plate as the base, one
used for a liquid crystal cell, such as an alkali-free glass is
preferable. By the use of'a polymer film as a base, the base can
have exchangeability. The raw material of the polymer film
used to form a base is not particularly limited as long as the
raw material is a polymer having film forming properties.
Examples of the raw material include a styrene polymer, a
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(meta)acrylic acid polymer, an ester polymer, an olefin poly-
mer, a norbornene polymer, an imide polymer, a cellulose
polymer, a vinyl alcohol polymer, and a carbonate polymer. In
the case where the base includes an anchor coated layer, the
anchor coated layer is not particularly limited, and is, prefer-
ably a vinyl alcohol polymer or an urethane polymer in point
of having favorable adhesion with a polymer. The thickness
ofthe anchor coated layer preferably is in the range 0f 0.01 to
5 pum.

[0118] A material for forming the base film may be the
same as that of above-mentioned plastic film used as a pro-
tective layer of the polarizer, or the protective layer itself of
the polarizer may also function as the base film. That is, the
second optical compensation layer may be formed by directly
applying the solution to a polarizer (typically, a protective
layer of a polarizer) (i.e., the protective layer of the polarizer
may also function as the base film), or may be formed on any
appropriate base film and then transferred the second optical
compensation layer to the polarizer (typically, to the protec-
tive layer of the polarizer). The method by transferring may
further include removal of the base.

[0119] The thickness of the base is not particularly limited
except that it is limited by the intended use of the base, and is,
for example, in the range of 1 to 1000 um.

[0120] The solvent for the solution (the applying solution)
used for the flow-expanding and the applying is not particu-
larly limited, and examples thereof include halogenated
hydrocarbons such as chloroform, dichloromethane, carbon
tetrachloride, dichloroethane, tetrachloroethane, trichloroet-
hylene, tetrachloroethylene, chlorobenzene, and o-dichlo-
robenzene; phenols such as phenol and para chloro phenol;
aromatic hydrocarbons such as benzene, toluene, xylene,
methoxybenzene, and 1,2-dimethoxybenzene; ketone sol-
vents such as acetone, methyl ethyl ketone, methyl isobutyl
ketone, cyclohexane, cyclopentane, 2-pyrolidone, and N-me-
thyl-2-pyrolidone; ester solvents such as ethyl acetate and
butyl acetate; alcohol solvents such as t-butylalcohol, glyc-
erin, ethylene glycol, triethylene glycol, ethylene glycol
monomethyl ether, diethylene glycol dimethyl ether, propy-
lene glycol, dipropylene glycol, and 2-methyl-2,4-pentane
diol; amide solvents such as dimethylformamide and dim-
ethylacetamide; nitrile solvents such as acetonitrile and buty-
ronitrile; ether solvents such as diethyl ether, dibutyl ether,
and tetrahydrofuran; carbon disulfide; ethyl cellosolve; and
butyl cellosolve. These solvents may be used alone or in a
combination of two or more of them.

[0121] Inparticular, polyesters represented by the chemical
formulae (I) to (XVI) and (VIIB) to (XVIB), respectively, and
poly aryl ether ketone represented by the chemical formula
(IA) are superior in solubility. Thus, a solvent that erodes less
polymer film base such as toluene, methyl isobutyl ketone,
cyclopentane, and ethyl acetate can be used. Therefore, a base
that could not be used in a conventional ester polymer because
it is eroded drastically, such as a film consisting primarily of
a (meta)acrylic acid polymer or a olefin polymer also can be
used. Thus, it becomes possible to reduce the production cost.
It is to be noted that (meta)acrylic acid means one of acrylic
acid and metacrylic acid. Among the solvents, toluene is
particularly preferable from the viewpoint of having low
polarity and less erosion of the base.

[0122] The concentration of the non-liquid crystalline
polymer in the solution may be any appropriate concentration
as long as the above-described second optical compensation
layer such as described above is obtained, and applying and
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flow-expanding can be carried out. The solution contains a
non-liquid crystalline polymer, for example, in the range of 1
to 40 parts by weight, preferably in the range of 5 to 50 parts
by weight, and more preferably in the range of 10 to 40 parts
by weight, with respect to 100 parts by weight of a solvent.
With such concentration range, a solution obtains a viscosity
with which applying and flow-expanding is easily carried out.
[0123] Examples of flow-expanding and applying methods
include a spin coating method, a roller coating method, a flow
coating method, a printing method, a dip coating method, a
film flow-expanding method, a bar coating method, and gra-
vure printing method. As an applying means, any coater such
as a spin coater, a die coater, or a bar coater is used. After the
application, for example, a solvent in the solution is evapo-
rated and removed by drying by natural air, air drying, or
drying by heating, and thus, the second optical compensation
layer is formed. As a heat-drying means, any drying machine
such as an air circulation drying oven or a heat drum is used.
The temperature of the heat drying is not particularly limited,
and is, for example 40° C. or more, preferably 60° C. or more,
and the upper limit of the temperature is, for example, 250° C.
or less and preferably 200° C. or less.

[0124] The applying solution may further contain various
additives such as stabilizers, plasticizers, and metals.

[0125] As mentioned above, the material for forming the
second optical compensation layer is any material. Thus, the
applying solution may also contain any polymer. The apply-
ing solution may not contain polyesters represented by the
chemical formulae (I) to (XVI) and (VIIB) to (XVIB), respec-
tively, and poly aryl ether ketone represented by the chemical
formula (IA). However, it is preferable that the applying
solution contains one or both of at least one of polyesters
represented by the chemical formulae (I) to (XVI) and (VIIB)
to (XVIB), respectively, and poly aryl ether ketone repre-
sented by the chemical formula (IA) from the viewpoint of
obtaining the second optical compensation layer having supe-
rior properties as mentioned above. Further, the applying
solution may further contain other different resin if necessary
besides one or both of at least one of polyesters represented by
the chemical formulae (I) to (XVI) and (VIIB) to (XVIB),
respectively, and poly aryl ether ketone represented by the
chemical formula (IA). Examples of such other resin include
various types of general-purpose resins, engineering plastics,
thermoplastic resins, and thermosetting resins. By the use of
such resin in combination with one or both of at least one of
polyesters represented by the chemical formulae (I) to (XVI)
and (VIIB) to (XVIB), respectively, and poly aryl ether
ketone represented by the chemical formula (IA), it becomes
possible to form the second optical compensation layer hav-
ing appropriate mechanical strength and durability according
the purpose. Examples of the general-purpose resin include
polyethylene (PE), polypropylene (PP), polystyrene (PS),
polymethylmethacrylate (PMMA), an ABS resin, and an AS
resin. Examples of the engineering plastics include polyac-
etate (POM), polycarbonate (PC), polyamide (PA: nylon),
polyethylene terephthalate (PET), and polybutylene tereph-
thalate (PBT). Examples of the thermoplastic resin include
polyphenylene sulfide (PPS), polyethersulfone (PES),
polyketone (PK), polyimide (PI), poly cyclohexane dimetha-
nol terephthalate (PCT), polyarylate (PAR), and a liquid crys-
tal polymer (LCP). Examples of the thermosetting resin
include an epoxy resin and a phenol novolac resin. The types
and amounts of these different resins to be added to an apply-
ing solution can be set as appropriate according to the pur-
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pose. Such other resin can be add so that a ratio of the resin
becomes preferably in the range of 0% to 50% by mass, more
preferably 0% to 30% by mass, with respect to the total mass
of polyesters represented by the chemical formulae (I) to
(XVI)and (VIIB) to (XVIB), respectively, and poly aryl ether
ketone represented by the chemical formula (IA).

[0126] As the other resin material composing the second
optical compensation layer, for example, poly(4,4'-hexaflu-
oroisopropylidene-bisphendterephthalate-co-isophthalate,
poly(4,4'-hexahydro-4,7-methanoindan-5-ylidene ~ bisphe-
nol)terephthalate,  poly(4,4'-isopropylidene-2,2',6,6'-tetra-
chloro bisphenol)terephthalate-co-isophthalate, poly(4,4'-
hexafluoroisopropylidene)-bisphenol-co-(2-
norbornylidene)-bisphenol terephthalate, poly(4,4'-
hexahydro-4,7-methanoindan-5-ylidene)-bisphenol-co-(4,
4'-isopropylidene-2,2',6,6'-tetrabromo)-bisphenol
terephthalate, poly(4,4'-isopropylidene-bisphenol-co-4,4'-
(2-norbornylidene)bisphenol)terephthalate-co-isophthalate,
or a copolymer thereof may be employed. These may be used
alone or in a combination of two or more of them.

[1-4. Method for Producing Liquid Crystal Panel]

[0127] A method for producing the liquid crystal panel of
the present invention is not particularly limited, and the liquid
crystal panel can be produced by, for example, as mentioned
above, laminating the first polarizer, the first optical compen-
sation layer, the liquid crystal cell, the second optical com-
pensation layer, the second polarizer via a pressure-sensitive
adhesive or an adhesive. This lamination method is not par-
ticularly limited, and for example, the conventional method
for producing the liquid crystal panel may be used as appro-
priate for reference purposes. The lamination of the first opti-
cal compensation layer and the first polarizer and the lami-
nation of the second optical compensation layer and the
second polarizer are more specifically described as follows.

[1-4-1. Lamination of First Optical Compensation Layer and
First Polarizer]

[0128] The first polarizer and the first optical compensation
layer preferably are laminated on each other via a pressure-
sensitive adhesive or an adhesive. To take FIG. 1 as an
example, the first polarizer 30 and the first optical compen-
sation layer 60 are directly laminated on each other via a
pressure-sensitive adhesive or an adhesive.

[0129] It is preferable that a surface of the first optical
compensation layer on which the first polarizer is laminated is
subjected to an easy-adhesion treatment. As the easy-adhe-
sion treatment, applying a resin material is preferable. As the
resin material, a silicon resin, an urethane resin, or an acrylic
resin is preferable. By subjecting the surface to the easy-
adhesion treatment, an easy-adhesion layer is formed. The
thickness of the easy-adhesion layer is preferably in the range
of 5 to 100 nm, more preferably in the range of 10 to 80 nm.
[0130] It is preferable that the first polarizer is laminated
directly on the first optical compensation layer via a pressure-
sensitive adhesive or an adhesive. In the case where the first
optical compensation layer is subjected to an easy-adhesion
treatment, it is preferable that the first polarizer is laminated
directly on the surface of the first optical compensation layer,
to which the easy-adhesion treatment was carried out, via a
pressure-sensitive adhesive or an adhesive. The pressure-sen-
sitive adhesive forms a pressure-sensitive adhesive layer, and
the adhesive forms an adhesive layer. The pressure-sensitive
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adhesive or an adhesive may be applied on the first polarizer
side, the first optical compensation layer side, or both sides of
the first polarizer and the first optical compensation layer.
[0131] The thickness of the pressure-sensitive adhesive
layer can be set as appropriate according to the purpose of
using the layer and the adhesion of the same. In particular, the
thickness of the pressure-sensitive adhesive layer is prefer-
ably in the range of 1 to 100 um, more preferably in the range
of'3 to 50 um, yet more preferably in the range of 5 to 30 pm,
and particularly preferably in the range of 10 to 25 pm.
[0132] As the pressure-sensitive adhesive that forms the
pressure-sensitive adhesive layer, any appropriate pressure-
sensitive adhesive can be employed. Specific examples
thereof include solvent-type pressure-sensitive adhesives,
non-aqueous emulsion-type pressure-sensitive adhesives,
aqueous-type pressure-sensitive adhesives, and hot-melt
pressure-sensitive adhesives. Among them, the solvent-type
pressure-sensitive adhesive in which an acrylic polymer is a
base polymer is particularly preferable because it exerts
appropriate pressure-sensitive adhesive properties (wettabil-
ity, cohesiveness, and adhesiveness) to the first polarizer and
the first optical compensation layer and is superior in optical
transparency, weather resistance, and heat resistance.

[0133] The adhesive layer is formed by applying an apply-
ing solution containing the predetermined ratio of adhesive
onto the surface of the first optical compensation layer and/or
the surface of'the first polarizer, and drying them. As a method
for preparing the applying solution, any appropriate method
can be employed. For example, a commercially available
solution or a dispersion liquid, one obtained by further adding
a solvent in the commercially available solution or dispersion
liquid, or one obtained by dissolving or dispersing a solid
content in a variety of solvents may be used.

[1-4-2. Lamination of Second Optical Compensation Layer
and Second Polarizer]

[0134] As mentioned above, the second optical compensa-
tion layer of the present invention can be preferably formed as
a coated layer on a base. In the case where the base functions
also as a protective layer of a polarizer (for example, in the
case where the base is a cellulose film such as triacetyl cel-
lulose film), it is preferable that the surface of the base, which
is opposite to the surface to which the coated layer has been
formed and the second polarizer are attached to each other via
a pressure-sensitive adhesive or an adhesive. In the case
where the base does not function as a protective layer of a
polarizer, it is preferable that the second optical compensa-
tion layer is transferred to the second polarizer or the protec-
tive layer of the second polarizer, and then, the base is
removed. The pressure-sensitive adhesive or the adhesive is
not particularly limited, and is the same as that described in,
for example, the section [1-4-1. Lamination of first optical
compensation layer and first polarizer].

[2. Liquid Crystal Display]

[0135] The liquid crystal display of the present invention is
not particularly limited except that it includes the liquid crys-
tal panel of the present invention, as mentioned above. An
example of the configuration of the liquid crystal display of
the present invention is shown in the schematic sectional view
of FIG. 2. In FIG. 2, the sizes, proportions, and the like of the
respective components are different from the actual sizes,
proportions, and the like for the sake of simplicity in illustra-
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tion. As shown in FIG. 2, this liquid crystal display 200
includes at least a liquid crystal panel 100 and a direct-type
backlight unit 80 arranged on one side of the liquid crystal
panel 100. The direct-type backlight unit 80 includes at least
an optical source 81, a reflection film 82, a diffusion plate 83,
a prism sheet 84, and a brightness enhancement film 85. It is
to be noted that, in FIG. 2, the structures of respective com-
ponents of the liquid crystal panel 100 are not shown to
simplify in illustration. The structures of the respective com-
ponents of the liquid crystal panel 100 are not particularly
limited, and are, for example, the same as those in FIG. 1. In
the liquid crystal display 200 of FIG. 2, a direct-type back-
light unit is employed as a backlight unit, but the present
invention is not limited to this. For example, the backlight unit
may be a sidelight-type backlight unit. The sidelight-type
backlight unit further includes at least a light guide plate and
a light reflector besides the components of the direct-type
backlight unit. Some ofthe components shown as examples in
FIG. 2 can be abbreviated or replaced by other optical ele-
ments according to the intended use such as a illuminating
system of the liquid crystal display or a driving mode of the
liquid crystal cell.

[0136] The liquid crystal display of the present invention
may be atransmission type liquid crystal display in which the
screen is seen by being irradiated with light from the back-
light side of the liquid crystal panel of the present invention,
may be a reflection type liquid crystal display in which the
screen is seen by being irradiated with light from the visible
side of the liquid crystal panel of the present invention, or may
be a semi-transmission type liquid crystal display having the
properties of both the transmission type and the reflection
type liquid crystal displays. However, it is preferable that the
liquid crystal display of the present invention may be a trans-
mission type liquid crystal display in which the screen is seen
by being irradiated with light from the backlight side of the
liquid crystal panel of the present invention because the effect
of preventing a change in color (color shift) depending on the
visible direction becomes further superior and the effect of
suppressing light leaking and the effect of preventing bright-
ness unevenness is superior.

[0137] The liquid crystal display of the present invention is
applicable to any suitable use. Examples of the use thereof
include: office automation equipment such as computer
monitors, notebook computers, and copy machines; portable
devices such as mobile phones, watches, digital cameras,
personal digital assistants (PDAs), and portable game
devices; household electric appliances such as video cameras,
televisions, and microwave ovens; vehicle-mounted devices
such as back monitors, car navigation system monitors, and
car audios; exhibition devices such as information monitors
for commercial stores and projectors; security devices such as
surveillance monitors; and nursing care and medical devices
such as nursing-care monitors and medical monitors.

EXAMPLES

[0138] The present invention is described in detail below
with reference to the examples. However, the present inven-
tion is not limited by these examples. Measurement methods
of the respective properties in the examples were carried out
as follows.

[Glass Transition Temperature)]

[0139] The glass transition temperature was measured
using a differential scanning calorimeter (“DSC-6200”
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(product name), manufactured by Seiko Instruments Inc.) by
amethodaccording to JISK 7121 (1987 version, a method for
measuring a transition temperature of a plastic). In particular,
the first measurement was conducted by, under the nitrogen
atmosphere (at a nitrogen gas flow rate of 50 ml/minute),
heating 3 mg of a powder sample from room temperature to
220° C. atarate of temperature increase of 10° C./minute, and
thereafter cooling it to 30° C. ata rate of temperature decrease
of 10° C./minute. Next, the second measurement was con-
ducted by heating it to 350° C. at a rate of temperature
increase of 10° C./minute. As the glass transition tempera-
ture, the value obtained by the second measurement was
employed. The temperature correction of the calorimeter was
conducted using a standard reference material (indium).

[Weight Average Molecular Weight]

[0140] Each sample was prepared so as to be a 0.1% tet-
rahydrofuran solution. The sample was filtered using a mem-
brane filter with a pore size of 0.45 pm, and thereafter, the
weight average molecular weight of the filtrate was measured
by a gel permeation chromatography system (“HLC-
8820GPC” (product name), manufactured by TOSOH COR-
PORATION) used as a main body of GPC and RI (that is
included in the body of GPC) used as a detector. In particular,
a molecular weight was determined from a polystyrene-con-
verted molecular weight using a standard polystyrene cali-
bration curve in which molecular weights are given to process
data at a column temperature of 40° C. and a pumping rate of
0.35 ml/minute. As a column to be used, one obtained by
connecting Super HZM-M (with the diameter of 6.0 mmx15
cm), Super HZM-M (with the diameter of 6.0 mmx15 cm),
and Super HZ 2000 (with the diameter of 6.0 mmx15 cm) in
series was used. As amobile phase, tetrahydrofuran was used.

[Transmittance]

[0141] The transmittance at a wavelength of 400 nm was
measured using a spectrophotometer (“U-4100" (product
name), manufactured by Hitachi Ltd.).

[Birefringence in Thickness Direction]

[0142] The birefringence in the thickness direction at the
wavelength of 590 nm was measured using “KOBRA-WRP”
(product name), manufactured by Oji Scientific Instruments.
The birefringence Anxz[590] in the thickness direction was
calculated by a program attached to the device using a front
retardation value and a retardation value (R40) at the time
when the sample is tilted 40°. As the film thickness, the value
determined by “DEKTAK” (product name), manufactured by
Sloan was used.

[Solubility]

[0143] A polymer was gradually added into each of sample
bottles in which each solvent was introduced, and the extent
of dissolution was checked by visual observation.

[Retardation]

[0144] Refractive indices nx, ny, and nz of each sample film
were measured using a automatic birefringence measuring
apparatus (AUTOMATIC BIAFRINGENCE ANALYZER
KOBRA-WPR, manufactured by Oji Scientific Instruments),
and the in-plane retardation And the retardation Rth in the
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thickness direction were calculated. The measurement tem-
perature was 23° C., and the measurement wavelength was
590 nm.

[Measurement of Color Shift]

[0145] Color tones of each liquid crystal display when an
azimuthal angle was varied from 0 to 360° with a polar angle
being set to 60° were measured using “EZ CONTRAST
160D” (product name) manufactured by ELDIM. The mea-
surement results were plotted on an Xy chromaticity diagram.
The polar angle is an angle between a straight line obtained by
connecting an observation point and a liquid crystal display
screen (a straight line indicating the visible direction) and the
liquid crystal display screen or a numerical value thereof. The
azumthal angle is an angle defined by the followings (1), (2),
and (3) or a numerical value thereof.

(1) A plane that includes a straight line along the up-down
direction of the liquid crystal display screen and is orthogonal
to the liquid crystal display screen was used as a standard
plane.

(2) A plane that includes the straight line obtained by con-
necting an observation point and the liquid crystal display
screen and is orthogonal to the liquid crystal display screen
(the straight line indicating the visible direction) was used as
a visible plane.

(3) An angle between the standard plane and the visible plane,
measured clockwise from the standard plane to the visible
plane was set to an azimuthal angle.

[Contrast]

[0146] Contrasts when an azimuthal angle was varied from
0 to 360° with a polar angle being set to 60° were measured
using “EZ CONTRAST 160D (product name)” manufac-
tured by ELDIM.

[Measurement of Black Brightness]

[0147] The black brightness when an azimuthal angle was
varied from 0 to 360° with a polar angle being set to 60° was
determined using “EZ CONTRAST 160D (product name)
manufactured by ELDIM, and a plot showing a relationship
between azimuth angles and the black brightness was pre-
pared.

Example 1

[0148] A liquid crystal panel and a liquid crystal display of
the present invention were produced as follows.

(Production of First Optical Compensation Layer)

[0149] 8.8 g of polyvinyl alcohol resin (“NH-18" (product
name) (with the degree of polymerization of 1800 and the
degree of saponification of 99.0%), manufactured by Nippon
Synthetic Chemical Industry Co., Ltd.) was dried for 2 hours
at 105° C., and then was dissolved in 167.2 g of dimethyl
sulfoxide (DMSO). To this, 2.98 g of 2-methoxy-1-naph-
thoaldehyde and 0.80 g of p-toluene sulfonic acid monohy-
drate were added, and the resultant solution was stirred for 1
hour at 40° C. Further, 3.18 g of benzaldehyde was added to
this reaction solution, and then the reaction solution was
stirred for 1 hour at 40° C. Furthermore, 23.60 g of 1,1-
diethoxyethane (acetal) was added to the reaction solution,
and then the reaction solution was stirred for 3 hours at 40° C.
Thereafter, 2.13 g of triethylamine was added to the reaction
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solution, and then, a reaction was completed. A crude product
obtained by this reaction was subjected to reprecipitation
with 1 L of methanol, and to filteration, thereby collecting a
polymer. This polymer was dissolved in tetrahydrofuran, and
the resultant solution was again subjected to reprecipitation
with methanol. This was filtered and dried, thereby obtaining
11.5 g of white polymer. This polymer was subjected to
'H-NMR, and the polymer had repeating units represented by
the following chemical formula (XXII) and a ratio (molar
ratio), r:s:t:u, 0f 11:37:45:7. Further, the glass transition tem-
perature of this polymer was measured using a differential
scanning calorimeter and was 123° C. Furthermore, the abso-
lute value of a photoelastic coefficient (C[550]) was 2.4x10™
11 (m*/N). A first optical compensation layer was produced
using this polymer as a raw material.

[0150] 'H-NMR (DMSO): 0.8-2.3 (main-chain methylene
and methyl in an acetal part), 3.4-4.4 (main-chain methine to
which an oxygen atom is bound, methyl in a methoxy group,
and a hydroxyl group), 4.5-5.1 (methine in an acetal part),
5.4-5.9 (methine in a benzene part), 6.4 (methine in a 2-meth-
oxy naphthalene part), 7.1-7.5 (2-methoxy naphthalene and
aromatic proton in benzene part), 7.7-8.8 (2-methoxy naph-
thalene)

(XXII)

[0151] The polymer (the chemical formula (XXII)) synthe-
sized above was dissolved in methyl ethyl ketone (MEK), the
resultant solution was applied onto a polyethylene terephtha-
late film (with the thickness of 70 um) using an applicator, and
it was dried in an air circulation drying oven. Thus, a 110
um-thick film was produced. This film was removed from the
polyethylene terephthalate film, and then was subjected to
fixed-end stretching 2 times in the width direction at 140° C.
Thus, a first optical compensation layer was obtained. This
first optical compensation layer exerted a refractive index
anisotropy satisfying nx>ny>nz, had the thickness of 50 pm,
and satisfied Re[590]=140 nm, Rth[590]=150 nm, and Nz=1.
070. Further, this first optical compensation layer exerted a
wavelength dependency of a reverse dispersion and satisfied
(Re[450)/Re[550])=0.90.

(Production of Second Optical Compensation Layer)

[0152] Inareaction container provided with a stirrer,3.27 g
of 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)-4-methylpentane
and 0.20 g of methyl tri n-octylammonium chloride were
dissolved in 35 mL of 1M potassium hydrate solution. To this
solution, a solution obtained by dissolving 1.53 g of 4,4'-
stilbene dicarboxylic acid chloride and 1.02 g of terephthalic
acid chloride in 35 mL of chloroform was added at a time
while stirring, and the resultant solution was stirred for 90
minutes at room temperature. Thereafter, the polymer solu-
tion was subjected to static separation so as to separate a
chloroform solution containing a polymer, and then the chlo-
roform solution was washed with an acetic acid aqueous
solution, and thereafter washed with an ion-exchange water.
Further, it was added to methanol. Thus, the polymer was
deposited. The deposited polymer was filtered and dried
under reduced pressure. Thus, 4.66 g of white polymer rep-
resented by the following chemical formula (XVIII) was
obtained.
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[0153] The polyester (the chemical formula (XVIII)) syn-
thesized above had the glass transition temperature Tg of
230° C. and the weight average molecular weight Mw of
191,000.

[0154] 19 parts by weight of polyester (the chemical for-
mula (XVIII)) obtained by the above-described synthesizing
method was dissolved in 100 parts by weight of toluene.
Thus, 16% by mass solution was prepared. This solution was
flow-expanded uniformly on the surface of a 75 pm-thick
polyethylene terephthalate film (“LUMIRROR-QZ14”
(product name), manufactured by TORAY INDUSTRIES
INC.) using a comma coater so that the solution is formed into
a sheet. Then, a solvent in the solution was evaporated in a
multiple-chamber air circulation drying oven (an error of £1°
C.) by gradually increasing the temperature from the low
temperature: for 5 minutes at 70° C. and for 5 minutes at 110°
C. Thereafter, the polyethylene terephthalate film was
removed, and thus a second optical compensation layer was
obtained. This second optical compensation layer exerted a
refractive index anisotropy satisfying nx=ny>nz, had a thick-
ness of 5 pm, and satisfied Re[590]=0.0 nm, Rth[590]=180.8
nm, and Rth[450]/Rth[550]=1.16.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)

[0155] Aliquid crystal panel was taken out from a commer-
cially available liquid crystal display (“LC46-RXIW” (prod-
uct name), manufactured by Sharp Corporation) including a
VA-mode liquid crystal cell, and optical films such as polar-
izing plates arranged on the upper and lower sides of the
liquid crystal cell were all removed. A first optical compen-
sation layer produced as described above and a commercially
available polarizing plate (“HEG1425DU” (product name),
manufactured by Nitto Denko Corporation) were laminated
to each other via an acrylic pressure-sensitive adhesive. Thus,
an optical compensation layer-integrated polarizing plate 1
was produced. Further, an optical compensation layer-inte-
grated polarizing plate 2 including a second optical compen-
sation layer was produced in the same manner as described

o
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o
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above except that the second optical compensation layer was
used as substitute for the first optical compensation layer.
Next, the optical compensation layer-integrated polarizing
plate 1 was attached on a visible side of the liquid crystal cell,
and the optical compensation layer-integrated polarizing
plate 2 was attached on the side opposite to the visible side.
Thus, a liquid crystal panel of the present invention was
produced. Further, a backlight was arranged on the side oppo-
site to the visible side of this liquid crystal panel. Thus, a
liquid crystal display of the present invention was produced.

Example 2

[0156] A liquid crystal panel and a liquid crystal display of
the present invention were produced as follows.

(Production of First Optical Compensation Layer)

[0157] A first optical compensation layer was produced in
exactly the same manner as in Example 1.

(Production of Second Optical Compensation Layer)

[0158] Inareaction container provided with a stirrer,3.27 g
of 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)-4-methylpentane
and 0.20 g of methyl tri n-octyl ammonium chloride were
dissolved in 35 mL of 1M potassium hydroxide aqueous
solution. To this solution, a solution obtained by dissolving
3.05 g of 4,4'-stilbene dicarboxylic acid chloride in 35 mL of
chloroform was added at a time while stirring, and the result-
ant solution was stirred for 90 minutes at the room tempera-
ture (23° C.). Thereafter, the polymer solution was allowed to
stand still, and a chloroform solution containing a polymer
was separated. The chloroform solution was then washed
with an acetic acid aqueous solution and thereafter washed
with an ion-exchange water. Further, it was added to metha-
nol. Thus, the polymer was deposited. The deposited polymer
was filtered and dried under reduced pressure. Thus, a white
polymer represented by the following chemical formula
(XIX) was obtained.
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[0159] Polyester (the chemical formula (XIX)) synthesized
above had the glass transition temperature Tg of 232° C. and
the weight average molecular weight Mw of 144,000. Fur-
ther, 20% by mass or more of this polyester was dissolved in
each of cyclopentanone and toluene.

[0160] 19 parts by weight of this polyester was dissolved in
100 parts by weight of toluene. Thus, a 16% by mass solution
was obtained. This solution was flow-expanded and applied
onto a glass substrate by a spin coating method, and it was
dried for 5 minutes at 70° C. Then, it was dried at 110° C.
Thus, a second optical compensation layer was produced. The
second optical compensation layer obtained after drying had
the thickness of 2.5 um, the transmittance at the wavelength of
400 nm of 92%. Further, the second optical compensation
layer exerted a refractive index anisotropy satisfying
nx~ny>nz and satisfied Re[590]=0.1 nm, Rth[590]=198 nm,
and Rth[450]/Rth[550]=1.16.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)

[0161] A liquid crystal panel and a liquid crystal display
were produced in exactly the same manner as in Example 1
except that the second optical compensation layer of Example
1 was replaced with the second optical compensation layer
produced in Example 2.

Example 3

[0162] A liquid crystal panel and a liquid crystal display of
the present invention were produced as follows.

(Production of First Optical Compensation Layer)

[0163] A first optical compensation layer was produced in
exactly the same manner as in Example 1.

(Production of Second Optical Compensation Layer)

[0164] A polymer represented by the following chemical
formula (XX) was obtained by the same method as in
Example 2 except that 1.53 g of 4,4'-stilbene dicarboxylic
acid chloride and 1.02 g of isophthalic acid chloride were
used as substituted for 3.05 g of 4,4'-stilbene dicarboxylic
acid chloride.
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[0165] Polyester (the chemical formula (XX)) synthesized
above had the glass transition temperature Tg 0f228° C., and
the weight average molecular weight Mw of 108,000.
[0166] A second optical compensation layer was produced
by the same method as in Example 2 using this polyester (the
chemical formula (XX)). The second optical compensation
layer obtained after drying had the thickness of 5 pm and the
transmittance at the wavelength of 400 nm of 92%. Further,
this second optical compensation layer exerted a refractive
index anisotropy satisfying nx~ny>nz, and satisfied Re[590]
=0.1 nm, Rth[590]=195 nm, and Rth[450)/Rth[550]=1.16.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)

[0167] A liquid crystal panel and a liquid crystal display
were produced in the same manner as in Examples 1 and 2
except that the second optical compensation layer of Example
1 or 2 was replaced with the second optical compensation
layer produced in Example 3.

Example 4

[0168] A liquid crystal panel and a liquid crystal display of
the present invention were produced as follows.

(Production of First Optical Compensation Layer)

[0169] A first optical compensation layer was produced in
exactly the same manner as in Example 1.

(Production of Second Optical Compensation Layer)

[0170] Poly aryl ether ketone (manufactured by NIPPON
SHOKUBALI CO., LTD.) with the molecular weight of 200,
000, which is represented by the following chemical formula
(XIITA) was dissolved in methyl isobutyl ketone. Thus, 20%
by mass solution was prepared. This solution was flow-ex-
panded uniformly on the surface of a 75 um-thick polyethyl-
ene terephthalate film (“LUMIRROR QZ14” (product name),
manufactured by TORAY INDUSTRIES INC.) using a
comma coater so that the solution is formed into a sheet.
Then, the resultant film was dried by evaporating a solvent in
the solution in a multiple-chamber air circulating drying
oven. The drying was carried out by gradually increasing the
temperature in the oven (an error of x1° C.) from the low
temperature: first, for 5 minutes at 70° C., and next, for 5
minutes at 120° C. The resultant polyethylene terephthalate
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film was removed. Thus, a second optical compensation layer
was obtained. This second optical compensation layer
exerted a refractive index anisotropy satisfying nx=~ny>nz,
had the thickness of 20 um, and satisfied Rth[450]/Rth[550]
=1.16.

o
o
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(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)
[0171] A liquid crystal panel and a liquid crystal display

were produced in exactly the same manner as in Examples 1
and 2 except that the second optical compensation layers of
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Example 1 or 2 was replaced with the second optical com-
pensation layer produced in Example 4.

Example 5

[0172] A liquid crystal panel and a liquid crystal display of
the present invention were produced as follows.

(Production of First Optical Compensation Layer)

[0173] A first optical compensation layer was produced in
exactly the same manner as in Example 1.

(Production of Second Optical Compensation Layer)

[0174] Inareaction container provided with a stirrer, 0.90 g
of 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)-4-methylpentane
and 0.03 g of benzyl triethyl ammonium chloride were dis-
solved in 15 ml of 1M sodium hydroxide solution. A solution
obtained by dissolving 0.39 of 4,4-biphenyl dicarboxylic acid
chloride and 0.28 g of isophthalic acid chloride in 15 ml of
chloroform was added to this solution at a one time while
stirring, and then the resultant solution was stirred for 90
minutes at room temperature. Thereafter, the obtained poly-
mer solution was subjected to static separation so as to sepa-
rate the chloroform solution containing a polymer, and then
the chloroform solution was washed with an acetic acid aque-
ous solution, and thereafter washed with an ion-exchange
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water. Further, it was added to methanol. Thus, the polymer
was deposited. The deposited polymer was filtered and dried
under reduced pressure. Thus, 1.21 g of white polymer rep-
resented by the following chemical formula (XXIII) was
obtained.

(XX1II)

H;C CHj3

0 CH;
I Il |
C—0 ? (6]
CH,
H;C CH
/CH\ 3 /
H3C CH;

[0175] Polyester SXXIH) (19 parts by weight) obtained by
the above-described synthesizing method was dissolved in
toluene (100 parts by weight). Thus, 16% by mass solution
was prgpared. This solution was flow-expanded uniformly on
the surface of a 75 um-thick polyethylene terephthalate film
(“LUMIRROR %214” %}\Jrroduct name), manufactured by
TORAY INDUSTRIES INC.) using a comma coater so that
the solution is formed into a sheet. Then, a solvent in the
solution was evaporated in a multiple-chamber air circulation
drying oven, and thus, the film was dried. The drying was
carried out by gradually increasing the temperature in the
oven (an error of +1° C.) from the low temperature: first, for
5 minutes at 70° C., and next, for 5 minutes at 110° C. Then,
the resultant polyethylene terephthalate film was removed,
and thus a second optical compensation layer was obtained.
This second optical compensation layer exerted a refractive
index anisotropy satisfying nx~ny>nz, had the thickness of 7
um, and satisfied Rth(450)/Rth(550)=1.10.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)
[0176] A liquid crystal panel and a liquid crystal display
were produced in exactly the same manner as in Examples 1
and 2 except that the second optical compensation layer of
Examples 1 or 2 was replaced with the second optical com-
pensation layer produced in Example 5.

Comparative Example 1
[0177] A liquid crystal panel and a liquid crystal display
were produced as follows.
(Production of First Optical Compensation Layer)

[0178] A first optical compensation layer was produced in
exactly the same manner as in Example 1.
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(Production of Second Optical Compensation Layer)

[0179] Polyimide (the following chemical formula (XXI))
synthesized from 2,2-bis(3,4-dicarboxyphenyl)hexafluoro-
propane dianhydride (6FDA) and 2,2'-bis(trifluoromethyl)-4,
4-diaminobiphenyl (TFMB) was dissolved in cyclohexane.
Thus, 15% by mass polyimide solution was prepared.

(XXI)
O CF; O CF3
N N
CF3
P
(@) [0} CF3

[0180] This polyimide solution was applied onto a triacetyl
cellulose base (a transparent polymer film) so as to have the
thickness of 30 um. Thereafter, it was subjected to drying
treatment for 10 minutes at 100° C. Thus, a second optical
compensation layer was obtained. This second optical com-
pensation layer exerted a refractive index anisotropy satisfy-
ing nx=ny>nz, had the thickness of 4 pum, and satisfied
Re[590]=0.2 nm, Rth[590]=130 nm, Rth[450]/Rth[550]=1.
08.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)

[0181] A liquid crystal panel and a liquid crystal display
were produced in exactly the same manner as in Example 1
except that the second optical compensation layer of Example
1 was replaced with the second optical compensation layer
produced in Comparative Example 1.

Comparative Example 2

[0182] A liquid crystal panel and a liquid crystal display
were produced as follows.

(Production of First Optical Compensation Layer)

[0183] A norbornene resin film (“ARTON”, manufactured
by JSR Corporation) was stretched 1.5 times in an air circu-
lation drying oven at the temperature of 140° C. by a free-end
uniaxial stretching method using a tenter stretching machine.
Thus, a first optical compensation layer was produced. This
first optical compensation layer exerted a refractive index
anisotropy satisfying nx>ny=nz, had the thickness of 80 pm,
and satisfied Rth(450)/Rth(550)=1.00.

(Production of Second Optical Compensation Layer)

[0184] A second optical compensation layer was produced
in exactly the same manner as in Comparative Example 1.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)

[0185] A liquid crystal panel and a liquid crystal display
were produced in exactly the same manner as in Example 1
except that the first optical compensation layer and the second
optical compensation layer of Example 1 were replaced with
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the first optical compensation layer and the second optical
compensation layer produced in Comparative Example 2,
respectively.

Comparative Example 3

[0186] A liquid crystal panel and a liquid crystal display
were produced as follows.

(Production of First Optical Compensation Layer)

[0187] A polycarbonate resin film (“PURE-ACE” (product
name), manufactured by TEIJIN Limited) was used as a first
optical compensation layer. This first optical compensation
layer exerted a refractive index anisotropy satisfying
nx>ny=nz, had the thickness of 50 um, and satisfied Rth(450)/
Rth(550)=1.08.

(Production of Second Optical Compensation Layer)

[0188] A second optical compensation layer was produced
in exactly the same manner as in Comparative Example 1.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)

[0189] A liquid crystal panel and a liquid crystal display
were produced in exactly the same manner as in Example 1
except that the first optical compensation layer and the second
optical compensation layer of Example 1 were replaced with
the first optical compensation layer and the second optical
compensation layer produced in Comparative Example 3,
respectively.

Comparative Example 4

[0190] A liquid crystal panel and a liquid crystal display
were produced as follows.

(Production of First Optical Compensation Layer)

[0191] A first optical compensation layer was produced in
exactly the same manner as in Example 1.

(Production of Second Optical Compensation Layer)

[0192] A cellulose resin film (“FUJITAC” (product name),
manufactured by FUJIFILM Corporation) was used as a sec-
ond optical compensation layer. This second optical compen-
sation layer exerted a refractive index anisotropy satisfying
nx=~ny>nz, had the thickness of 80 um, and satisfied Rth(450)/
Rth(550)=0.92.

(Production of Liquid Crystal Panel and Liquid Crystal Dis-
play)

[0193] A liquid crystal panel and a liquid crystal display
were produced in exactly the same manner as in Example 1
except that the second optical compensation layer of Example
1 was replaced with the second optical compensation layer
produced in Comparative Example 4.

[Evaluation of Black Brightness]

[0194] Asmentioned above, black brightness of each of the
liquid crystal displays of Example 1 and Comparative
Example 1 in the case where an azimuthal angle was varied
from 0 to 360° with a polar angle being set to 60° was
determined using “EZ CONTRAST 160D (product name)
manufactured by ELDIM, and a plot showing a relationship
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between azimuth angles and the black brightness was pre-
pared. The results are shown in FIG. 3. As shown in FIG. 3, in
the liquid crystal display of Example 1, black brightness was
kept low at all directions. On the other hand, in the liquid
crystal display of Comparative Example 1, increases in black
brightness were shown at some azimuthal angles of about
315°, for example. In FIG. 3, light and dark of the result was
displayed in reverse so as to clarify the difference between
Example 1 and Comparative Example 1. In Comparative
Example 1, the areas in which color is specifically dark at
azimuthal angles of about 315°, 225°, and 135° are areas in
which values of black brightness are specifically high (in the
range 0f2.114 t0 2.409). In the examples, the region in which
a black brightness value is more than 2.112 was not present,
and in the comparative examples, the region in which a black
brightness value is more than 2.409 was not present.

[Evaluation of Color Shift]

[0195] As mentioned above, color tones and contrasts of
each of the liquid crystal display of Example 1 and Compara-
tive Example 1 in the case where an azimuthal angle was
varied from 0 to 360° with a polar angle being set to 60° were
measured using “EZ CONTRAST 160D (product name)
manufactured by ELDIM. In this color shift evaluation, five
liquid crystal displays that are identical to that mentioned
above except that each retardation Rth (nm) was changed as
appropriate by adjusting the thickness of the second optical
compensation layer were produced, with respect to each of
Example 1 and Comparative Example 1, and the measure-
ments were carried out with respect to each of five liquid
crystal displays. The measurement results are shown in FIG.
4. The graph in the center of FIG. 4 is a graph obtained by
plotting the respective degrees of change in color (color shift)
at some azimuthal angles in the range of 0° to 360° with
respect to the five liquid crystal displays of each of Example
1 and Comparative Example 1. In FIG. 4, the horizontal axis
indicates the average value of black brightness at azimuthal
angles of 45°, 135°, 225°, and 315°. The vertical axis indi-
cates the value of the difference (Au'v') at the time when the
difference between a hue and a neutral point becomes maxi-
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mum in the case where an azimuthal angle was varied from 0
to 360° with a polar angle being set to 60°. Thus, as the plot is
atthe lower left, a color shift is small and favorable, and as the
plot is at the upper right, a color shift is large. Further, in the
surrounding figures, the contrast figures of each of the liquid
crystal displays of Example 1 and Comparative Example 1 at
the time when each of the retardation Rth (nm) in the thick-
ness direction of the second optical compensation layer was
varied to various values. “C160”, “C170”, “C190”, “C200”,
and “C210” means retardation Rth (nm) in the thickness
direction at the light wavelength of 590 nm of 160, 170, 190,
200 nm, and 210 nm, respectively.

[0196] As shown in FIG. 3, as compared with the liquid
crystal display of Comparative Example 1, the liquid crystal
display of Example 1 had small black brightness and had
favorable display properties.

[0197] Further, as shown in FIG. 4, as compared with the
liquid crystal display of Comparative Example 1, the liquid
crystal display of Example 1 had a small color shift, a large
contrast ratio at the wide range of the azimuthal angle (the
view angle), and favorable display properties.

[0198] Further, with respect to each of Examples 1 to 5 and
Comparative Examples 1 to 4, five liquid crystal display
samples were prepared, and black brightness and color shift
values were measured by the same measuring method as in
FIG. 4. The results are shown in Table 1 below. In the follow-
ing Table 1, “a color shift (Au'v') indicates the maximum
difference among the differences between hues and neutral
points in the five samples (liquid crystal displays) when an
azimuthal angle was in the range of 0 to 360° with a polar
angle being set to 60°, i.e., the color shift of the sample in
which a color shift (Au'v') value is the lowest. The “black
brightness” indicates the average value of black brightness at
the azimuthal angle of 45°, 135°,225°, and 315° in the same
samples. As shown in Table 1, as compared with the liquid
crystal displays of Comparative Examples 1 to 4, the liquid
crystal displays of Examples 1 to 5 could obtain small color
shift values and small black brightness values, and could exert
superior display properties.

TABLE 1
First Second
optical compensation layer optical compensation layer Color
Wavelength Wavelength shift Black
Material dispersion Material dispersion Re[450]/Re[550]  (Au'v') brightness

Ex. 1 PVNBA*! Reverse Polyester Normal 1.16 0.03 1.3
(XVIII)

Ex. 2 PVNBA Reverse Polyester Normal 1.16 0.03 1.3
XIX)

Ex. 3 PVNBA Reverse Polyester Normal 1.16 0.03 1.3
(XX)

Ex. 4 PVNBA Reverse Poly aryl Normal 1.16 0.03 1.3
ether ketone
(XIILA)

Ex. 5 PVNBA Reverse Polyester Normal 1.10 0.04 1.3
(XXIII)

Comp. Ex. 1 PVNBA Reverse Polyimide Normal 1.08 0.04 14
(XXD)

Comp. Ex. 2 Arton Flat Polyimide Normal 1.08 0.06 1.3
(XXD)

Comp. Ex. 3 Polycarbonate  Normal Polyimide Normal 1.08 0.07 1.5
(XXD)

Comp. Ex.4 PVNBA Reverse Cellulose Reverse 0.92 0.05 1.6

ester

*14pYNBA” is a polymer represented by the chemical formula (XXII).
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[0199] As explained above, the present invention can pro-
vide a liquid crystal panel that can realize a display with
extremely small change in color depending on the visible
direction and a liquid crystal display including the same. The
liquid crystal panel of the present invention is applicable to a
liquid crystal panel including a thin liquid crystal cell and a
large-screen liquid crystal display, but is not limited by this,
and can be used to any liquid crystal display. The present
invention is applicable to, for example, office automation
equipment such as computer monitors, notebook computers,
and copy machines; portable devices such as mobile phones,
watches, digital cameras, personal digital assistants (PDAs),
and portable game devices; household electric appliances
such as video cameras, televisions, and microwave ovens;
vehicle-mounted devices such as back monitors, car naviga-
tion system monitors, and car audios; exhibition devices such
as information monitors for commercial stores and projec-
tors; security devices such as surveillance monitors; and nurs-
ing care and medical devices such as nursing-care monitors
and medical monitors.

[0200] The embodiments and examples are for exemplifi-
cation, and do not limit the present invention. The present
invention may be achieved by other embodiments as long as
the purpose and the basic characteristics of the present inven-
tion are not departed. Various changes and equivalents, which
are understood by those skilled in the art in the scope of the
present invention can be applied to the configuration and
detail of the present invention.

REFERENCE SIGNS LIST

[0201] 30 first polarizer

[0202] 50 second polarizer

[0203] 60 first optical compensation layer
[0204] 70 second optical compensation layer
[0205] 40 liquid crystal cell

[0206] 41, 42 substrate

[0207] 43 liquid crystal layer

[0208] 44 spacer

[0209] 80 backlight unit

[0210] 81 optical source

[0211] 82 refection film

[0212] 83 diffusion plate

[0213] 84 prism sheet

[0214] 85 brightness enhancement film
[0215] 100 liquid crystal panel

[0216] 200 liquid crystal display

1. A liquid crystal panel, comprising:

a liquid crystal cell,

afirst polarizer arranged on one surface of the liquid crystal
cell;

a second polarizer arranged on an other surface of the
liquid crystal cell;

a first optical compensation layer arranged between the
first polarizer and the liquid crystal cell; and

a second optical compensation layer arranged between the
second polarizer and the liquid crystal cell, wherein:

the first optical compensation layer satisfies the following
mathematical formulae (1) and (2), and

the second optical compensation layer satisfies the follow-
ing mathematical formulae (3) and (4),

nx>ny=nz @

(Re[450)/Re{5501)<1.00 )
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nX=ny>nz 3)
(Rth[450)/Rth[550])=1.10 “

where in the mathematical formulae (1), (2), (3), and (4),

nx denotes a maximum refractive index in a plane direction
of each of the first optical compensation layer and the
second optical compensation layer,

ny denotes a refractive index in a direction that is orthogo-
nal to the nx direction in the plane direction of each of
the first optical compensation layer and the second opti-
cal compensation layer, and

nz denotes a refractive index in the thickness direction of
each of the first optical compensation layer and the sec-
ond optical compensation layer, which is orthogonal to
each of the nx and ny directions,

Re[450] denotes an in-plane retardation Re (nm) of the first
optical compensation layer at a light wavelength of 450
nmS

Re[550] denotes an in-plane retardation Re (nm) of the first
optical compensation layer at a light wavelength of 550
nm,

each of Re[450] and Re[550] is expressed by the following
mathematical formula (5),

Rth[450] denotes a retardation Rth (nm) in a thickness
direction of the second optical compensation layer at a
light wavelength of 450 nm,

Rth[550] denotes a retardation Rth (nm) in the thickness
direction of the second optical compensation layer at a
wavelength of 550 nm, and

each of Rth[450] and Rth[550] is expressed by the follow-
ing mathematical formula (6),

Re=(nx-ny)xd 5)
Rith=(nx-nz)xd (6)

where in the mathematical formulae (5) and (6),

d denotes each of thicknesses (nm) of the first optical
compensation layer and the second optical compensa-
tion layer, and

nx, ny, and nz denote the same as those in the mathematical
formulae (1), (2), (3), and (4).

2. The liquid crystal panel according to claim 1, wherein

the liquid crystal cell includes a liquid crystal layer, and

the liquid crystal layer contains liquid crystal molecules
that are in homeotropic alignment in the state where no
electrical field is present.

3. The liquid crystal panel according to claim 1, wherein

a transmittance of the second optical compensation layer at
a wavelength of 400 nm is 90% or more.

4. The liquid crystal panel according to claim 1, wherein

the second optical compensation layer contains at least one
selected from the group consisting of a polymer having
repeating units represented by the following chemical
formula (I), a polymer having repeating units repre-
sented by the following chemical formula (IA), and ste-
reoisomers thereof,
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where in the chemical formula (I),

A,B,D, E, J, and K are any substituents, and are identical
to or different from each other,

a, b, d, e, ], and k are integers of 0 to 4, which represent the
number of substituents in A, B, D, E, J, and K, respec-
tively, and are identical to or different from each other,

F and L are each a single bond, a vinylene group
(—CH—CH—), an ethynylene group (—C=C—), a
methylene group (—CH,—), —CR,— (where Rs are
each a straight or branched alkyl group with a carbon
number of 1 to 6 or a substituted or unsubstituted aryl
group, and are identical to or different form each other),
—C(CZ;),— (where Zs are halogens), a carbonyl group
(—CO—), an O atom, a S atom, a sulfonyl group
(—SO,—), —SiR,— (where Rs are each a straight or
branched alkyl group with a carbon number of 1 to 6 or
a substituted or unsubstituted aryl group, and are iden-
tical to or different from each other), or —NR— (where
R is a straight or branched alkyl group with a carbon
number of 1 to 6 or a substituted or unsubstituted aryl
group, and are identical to or different from each other),
and F and L are identical to or different from each other,

G is an atomic group which is capable of -conjugating to
both benzene rings that are adjacent to G or a single
bond,

Ar is an aromaticity atomic group or an atomic group in
which multiple aromaticity atomic groups are bound to
each other via bonds or atomic groups which are capable
of m-conjugating to each of the aromatic groups,

pl, p2, p3, and p4 are integers of 1 to 3, and are identical to
or different from each other, and

1 and m are integers of 1 or more, and are identical to or
different from each other,

in the chemical formula (IA),

X is any substituent,

q is an integer of 0 to 4, which represents the number of
substituents in X,

when multiple Xs are present, they are identical to or dif-
ferent from each other,

n,, is an integer of 2 or more,

R“ is a group represented by the following chemical for-
mula (ITA), and
m,, is an integer of 0 or 1, and

(I1A)
. F F
J 0
/\4} i
¢ O0—RV——0—
\ )
F F

in the chemical formula (ITA),

X' is any substituent,

q' is an integer of 0 to 4, which represents the number of
substituents in X',

when multiple X' s are present, they are identical to or
different from each other,

R? is a divalent aromatic group, and

P, is an integer of O or 1.

5. The liquid crystal panel according to claim 4, wherein

in the chemical formula (1),

F and L are each a single bond, a vinylene group
(—CH—CH—), an ethynylene group (—C=C—), a
methylene group (—CH,—), —CR,— (where Rs are
each a straight or brunched alkyl group with a carbon
number of 1 to 6 or a substituted or unsubstituted aryl
group, and are identical to or different from each other),
—C(CZ,),— (where Zs are halogens), a carbonyl group
(—CO—), an O atom, a S atom, a sulfonyl group
(—S0O,—), a diethyl silylene group (—Si(CH,CH,)
>—), or a methylimino group (—N(CH;)—), and

in the chemical formula (IIA),

R? is at least one selected from the group consisting of o-,
m-, and p-phenylene groups, and divalent groups
derived from naphthalene, biphenyl, anthracene, o-, m-,
and p-terphenyl, phenanthrene, dibenzofuran, biphe-
nylether, and biphenyl sulfone, respectively, and

in each of these divalent aromatic groups, a hydrogen
directly binding to aromatic is optionally substituted
with a halogen atom, a straight or branched alkyl group
with carbon number of 1 to 6, or a straight or branched
alkoxy group with a carbon number of 1 to 6.
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6. The liquid crystal panel according to claim 4, wherein

in the chemical formula (1),

A, B, D, E, J, and K are each a hydrogen atom, a halogen
atom, a straight or branched alkyl group with a carbon
number of 1 to 6, or a substituted or unsubstituted aryl
group, and are identical to or different from each other,
and

in the chemical formula (IA),

X is a halogen atom, a straight or branched alkyl group with
a carbon number of 1 to 6, a straight or branched halo-
genated alkyl group with a carbon number of 1 to 6, a
straight or branched alkoxy group with a carbon number
of 1 to 6, or a straight or branched halogenated alkoxy
group with a carbon number of 1 to 6, and

X' is a halogen atom, a straight or branched alkyl group
with a carbon number of 1 to 6, a straight or branched
halogenated alkyl group with a carbon number of 1 to 6,
a straight or branched alkoxy group with a carbon num-
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ber of 1 to 6, or a straight or branched halogenated
alkoxy group with a carbon number of 1 to 6.

7. The liquid crystal panel according to claim 4, wherein

the polymer having repeating units represented by the
chemical formula (I) is at least one selected from the
group consisting of a polymer having repeating units
represented by the following chemical formula (II); a
polymer having repeating units represented by the fol-
lowing chemical formula (I1T); a polymer having repeat-
ing units represented by the following chemical formula
(IV); a polymer having repeating units represented by
the following chemical formula (V); a polymer having
repeating units represented by the following chemical
formula (VI); and stereoisomers thereof, and

the polymer having repeating units represented by the
chemical formula (IA) is a polymer having repeating
units represented by the following chemical formula
(IIIA),

an

Q i/ Kk /, i
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where in the chemical formulae (II), (III), (IV), (V), and

VD),

A,B,D,E, a,b,d, e, F, G, pl, and p2 are the same as those

in the chemical formula (I),
in the chemical formula (II),
n is an integer of 2 or more,
in the chemical formulae (III), (IV), (V), and (VI),

1, K, j, k L, p3, p4, 1, and m are the same as those in the

chemical formula (),

Q is any substituent, and is identical to or different from

each of A, B, D, E, ], and K,

q is an integer of 0 to 4, which represents the number of
substituents in Q, and is identical to or different from

each of a, b, d, e, j, and k, and
in the chemical formula (IIIA),

R% m,, and n, are the same as those in the chemical for-

mula (IA).
8. The liquid crystal panel according to claim 7, wherein
in the chemical formulae (I1II), (IV), (V), and (VI),

Q is at least one selected from the group consisting of a
hydrogen atom, a halogen atom, a straight or branched
alkyl group with a carbon number of 1 to 6, and a

substituted or unsubstituted aryl group.

0
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9. The liquid crystal panel according to claim 4, wherein

the polymer having repeating units represented by the
chemical formula (I) is at least one selected from the
group consisting of a polymer having repeating units
represented by the following chemical formula (VII); a
polymer having repeating units represented by the fol-
lowing chemical formula (VIII); a polymer having
repeating units represented by the following chemical
formula (IX); a polymer having repeating units repre-
sented by the following chemical formula (X); a poly-
mer having repeating units represented by the following
chemical formula (X1I); a polymer having repeating units
represented by the following chemical formula (VIIB); a
polymer having repeating units represented by the fol-
lowing chemical formula (VIIIB); a polymer having
repeating units represented by the following chemical
formula (IXB); a polymer having repeating units repre-
sented by the following chemical formula (XB); a poly-
mer having repeating units represented by the following
chemical formula (XIB); and stereoisomers thereof,

where in the chemical formula (IIA),

R’ is at least one aromatic group selected from the group
consisting of aromatic groups represented by the follow-
ing chemical formulae (IVA), (VA), (VIA), (VIIA),
(VIIIA), IXA), and (XA), respectively,

(VID)

(VIIT)

O=

Qq i Kk n
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-continued
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in the chemical formulae (VII), (VII), (IX), (X), (XI),
(VIIB), (VIIIB), (IXB), (XB), and (XIB),

A,B, D, E, a, b, d, e, and F are the same as those in the
chemical formula (),

in the chemical formulae (VII), (VIII), (IX), (X), and (XI),

R'°° and R*® are each a hydrogen atom or a straight or
branched alkyl group with a carbon number of 1 to 10,
and are identical to or different from each other,

in the chemical formulae (VII) and (VIIB),

n is an integer of 2 or more, and

in the chemical formulae (VIII), (IX), (X), (XI), (VIIIB),
(IXB), (XB), and (XIB),

J, K, j, k, L, 1, and m are the same as those in the chemical
formula (I), and

Q and q are the same as those in the chemical formulae
II), AV), (V), and (VI).

10. The liquid crystal panel according to claim 4, wherein

the polymer having repeating units represented by the
chemical formula (I) is at least one selected from the

5 3
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group consisting of a polymer having repeating units
represented by the following chemical formula (XII); a
polymer having repeating units represented by the fol-
lowing chemical formula (XIII); a polymer having
repeating units represented by the following chemical
formula (XIV); a polymer having repeating units repre-
sented by the following chemical formula (XV); a poly-
mer having repeating units represented by the following
chemical formula (XVI); a polymer having repeating
units represented by the following chemical formula
(X1IB); a polymer having repeating units represented by
the following chemical formula (XIIIB); a polymer hav-
ing repeating units represented by the following chemi-
cal formula (XIVB); a polymer having repeating unite
units represented by the following chemical formula
(XVB); a polymer having repeating units represented by
the following chemical formula (XVIB); and stereoiso-
mers thereof, and

in the chemical formula (IA), R*is a group represented by
the following chemical formula (XIA),

(XII)
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where in the chemical formulae (X1I), (XIII), (XIV), (XV),
(XVI), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB),

A, B, a, and b are the same as those in the chemical formula
@,

R! and R? are each a hydrogen atom, a straight or branched
alkyl group with a carbon number of 1 to 10, or a sub-
stituted or unsubstituted aryl group, and are identical to
or different from each other, and

R? to R® are each a hydrogen atom, a halogen atom, a
straight or brunched alkyl group with a carbon number
of'1 to 6, or a substituted or unsubstituted aryl group, and
are identical to or different from each other,

in the chemical formulae (XII), (XIII), (XIV), (XV), and

R'°° and R*® are each a hydrogen atom or a straight or
branched alkyl group with a carbon number of 1 to 10,
and are identical to or different from each other,

in the chemical formulae (XII) and (XIIB),

n is an integer of 2 or more,

in the chemical formulae (XIII), (XIV), (XV), (XVI),
(XIIIB), (XIVB), (XVB), and (XVIB),

1 and m are the same as those in the chemical formula (I),

Q and q are the same as those in the chemical formulae (I11)
to (VI),

R” and R® are each a hydrogen atom, a straight or branched
alkyl group with a carbon number of 1 to 10, or a sub-
stituted or unsubstituted aryl group, and are identical to
or different from each other,

R? to R'? are each a hydrogen atom, a halogen atom, a
straight or branched alkyl group with a carbon number of
1 to 6, or a substituted or unsubstituted aryl group, and
are identical to or different from each other, and

in the chemical formula (XIA),

R? and p,, are the same as those in the chemical formula
(11A).
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11. The liquid crystal panel according to claim 10, wherein

in the chemical formulae (XII), (XIII), (XIV), (XV),
(XVI), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB),

R? is a straight or branched alkyl group with a carbon
number of 2 to 10, and

at least one of R? to R is not a hydrogen atom, and

in the chemical formulae (XIII), (XIV), (XV), (XVI),
(XIIIB), (XIVB), (XVB), and (XVIB),

R® is a straight or branched alkyl group with a carbon
number of 2 to 10, and

at least one of R? to R'? is not a hydrogen atom.

12. The liquid crystal panel according to claim 10, wherein

in the chemical formulae (XII), (XIII), (XIV), (XV),
(XVI), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB),

R' is a methyl group, and

R? is a straight or branched alkyl group with a carbon
number of 2 to 4, and

in the chemical formulae (XIII), (XIV), (XV), (XVI),
(XIIIB), (XIVB), (XVB), and (XVIB),

R is a methyl group, and

R® is a straight or branched alkyl group with a carbon
number of 2 to 4.

13. The liquid crystal panel according to claim 10, wherein

in the chemical formulae (XII), (XII), (XIV), (XV),
(XVI), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB),

R? and R® are each a straight or branched alkyl group with
a carbon number of 1 to 4, and are identical to or differ-
ent from each other, and

R* and R® are each a hydrogen atom or a straight or
branched alkyl group with a carbon number of 1 to 4, and
are identical to or different from each other, and

in the chemical formulae (XIII), (XIV), (XV), (XVI),
(XIIIB), (XIVB), (XVB), and (XVIB),

R’ and R'" are each a straight or branched alkyl group with
a carbon number of 1 to 4, and are identical to or differ-
ent from each other, and

Jul. 21, 2011

R' and R'? are each a hydrogen atom or a straight or
branched alkyl group with a carbon number of 1 to 4, and
are identical to or different from each other.

14. The liquid crystal panel according to claim 10, wherein

in the chemical formulae (XII), (XIII), XIV), (XV),
(XVI), (XIIB), (XIIIB), (XIVB), (XVB), and (XVIB),

R? to R® are each a straight or branched alkyl group with a
carbon number of 1 to 4, and are identical to or different
from each other, and

in the chemical formulae (XIII), XIV), XV), (XVI),
(XIIB), (XIVB), (XVB), and (XVIB),

R? to R'? are each a straight or branched alkyl group with
a carbon number of 1 to 4, and are identical to or differ-
ent from each other.

15. The liquid crystal panel according to claim 4, wherein

the polymer having repeating units represented by the
chemical formula (I) is at least one selected from the
group consisting of a polymer having repeating units
represented by the following chemical formula (XVIII);
a polymer having repeating units represented by the
following chemical formula (XIX); a polymer having
repeating units represented by the following chemical
formula (XX); a polymer having repeating units repre-
sented by the following chemical formula (XXIII); and
stereoisomer thereof, and

the polymer having repeating units represented by the
chemical formula (IA) is at least one selected from the
group consisting of: a polymer having repeating units
represented by the following chemical formula (XIIIA);
a polymer having repeating units represented by the
following chemical formula (XIVA); a polymer having
repeating units represented by the following chemical
formula (XVA); a polymer having repeating units rep-
resented by the following chemical formula (XVIA);
and stereoisomers thereof,

(XVII)
H;C CH; H;C CH;
CH; 0 0 CH;
i i i i H H i i
e} ¢ o C C=C C-0 ¢ o
CHZ CHZ
H;C | CH; H;C CH;
CH n !
- CH
H;C \CH3 H3C/ \CH3
XIX)
HiC CH;
I I I
C cC—=¢ C—0 C O
H  H |
CH,
H;C CH;
CH
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where in the chemical formulae (XVII), (XX), and
(XXI1D),

1 and m are the same as those in the chemical formula (I),

in the chemical formula (XIX),

n is an integer of 2 or more, and

in the chemical formulae (XIIIA), (XIVA), (XVA), and
(XVIA),

n, is the same as that in the chemical formula (IA).

16. The liquid crystal panel according to claim 4, wherein

each of the polymer having repeating units represented by
the chemical formula (I) and the polymer having repeat-
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ing units represented by the chemical formula (IA) is a
non-halogenated polymer having a polymer structure
including no halogen atom.

17. liquid crystal panel according to claim 4, wherein

each of the polymer having repeating units represented by
the chemical formula (I) and the polymer having repeat-
ing units represented by the chemical formula (IA) is a
polymer that is soluble in at least one of toluene and
ethyl acetate.

18. A liquid crystal display, comprising the liquid crystal

panel according to claim 1.

* * #* ok %
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