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(7) ABSTRACT

To provide a method of producing a liquid crystal panel
capable of easily realizing stable high contrast of the liquid
crystal panel to be obtained at low cost, a liquid crystal panel,
and an image display apparatus. There is provided a method
of producing a liquid crystal panel including a first optical
compensation layer having refractive index profile of
nx>ny=nz and a polarizer on each side of a liquid crystal cell
in the order given, in which an angle formed between an
absorption axis of the polarizer (A) and a slow axis of the first
optical compensation layer (B) on one side of the liquid
crystal cell is +at°, an angle formed between an absorption
axis of the polarizer (A') and a slow axis of the first compen-
sation layer (B') on another side of the liquid crystal cell is
-0°, and 0<0t<90, the method comprises a step of subjecting
substrate formed of single original sheet to alignment treat-
ment at +0.° and alignment treatment at —-o.° with respect to a
longitudinal direction of the substrate; and a step of forming
the first optical compensation layer (B) on the surface sub-
jected to the +a° alignment treatment and forming the first
optical compensation layer (B') on the surface subjected to
the —a° alignment treatment.
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Fig. 1
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Fig. 2
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METHOD OF PRODUCING A LIQUID
CRYSTAL PANEL, LIQUID CRYSTAL PANEL,
AND IMAGE DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a method of produc-
ing a liquid crystal panel, to a liquid crystal panel, and to an
image display apparatus. In particular, the present invention
relates to a method of producing a liquid crystal panel capable
of easily realizing stable high contrast of the liquid crystal
panel at low cost, to a liquid crystal panel, and to an image
display apparatus.

[0002] FIG. 10 is a schematic sectional view of a typical
conventional liquid crystal panel, and FIG. 11 is a schematic
sectional view of a typical liquid crystal cell to be used for the
liquid crystal panel. A liquid crystal panel 900 is provided
with: a liquid crystal cell 910; retardation plates 920 and 920’
arranged on outer sides of the liquid crystal cell 910; and
polarizing plates 930 and 930" arranged on outer sides of the
respective retardation plates 920 and 920'. Typically, the
polarizing plates 930 and 930" are arranged such that respec-
tive polarization axes are perpendicular to each other. The
liquid crystal cell 910 includes: a pair of substrates 911 and
911", and a liquid crystal layer 912 as a display medium
arranged between the substrates. One substrate 911 is pro-
vided with: a switching element (typically, TFT) for control-
ling electrooptic properties of liquid crystals; and a scanning
line for providing a gate signal to this switching element and
asignal line for providing a source signal thereto (the element
and the lines not shown). The other substrate 911' is provided
with: color layers 913R, 913G, and 913B forming a color
filter; and a screen layer (black matrix layer) 914. A distance
(cell gap) between the substrates 911 and 911" is controlled by
a spacer (not shown).

[0003] The retardation plates are used for optical compen-
sation of a liquid crystal display apparatus. In order to obtain
optimum optical compensation (improvement in viewing
angle properties, color shift, and contrast, for example), vari-
ous attempts have been made in optimization of optical prop-
erties of the retardation plates and/or arrangement of the
retardation plates in the liquid crystal display apparatus (see
Patent Document 1, for example).

[0004] Two specific retardation plates are arranged on both
sides of'the liquid crystal cell in a specific positional relation-
ship in which an angle formed between an absorption axis of
a polarizer in the polarizing plate 930 provided on one side of
the liquid crystal cell and a slow axis of the retardation plate
920 having refractive index profile of nx>ny=nzis +¢.° and an
angle formed between an absorption axis of a polarizer in the
polarizing plate 930" provided on another side of the liquid
crystal cell and a slow axis of the retardation plate 920" having
refractive index profile of nx>ny=nz is -a°, to thereby
improve contrast of the liquid crystal panel. However, a con-
ventional liquid crystal panel to be obtained by this method is
not capable of realizing stable high contrast. Contrast may
vary by production lot, and a low contrast product may be
obtained depending on the production lot.

Patent Document 1: JP 11-95208 A
DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0005] The present invention has been made in view of
solving the conventional problems described above, and an

Feb. 12,2009

object of the present invention is therefore to provide a
method of producing a liquid crystal panel capable of easily
realizing stable high contrast of the liquid crystal panel to be
obtained at low cost, a liquid crystal panel, and an image
display apparatus.

Means for Solving the Problem

[0006] The inventors of the present invention have focused
on a production process for retardation plates to be arranged
on both sides of a liquid crystal cell for attaining the object
described above. Conventionally, a retardation film having an
angle +a.° and aretardation film having an angle —a.° had been
produced from separate original sheets. However, the inven-
tors of the present invention have found that the above-men-
tioned object can be attained by producing the retardation
plates from single original sheet, and thus have completed the
present invention.

[0007] A method of producing a liquid crystal panel of the
present invention includes a first optical compensation layer
having refractive index profile of nx>ny=nz and a polarizer on
each side of a liquid crystal cell in the order given, in which an
angle formed between an absorption axis of the polarizer (A)
and a slow axis of the first optical compensation layer (B) on
one side of the liquid crystal cell is +a°, an angle formed
between an absorption axis of the polarizer (A') and a slow
axis of the first compensation layer (B') on another side of the
liquid crystal cell is —a.°, and 0<0<90, the method comprising
the steps of:

[0008] subjecting a surface of a continuous substrate
formed of single original sheet to alignment treatment at +o.°
or —a.° with respect to alongitudinal direction of the substrate
and then successively subjecting the resultant to alignment
treatment at an angle of an opposite sign;

[0009] forming the first optical compensation layer (B) on
the surface subjected to the +c° alignment treatment and
forming the first optical compensation layer (B') on the sur-
face subjected to the —a.® alignment treatment; and

[0010] attaching continuously a surface opposite to the sur-
face of the substrate subjected to the alignment treatment and
the continuous polarizer having an absorption axis in a lon-
gitudinal direction while arranging respective longitudinal
directions in the same direction.

[0011] A method of producing a liquid crystal panel of the
present invention includes a first optical compensation layer
having refractive index profile of nx>ny=nz and a polarizer on
each side of a liquid crystal cell in the order given, in which an
angle formed between an absorption axis of the polarizer (A)
and a slow axis of the first optical compensation layer (B) on
one side of the liquid crystal cell is +a°, an angle formed
between an absorption axis of the polarizer (A') and a slow
axis of the first compensation layer (B') on another side of the
liquidcrystal cell is —c.°, and 0<a<90, the method comprising
the steps of:

[0012] subjecting a surface of a continuous substrate
formed of single original sheet to alignment treatment at +o.°
or —a° with respect to a longitudinal direction of the substrate
and then successively subjecting the resultant to alignment
treatment at an angle of an opposite sign;

[0013] forming the first optical compensation layer (B) on
the surface subjected to the +c° alignment treatment and
forming the first optical compensation layer (B') on the sur-
face subjected to the —a.® alignment treatment;
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[0014] transferring the first optical compensation layers (B)
and (B'") formed on the substrate to a surface of a transparent
protective film and peeling the substrate; and

[0015] attaching continuously a surface opposite to the first
optical compensation layers (B) and (B') of the transparent
protective film and the continuous polarizer having an
absorption axis in a longitudinal direction while arranging
respective longitudinal directions in the same direction.
[0016] According to a preferred embodiment of the inven-
tion, the substrate formed of single original sheet is formed of
single original sheet having a total length of 500 to 10,000 m.
[0017] According to a preferred embodiment of the inven-
tion, the step of forming the first optical compensation layers
(B)and (B') includes: a step of applying an application liquid
containing a liquid crystal material; and a step of aligning the
applied liquid crystal material through treatment at a tem-
perature where the liquid crystal material exhibits a liquid
crystal phase.

[0018] According to a preferred embodiment of the inven-
tion, the first optical compensation layers (B) and (B') are
each formed by using an application liquid of the same lot.
[0019] According to a preferred embodiment of the inven-
tion, the liquid crystal material includes a polymerizable
monomer and/or a crosslinking monomer, and the step of
aligning the liquid crystal material further comprises a step of
conducting polymerization treatment and/or crosslinking
treatment.

[0020] According to a preferred embodiment of the inven-
tion, the polymerization treatment and/or the crosslinking
treatment is conducted through at least one of heating, pho-
toirradiation, and UV irradiation.

[0021] According to a preferred embodiment of the inven-
tion, the liquid crystal panel comprises a second optical com-
pensation layer (C) having refractive index profile of
nx>ny>nz between the liquid crystal cell and the first optical
compensation layer (B), and a second optical compensation
layer (C') having reflective index profile of nx>ny>nz
between the liquid crystal cell and the first optical compen-
sation layer (B").

[0022] According to a preferred embodiment of the inven-
tion, an angle formed between the absorption axis of the
polarizer (A) and a slow axis of the second optical compen-
sation layer (C) is +f°, an angle formed between the absorp-
tion axis of the polarizer (A') and a slow axis of the second
optical compensation layer (C') is +f°, and the angle f is 85 to
95.

[0023] According to a preferred embodiment of the inven-
tion, the first optical compensation layers (B) and (B') are
each a A/2 plate.

[0024] According to a preferred embodiment of the inven-
tion, the second optical compensation layers (C) and (C') are
each a/4 plate.

[0025] Another aspect of the present invention provides a
liquid crystal panel. The liquid crystal panel is produced by
the production method of the present invention.

[0026] Still another aspect of the present invention provides
an image display apparatus. The image display apparatus
includes the liquid crystal panel of the present invention.

EFFECT OF THE INVENTION

[0027] As described above, the present invention employs a
production method for obtaining a first optical compensation
layer (B) having an angle formed between its slow axis and an
absorption axis of a polarizer of +¢.° and a first optical com-
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pensation layer (B) having an angle formed between its slow
axis and an absorption axis of a polarizer of —a® comprising:
astep of subjecting a surface of a continuous substrate formed
of single original sheet to alignment treatment at +c.° and
alignment treatment at —a.° with respect to a longitudinal
direction of the substrate; and a step of forming the first
optical compensation layer (B) on the surface subjected to the
+0.° alignment treatment and forming the first optical com-
pensation layer (B") on the surface subjected to the -a.® align-
ment treatment. Thus, shift in in-plane retardation of the first
optical compensation layer (B) and the first optical compen-
sation layer (B") to be arranged on both sides of the liquid
crystal cell can be stably and significantly reduced. There-
fore, high contrast can easily be realized for a liquid crystal
panel and a liquid crystal display apparatus including the
liquid crystal panel at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] [FIG. 1] A schematic sectional view of a liquid
crystal panel according to a preferred embodiment of the
present invention.

[0029] [FIG. 2] An exploded perspective view of a polariz-
ing plate provided with an optical compensation layer accord-
ing to a preferred embodiment of the present invention.
[0030] [FIG. 3] An exploded perspective view of a polariz-
ing plate provided with an optical compensation layer accord-
ing to another preferred embodiment of the present invention.
[0031] [FIG. 4] A perspective view showing an example of
alignment treatment in the present invention.

[0032] [FIG. 5] A perspective view showing another
example of the alignment treatment in the present invention.
[0033] [FIG. 6] A perspective view showing a process out-
line according to an example of a method of producing a
liquid crystal panel of the present invention.

[0034] [FIG. 7] Perspective views showing a process out-
line according to another example of the method of producing
a liquid crystal panel of the present invention.

[0035] [FIG. 8] Perspective views showing a process out-
line according to still another example of the method of
producing a liquid crystal panel of the present invention.
[0036] [FIG. 9] A perspective view showing a process out-
line according to still another example of the method of
producing a liquid crystal panel of the present invention.
[0037] [FIG. 10] A schematic sectional view of a typical
conventional liquid crystal panel.

[0038] [FIG. 11] A schematic sectional view of a typical
liquid crystal cell to be used for a typical conventional liquid
crystal panel.

DESCRIPTION OF SYMBOLS

[0039] 10,10 polarizing plate

[0040] 11,11 polarizer

[0041] 12 protective film

[0042] 13 substrate

[0043] 15 protective film

[0044] 20 liquid crystal cell

[0045] 30, 30’ first optical compensation layer
[0046] 40, 40" second optical compensation layer
[0047] 100 liquid crystal panel
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[0048] 500, 500" polarizing plate provided with optical
compensation layer

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Definitions of Terms and Symbols

[0049] Definitions of terms and symbols in the specifica-
tion of the present invention are described below.

[0050] (1) The symbol “nx” refers to a refractive index in a
direction providing a maximum in-plane refractive index
(that is, a slow axis direction), and the symbol “ny” refers to
arefractive index in a direction perpendicular to the slow axis
in the same plane (that is, a fast axis direction). The symbol
“nz” refers to a refractive index in a thickness direction.
Further, the expression “nx=ny”, for example, not only refers
to a case where nx and ny are exactly equal but also includes
a case where nx and ny are substantially equal. In the speci-
fication of the present invention, the phrase “substantially
equal” includes a case where nx and ny differ within a range
providing no effects on overall optical characteristics of an
optical film in practical use.

[0051] (2) The term “in-plane retardation Re” refers to an
in-plane retardation value of a film (layer) measured at 23° C.
by using light of a wavelength of 590 nm. Re can be deter-
mined from an equation Re=(nx-ny)xd, where nx and ny
represent refractive indices of a film (layer) at a wavelength of
590 nm in a slow axis direction and a fast axis direction,
respectively, and d (nm) represents a thickness of the film
(layer).

[0052] (3) The term “thickness direction retardation Rth”
refers to a thickness direction retardation value measured at
23° C. by using light of a wave length of 590 nm. Rth can be
determined from an equation Rth=(nx-nz)xd, where nx and
nz represent refractive indices of a film (layer) at a wave-
length of 590 nm in a slow axis direction and a thickness
direction, respectively, and d (nm) represents a thickness of
the film (layer).

[0053] (4) An Nz coeflicient refers to a ratio of in-plane
retardation Re and thickness direction retardation Rth and is
determined by an expression Nz=(nx-nz)/(nx-ny).

[0054] (5) The subscript “1” attached to a term or symbol
described in the specification of the present invention repre-
sents a first optical compensation layer. The subscript “2”
attached to a term or symbol described in the specification of
the present invention represents a second optical compensa-
tion layer.

[0055] (6) The term “A/2 plate” refers to a plate having a
function of converting linearly polarized light having a spe-
cific vibration direction into linearly polarized light having a
vibration direction perpendicular thereto, or converting right-
handed circularly polarized light into left-handed circularly
polarized light (or converting left-handed circularly polarized
light into right-handed circularly polarized light). The A/2
plate has an in-plane retardation value of a film (layer) of
about V2 of a light wavelength (generally, in a visible light
region).

[0056] (7) The term “A/4” plates refers to a plate having a
function of converting linearly polarized light of a specific
wavelength into circularly polarized light (or converting cir-
cularly polarized light into linearly polarized light). The A/4
plate has an in-plane retardation value of a film (layer) of
about ¥4 of a light wavelength (generally, in a visible light
region).
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[0057] (8) In the present invention, a case simply employ-
ing the term “first optical compensation layer” includes both
first optical compensation layer (B) and first optical compen-
sation layer (B"). Similarly, a case simply employing the term
“second optical compensation layer” includes both second
optical compensation layer (C) and second optical compen-
sation layer (C'). A case employing the term “polarizer”
includes both polarizer (A) and polarizer (A").

[0058] (9) In the present invention, alignment treatment at
+0.° with respect to a substrate refers to alignment treatment
by +a° in a counterclockwise direction with respect to a
direction of the substrate seen from a direction at which a
liquid crystal cell may eventually be arranged (a direction at
which a pressure-sensitive adhesive layer may be formed),
and alignment treatment at —o.° with respect to a substrate
refers to alignment treatment by —at® in a clockwise direction
with respect to a direction of the substrate seen from a direc-
tion at which a liquid crystal cell may finally be arranged (a
direction at which a pressure-sensitive adhesive layer may be
formed).

[0059] (10)In the present invention, the term “single origi-
nal sheet” refers to one seamless original sheet.

A. Liquid Crystal Panel
A-1. Overview of Liquid Crystal Panel

[0060] FIG. 1 is a schematic sectional view of a liquid
crystal panel according to a preferred embodiment of the
presentinvention. Description will be given of a liquid crystal
panel for a reflective liquid crystal display apparatus. A liquid
crystal panel 100 is provided with: a liquid crystal cell 20; a
second optical compensation layer (C) 40 arranged below the
liquid crystal cell 20; a first optical compensation layer (B) 30
arranged below the second optical compensation layer (C) 40;
apolarizing plate 10 arranged below the first optical compen-
sation layer (B) 30; a second optical compensation layer (C')
40" arranged above the liquid crystal cell 20; a first optical
compensation layer (B") 30" arranged above the second opti-
cal compensation layer (C') 40", and a polarizing plate 10'
arranged above the first optical compensation layer (B') 30'.
The second optical compensation layer (C) 40 and the second
optical compensation layer (C') 40' may be omitted depend-
ing on a purpose and an alignment mode of the liquid crystal
cell. The liquid crystal cell 20 includes: a pair of glass sub-
strates 21 and 21'; and a liquid crystal layer 22 as a display
medium arranged between the substrates. A reflecting elec-
trode 23 is provided on a liquid crystal layer 22 side of the
lower substrate 21'. A color filter (not shown) is provided on
the upper substrate 21. A distance (cell gap) between the
substrates 21 and 21' is controlled by a spacer 24. In the
present invention, a laminate (such as second optical com-
pensation layer/first optical compensation layer/polarizing
plate) to be arranged on each side of the liquid crystal panel
may be referred to “a polarizing plate provided with optical
compensation layers”. By referring to FIG. 1, for example, a
polarizing plate provided with optical compensation layers
500 is arranged below the liquid crystal cell, and a polarizing
plate provided with optical compensation layers 500' is
arranged above the liquid crystal cell.

[0061] Intheliquid crystal panel 100 of reflective VA mode,
for example, liquid crystal molecules are aligned vertically to
surfaces of the substrates 21 and 21' under no voltage appli-
cation. The vertical alignment may be realized by arranging
nematic liquid crystals having negative dielectric anisotropy
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between substrates each having formed thereon a vertically
aligned film (not shown). Linear polarized light allowed to
pass through the polarizing plate 10' from a surface of the
upper substrate 21 entering the liquid crystal layer 22 in the
state advances along long axes of vertically aligned liquid
crystal molecules. No birefringence generates in a long axis
direction of the liquid crystal molecules such that incident
light advances without changing a polarization direction. The
light is reflected by the reflecting electrode 23, is allowed to
pass through the liquid crystal layer 22 again, and exits from
the upper substrate 21. A polarization state of the exiting light
is the same as that ofthe incident light, and the exiting light is
allowed to pass through the polarizing plate 10", to thereby
provide light display. The long axes of the liquid crystal
molecules align parallel to the surfaces ofthe substrates under
voltage application between electrodes. The liquid crystal
molecules exhibit birefringence with respect to linear polar-
ized light entering the liquid crystal layer 22 in the state, and
the polarization state of the incident light varies depending on
inclination of the liquid crystal molecules. The light reflected
by the reflecting electrode 23 and exiting from the upper
substrate under application of a predetermined maximum
voltage rotates its polarization direction by 90° into linear
polarized light, for example, and is absorbed by the polarizing
plate 10', to thereby provide dark display. Return to a state
under no voltage application provides light display again by
alignment control force. The inclination of the liquid crystal
molecules may be controlled by varying an application volt-
age to change an intensity of transmitted light from the polar-
izing plate 10, to thereby provide gradient display.

[0062] FIG. 2 is an exploded perspective view explaining
optical axes of layers forming the polarizing plate provided
with optical compensation layers (second optical compensa-
tion layer/first optical compensation layer/polarizing plate) of
FIG. 1. By referring to the polarizing plate provided with
optical compensation layers 500 below the liquid crystal cell
shown in FIG. 2, for example, the polarizing plate provided
with optical compensation layers includes the polarizer (A)
11, the first optical compensation layer (B) 30, and the second
optical compensation layer (C) 40 in the order given. The
layers may be laminated through any appropriate pressure-
sensitive adhesive layer or adhesive layer (not shown). For
practical use, any appropriate protective film 15 (not shown)
is laminated on the polarizer (A) 11 on a side having no first
optical compensation layer (B) 30 formed. Any appropriate
protective film 12 is preferably provided between the polar-
izer (A) 11 and the first optical compensation layer (B) 30.
The protective films 12 and 15 are each preferably a transpar-
ent protective film, and more preferably a triacetyl cellulose
film.

[0063] The first optical compensation layer (B) 30 and the
first optical compensation layer (B') 30" each have refractive
index profile of nx>ny=nz. The second optical compensation
layer (C) 40 and the second optical compensation layer (C')
40' each have refractive index profile of nx>ny>nz.

[0064] In the present invention, as shown in FIG. 2, a slow
axis b of the first optical compensation layer (B) 30 defines a
predetermined angle +c.° with respect to an absorption axis a
ofthe polarizer (A) 11. Meanwhile, as shown in F1G. 3, a slow
axis b' of the first optical compensation layer (B') 30' defines
a predetermined angle —a.° with respect to an absorption axis
a' of the polarizer (A") 11'. The angle o is 0<a<90, preferably
5 to 45, more preferably to 35, furthermore preferably 18 to
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28, still more preferably to 25, particularly preferably 21 to
24, and most preferably 22 to 23.

[0065] 1In the present invention, in the case where the sec-
ond optical compensation layer (C) 40 and the second optical
compensation layer (C') 40' are provided, a slow axis ¢ of the
second optical compensation layer (C) 40 defines a predeter-
mined angle +p° with respect to the absorption axis a of the
polarizer (A) 11. Meanwhile, a slow axis ¢' of the second
optical compensation layer (C') 40' defines a predetermined
angle +f3° with respect to the absorption axis a' of the polarizer
(A" 11'. The angle f is 85 to 95, preferably 87 to 93, more
preferably 88 to 92, and most preferably 89 to 91.

[0066] A second optical compensation layer (C) 40 side of
the polarizing plate provided with optical compensation lay-
ers 500 and a second optical compensation layer (C') 40' side
of the polarizing plate provided with optical compensation
layers 500" are attached to both sides of the liquid crystal cell
such that the absorption axis of the polarizer 11 in the polar-
izing plate provided with optical compensation layers 500
and the absorption axis of the polarizer 11' in the polarizing
plate provided with optical compensation layers 500" are per-
pendicular to each other, to thereby provide a liquid crystal
panel as shown in FIG. 1.

A-2. First Optical Compensation Layer

[0067] The first optical compensation layer has refractive
index profile of nx>ny=nz. Preferably, the first optical com-
pensation layer may serve as a A2 plate. The first optical
compensation layer serves as a A/2 plate, to thereby appro-
priately adjust retardation of wavelength dispersion proper-
ties (in particular, a wavelength range where the retardation
departs from A/4) of the second optical compensation layer
serving as a A/4 plate. The first optical compensation layer has
anin-plane retardation Re, of preferably 200 to 300 nm, more
preferably 220 to 280 nm, and particularly preferably 230 to
270 nm.

[0068] In the present invention, a shift in in-plane retarda-
tion Re, between the first optical compensation layer (B) and
the first optical compensation layer (B") to be arranged on
both sides of the liquid crystal cell is stably and significantly
reduced. The shift (larger value-smaller value) in in-plane
retardation Re, between the first optical compensation layer
(B) and the first optical compensation layer (B') is preferably
as small as possible, preferably 7 nm or less, more preferably
5 nm or less, furthermore preferably 3 nm or less, and par-
ticularly preferably 2 nm or less. A shift (larger value-smaller
value) in in-plane retardation Re, between the first optical
compensation layer (B) and the first optical compensation
layer (B') of more than 7 nm may inhibit realization of high
contrast of a liquid crystal panel and a liquid crystal display
apparatus including the liquid crystal panel.

[0069] Inthe present invention, a thickness of the first opti-
cal compensation layer may be set such that it serves as aA/2
plate most appropriately. That is, the thickness thereofis set to
provide a desired retardation. Specifically, the thickness of
the first optical compensation layer is preferably 0.5to 5 um,
more preferably 1 to 4 pm, and most preferably 1.5 to 3 pm.
[0070] In the present invention, any appropriate material
may be employed as a material used for forming the first
optical compensation layer as long as the above-mentioned
properties can be obtained. A liquid crystal material is pre-
ferred, and a liquid crystal material having a crystal phase of
a nematic phase (nematic liquid crystals) is more preferred.
Use of the liquid crystal material remarkably increases a
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difference between nx and ny of the optical compensation
layer to be obtained compared with the case using a non-
liquid crystal material. As a result, the thickness of the optical
compensation layer can be remarkably reduced for obtaining
a desired in-plane retardation. Examples of the liquid crystal
material that may be used includea liquid crystal polymer and
a liquid crystal monomer. The liquid crystal polymer and the
liquid crystal monomer may be used in combination. The
liquid crystal material may exhibit liquid crystallinity
through a lyotropic or thermotropic mechanism. Further, lig-
uid crystals are preferably aligned in homogeneous align-
ment.

[0071] A liquid crystal monomer used as the liquid crystal
material is preferably a polymerizable monomer and/or a
crosslinking monomer, for example. As described below, this
is because the alignment state of the liquid crystal material
can be fixed by polymerizing or crosslinking the polymeriz-
able monomer or the crosslinking monomer. The alignment
state of the liquid crystal monomer can be fixed by aligning
the liquid crystal monomer, and then polymerizing or
crosslinking the liquid crystal monomers (the polymerizable
monomer or the crosslinking monomer), for example. A poly-
mer is formed through polymerization, and a three-dimen-
sional network structure is formed through crosslinking. The
polymer and the three-dimensional network structure are not
crystalline. Thus, the formed first optical compensation layer
will not undergo phase transition into a liquid crystal phase, a
glass phase, or a crystal phase by change in temperature,
which s specific to a liquid crystal compound. As a result, the
first optical compensation layer is an optical compensation
layer which has excellent stability and is not affected by
change in temperature. The polymerizable monomer and the
crosslinking monomer may be used in combination.

[0072] Any suitable liquid crystal monomers may be
employed as the liquid crystal monomer. For example, there
are used polymerizable mesogenic compounds and the like
described in JP 2002-533742 A (WO 00/37585), EP 358208
(U.S. Pat. No. 5,211,877), EP 66137 (U.S. Pat. No. 4,388,
453), WO 93/22397, EP 0261712, DE 19504224, DE
4408171, GB 2280445, and the like. Specific examples of the
polymerizable mesogenic compounds include: LC242 (trade
name) available from BASF Aktiengesellschaft; E7 (trade
name) available from Merck & Co., Inc.; and LC-Silicone-
CC3767 (trade name) available from Wacker-Chemie GmbH.
[0073] For example, a nematic liquid crystal monomer is
preferred as the liquid crystal monomer, and a specific
example thereof includes a monomer represented by the
below-indicated formula (I.1). The liquid crystal monomer
may be used alone or in combination of two or more thereof.

e

A2

LD

[0074] Intheabove formula (L1), A' and A? each represent
apolymerizable group, and may be the same or different from
each other. One of A" and A® may represent hydrogen. Fach X
independently represents a single bond, —O—, —S—,
—(=N—, 00—, (C0—0—, —0—L0—0—,
—CO—NR—, —NR—CO—, —NR—, —O—CO—NR—,
—NR—CO—0—, —CH,—0—, or —NR—CO—NR—.
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R represents H or an alkyl group having 1 to 4 carbon atoms.
M represents a mesogen group.

[0075] In the above formula (I.1), Xs may be the same or
different from each other, but are preferably the same. Of
monomers represented by the above formula (1), each A% is
preferably arranged in an ortho position with respect to A,
[0076] A'and A® are preferably each independently repre-
sented by the below-indicated formula (1.2), and A' and A*
preferably represent the same group.

Z-X-(Sp), 2

[0077] Inthe above formula (L2), Z represents a crosslink-
able group, and X is the same as that defined in the above
formula (L.1). Sp represents a spacer consisting of a substi-
tuted or unsubstituted linear or branched alkyl group having 1
to 30 carbon atoms. n represents 0 or 1. A carbon chain in Sp
may be interrupted by oxygen in an ether functional group,
sulfur in a thioether functional group, a non-adjacent imino
group, an alkylimino group having 1 to 4 carbon atoms, or the
like.

[0078] In the above formula (L.2), 7 preferably represents
any one of functional groups represented by the below-indi-
cated formulae. Inthe below-indicated formulae, examples of
R include a methyl group, an ethyl group, an n-propyl group,
an i-propyl group, an n-butyl group, an i-butyl group, and a
t-butyl group.

HC=CH—, HC=CH—, /—ny
R

0
CH; Cl
H,C * H,C : ‘ N—"
K )
|
0 S N
R\|/\ , R\|/\ , R\|/ N
R R R
—N=(=0, —N=(=§, —0—C=N,

[0079] Inthe above formula (L2), Sp preferably represents
any one of structural units represented by the below-indicated
formulae. In the below-indicated formulae, m preferably rep-
resents 1 to 3, and p preferably represents 1 to 12.

—(CHy)y—> ——(CHCH0}CH,CH,—>
_CHchzs CHchZ_ [— CHchj_NHCHchz_ ’
CH; CH; CH;j

— CHL,CHLN—CH,CH,—> —— (CH,CHO)CH,CH—
CH; Cl

—— (CHy)CH—+ ——CH,CH,CH—"

[0080] In the above formula ([.1), M is preferably repre-
sented by the below-indicated formula (L3). In the below-
indicated formula (L.3), X is the same as that defined in the
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above formula (L1). Q represents a substituted or unsubsti-
tuted linear or branched alkylene group, or an aromatic
hydrocarbon group, for example. Q may represent a substi-
tuted or unsubstituted linear or branched alkylene group hav-
ing 1 to 12 carbon atoms, for example.

[0081] In the case where Q represents an aromatic hydro-
carbon group, Q preferably represents any one of aromatic
hydrocarbon groups represented by the below-indicated for-
mulae or substituted analogues thereof.

— X e

L3
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-continued
N\ X
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[0082] The substituted analogues of the aromatic hydrocar-
bon groups represented by the above formulae may each have
1 to 4 substituents per aromatic ring, or 1 to 2 substituents per
aromatic ring or group. The substituents may be the same or
different from each other. Examples of the substituents
include: an alkyl group having 1 to carbon atoms; a nitro
group; a halogen group such as F, Cl, Br, 4 or [; a phenyl
group; and an alkoxy group having 1 to 4 carbon atoms.
Specific examples of the liquid crystal monomer include
monomers represented by the following formulae (L4) to
(L19).

@4

0 0
0 0
\)ko WOWOOO@OMO )1\/
0 i i o)
\)ko/\/\/\/o‘@)l\o‘@’o)‘\@*()\/\/\/\o)]\/
0 CHs 0
0 0
\*OWO@)LOO*O)K@*O\/\/\OM
o i S o)
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[0083] A temperature range in which the liquid crystal
monomer exhibits liquid-crystallinity varies depending on
the type of liquid crystal monomer. More specifically, the
temperature range is preferably 40 to 120° C., more prefer-
ably 50 to 100° C., and most preferably 60 to 90° C.

A-3. Second Optical Compensation Layer

[0084] Inthe presentinvention, the second optical compen-
sation layer may be provided. The second optical compensa-
tion layer has a refractive index profile represented by
nx>ny>nz.

[0085] The second optical compensation layer preferably
satisfies an expression 0.97<And(x)/And(590)<1.05. And(x)
represents an in-plane retardation measured by using light of
a wavelength x (450 nm=x=700 nm), and And(590) repre-
sents an in-plane retardation measured by using light of a
wavelength of 590 nm.

[0086] And(x)and And(590) of the second optical compen-
sation layer are preferably 20 to 200 nm, more preferably 40
to 180 nm, and furthermore preferably 60 to 160 nm. In the
present invention, And(590) of the second optical compensa-
tion layer is preferably larger than And(590) of the first optical
compensation layer.

[0087] A thickness of the second optical compensation
layer only needs to be set so as to provide a desired in-plane
retardation. Specifically, the thickness thereof is preferably 1
to 15 pm more preferably 1.5 to 10 pm, and most preferably
2 to 8 pm in the case where the second optical compensation
layer is obtained by coating. The thickness thereof is prefer-
ably 30 to 120 um, more preferably to 100 um, and most
preferably 50 to 90 pm in the case where the second optical
compensation layer is obtained as a film.

[0088] The second optical compensation layer is generally
formed by subjecting a polymer film to stretching treatment.
A second optical compensation layer having the desired opti-
cal characteristics (such as refractive index profile, in-plane
retardation, thickness retardation, and Nz coefficient) may be
obtained by appropriately selecting the type of polymer,
stretching conditions, a stretching method, and the like.

(L18)

P

[0089] Any appropriate polymer may be emploved as a
polymer constituting the polymer film. Specific examples of
the polymer include a polycarbonate-based polymer (resin), a
norbornene-based polymer (resin), a cellulose-based poly-
mer (resin), a polyvinylalcohol-based polymer (resin), and a
polysulfone-based polymer (resin).

[0090] Examples of a norbornene-based resin include:
open-ring polymers (copolymers) of norbornene-based
monomers; addition polymers of norbornene-based mono-
mers; copolymers (typically random copolymers) of nor-
bornene-based monomers and ct-olefins such as ethylene and
propylene; graft modified products obtained by modifying
those polymers or copolymers with an unsaturated carboxylic
acid or a derivative thereof; and hydrogenated products
thereof.

[0091] Examples of the norbornene-based monomer to be
used to provide a norbornene-based resin include: nor-
bornene, and a derivative thereof substituted by alkyl and/or
alkylidene such as 5-methyl-2-norbornene, 5-dimethyl-2-
norbornene, 5-ethyl-2-norbornene, 5-butyl-2-norbornene,
S-ethylidene-2-norbornene, or a derivative thereof substi-
tuted by a polar group such as a halogen; dicyclopentadiene,
2,3-dihydrodicyclopentadiene, or the like; dimethanooctahy-
dronaphthalene, a derivative thereof substituted by alkyl and/
or alkylidene, and a derivative thereof substituted by a polar
group such as a halogen, such as 6-methyl-1,4:58-
dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene, 6-ethyl-
1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene,
6-ethinyliden-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-octahy-
dronaphthalene, 6-chloro-1,4:5,8-dimethano-1,4,4a,5,6,7,8,
8a-octahydronaphthalene, 6-cyano-1,4:5,8-dimethano-1,4,
4a,5,6,7,8,8a-octahydronaphthalene, 6-pyridyl-1,4:5,8-
dimethano-1,4,4a,5,6,7,8,8a-octahydronaphthalene, or
6-methoxycarbonyl-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-
octahydronaphthalene; and a trimer or tetramer of cyclopen-
tadiene such as 4,9:5,8-dimethano-3a,4,4a,5,8,84a,9,9a-oc-
tahydro-1H-benzoindene, or 4,11:5,10:6,9-trimethano-3a,4,
4a,5,5a,6,9,92,10,10a,11,1 1a-dodecahydro-1H-
cyclopentaanthracene. One kind of the norbornene-based
monomers may be used alone, or two or more kinds of them
may be used together.
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[0092] To obtain a norbornene-based resins, apart from
norbornene-based monomers, other cycloolefins which may
be subjected to ring opening polymerization, as cyclic olefins,
may be used in combination within a range not inhibiting the
effect of the present invention. A specific example of the
cycloolefin is a compound having one reactive double bond
such as cyclopentene, cyclooctene, or 5,6-dihydrodicyclo-
pentadiene.

[0093] The norbornene-based resin has a number average
molecular weight (Mn) of preferably 25,000 to 200,000, more
preferably 30,000 to 100,000, and most preferably 40,000 to
80,000 measured through a gel permeation chromatography
(GPC) method by using a toluene solvent. A number average
molecular weight within the above ranges can provide excel-
lent mechanical strength, and favorable solubility, forming
property, and operability.

[0094] In the case where the norbornene-based resin is
prepared through hydrogenation of a ring opened polymer of
a norbornene-based monomer, a hydrogenation rate is pref-
erably 90% or more, more preferably 95% or more, and most
preferably 99% or more. A hydrogenation rate within the
above ranges can provide excellent heat degradation resis-
tance and light degradation resistance.

[0095] Various products of the norbornene-based resin are
commercially available. Specific examples thereof include
ZEONEX and ZEONOR, trade names, available from Zeon
Corporation; Arton, available from JSR Corporation; and
Topas available from Ticona.

A-4. Polarizer

[0096] Any suitable polarizers may be employed as the
polarizer in accordance with the purpose. Examples thereof
include: a film prepared by adsorbing a dichromatic sub-
stance such as iodine or a dichromatic dye on a hydrophilic
polymer film such as a polyvinyl alcohol-based film, a par-
tially formalized polyvinyl alcohol-based film, or a partially
saponified ethylene/vinyl acetate copolymer-based film and
uniaxially stretching the film; and a polyene-based orienta-
tion film such as a dehydrated product of a polyvinyl alcohol-
based film or a dechlorinated product of a polyvinyl chloride-
based film. Of those, a polarizer prepared by adsorbing a
dichromatic substance such as iodine on a polyvinyl alcohol-
based film and uniaxially stretching the film is particularly
preferred because of high polarized dichromaticity. A thick-
ness of the polarizer is not particularly limited, but is gener-
ally about 1 to 80 pum.

[0097] The polarizer prepared by adsorbing iodine on a
polyvinyl alcohol-based film and uniaxially stretching the
film may be produced by, for example: immersing a polyvinyl
alcohol-based film in an aqueous solution of iodine for col-
oring; and stretching the film to a 3 to 7 times length of the
original length. The aqueous solution may contain boric acid,
zine sulfate, zinc chloride, or the like as required, or the
polyvinyl alcohol-based film may be immersed in an aqueous
solution of potassium iodide or the like. Further, the polyvinyl
alcohol-based film may be immersed and washed in water
before coloring as required.

[0098] Washing the polyvinyl alcohol-based film with
water not only allows removal of contamination or an anti-
blocking agent on a film surface, but also provides an effect of
preventing nonuniformity such as uneven coloring by swell-
ing of the polyvinyl alcohol-based film. The stretching of the
film may be performed after coloring of the film with iodine,
performed during coloring of the film, or performed followed
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by coloring of the film with iodine. The stretching may be
performed in an aqueous solution of boric acid or potassium
iodide, or in a water bath.

A-5. Protective Film

[0099] In the present invention, the protective films 12 and
15 each employ any appropriate film which can be used as a
protective film a polarizer. Specific examples of a material to
be included as a main component of the film include: a cel-
lulose-based resin such as triacetyl cellulose (TAC); and a
transparent resin such as a polyester-based resin, a polyvinyl
alcohol-based resin, a polycarbonate-based resin, a polya-
mide-based resin, a polyimide-based resin, a polyethersul-
fone-based resin, a polysulfone-based resin, a polystyrene-
based resin, a polynorbornene-based resin, a polyolefin-
based resin, an acrylic resin, or an acetate-based resin. Other
examples thereof include: a thermosetting resin such as an
acrylic resin, a urethane-based resin, an acrylurethane-based
resin, an epoxy-based resin, or a silicone-based resin; and a
UV-curable resin. Still another example thereof is a glassy
polymer such as a siloxane-based polymer. Further, a poly-
mer film described in JP-A-2001-343529 (W001/37007)
may also be used. A material for the film may employ a resin
composition containing a thermoplastic resin having a sub-
stituted or unsubstituted imide group on a side chain, and a
thermoplastic resin having a substituted or unsubstituted phe-
nyl group and nitrile group on a side chain, for example. A
specific example thereof is a resin composition containing an
alternating isobutene/N-methylmaleimide copolymer, and a
acrylonitrile/styrene copolymer. The polymer film may be an
extrusion molded product of the resin composition described
above, for example. TAC, a polyimide-based resin, a polyvi-
nyl alcohol-based resin, and a glassy polymer are preferred,
and TAC is more preferred.

[0100] Itispreferable that the protective film be transparent
and have no color. Specifically, the protective film has a
thickness retardation of preferably —90 nm to +90 nm, more
preferably —80 nm to +80 nm, and most preferably —=70 nm to
+70 nm.

[0101] The protective film has any appropriate thickness as
long as the preferable thickness retardation can be obtained.
Specifically, the thickness of the protective film is preferably
5 mm or less, more preferably 1 mm or less, particularly
preferably 1 to 500 pm, and most preferably 5 to 150 pm.
[0102] Theprotective films 12 and 15 may be identical to or
different from each other. The protective film 15 may be
subjected to hard coat treatment, antireflection treatment,
anti-sticking treatment, antiglare treatment, and the like as
required.

A-6. Other Structural Components

[0103] Theliquid crystal panel ofthe present invention may
be provided with other optical layers. As the other optical
layers, appropriate optical layers may be employed in accor-
dance with the purpose and the types of liquid crystal panel
and image display apparatus. Specific examples thereof
include a liquid crystal film, a light scattering film, a diffrac-
tion film, and another optical compensation layer (retardation
film).

[0104] Theliquid crystal panel of the present invention may
further include a pressure-sensitive adhesive layer or adhe-
sive layer as an outermost layer on at least one side of the
polarizing plate provided with optical compensation layers
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(such as second optical compensation layer/first optical com-
pensation layer/polarizing plate). In this way, the liquid crys-
tal panel includes the pressure-sensitive adhesive layer or
adhesive layer as an outermost layer, to thereby facilitate
lamination with the liquid crystal cell and prevent peeling off
of the polarizing plate provided with optical compensation
layers from the liquid crystal cell, for example. A material
used for forming the pressure-sensitive adhesive layer or
adhesive layer may employ any appropriate material. Prefer-
ably, a material having excellent moisture absorption prop-
erty or excellent heat resistance is used for preventing foam-
ing or peeling due to moisture absorption, degradation in
optical properties due to difference in thermal expansion or
the like, warping of the liquid crystal cell, and the like.
[0105] For practical use, a surface of the pressure-sensitive
adhesive layer or adhesive layer is covered by any appropriate
separator to prevent contamination until the polarizing plate
provided with optical compensation layer is actually used.
The separator may be formed by a method of providing a
release coat on any appropriate film by using a releasing agent
such as a silicone-based, long chain alkyl-based, or fluorine-
based releasing agent, molybdenum sulfide, or the like as
required.

[0106] Each of the layers of the polarizing plate provided
with optical compensation layers of the present invention
may be subjected to treatment with a UV absorbing agent
such as a salicylate-based compound, a benzophenone-based
compound, a benzotriazole-based compound, a cyanoacry-
late-based compound, or a nickel complex-based compound,
to thereby impart UV absorbing property.

B. Method of Producing Liquid Crystal Panel

[0107] A method of producing a liquid crystal panel of the
present invention refers to a method of producing a liquid
crystal panel including a first optical compensation layer
having refractive index profile of nx>ny=nz and a polarizer on
each side of aliquid crystal cell in the order given, in which an
angle formed between an absorption axis of the polarizer (A)
and a slow axis of the first optical compensation layer (B) on
one side of the liquid crystal cell is +a°, an angle formed
between an absorption axis of the polarizer (A') and a slow
axis of the first compensation layer (B') on another side of the
liquid crystal cell is —a.°, and 0<ct<90. The method of pro-
ducing a liquid crystal panel comprises: a step of subjecting a
surface of a continuous substrate formed of single original
sheet to alignment treatment at +o.° and alignment treatment
at —ao° with respect to a longitudinal direction of the substrate;
and a step of forming the first optical compensation layer (B)
on the surface subjected to the +o.° alignment treatment and
forming the first optical compensation layer (B') on the sur-
face subjected to the —a.° alignment treatment.

[0108] The substrate to be used in the present invention
may employ any appropriate substrate. The substrate may be
a monolayer, or a laminate formed of a plurality of layers. A
specific example of the laminate is a laminate formed of
“polarizer protective film/polarizer/polarizer protective
film”. A film (specifically, the first optical compensation
layer) formed on the substrate may be transferred (laminated)
in an appropriate order in accordance with a desired laminate
structure of optical films. The substrate to be used in the
present invention is a substrate formed of single original
sheet. The substrate is formed of preferably single original
sheet having a total length (a length in a longitudinal direc-
tion) of 500 to 10,000 m, more preferably single original sheet
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having a total length of 500 to 8,000 m, furthermore prefer-
ably single original sheet having a total length of 500to 6,000
m, still more preferably single original sheet having a total
length of 500 to 3,000 m, particularly preferably single origi-
nal sheet having a length of 500 to 2,000 m, and most pref-
erably single original sheet having a length of 1,000 to 2,000
m. The substrate is formed of preferably single original sheet
having a total width (a width in a width direction) of 100 to
2,000 mm, more preferably single original sheet having a
total width of 200 to 1,500 mm, furthermore preferably single
original sheet having a total width of 300 to 1,200 mm,
particularly preferably single original sheet having a width of
300 to 1,000 mm, and most preferably single original sheet
having a width of 300 to 700 mm. A total length (the length in
a longitudinal direction) and a total width (the length in a
width direction) of the substrate departing from the above
ranges may cause difficulties in stable production.

[0109] In the case where the substrate to be used in the
present invention 1s eventually used for a protective film of a
polarizing plate (polarizer protective film), specific examples
of a material to be included as a main component of the film
include: a cellulose-based resin such as triacetyl cellulose
(TAC); and a transparent resin such as a polyester-based resin,
apolyvinyl alcohol-based resin, a polycarbonate-based resin,
a polyamide-based resin, a polyimide-based resin, a poly-
ethersulfone-based resin, a polysulfone-based resin, a poly-
styrene-based resin, a polynorbornene-based resin, a polyole-
fin-based resin, an acrylic resin, or an acetate-based resin.
Other examples thereof include: a thermosetting resin such as
an acrylic resin, a urethane-based resin, an acrylurethane-
based resin, an epoxy-based resin, or a silicone-based resin,;
and a UV-curable resin. Still another example thereof is a
glassy polymer such as a siloxane-based polymer. Further, a
polymer film described in JP-A-2001-343529 (WQO01/
37007) may also be used. A material for the film may employ
aresin composition containing a thermoplastic resin having a
substituted or unsubstituted imide group on a side chain, and
a thermoplastic resin having a substituted or unsubstituted
phenyl group and nitrile group on a side chain, for example. A
specific example thereof is a resin composition containing an
alternating isobutene/N-methylmaleimide copolymer, and a
acrylonitrile/styrene copolymer. The polymer film may be an
extrusion molded product of the resin composition described
above, for example. TAC, a polyimide-based resin, a polyvi-
nyl alcohol-based resin, and a glassy polymer are preferred.
The film is preferably transparent and colorless. That is the
film is preferably a transparent protective film. Specifically,
the film has a thickness direction retardation of preferably
-90 nm to +90 nm, more preferably -80 nm to +80 nm, and
most preferably —70 nm to +70 nm.

[0110] Inthe case where the substrate is eventually used as
a protective film of a polarizing plate (polarizer protective
film), the thickness of the substrate may employ any appro-
priate thickness as long as the preferred thickness direction
retardation can be obtained. The thickness is preferably 5 mm
or less, more preferably mm or less, furthermore preferably 1
to 500 um, and particularly preferably 5 to 150 um.

[0111] In the case where the substrate to be used in the
present invention is eventually peeled off after the optical
compensation layer formed thereon is transferred, specific
examples of a material to be included as a main component of
the substrate include a glass substrate, a metal foil, a plastic
sheet, and a plastic film. Note that an aligned film may be or
may not be provided on the substrate. The plastic film may
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employ any appropriate film. Specific examples thereof
include films formed of transparent polymers including:
polyester-based polymers such as polyethylene terephthalate
and polyethylene naphthalate; cellulose-based polymers such
as diacetylcellulose and triacetylcellulose; polycarbonate-
based polymers; and acrylic polymers such as polymethyl-
methacrylate. Further examples of the plastic film include
films formed of transparent polymers including: styrene-
based polymers such as polystyrene and an acrylonitrile/
styrene copolymer; olefin-based polymers such as polyethyl-
ene, polypropylene, polyolefin having a cyclic or norbornene
structure, and an ethylene/propylene copolymer; vinyl chlo-
ride-based polymers; and amide-based polymers such as
nylon and aromatic polyamide. Further examples of the plas-
tic film include films formed of transparent polymers includ-
ing imide-based polymers, sulfone-based polymers, poly-
ethersulfone-based polymers, polyetheretherketone-based
polymers, polyphenylenesulfide-based polymers, vinyl alco-
hol-based polymers, vinylidene chloride-based polymers,
vinyl butyral-based polymers, arylate-based polymers, poly-
oxymethylene-based polymers, epoxy-based polymers, and
blended products thereof. Of those, a polyethyleneterephtha-
late (PET) film is preferable.

[0112] In the case where the substrate to be used in the
present invention is eventually peeled off after the optical
compensation layer formed thereon is transferred, the thick-
ness of the substrate is preferably 20 to 100 um, more pref-
erably 30 to 90 pm, and furthermore preferably 30 to 80 um.
The substrate has a thickness within the above ranges, to
thereby provide strength for favorable support in a step of
forming an extremely thin optical compensation layer and
appropriately maintain operability such as sliding property
and roll traveling property.

B-1. Alignment Treatment of Substrate

[0113] As shownin FIGS. 4 and 5, a surface of the continu-
ous substrate 13 (may be perceived as the protective film 12 in
the case where the substrate is eventually used as the polarizer
protective film) formed of single original sheet is subjected to
alignment treatment at +¢.° and alignment treatment at —o.°
with respect to the longitudinal direction, and an application
liquid containing a predetermined liquid crystal material is
applied to the surface, to thereby form the first optical com-
pensation layer (B) 30 and the first optical compensation
layer (B') 30" on the continuous substrate 13 formed of single
original sheet. In this case, the first optical compensation
layers (B) and (B') are each preferably formed by using an
application liquid of the same lot. In general, the application
liquid contains a liquid crystal material, one type of solvent or
two or more types of solvent, and a polymerization initiator,
for example. In this way, the application liquid generally
contains a polymerization initiator. Thus, a prepared applica-
tion liquid undergoes a relatively rapid chemical reaction and
increases in viscosity. Thus, application may involve difficul-
ties, and desired properties may not be obtained. Further,
uniform stirring of a large amount of the application liquid
involves difficulties, and the stirred application liquid may
separate after being left standing for a long period of time. In
the case where the first optical compensation layers are
formed on separate substrates, application liquids of different
lots prepared for respective cases must be used. Meanwhile,
use of an application liquid of the same lot eliminates non-
uniformity due to properties (a molecular weight distribution,
an amount of impurities, and the like) of the liquid crystal
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material by production lot. As a result, shift in retardation can
be reduced. Use of the application liquid of the same lot
eliminates nonuniformity due to the concentration or compo-
sition ratio of the application liquid to be used. As a result,
shift in retardation can be reduced.

[0114] The first optical compensation layer (B) 30 (an
angle formed between the absorption axis of the polarizer (A)
11 and the slow axis of the first optical compensation layer
(B) 30 of +t°) and the first optical compensation layer (B') 30'
(an angle formed between the absorption axis of the polarizer
(A") 11" and the slow axis of the first optical compensation
layer (B") 30" of —-.°) to be obtained in the above step are not
produced from substrates formed of separate original sheets
as in a conventional case and are produced from a continuous
substrate formed of single original sheet. Thus, shift in in-
plane retardation Re, between the first optical compensation
layer (B) 30 and the first optical compensation layer (B') 30’
can be stably and significantly reduced. In this way, the first
optical compensation layer (B) 30 and the first optical com-
pensation layer (B') 30' which are produced from the continu-
ous substrate formed of single original sheet are arranged on
both sides of the liquid crystal cell for production of a liquid
crystal panel and a liquid crystal display apparatus, to thereby
realize high contrast easily at low cost.

[0115] The alignment treatment of the substrate may
employ any appropriate alignment treatment. Specific
examples thereof include rubbing treatment, an oblique
evaporation method, stretching treatment, photoalignment
treatment, magnetic field alignment treatment, and electric
field alignment treatment. A preferred example thereof is
rubbing treatment. Treatment conditions for various align-
ment treatments may employ any appropriate conditions in
accordance with the purpose.

[0116] An alignmentdirection of the alignment treatment is
a direction forming a predetermined angle (+a° or —0.°) with
the absorption axis of the polarizer in lamination with the
polarizer. An alignment direction of +a.° is substantially iden-
tical to a direction of the slow axis b of the first optical
compensation layer (B) to be formed, and an alignment direc-
tion of —at® is substantially identical to a direction of the slow
axis b' of the first optical compensation layer (B") to be
formed. The angle a is 0<c<90, preferably 5 to 45, more
preferably 10 to 35, furthermore preferably 18 to 28, still
more preferably 19 to 25, particularly preferably 21 to 24, and
most preferably 22 to 23.

[0117] Examples of such alignment treatment for defining a
predetermined angle with respect to the continuous substrate
as described above include: treatment in a longitudinal direc-
tion of the continuous substrate; and treatment in an oblique
direction (specifically, a direction defining the predetermined
angle) with respect to the longitudinal direction of the con-
tinuous substrate or a vertical direction thereto (a width direc-
tion). The polarizer is produced by stretching a polymer film
colored with a dichromatic substance as described above, and
has an absorption axis in a stretching direction. For mass
production of the polarizer, a continuous polymer film is
prepared and is continuously stretched in a longitudinal direc-
tion. For production of the polarizing plate provided with
optical compensation layers, lamination is preferably con-
ducted such that the longitudinal direction of the continuous
substrate is in the same direction as a direction of the absorp-
tion axis of the polarizer. In this way. for alignment in a
direction forming a predetermined angle with respect to the
absorption axis of the polarizer. alignment treatment in an
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oblique direction is desirably conducted. The direction of the
absorption axis of the polarizer and the longitudinal direction
of the continuous substrate are substantially identical, and
thus the alignment treatment may be conducted in a direction
forming the predetermined angle with respect to the longitu-
dinal direction. Meanwhile, for treatment in the longitudinal
direction or width direction of the continuous substrate, the
substrate must be cut out in an oblique direction for lamina-
tion. Thus, angles of optical axes of cut out films may vary. As
a result, quality may vary by products, and much cost and
time may be required. Further, waste increases, and produc-
tion of a large film involves difficulties.

[0118] Themethod of subjecting the surface of the continu-
ous substrate formed of single original sheet to alignment
treatment at +a° and alignment treatment at —o.° with respect
to the longitudinal direction may employ any appropriate
method. A typical example thereof is a method involving
rubbing treatment at +0.° and rubbing treatment at -c.® with
respect to the longitudinal direction alternately for predeter-
mined periods of time. In this case, the rubbing treatment may
be conducted alternately and continuously as shown in FIG.
4. Further, as shown in FIG. 5, one rubbing treatment may be
conducted for a predetermined period of time, and then the
other rubbing treatment may be conducted for a predeter-
mined period of time after a non-rubbing part (P). In consid-
eration of easy production, the surface of the continuous
substrate formed of single original sheet is continuously sub-
jected to alignment treatment at +a.° (or —a.°) for a predeter-
mined period of time, and then is continuously subjected to
alignment treatment at an angle of an opposite sign —a.° (or
+0.°) for a predetermined period of time, to thereby complete
the alignment treatment of the substrate formed of single
original sheet. In this case, in consideration of eventually
arranging the polarizing plate provided with optical compen-
sation layers obtained after the +¢.° alignment treatment and
the polarizing plate provided with optical compensation lay-
ers obtained after the —c.° alignment treatment on upper and
lower surfaces of the liquid crystal cell, a length subjected to
the +a° alignment treatment (a length of the substrate in a
longitudinal direction) and a length subjected to the -a°
alignment treatment (a length of the substrate in a longitudi-
nal direction) are preferably substantially equal.

[0119] The substrate surface may be directly subjected to
the alignment treatment. Alternatively, any appropriate
aligned layer (typically, a polyimide layer, a polyvinyl alco-
hol layer, a silane coupling layer, or the like) may be formed,
and the aligned layer may be subjected to the alignment
treatment. For example, the substrate surface is preferably
directly subjected to rubbing treatment because the rubbing
treatment of the aligned layer involves the following disad-
vantages in formation of the aligned layer. In the case where
the aligned layer is a polyimide layer: (1) a solvent which
does not corrode the substrate must be selected, and thus
selection of a solvent for an aligned layer forming composi-
tion involves difficulties; (2) curing at high temperatures (150
to 300° C., for example) is required, and thus an elliptical
polarizing plate to be obtained may have poor appearance. In
the case where the aligned layer is a polyvinyl alcohol layer,
the aligned layer has insufficient heat resistance and moisture
resistance, and thus the substrate and the aligned layer may
peel off under high temperature and high humidity. As a
result, clouding may be caused. Further, in the case where the
aligned layer is a silane coupling layer, a liquid crystal layer
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(first optical compensation layer) to be formed is easily
inclined, and realization of desired positive uniaxial property
may involve difficulties.

B-2. Step of Applying Liquid Crystal Material Forming First
Optical Compensation Layer

[0120] Next, the application liquid containing a liquid crys-
tal material as described in the above section A-2 is applied to
the substrate surface subjected to alignment treatment, and
the liquid crystal material is aligned, to thereby form the first
optical compensation layer (B) and the first optical compen-
sation layer (B'). Specifically, the application liquid is pre-
pared by dissolving or dispersing a liquid crystal material in
an appropriate solvent, and the application liquid is applied to
the substrate surface subjected to the alignment treatment.
The step of aligning a liquid crystal material will be described
in the section B-3 described below.

[0121] Any suitable solvents which may dissolve or dis-
perse the liquid crystal material may be employed as the
solvent. The type of solvent to be used may be appropriately
selected in accordance with the type of liquid crystal material
or the like. Specific examples of the solvent include: haloge-
nated hydrocarbons such as chloroform, dichloromethane,
carbon tetrachloride, dichloroethane, tetrachloroethane,
methylene chloride, trichloroethylene, tetrachloroethylene,
chlorobenzene, and orthodichlorobenzene; phenols such as
phenol, p-chlorophenol, o-chlorophenol, m-cresol, o-cresol,
and p-cresol; aromatic hydrocarbons such as benzene, tolu-
ene, Xylene, mesitylene, methoxybenzene, and 1,2-
dimethoxybenzene; ketone-based solvents such as acetone,
methyl ethyl ketone (MEK), methyl isobutyl ketone, cyclo-
hexanone, cyclopentanone, 2-pyrrolidone, and N-methyl-2-
pyrrolidone; ester-based solvents such as ethyl acetate, butyl
acetate, and propyl acetate; alcohol-based solvents such as
t-butyl alcohol, glycerin, ethylene glycol, triethylene glycol,
ethylene glycol monomethyl ether, diethylene glycol dim-
ethyl ether, propylene glycol, dipropylene glycol, and 2-me-
thyl-2,4-pentanediol; amide-based solvents such as dimeth-
ylformamide and dimethylacetamide; nitrile-based solvents
such as acetonitrile and butyronitrile; ether-based solvents
such as diethyl ether, dibutyl ether, tetrahydrofuran, and diox-
ane; and carbon disulfide, ethyl cellosolve, butyl cellosolve,
and ethyl cellosolve acetate. Of those, toluene, xylene, mesi-
tylene, MEK, methyl isobutyl ketone, cyclohexanone, ethyl
cellosolve, butyl cellosolve, ethyl acetate, buty] acetate, pro-
pyl acetate, and ethyl cellosolve acetate are preferred. The
solvent may be used alone or in combination of two or more
types thereof.

[0122] A content of the liquid crystal material in the liquid
crystal composition (application liquid) may be appropriately
determined in accordance with the type of liquid crystal mate-
rial, the thickness of the target layer, and the like. More
specifically, the content of the liquid crystal material is pref-
erably 5 to 50 wt %, more preferably 10 to 40 wt %, and most
preferably 15 to 30 wt %.

[0123] The liquid crystal composition (application liquid)
may further contain any suitable additives as required. Spe-
cific examples of the additive include a polymerization ini-
tiator and a crosslinking agent. The additive is particularly
preferably used when a liquid crystal monomer is used as the
liquid crystal material. Specific examples of the polymeriza-
tion initiator include benzoylperoxide (BPO) and azobi-
sisobutyronitrile (AIBN). Specific examples of the crosslink-
ing agent include an isocyanate-based crosslinking agent, an
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epoxy-based crosslinking agent, and a metal chelate
crosslinking agent. Such additive may be used alone or in
combination of two or more thereof. Specific examples of
other additives include an antioxidant, a modifier, a surfac-
tant, a dye, a pigment, a discoloration inhibitor, and a UV
absorber. Such additive may also be used alone or in combi-
nation of two or more thereof. Examples of the antioxidant
include a phenol-based compound, an amine-based com-
pound, an organic sulfur-based compound, and a phosphine-
based compound. Examples of the modifier include glycols,
silicones, and alcohols. The surfactant is used for smoothing
a surface of an optical film (that is, the first birefringent layer
to be formed), for example. Specific examples thereof include
a silicone-based surfactant, an acrylic surfactant, and a fluo-
rine-based surfactant.

[0124] Anapplication amount of the application liquid may
be appropriately determined in accordance with a concentra-
tion of the application liquid, the thickness of the target layer,
and the like. In a case where the concentration of the liquid
crystal material is 20 wt % in the application liquid, the
application amount is preferably 0.03 to 0.17 ml, more pref-
erably 0.05t00.15 ml, and most preferably 0.08 to 0.12 ml per
100 em? of the transparent protective film.

[0125] Any appropriate application method may be
employed, and specific examples thereof include roll coating,
spin coating, wire bar coating, dip coating, extrusion, curtain
coating, and spray coating. An application speed may employ
any appropriate application speed. Specifically, the applica-
tion speed is preferably 50 to 5,000 m per hour, more prefer-
ably 100to 3,000 m per hour, and furthermore preferably 200
to 1,000 m per hour. An application time may employ any
appropriate application time. Specifically, the application
time is preferably 30 min to 10 hours, more preferably 1 hour
to 7 hours, and furthermore preferably 2 hours to 5 hours.

B-3. Step of Aligning Liquid Crystal Material Forming First
Optical Compensation Layer

[0126] Next, the liquid crystal materials forming the first
optical compensation layer (B) and first optical compensation
layer (B") are aligned in accordance with the alignment direc-
tion of the surface of the substrate. The liquid crystal materi-
als are aligned through treatment at a temperature exhibiting
a liquid crystal phase in accordance with the type of each of
liquid crystal materials used. The treatment at the temperature
allows the liquid crystal materials to be in a liquid crystal
state, and the liquid crystal materials are aligned in accor-
dance with the alignment direction of the surface of the sub-
strate. Thus, birefringence is caused in the layer formed
through application, to thereby form the first optical compen-
sation layer (B) and first optical compensation layer (B').

[0127] A treatment temperature may be arbitrarily deter-
mined in accordance with the type of each of liquid crystal
materials. Specifically, the treatment temperature is prefer-
ably 40 to 120° C., more preferably 50 to 100° C., and most
preferably 60 to 90° C. A treatment time is preferably 30
seconds or more, more preferably 1 minute or more, particu-
larly preferably 2 minutes or more, and most preferably 4
minutes or more. The treatment time of less than 30 seconds
may provide an insufficient liquid crystal state of the liquid
crystal material. Meanwhile, the treatment time is preferably
10 minutes or less, more preferably 8 minutes or less, and
most preferably 7 minutes or less. The treatment time exceed-
ing 10 minutes may cause sublimation of additives.
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[0128] 1In a case where the liquid crystal monomer (the
polymerizable monomer and/or the crosslinking monomet)
as described in the section A-2 is used as the liquid crystal
material, the layer formed through the application is prefer-
ably subjected to polymerization treatment or crosslinking
treatment. The polymerization treatment allows the liquid
crystal monomer to polymerize and to be fixed as a repeating
unit of a polymer molecule. The crosslinking treatment
allows the liquid crystal monomer to form a three-dimen-
sional structure and to be fixed as a part of a crosslinked
structure. As a result, the alignment state of the liquid crystal
material is fixed. The polymer or three-dimensional structure
formed through polymerization or crosslinking of the liquid
crystal monomer is “non-liquid crystal”. Thus, the formed
first optical compensation layer will not undergo phase tran-
sition into a liquid crystal phase, a glass phase, or a crystal
phase by change in temperature, which is specific to a liquid
crystal molecule. As a result, there can be obtained a first
optical compensation which has excellent stability and is not
affected by temperature.

[0129] A specific procedure for the polymerization treat-
ment or crosslinking treatment may be arbitrarily selected in
accordance with the type of polymerization initiator or
crosslinking agent to be used. For example, in a case where a
photopolymerization initiator or a photocrosslinking agent is
used, photoirradiation may be performed. In a case where a
UV polymerization initiator or a UV crosslinking agent is
used, UV irradiation may be performed. In a case where a
thermal polymerization initiator or a thermal crosslinking
agent is used, heating may be performed. The irradiation
time, irradiation intensity, total amount of irradiation, tem-
perature at irradiation, and the like of light or UV light may be
arbitrarily set in accordance with the type of liquid crystal
material, the type of transparent protective film, the type of
alignment treatment, desired characteristics for the first opti-
cal compensation layer, and the like. Also, heating tempera-
ture, heating time, and the like may be arbitrary set.

[0130] The alignment treatment is performed to align the
liquid crystal material in the alignment direction of the sub-
strate. Thus, the direction of the slow axis b of the first optical
compensation layer (B) formed is substantially the same as
the alignment direction of +a.° of the substrate, and the direc-
tion of the slow axis b' of the first optical compensation layer
(B") formed is substantially the same as the alignment direc-
tion of —a.°® of the substrate. The direction of the slow axis b of
the first optical compensation layer (B) is +0° to +90°, pref-
erably +5° to +45°, more preferably +10° to +35°, more
preferably +18° to +28°, more preferably +19° to +25°, par-
ticularly preferably +21° to +24°, and most preferably +22° to
+23° with respect to the longitudinal direction of the sub-
strate. The direction of the slow axis b' of the first optical
compensation layer (B') is -0° to -90°, preferably -5° to
-45° more preferably -10° to -35°, more preferably -18° to
-28°, more preferably —19° to -25°, particularly preferably
-21°to -24°, and most preferably -22° to —23° with respect
to the longitudinal direction of the substrate.

B-4. Step of Laminating Polarizer

[0131] B-4-1. Case where Substrate is Protective Film and
Serves as Polarizer Protective Film

[0132] The polarizer is laminated on the surface of the
substrate (in this case, protective film) opposite to the surface
subjected to the alignment treatment. The polarizer is lami-
nated at any appropriate point in time in the production
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method of the present invention. For example, the polarizer
may be laminated on the protective layer in advance, may be
laminated after the first optical compensation layer is formed,
or may be laminated after the second optical compensation
layer is formed. Another protective film may be attached on
the surface of the polarizer opposite to the protective film.

[0133] Any appropriate lamination method (bonding, for
example) may be employed as the method of laminating the
protective film and the polarizer. The bonding may be per-
formed by using any appropriate adhesive or pressure-sensi-
tive adhesive. The type of adhesive or pressure-sensitive
adhesive may arbitrarily selected in accordance with the type
of adherent (that is, the protective film and the polarizer).
Specific examples of the adhesive include: polymer adhesives
such as an acrylic adhesive, a vinyl alcohol-based adhesive, a
silicone-based adhesive, a polyester-based adhesive, a poly-
urethane-based adhesive, and a polyether-based adhesive;
isocyanate-based adhesives; and rubber-based adhesives.
Specific examples of the pressure-sensitive adhesive include
an acrylic pressure-sensitive adhesive, a vinyl alcohol-based
pressure-sensitive adhesive, a silicone-based pressure-sensi-
tive adhesive, a polyester-based pressure-sensitive adhesive,
a polyurethane-based pressure-sensitive adhesive, a poly-
ether-based pressure-sensitive adhesive, an isocyanate-based
pressure-sensitive adhesive, and a rubber-based pressure-sen-
sitive adhesive.

[0134] The thickness of the adhesive or pressure-sensitive
adhesive is not particularly limited, but is preferably 10 to 200
nm, more preferably 30 to 180 nm, and most preferably 50 to
150 nm.

[0135] Thelayer formed of a pressure-sensitive adhesive or
adhesive is preferably a layer formed of a polyvinyl alcohol-
based adhesive. The polyvinyl alcohol-based adhesive pref-
erably contains a polyvinyl alcohol-based resin and a
crosslinking agent.

[0136] Examples of the above-mentioned polyvinyl alco-
hol-based resin is not particularly limited, but include: apoly-
vinyl alcohol obtained by saponifying polyvinyl acetate;
derivatives thereof; a saponified product of a copolymer
obtained by copolymerizing vinyl acetate with a monomer
having copolymerizability with vinyl acetate; and a modified
polyvinyl alcohol obtained by modifying polyvinyl alcohol to
acetal, urethane, ether, graft compound, phosphate, or the
like. Examples of the monomer include: unsaturated car-
boxylic acids such as maleic anhydrides or maleic acid,
fumaric acid, crotonic acid, itaconic acid, and (meth)acrylic
acid and esters thereof; a-orefin such as ethylene and propy-
lene; (sodium)(meth)allylsulfonate; sodium sulfonate
(monoalkylmalate); sodium disulfonate alkylmalate; N-me-
thylol acrylamide; alkali salts of acrylamide alkylsulfonate;
N-vinylpyrrolidone; and derivatives of N-vinylpyrrolidone.
The polyvinyl alcohol-based resins may be used alone or two
or more them may be used in combination.

[0137] The polyvinyl alcohol-based resin has an average
degree of polymerization of preferably 100 to 3,000, and
more preferably 500 to 3,000, and an average degree of
saponification of preferably to 100 mol %, and more prefer-
ably 90 to 100 mol % from a viewpoint of adhesive property.
[0138] A polyvinyl alcohol-based resin having an
acetoacetyl group may be used as the above-mentioned poly-
vinyl alcohol-based resin. The polyvinyl alcohol-based resin
having an acetoacetyl group is a polyvinyl alcohol-based
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adhesive having a highly reactive functional group and is
preferred from the viewpoint of improving durability of an
optical film to be obtained.

[0139] The polyvinyl alcohol-based resin having an
acetoacetyl group is obtained in a reaction between the poly-
vinyl alcohol-based resin and diketene through a known
method. Examples of the known method include: a method
involving dispersing the polyvinyl alcohol-based resin in a
solvent such as acetic acid, and adding diketene thereto; and
a method involving dissolving the polyvinyl alcohol-based
resin in a solvent such as dimethylformamide or dioxane, in
advance, and adding diketene thereto. Another example of the
known method is a method involving directly bringing
diketene gas or a liquid diketene into contact with polyvinyl
alcohol.

[0140] A degree of acetoacety] modification of the polyvi-
nyl alcohol-based resin having an acetoacetyl group is not
particularly limited as long as it is 0.1 mol % or more. A
degree of acetoacetyl modification of less than 0.1 mol %
provides insufficient water resistance with the adhesive layer
and is inappropriate. The degree of acetoacetyl modification
is preferably 0.1 to 40 mol %, and more preferably 1 to 20 mol
%. A degree of acetoacetyl modification of more than 40 mol
% decreases the number of reaction sites with a crosslinking
agent and provides a small effect of improving the water
resistance. The degree of acetoacetyl modification is a value
measured by NMR.

[0141] A crosslinking agent used for the polyvinyl alcohol-
based adhesive may be used as the above-mentioned
crosslinking agent without particular limitation.

[0142] A compound having at least two functional groups
each having reactivity with a polyvinyl alcohol-based resin
can be used as the crosslinking agent. Examples of the com-
pound include: alkylene diamines having an alkylene group
and two amino groups such as ethylene diamine, triethylene
amine, and hexamethylene dimamine (of those, hexamethyl-
ene diamine is preferred); isocyanates such as tolylene diiso-
cyanate, hydrogenated tolylene diisocyanate, a trimethylene
propane tolylene diisocyanate adduct, triphenylmethane tri-
isocyanate, methylene bis(4-phenylmethane)triisocyanate,
isophorone diisocyanate, and ketoxime blocked compounds
and phenol blocked compounds thereof; epoxies such as eth-
ylene glycol diglycidyl ether, polyethylene glycol diglycidyl
ether, glycerin di- or triglycidyl ether, 1,6-hexane diol digly-
cidyl ether, trimethylol propane triglycidyl ether, diglycidyl
aniline, and diglycidyl amine; monoaldehydes such as form-
aldehyde, acetaldehyde, propione aldehyde, and butyl alde-
hyde; dialdehydes such as glyoxal, malondialdehyde, suc-
cinedialdehyde, glutardialdehyde, maleic dialdehyde, and
phthaldialdehyde; an amino/formaldehyde resin such as a
condensate of formaldehyde with methylolurea, methy-
lolmelamine, alkylated methylolurea, alkylated methylol
melamine, acetoguanamine, or benzoguanamine; and salts of
divalent metals or trivalent metals such as sodium, potassium,
magnesium, calcium, aluminum, iron, and nickel and oxides
thereof. A melamine-based crosslinking agent is preferred as
the crosslinking agent, and methylolmelamine is particularly
preferred.

[0143] A mixing amount of the crosslinking agent is pref-
erably 0.1 to 35 parts by weight, and more preferably 10 to 25
parts by weight with respect to 100 parts by weight of the
polyvinyl alcohol-based resin. Meanwhile, for improving the
durability, the crosslinking agent may be mixed within a
range of more than 30 parts by weight and 46 parts by weight
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or less with respect to 100 parts by weight of the polyvinyl
alcohol-based resin. In particular, in the case where the poly-
vinyl alcohol-based resin having an acetoacetyl group is used,
the crosslinking agent is preferably used in an amount of more
than 30 parts by weight. The crosslinking agent is mixed
within a range of more than 30 parts by weight and 46 parts by
weight or less, to thereby improve the water resistance.

[0144] Note that the above-mentioned polyvinyl alcohol-
based adhesive may further contain a coupling agent such as
a silane coupling agent or a titanium coupling agent; various
tackifiers; a UV absorber; an antioxidant; and a stabilizer
such as a heat resistant stabilizer or a hydrolysis resistant
stabilizer.

[0145] A surface in contact with the polarizer (preferably,
the above-mentioned transparent protective film surface or a
protective film surface on the other surface side) may be
subjected to easily adhesive treatment for improving adhesive
property. Examples of the easily adhesive treatment include
corona treatment, plasma treatment, low-pressure UV treat-
ment, surface treatment such as saponification treatment, and
amethod of forming an anchor layer, and those may be used
in combination. Of those, corona treatment, a method of
forming an anchor layer, and a method of combining the
corona treatment and the method of forming an anchor layer
are preferred.

[0146] An example of the anchor layer is a silicone layer
having a reactive functional group. A material for the silicone
layer having a reactive functional group is not particularly
limited. However, examples thereof include isocyanate
group-containing alkoxy silanols; amino group-containing
alkoxy silanols; mercapto group-containing alkoxy silanols;
carboxy group-containing alkoxy silanols; epoxy group-con-
taining alkoxy silanols; vinyl unsaturated group-containing
alkoxy silanols; halogen group-containing alkoxy silanols;
and isocyanate group-containing alkoxy silanols. Amino-
based silanols are preferred. A titanium-based catalyst or a
tin-based catalyst for effectively reacting the silanols may be
added, to thereby enhance the adhesive strength. The silicone
having a reactive functional group may contain other addi-
tives added. Specific examples thereof that may be used
include: a tackifier formed of a terpene resin, a phenol resin,
aterpene/phenol resin, a rosin resin, a xylene resin, or the like;
a UV absorber; an antioxidant; and a stabilizer such as a heat
resistant stabilizer.

[0147] The silicone layer having a reactive functional
group is formed by applying and drying through a known
method. The silicone layer has a thickness of preferably 1 to
100 nm, and more preferably 10 to 50 nm after drying. For
application, silicone having a reactive functional group may
be diluted with a solvent. A diluting solvent is not particularly
limited, but examples thereof include alcohols. A dilution
concentration is not particularly limited, but is preferably 1 to
5 wt %, and more preferably 1 to 3 wt %.

[0148] Theadhesive layeris preferably formed by applying
the adhesive to one or to both of the surfaces of the protective
film and the polarizer. After the protective film and the polar-
izer are attached together, the whole is preferably subjected to
a drying step to form an adhesive layer formed of an applied
and dried layer. The adhesive layer may be formed and then
attached. The attachment may be performed by using a roll
laminator or the like. A heat drying temperature and a drying
time may arbitrarily be determined in accordance with the
type of adhesive.
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[0149] According to the production method of the present
invention, the slow axis of the first compensation layer may be
set through the alignment treatment of the protective film, and
thus a continuous polarizing film (polarizer) stretched in a
longitudinal direction (that is, having an absorption axis in a
longitudinal direction) can be used. That is, the continuous
protective film subjected to alignment treatment for forming
a predetermined angle with respect to the longitudinal direc-
tion and the continuous polarizing film (polarizer) may be
continuously attached together while the respective longitu-
dinal directions are in the same direction (by so-called roll to
roll). Thus, an optical film can be obtained at excellent pro-
duction efficiency. Further, according to this method, the film
needs not be cut out in an oblique direction with respect to the
longitudinal direction (stretching direction) for lamination.
Thus, angles of optical axes of cut out films will not vary. As
aresult, an optical film without varying quality by product can
be obtained. Further, no waste by cutting is produced, and
thus an optical film can be obtained at low cost. In addition,
production of a polarizing plate is facilitated.

[0150] Note that the direction of the absorption axis of the
polarizer is substantially parallel to the longitudinal direction
of the continuous film. In the specification of the present
invention, the phrase “substantially parallel” includes the
case where an angle formed between the longitudinal direc-
tion and the direction of the absorption axis is 0°£10°, pref-
erably 0°+5°, and more preferably 0°£3°.

B-4-2. Case where First Optical Compensation Layer Formed
on Substrate is Transferred and Substrate is Eventually
Peeled Off

[0151] The first optical compensation layer formed on the
substrate is transferred to the surface of the transparent pro-
tective film. The transparent protective film is different from
the substrate, and specific examples thereof include films
described above as the substrates to be used as the polarizer
protective film in the present invention. Preferably, a triacetyl
cellulose (TAC) film is used. A transfer method is not particu-
larly limited, and an example thereof involves attaching the
first optical compensation layer supported on the substrate to
the protective film through an adhesive. The transfer method
is employed, to thereby provide an optical film having excel-
lent adhesiveness between films (layers) at excellent produc-
tion efficiency.

[0152] A typical example ofthe adhesive is a curable adhe-
sive. Typical examples of the curable adhesive include: a
photo-curable adhesive such as a UV-curable adhesive; a
moisture-curable adhesive; and a thermosetting adhesive. A
specific example of the thermosetting adhesive is a thermo-
setting resin-based adhesive formed of an epoxy resin, an
isocyanate resin, a polyimide resin, or the like. A specific
example of the moisture-curable adhesive is an isocyanate
resin-based moisture-curable adhesive. The moisture-curable
adhesive (in particular, an isocyanate resin-based moisture-
curable adhesive) is preferred. The moisture-curable adhesive
cures through a reaction with moisture in air, water adsorbed
on a surface of an adherend, a hydroxyl group, an active
hydrogen group of a carboxyl group or the like, etc. Thus, the
adhesive may be applied and then cured naturally by leaving
at stand, and has excellent operability. Further, the moisture-
curable adhesive requires no heating for curing, and thus the
first optical compensation layer and the protective layer are
not heated during lamination (bonding). As a result, no heat
shrinkage occurs, and thus formation of cracks during lami-
nation or the like may significantly be prevented even in the
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case where the first optical compensation layer and the pro-
tective film each have an extremely small thickness as in the
present invention. Note that the isocyanate resin-based adhe-
sive is a general term for a polyisocyanate-based adhesive and
a polyurethane resin adhesive.

[0153] For example, a commercially available adhesive
may be used as the curable adhesive, or various curable resins
may be dissolved or dispersed in a solvent to prepare a curable
resin adhesive solution (or dispersion). In the case where the
solution (or dispersion) is prepared, a ratio of the curable resin
in the solution is preferably 10 to 80 wt %, more preferably 20
to 65%, especially preferably 25 to 65 wt %, and most pref-
erably 30 to 50 wt % in solid content. Any appropriate solvent
may be used as the solvent to be used in accordance with the
type of curable resin, and specific examples thereof include
ethyl acetate, methyl ethyl ketone, methyl isobutyl ketone,
toluene, and xylene. One type of solvent may be used alone,
or two or more types thereof may be used in combination.
[0154] An application amount of the adhesive may appro-
priately be set in accordance with the purpose. For example,
the application amount is preferably 0.3 to 3 ml, more pref-
erably 0.5 to 2 ml, and most preferably 1 to 2 ml per area (cm?)
of the first optical compensation layer or the protective film.
After the application, the solvent in the adhesive is evaporated
through natural drying or heat drying as required. A thickness
ofthe adhesive layer to be obtained is preferably 0.1 to 20 um,
more preferably 0.5 to 15 pm, and most preferably 1 to 10 pm.
A Microhardness of the adhesive layer is preferably 0.1t0 0.5
GPa, more preferably 0.2 to 0.5 GPa, and most preferably 0.3
to 0.4 GPa. Correlation between Microhardness and Vickers
hardness is known, and thus the Microhardness may be con-
verted into Vickers hardness. The Microhardness may be
calculated from indentation depth and indentation load by
using a thin-film hardness meter (trade names, MH4000 and
MHA-400, for example, manufactured by NEC Corpora-
tion).

[0155] Next, the substrateis peeled off from the first optical
compensation layer, to thereby complete lamination of the
first optical compensation layer and the protective film.
[0156] Meanwhile, the polarizer is laminated on the pro-
tective film on a surface opposite to the first optical compen-
sation layer. The lamination of the polarizer may be con-
ducted at any appropriate time in the production method of
the present invention. For example, the polarizer may be
laminated on the protective film in advance, or the polarizer
may be laminated after the first optical compensation layer is
formed. Alternatively, the polarizer may be laminated after
the second optical compensation layer is formed. For
example, a polarizing plate (protective film/polarizer/protec-
tive film) may be produced in advance, and then the first
optical compensation layer may be formed through transfer.
[0157] Any appropriate lamination method (bonding, for
example) may be employed as the method of laminating the
protective film and the polarizer. The bonding may be per-
formed by using any appropriate adhesive or pressure-sensi-
tive adhesive. The type of adhesive or pressure-sensitive
adhesive may arbitrarily selected in accordance with the type
of adherend (that is, the protective film and the polarizer).
Specific examples of the adhesive include: polymer adhesives
such as an acrylic adhesive, a vinyl alcohol-based adhesive, a
silicone-based adhesive, a polyester-based adhesive, a poly-
urethane-based adhesive, and a polyether-based adhesive;
isocyanate-based adhesives; and rubber-based adhesives.
Specific examples of the pressure-sensitive adhesive include
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an acrylic pressure-sensitive adhesive, a vinyl alcohol-based
pressure-sensitive adhesive, a silicone-based pressure-sensi-
tive adhesive, a polyester-based pressure-sensitive adhesive,
a polyurethane-based pressure-sensitive adhesive, a poly-
ether-based pressure-sensitive adhesive, an isocyanate-based
pressure-sensitive adhesive, and a rubber-based pressure-sen-
sitive adhesive.

[0158] The thickness of the adhesive or pressure-sensitive
adhesive is not particularly limited, but is preferably 10 to 200
nm, more preferably 15 to 180 nm, and most preferably 20 to
150 nm.

[0159] According to the production method of the present
invention, the slow axis of the first compensation layer may be
set through the alignment treatment of the protective film, and
thus a continuous polarizing film (polarizer) stretched in a
longitudinal direction (that is, having an absorption axis in a
longitudinal direction) can be used. That is, the continuous
protective film subjected to alignment treatment for forming
a predetermined angle with respect to the longitudinal direc-
tion and the continuous polarizing film (polarizer) may be
continuously attached together while the respective longitu-
dinal directions are in the same direction (by so-called roll to
roll). Thus, an optical film can be obtained at excellent pro-
duction efficiency. Further, according to this method, the film
needs not be cut out in an oblique direction with respect to the
longitudinal direction (stretching direction) for lamination.
Thus, angles of optical axes of cut out films will not vary. As
aresult, an optical film without varying quality by product can
be obtained. Further, no waste by cutting is produced, and
thus an optical film can be obtained at low cost. In addition,
production of a polarizing plate is facilitated.

[0160] Note that the direction of the absorption axis of the
polarizer is substantially parallel to the longitudinal direction
of the continuous film. In the specification of the present
invention, the phrase “substantially parallel” includes the
case where an angle formed between the longitudinal direc-
tion and the direction of the absorption axis is 0°£10°, pref-
erably 0°+5°, and more preferably 0°+3°.

B-5. Step of Forming Second Optical Compensation Layer

[0161] The second optical compensation layer is formed on
the surface of the first optical compensation layer. Typically,
the second optical compensation layer is formed by laminat-
ing the polymer film described in the above section A-3 on the
surface of the first optical compensation layer. Preferably, the
polymer film is a stretched film. A lamination method is not
particularly limited, and the lamination is conducted by using
any appropriate adhesive or pressure-sensitive adhesive (such
as the adhesive or pressure-sensitive adhesive described
above).

[0162] A typical example of the adhesive or pressure-sen-
sitive adhesive is a curable adhesive. Typical examples of the
curable adhesive include: a photo-curable adhesive such as a
UV-curable adhesive; a moisture-curable adhesive; and a
thermosetting adhesive. A specific example of the thermoset-
ting adhesive is a thermosetting resin-based adhesive formed
of an epoxy resin, an isocyanate resin, a polyimide resin, or
the like. A specific example of the moisture-curable adhesive
is an isocyanate resin-based moisture-curable adhesive. The
moisture-curable adhesive (in particular, an isocyanate resin-
based moisture-curable adhesive) is preferred. The moisture-
curable adhesive cures through a reaction with moisture in air,
water adsorbed on a surface of an adhered, a hydroxyl group,
an active hydrogen group of a carboxyl group or the like, etc.
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Thus, the adhesive may be applied and then cured naturally by
leaving at stand, and has excellent operability. Further, the
moisture-curable adhesive requires no heating for curing, and
thus the first optical compensation layer and the second opti-
cal compensation layer are not heated during lamination
(bonding). As a result, no heat shrinkage occurs, and thus
formation of cracks during lamination or the like may signifi-
cantly be prevented even in the case where the first optical
compensation layer and the protective film each layer has an
extremely small thickness as in the present invention. Note
that the isocyanate resin-based adhesive is a general term for
a polyisocyanate-based adhesive and a polyurethane resin
adhesive.

[0163] For example, a commercially available adhesive
may be used as the curable adhesive, or various curable resins
may be dissolved or dispersed in a solvent to prepare a curable
resin adhesive solution (or dispersion). In the case where the
solution (or dispersion) is prepared, a ratio of the curable resin
in the solution is preferably 10 to 80 wt %, more preferably 20
to 65%, especially preferably 25 to 65 wt %, and most pref-
erably 30 to 50 wt % in solid content. Any appropriate solvent
may be used as the solvent to be used in accordance with the
type of curable resin, and specific examples thereof include
ethyl acetate, methyl ethyl ketone, methyl isobutyl ketone,
toluene, and xylene. One type of solvent may be used alone,
or two or more types thereof may be used in combination.
[0164] An application amount of the adhesive may appro-
priately be set in accordance with the purpose. For example,
the application amount is preferably 0.3 to 3 ml, more pref-
erably 0.5 to 2 ml, and most preferably 1 to 2 ml per area (cm?)
of an application object. After the application, the solvent in
the adhesive is evaporated through natural drying or heat
drying as required. A thickness of the adhesive layer to be
obtained is preferably 0.1 to 20 um, more preferably 0.5 to 15
pm, and most preferably 1 to 10 um. A Microhardness of the
adhesive layer is preferably 0.1 to 0.5 GPa, more preferably
0.2 to 0.5 GPa, and most preferably 0.3 to 0.4 GPa. Correla-
tion between Microhardness and Vickers hardness is known,
and thus the Microhardness may be converted into Vickers
hardness. The Microhardness may be calculated from inden-
tation depth and indentation load by using a thin-film hard-
ness meter (trade names, MH4000 and MHA-400, for
example, manufactured by NEC Corporation).

B-6. Production of Polarizing Plate Provided with Optical
Compensation Layers

[0165] Referring to FIGS. 6 and 7, description will be given
of an example of a specific procedure for producing the polar-
izing plate provided with optical compensation layers of the
present invention. Note that in FIGS. 6 and 7, reference
numerals 111 and 112 represent rolls used for rolling films
forming each layer and/or a laminate.

[0166] A continuous polymer film as a raw material for a
polarizer is prepared, and the continuous polymer film is
colored, stretched, and the like as described in the above
section A-4. The stretching is conducted continuously on the
continuous polymer film in a longitudinal direction. In this
way, as shown by a perspective view of FIG. 6, a continuous
polarizer 11 having an absorption axis in a longitudinal direc-
tion (stretching direction: direction of an arrow) is obtained.
[0167] As shown by a perspective view of FIG. 7(a), a
continuous substrate 13 is prepared, and a surface thereof is
subjected to rubbing treatment with rubbing rolls 120 and
120'. A direction of the rubbing is in a different direction from
a longitudinal direction of the substrate 13, for example, in a
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direction of +23° and a direction of =23°. Next, as shown by
aperspective view of F1IG. 7(b), the first optical compensation
layer (B) 30 and the first optical compensation layer (B") 30'
are formed on the substrate 13 subjected to the rubbing treat-
ment as described in the above sections B-2 and B-3. In the
first optical compensation layer (B) 30 and the first optical
compensation layer (B') 30, a liquid crystal material aligns
along the rubbing direction, and thus a slow axis direction is
in substantially the same direction as the rubbing direction of
the substrate 13.

[0168] As described above, the first optical compensation
layer (B) 30 and the first optical compensation layer (B') 30’
are formed on the substrate 13 formed of single original sheet.
From this laminated film, a part in which the first optical
compensation layer (B) 30 is laminated and a part in which
the first optical compensation layer (B') 30" is laminated are
punched out, to thereby produce a laminate of substrate
13/first optical compensation layer (B) 30 and a laminate of
substrate 13/first optical compensation layer (B'") 30'.

[0169] In the case where the substrate 13 of the laminate
produced as described above is a protective film and serves as
a polarizer protective film, that is, in the case where the
substrate 13 is the protective film 12, for examples, the second
optical compensation layer (C) 40 is laminated on the first
optical compensation layer (B) 30 in the laminate of protec-
tive film 12/first optical compensation layer (B) 30 through
any appropriate adhesive or pressure-sensitive adhesive
described in the above section B-5. Similarly, the second
optical compensation layer (C') 40" is laminated on the first
optical compensation layer (B') 30" in the laminate of protec-
tive film 12/first optical compensation layer (B') 30 through
any appropriate adhesive or pressure-sensitive adhesive
described in the above section B-5. The polarizer 11 and the
protective film 15 are laminated on a protective film 12 side of
the laminate of protective film 12/first optical compensation
layer (B) 30/second optical compensation layer (C) 40, to
thereby produce the polarizing plate provided with optical
compensation layers 500 (second optical compensation layer
(C) 40/first optical compensation layer (B) 30/protective film
12/polarizer 11/protective film 15). Note that the polarizer 11
or the protective film 15 may be laminated on the protective
film 12 at any time, and the polarizer 11 or the protective film
15 may be laminated on the protective film 12 in advance
before the alignment treatment of the protective film 12.
Similarly, the polarizing plate provided with optical compen-
sation layers 500" (second optical compensation layer (C')
40'/first optical compensation layer (B") 30"/protective film
12/polarizer 11/protective film 15) is produced.

[0170] In the case where the first optical compensation
layer formed on the substrate 13 is transferred, and the sub-
strate 13 is eventually peeled off, as shown in a schematic
diagram of FIG. 8(a), the protective film 15, the polarizer 11,
the protective film 12, and alaminate 121 of substrate 13/first
optical compensation layer (B) 30 are delivered in a direction
of an arrow and are attached together through an adhesive or
the like (not shown) while respective longitudinal directions
are in the same direction, to thereby form the a laminate 123'.
Further, as shown in F1G. 8(5), the substrate 13 is peeled off
from the laminate 123", to thereby form a laminate 123 (pro-
tective film 15, polarizer 11, protective film 12, and first
optical compensation layer (B) 30). As shown in a schematic
diagram of FI1G. 9, the second optical compensation layer (C)
40 is prepared. The second optical compensation layer (C) 40
and the laminate 123 (protective film 15, polarizer 11, pro-
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tective film 12, and first optical compensation layer (B) 30)
are delivered in a direction of an arrow and are attached
together through an adhesive or the like (not shown) while
respective longitudinal directions are in the same direction. In
this way, the polarizing plate provided with optical compen-
sation layers 500 (second optical compensation layer (C)
40/first optical compensation layer (B) 30/protective film
12/polarizer 11/protective film 15) is produced. Similarly, the
polarizing plate provided with optical compensation layers
500" (second optical compensation layer (C') 40'/first optical
compensation layer (B') 30'protective film 12/polarizer
11/protective film 15) is produced. Note that in FIGS. 8 and 9,
reference numeral 122 represents guide rolls for attaching the
films together, and reference numerals 113 to 118 each rep-
resent a roll used for rolling films forming each layer and/or a
laminate.

B-7. Applications of Polarizing Plate Provided with Optical
Compensation Layers

[0171] The polarizing plate provided with optical compen-
sation layers of the present invention may preferably be used
for various image display apparatuses (such as a liquid crystal
display apparatus and a self-luminous display apparatus).
Specific examples of the image display apparatus to be
applied to include a liquid crystal display apparatus, an EL
display, a plasma display (PD), and a field emission display
(FED). The polarizing plate provided with optical compen-
sation layers of the present invention to be used for a liquid
crystal display apparatus is useful for prevention of light leak
in dark display and for viewing angle compensation, for
example. The polarizing plate provided with optical compen-
sation layers of the present invention is preferably used for a
liquid crystal display apparatus of VA mode, and is particu-
larly preferably used for a reflective or semi-transmissive
liquid crystal display apparatus of VA mode. The polarizing
plate provided with optical compensation layers of the
present invention to be used for an EL display is useful for
prevention of electrode reflection, for example.

B-8. Production of Liquid Crystal Panel

[0172] The second optical compensation layer (C) 40 side
of the thus-obtained polarizing plate provided with optical
compensation layers 500 and the second optical compensa-
tion layer (C') 40' side of the polarizing plate provided with
optical compensation layers 500" are attached to both surfaces
of the liquid crystal cell such that the absorption axis of the
polarizer 11 in the polarizing plate provided with optical
compensation layers 500 and the absorption axis of the polar-
izer 11" in the polarizing plate provided with optical compen-
sation layers 500" are perpendicular to each other, to thereby
provide the liquid crystal panel as shown in FIG. 1.

[0173] Any appropriate drive mode can be employed for
drive mode of the liquid crystal cell as long as effects of the
present invention can be obtained. Specific examples of the
drive mode include STN (Super Twisted Nematic) mode, TN
(Twisted Nematic) mode, IPS (In-Plane Switching) mode, VA
(Vertical Aligned) mode, OCB (Optically AlignedBirefrin-
gence) mode, HAN (HybridAlignedNematic) mode, and
ASM (Axially Symmetric Aligned Microcell) mode. The VA
mode and the OCB mode are preferred. For example, remark-
able improvements in color shifts can be obtained by com-
bining the first optical compensation layer and the second
optical compensation layer.
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EXAMPLES

[0174] Hereinafter, the present invention will be described
more specifically by way of examples, but the present inven-
tion is not limited thereto.

(1) Measurement of Retardation

[0175] Refractive indices nx, ny, and nz of a sample film
were measured with an automatic birefringence analyzer
(Automatic birefringence analyzer KOBRA31PR manufac-
tured by Oji Scientific Instruments), and an in-plane retarda-
tion Re and a thickness retardation Rth were calculated. A
measurement temperature was 23° C., and a measurement
wavelength was 590 nm.

(2) Measurement of Thickness

[0176] The thickness of the first optical compensation layer
was measured by a coherent film thickness measurement
method by using MCPD2000 (manufactured by Otsuka Elec-
tronics Co., Ltd). The thickness of each of other various films
was measured by using a dial gauge.

(3) Measurement of Contrast

[0177] The contrast of the obtained liquid crystal panel in
dark display was measured. “EZ-Contrast 160D” (manufac-
tured by ELDIM SA) was used for the measurement.

Examples 1 to 3

a. Production of Polarizing Plate Formed of TAC/
Polarizer/TAC

[0178] A polyvinyl alcohol film was colored in an aqueous
solution containing iodine, and the resultant was uniaxially
stretched to a six times length between rolls with different
speed ratios in an aqueous solution containing boric acid, to
thereby produce a polarizer. This polarizer and TAC films
(thickness of 40 um) were attached together in the order of
TAC/polarizer/TAC by using an adhesive such that an absorp-
tion axis direction of the polarizer was in a longitudinal direc-
tion, to thereby obtain a polarizing plate.

b. Alignment Treatment

[0179] One TAC film surface of the polarizing plate
obtained above was subjected to rubbing on single original
sheet (total length 0£3,000 m and a total width of 500 mm) by
using a rubbing roll at a rubbing angle of about +23° and
about —23° as shown in FIG. 7(a).

c. Formation of First Optical Compensation Layer

[0180] 10 g of polymerizable liquid crystals exhibiting a
nematic liquid crystal phase (Paliocolor LC242, trade name,
available from BASE Aktiengesellschaft), and 0.5 g of a
photopolymerization initiator for the polymerizable liquid
crystal compound (Irgacure 907, trade name, available from
Ciba Specialty Chemicals) were dissolved in 40 g of toluene,
to thereby prepare a liquid crystal composition (application
liquid). The application liquid was applied to the surface of
the thus-produced polarizing plate (1) subjected to the align-
ment treatment by using a bar coater, and the whole was dried
under heating at 90° C. for 2 minutes, to thereby align the
liquid crystals. The thus-formed liquid crystal layer was irra-
diated with light of 20 mJ/cm?® by using a metal halide lamp,
and the liquid crystal layer was cured, to thereby form a first
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optical compensation layer having refractive index profile of
nx>ny=nz. A first optical compensation layer (1A) was
formed on the surface subjected to the alignment treatment at
a +angle, and a first optical compensation layer (1B) was
formed on the surface subjected to the alignment treatment at
a —angle. From the obtained laminate, a part in which the first
optical compensation layer (1A) was formed and a part in
which the first optical compensation layer (1B) was formed
were punched out. The first optical compensation layer (1A)
and the first optical compensation layer (1B) each had a
thickness of 2 um. Table 1 shows an in-plane retardation of the
first optical compensation layer (1A), an in-plane retardation
of the first optical compensation layer (1B), and a difference
therebetween.

d. Formation of Second Optical Compensation Layer

[0181] A norbornene-based film (“Zeonor”, trade name,
available from Zeon Corporation, thickness before stretching
of 60 pm) was biaxially stretched 1.25 times in an X-axis
direction and 1.03 times in a Y-axis direction at 135° C,, to
thereby obtain a second optical compensation layer (thick-
ness after stretching of 40 wm). Retardations of the second
optical compensation layer were measured by using
KOBRA21ADH (manufactured by Oji Scientific Instru-
ments), resulting in an in-plane retardation of 120 nm, a
thickness direction retardation of 192 nm, and an Nz coeffi-
cient of 1.6.

e. Production of Polarizing Plate Provided with
Optical Compensation Layers

[0182] To thesurface of the first optical compensation layer
(1A) of the laminate of first optical compensation layer (1A)/
polarizing plate obtained as described above, the second opti-
cal compensation layer was attached by using an isocyanate-
based adhesive, to thereby obtain a polarizing plate provided
with optical compensation layers (A) having a structure of
second optical compensation layer/first optical compensation
layer (1A)/polarizing plate. To the surface of the first optical
compensation layer (1B) of the laminate of first optical com-
pensation layer (1B)/polarizing plate obtained as described
above, the second optical compensation layer was attached by
using anisocyanate-based adhesive, to thereby obtain a polar-
izing plate provided with optical compensation layers (B)
having a structure of second optical compensation layer/first
optical compensation layer (1B)/polarizing plate.

f. Production of Liquid Crystal Panel

[0183] To a viewer side of a liquid crystal cell (taken out of
Play Station Portable (PSP), manufactured by Sony Corpo-
ration), the polarizing plate provided with optical compensa-
tion layers (B) was attached through an acrylic pressure-
sensitive adhesive (thickness of 20 wm) such that the
polarizing plate was positioned on an outer side (on the
viewer side). To a backlight side of the liquid crystal cell, the
polarizing plate provided with optical compensation layers
(A) was attached through an acrylic pressure-sensitive adhe-
sive (thickness of 20 um) such that the polarizing plate was
positioned on an outer side (on the backlight side). In this
arrangement, an absorption axis of the polarizer in the polar-
izing plate provided with optical compensation layers (A) and

Feb. 12,2009

an absorption axis of the polarizer in the polarizing plate
provided with optical compensation layers (B) were perpen-
dicular to each other.

. Bvaluation

[0184] The contrast of the obtained liquid crystal panel was
measured. Table 1 shows the results.

Examples 4 to 6
a. Alignment Treatment of Substrate

[0185] A surfaceofapolyethylene terephthalate (PET) film
(Lumirror R41, available from Toray Industries, Inc., thick-
ness of 50 um) was subjected to rubbing on single original
sheet (total length 0f3,000 m and a total width of 500 mm) by
using a rubbing roll at a rubbing angle of about +23° and
about —23° as shown in FIG. 7(a).

b. Formation of First Optical Compensation Layer

[0186] 10 g of polymerizable liquid crystals exhibiting a
nematic liquid crystal phase (Paliocolor [LC242, trade name,
available from BASF Aktiengesellschaft), and 0.5 g of a
photopolymerization initiator for the polymerizable liquid
crystal compound (Irgacure 907, trade name, available from
Ciba Specialty Chemicals) were dissolved in 40 g of toluene,
to thereby prepare a liquid crystal composition (application
liquid). The application liquid was applied to the surface of
the thus-produced PET substrate subjected to the alignment
treatment by using a bar coater, and the whole was dried under
heating at 90° C. for 2 minutes, to thereby align the liquid
crystals. The thus-formed liquid crystal layer was irradiated
with light of 20 mJ/cm® by using a metal halide lamp, and the
liquid crystal layer was cured, to thereby form a first optical
compensation layer having refractive index profile of
nx>ny=nz. A first optical compensation layer (1A) was
formed on the surface subjected to the alignment treatment at
a +angle, and a first optical compensation layer (1B) was
formed on the surface subjected to the alignment treatment at
a —angle. From the obtained laminate, a part in which the first
optical compensation layer (1A) was formed and a part in
which the first optical compensation layer (1B) was formed
were punched out. The first optical compensation layer (1A)
and the first optical compensation layer (1B) each had a
thickness of 2 um. Table 1 shows an in-plane retardation of the
first optical compensation layer (1A), an in-plane retardation
of the first optical compensation layer (1B), and a difference
therebetween.

¢. Production of Polarizer

[0187] A polyvinyl alcohol film was colored in an aqueous
solution containing iodine, and the resultant was uniaxially
stretched to a six times length between rolls with different
speed ratios in an aqueous solution containing boric acid, to
thereby produce a polarizer.

d. Formation of Second Optical Compensation Layer

[0188] A norbornene-based film (“Zeonor”, trade name,
available from Zeon Corporation, thickness before stretching
of 60 um) was biaxially stretched 1.25 times in an X-axis
direction and 1.03 times in a Y-axis direction at 135° C., to
thereby obtain a second optical compensation layer (thick-
ness after stretching of 40 um). Retardations of the second
optical compensation layer were measured by using



US 2009/0040443 A1

KOBRA21ADH (manufactured by Oji Scientific Instru-
ments), resulting in an in-plane retardation of 120 nm, a
thickness direction retardation of 192 nm, and an Nz coeffi-
cient of 1.6.

e. Production of Polarizing Plate Provided with
Optical Compensation Layers

[0189] A TAC film (thickness of 40 pm), the polarizer
obtained in the above section ¢, a TAC film (thickness of 40
pm), and the laminate of first optical compensation layer
(1A)/PET substrate obtained in the above section b were
laminated as shown in FIG. 8(a). and then the PET substrate
was peeled off as shown in FIG. 8(b), to thereby obtain a
laminate of TAC/polarizer/TAC/first optical compensation
layer (1A). Further, this laminate and the second optical com-
pensation layer obtained in the above section d were lami-
nated as shown in FIG. 9 by using an isocyanate-based adhe-
sive, to thereby obtain a polarizing plate provided with optical
compensation layers (A) having a structure of second optical
compensation layer/first optical compensation layer (1A)/
TAC/polarizer/TAC. Similarly, a TAC film (thickness of 40
pm), the polarizer obtained in the above section ¢, a TAC film
(thickness of 40 um), and the laminate of first optical com-
pensation layer (1B)/PET substrate obtained in the above
section b were laminated as shown in FIG. 8(a), and then the
PET substrate was peeled off as shown in FIG. §(b), to
thereby obtain a laminate of TAC/polarizer/TAC/first optical
compensation layer (1B). Further, this laminate and the sec-
ond optical compensation layer obtained in the above section
d were laminated as shown in FIG. 9 by using an isocyanate-
based adhesive, to thereby obtain a polarizing plate provided
with optical compensation layers (B) having a structure of
second optical compensation layer/first optical compensation
layer (1B)/TAC/polarizer/TAC.

f. Production of Liquid Crystal Panel

[0190] To a viewer side of a liquid crystal cell (taken out of
Play Station Portable (PSP), manufactured by Sony Corpo-
ration) the polarizing plate provided with optical compensa-
tion layers (B) was attached through an acrylic pressure-
sensitive adhesive (thickness of 20 wm) such that the
polarizing plate was positioned on an outer side (on the
viewer side). To a backlight side of the liquid crystal cell, the
polarizing plate provided with optical compensation layers
(A) was attached through an acrylic pressure-sensitive adhe-
sive (thickness of 20 um) such that the polarizing plate was
positioned on an outer side (on the backlight side). In this
arrangement, an absorption axis of the polarizer in the polar-
izing plate provided with optical compensation layers (A) and
an absorption axis of the polarizer in the polarizing plate
provided with optical compensation layers (B) were perpen-
dicular to each other.

¢. Evaluation

[0191] Thecontrast of the obtained liquid crystal panel was
measured. Table 1 shows the results.

Comparative Examples 1 to 3

[0192] In the above section b of each of Examples 1 to 3,
one TAC film surface of the polarizing plate obtained by
following the procedure in the above section a was subjected
to rubbing by using a rubbing roll at a rubbing angle of about
+23°. Another TAC film surface of the polarizing plate
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obtained by following the procedure in the above section a
was subjected to rubbing by using a rubbing roll at a rubbing
angle of about -23°.

[0193] Similar to the above section ¢ of each of Examples 1
to 3, afirst optical compensation layer (1C) was formed on the
surface of the polarizing plate subjected to the alignment
treatment at a +angle, and a first optical compensation layer
(1D) was formed on the surface of the polarizing plate sub-
jected to the alignment treatment at a —angle. The first optical
compensation layer (1C) and the first optical compensation
layer (1D) each had a thickness of 2 um. Table 1 shows the
in-plane retardation of the first optical compensation layer
(1C), the in-plane retardation of the first optical compensation
layer (1D), and the difference therebetween. A liquid crystal
panel was obtained in the same manner as in the above sec-
tions d, e, and f of each of Examples 1 to 3. The contrast of the
obtained liquid crystal panel was measured. Table 1 shows the
results.

Comparative Examples 4 to 6

[0194] In the above section a of each of Examples 4 to 6, a
surface of a polyethylene terephthalate (PET) film was sub-
jected to rubbing by using a rubbing roll at a rubbing angle of
about +23°. A surface of a polyethylene terephthalate (PET)
film prepared separately was subjected to rubbing by using a
rubbing roll at a rubbing angle of about —23°.

[0195] Similar to the above section b of each of Examples 4
to 6, afirst optical compensation layer (1C) was formed on the
surface of the PET substrate subjected to the alignment treat-
ment at a +angle, and a first optical compensation layer (1D)
was formed on the surface of the PET substrate subjected to
the alignment treatment at a —angle. The first optical compen-
sationlayer (1C) and the first optical compensation layer (1D)
each had a thickness of 2 um. Table 1 shows the in-plane
retardation of the first optical compensation layer (1C), the
in-plane retardation of the first optical compensation layer
(1D), and the difference therebetween.

[0196] A liquid crystal panel was obtained in the same
manner as in the above sections c, d, e, and f of each of
Examples 4 to 6. The contrast of the obtained liquid crystal
panel was measured. Table 1 shows the results.

TABLE 1
In-plane In-plane
retardation of retardation of
first optical first optical
compensation compensation  Difference
layer on + layer on — between X
alignment angle  alignment angle andY
(X) (nm) (Y) (nm) (nm)  Contrast
Example 249.2 249.9 0.7 295.8
1
Example 2522 253.5 1.3 293.3
2
Example 251.6 2533 1.7 300.5
3
Example 244.6 245.2 0.6 3054
4
Example 2538 2527 1.1 298.2
3
Example 2520 250.5 1.5 294.6
6
Comparative 258.3 250.7 7.6 256.5
example 1
Comparative 2443 2535 9.2 232.6
example 2
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TABLE 1-continued

In-plane In-plane
retardation of retardation of
first optical first optical
compensation compensation  Difference
layer on + layer on — between X
alignment angle  alignment angle andY
(X) (nm) (Y) (nm) (nm)  Contrast
Comparative 2539 241.9 12.0 240.6
example 3
Comparative 2499 241.7 8.2 249.8
example 4
Comparative 256.2 246.7 9.5 245.3
example 5
Comparative 2533 241.6 11.7 235.5
example 6
[0197] In Examples 1 to 6, the substrates (TAC film in

Examples 1 to 3 and PET film in Examples 4 to 6) used for the
polarizing plates provided with optical compensation layers
(A) and (B) arranged above and below the liquid crystal cell
are derived from single original sheet. Thus, variation in
thickness of the substrate by production lot is reduced, and
precision in thickness increases. Further, variation in surface
state or surface energy of the substrate by production lot is
reduced, and thus shift in retardation can be reduced.

[0198] In Examples 1 to 6, the application liquid of the
same lot can be used as the applicationliquid used for forming
the polarizing plates provided with optical compensation lay-
ers (A) and (B) arranged above and below the liquid crystal
cell. In general, the application liquid contains a liquid crystal
material, one type of solvent or two or more types of solvents,
and a polymerization initiator, for example. In this way, the
application liquid generally contains a polymerization initia-
tor. Thus, a prepared application liquid undergoes a relatively
rapid chemical reaction and increases in viscosity. Further,
application may involve difficulties, and desired properties
may not be obtained. In the case where the first optical com-
pensation layers are formed on separate substrates as in Com-
parative Examples 1 to 6, application liquids of different lots
prepared for respective cases must be used. Meanwhile, use
of the application liquid of the same lot as in Examples 1 to 6
eliminates nonuniformity due to properties (a molecular
weight distribution, an amount of impurities, and the like) of
the liquid crystal material by production lot, and as a result,
shift in retardation can be reduced. Use of the application
liquid of the same lot as in Examples 1 to 6 eliminates non-
uniformity due to the concentration or composition ratio of
the application liquid to be used. As a result, shift in retarda-
tion can be reduced.

[0199] InExamples 1 to 6,the application of the application
liquid used for forming the polarizing plates provided with
optical compensation layers (A) and (B) arranged above and
below the liquid crystal cell may be conducted substantially
simultaneously. Thus, variation in temperature during appli-
cation of the application liquid can be reduced, and thickness
or properties of the applied film may be uniform. As a result,
shift in retardation can be reduced. Further, variation in gap
distance between a discharge port of the application liquid
and the substrate (aligned film) can be reduced, and the thick-
ness of the applied film may be uniform. As a result, shift in
retardation can be reduced. Further, variation in temperature
of a drying furnace may be reduced. As a result, shift in
retardation can be reduced.

Feb. 12,2009

INDUSTRIAL APPLICABILITY

[0200] Theliquid crystal panel of the present invention may
suitably be used for various image display apparatuses (such
as a liquid crystal display apparatus and a self-luminous dis-
play apparatus).
1. A method of producing a liquid crystal panel including a
first optical compensation layer having refractive index pro-
file of nx>ny=nz and a polarizer on each side of a liquid
crystal cell in the order given, in which an angle formed
between an absorption axis of the polarizer (A) and a slow
axis of the first optical compensation layer (B) on one side of
the liquid crystal cell is +a.°, an angle formed between an
absorption axis of the polarizer (A') and a slow axis of the first
compensation layer (B") on another side of the liquid crystal
cell is —a°, and 0<c.<90, the method comprising the steps of:
subjecting a surface of a continuous substrate formed of
single original sheet to alignment treatment at +o.° or
-a.° with respect to a longitudinal direction of the sub-
strate and then successively subjecting the resultant to
alignment treatment at an angle of an opposite sign;

forming the first optical compensation layer (B) on the
surface subjected to the +a° alignment treatment and
forming the first optical compensation layer (B') on the
surface subjected to the —a.° alignment treatment; and

attaching continuously a surface opposite to the surface of
the substrate subjected to the alignment treatment and
the continuous polarizer having an absorption axis in a
longitudinal direction while arranging respective longi-
tudinal directions in the same direction.

2. A method of producing a liquid crystal panel including a
first optical compensation layer having refractive index pro-
file of nx>ny=nz and a polarizer on each side of a liquid
crystal cell in the order given, in which an angle formed
between an absorption axis of the polarizer (A) and a slow
axis of the first optical compensation layer (B) on one side of
the liquid crystal cell is +a°, an angle formed between an
absorption axis of the polarizer (A") and a slow axis of the first
compensation layer (B") on another side of the liquid crystal
cell is —a®, and 0<ct<90, the method comprising the steps of:

subjecting a surface of a continuous substrate formed of

single original sheet to alignment treatment at +o.° or
-a.° with respect to a longitudinal direction of the sub-
strate and then successively subjecting the resultant to
alignment treatment at an angle of an opposite sign;
forming the first optical compensation layer (B) on the
surface subjected to the +a° alignment treatment and
forming the first optical compensation layer (B') on the
surface subjected to the —a.° alignment treatment;
transferring the first optical compensation layers (B) and
(B") formed on the substrate to a surface of a transparent
protective film and peeling the substrate; and

attaching continuously a surface opposite to the first opti-

cal compensation layers (B) and (B") of the transparent
protective film and the continuous polarizer having an
absorption axis in a longitudinal direction while arrang-
ing respective longitudinal directions in the same direc-
tion.

3. A method of producing a liquid crystal panel according
to claim 2, wherein the substrate formed of single original
sheet is formed of single original sheethavinga total length of
500 to 10,000 m.

4. A method of producing a liquid crystal panel according
to claim 1, wherein the step of forming the first optical com-
pensation layers (B) and (B') comprises: a step of applying an
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application liquid containing a liquid crystal material; and a
step of aligning the applied liquid crystal material through
treatment at a temperature where the liquid crystal material
exhibits a liquid crystal phase.

5. A method of producing a liquid crystal panel according
to claim 4, wherein the first optical compensation layers (B)
and (B') are each formed by using an application liquid of the
same lot.

6. A method of producing a liquid crystal panel according
to claim 4, wherein: the liquid crystal material comprises a
polymerizable monomer and/or a crosslinking monomer; and
the step of aligning the liquid crystal material further com-
prises a step of conducting polymerization treatment and/or
crosslinking treatment.

7. A method of producing a liquid crystal panel according
to claim 6, wherein the polymerization treatment and/or the
crosslinking treatment is conducted through at least one of
heating, photoirradiation, and UV irradiation.

8. A method of producing a liquid crystal panel according
to claim 1, wherein the liquid crystal panel comprises a sec-
ond optical compensation layer (C) having refractive index
profile of nx>ny>nz between the liquid crystal cell and the
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first optical compensation layer (B). and a second optical
compensation layer (C') having reflective index profile of
nx>ny>nz between the liquid crystal cell and the first optical
compensation layer (B").

9. A method of producing a liquid crystal panel according
to claim 8, wherein an angle formed between the absorption
axis of the polarizer (A) and a slow axis of the second optical
compensation layer (C) is +f°, an angle formed between the
absorption axis of the polarizer (A') and a slow axis of the
second optical compensation layer (C') is +f°, and the angle
[ is 85 to 95.

10. A method of producing a liquid crystal panel according
to claim 1, wherein the first optical compensation layers (B)
and (B'") are each a A/2 plate.

11. A method of producing a liquid crystal panel according
to claim 8, wherein the second optical compensation layers
(C) and (C') are each a M/4 plate.

12. A liquid crystal panel, which is obtained by the method
of producing a liquid crystal panel according to claim 1.

13. An image display apparatus, which comprises the lig-
uid crystal panel according to claim 12.

* ok ok sk ok
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