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(57) ABSTRACT

The present invention provides an organic electrolumines-
cent display device that further suppresses reflection of
external light and a change in tint in a case of being viewed
in an oblique direction, a phase difference film, and a
circularly polarizing plate. This organic electroluminescent
display device has an organic electroluminescent display
panel and a circularly polarizing plate. The circularly polar-
izing plate has a polarizer and a phase difference film. The
phase difference film has, from the polarizer side, a positive
A-plate, a first positive C-plate, and a A/4 plate. The positive
A-plate and the first positive C-plate have predetermined
optical properties. The in-plane slow axis of the positive
A-plate and the absorption axis of the polarizer are orthogo-
nal to each other. The angle formed between the in-plane
slow axis of the positive A-plate and the in-plane slow axis
of the A/4 A plate is 45°£10°.
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE, PHASE DIFFERENCE
FILM, AND CIRCULARLY POLARIZING

PLATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2018/008590 filed on Mar. 6,
2018, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2017-044014 filed on Mar.
8, 2017 and Japanese Patent Application No. 2017-236237
filed on Dec. 8, 2017. Each of the above applications is
hereby expressly incorporated by reference, in its entirety,
into the present application.

BACKGROUND OF THE INVENTION

1. Field of the invention

[0002] The present invention relates to an organic elec-
troluminescent display device, a phase difference film, and
a circularly polarizing plate.

2. Description of the Related Art

[0003] Conventionally, in order to suppress adverse effects
of reflection of external light, a circularly polarizing plate
has been used in an organic electroluminescent (EL) display
device or the like. As a circularly polarizing plate, for
example, as described in WO2013/137464 A, an aspect in
which a phase difference plate (so-called broadband »/4
plate) constituted of a A/2 plate and a A/4 plate, and a
polarizer are combined is disclosed.

SUMMARY OF THE INVENTION

[0004] On the other hand, in recent years, in a display
device typified by an organic EL display device, further
improvement in viewing angle characteristics has been
required. More specifically, in a display device including a
circularly polarizing plate, it is required to further reduce
reflection of external light in the case of being viewed in an
oblique direction.

[0005] The present inventors have examined the external
light reflection characteristics of the organic EL display
device including the circularly polarizing plate described
WO2013/137464A and found that the suppression of the
reflection of external light in the case of being viewed in an
oblique direction does not reach the recently required level
and further improvement is required.

[0006] Inaddition, when the display device is viewed in an
oblique direction, it is also required that a change in tint is
small in the case where the display device is viewed while
changing the azimuthal angle. That is, it is required that a
change in tint in the case of being viewed in the oblique
direction is further suppressed.

[0007] The present invention is made in consideration of
the above circumstances and an object thereof is to provide
an organic electroluminescent display device that further
suppresses reflection of external light and a change in tint in
a case of being viewed in an oblique direction.

[0008] Another object of the present invention is to pro-
vide a phase difference film and a circularly polarizing plate
that in the case where the phase difference film and the
circularly polarizing plate are applied to a display device,
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further suppress reflection of external light and a change in
tint in a case of being viewed in an oblique direction.
[0009] As aresult of intensive investigations on problems
in the related art, the present inventors have found that the
above problems can be solved by using a circularly polar-
izing plate having a predetermined configuration.

[0010] That is, the present inventors have found that the
above objects can be achieved by adopting the following
configurations.

[0011] (1) An organic electroluminescent display device
comprising: an organic electroluminescent display panel;
and a circularly polarizing plate arranged on the organic
electroluminescent display panel,

[0012] in which the circularly polarizing plate has a polar-
izer and. a phase difference film,

[0013] the phase difference film has, from a polarizer side,
a positive A-plate, a first positive C-plate, and a A/4 plate,
[0014] an in-plane retardation of the positive A-plate at a
wavelength of 550 nm is 80 to 120 nm,

[0015] a retardation of the first positive C-plate in a
thickness direction at a wavelength of 550 nm is —110 to =70
nm,

[0016] an in-plane slow axis of the positive A-plate and an
absorption axis of the polarizer are orthogonal to each other,
and

[0017] an angle formed between the in-plane slow axis of
the positive A-plate and an in-plane slow axis of the A/4
plate is 45°+10°.

[0018] (2) The organic electroluminescent display device
according to (1), in which the phase difference film further
has a second positive C-plate on a side of the A/4 plate
opposite to the first positive C-plate, and

[0019] a retardation of the second positive C-plate in a
thickness direction at a wavelength of 550 nm is =100 to -50
nm.

[0020] (3) The organic electroluminescent display device
according to (1),

[0021] in which an Nz factor of the A/4 plate is 0.30 to
0.70.
[0022] (4) The organic electroluminescent display device

according to any one of (1) to (3), in which the in-plane
retardation of the positive A-plate at a wavelength of 550 nm
is 90 to 110 nm.

[0023] (5) The organic electroluminescent display device
according to any one of (1) to (4), in which the retardation
of the first positive C-plate in the thickness direction at a
wavelength of 550 nm is -100 to =75 nm.

[0024] (6) The organic electroluminescent display device
according to any one of (1) to (5), in which at least one of
the positive A-plate, the first positive C-plate, or the A/4
plate exhibits reverse wavelength dispersibility.

[0025] (7) The organic electroluminescent display device
according to any one of (1) to (6), in which all of the positive
A-plate, the first positive C-plate, and the A/4 plate exhibit
reverse wavelength dispersibility.

[0026] (8) The organic electroluminescent display device
according to any one of (1) to (7), in which all of the positive
A-plate, the first positive C-plate, and the A/4 plate are layers
formed by using a liquid crystal compound.

[0027] (9) A phase difference film comprising, in order: a
positive A-plate; a first positive C-plate; a A/4 plate; and a
second positive C-plate,

[0028] in which an in-plane retardation of the positive
A-plate at a wavelength of 550 nm is 80 to 120 nm,
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[0029] a retardation of the first positive C-plate in a
thickness direction at a wavelength of 550 nm is =110 to =70
nm’

[0030] a retardation of the second positive C-plate in a
thickness direction at a wavelength of 550 nm is -100 to -50
nm, and

[0031] an angle formed between an in-plane slow axis of
the positive A-plate and an in-plane slow axis of the A/4
plate is 45°+10°.

[0032] (10) The phase difference film according to (9), in
which the in-plane retardation of the positive A-plate at a
wavelength of 550 nm is 90 to 110 nm.

[0033] (11) The phase difference film according to (9) or
(10), in which the retardation of the first positive C-plate in
the thickness direction at a wavelength of 550 nm is =100 to
-75 nm.

[0034] (12) The phase difference film according to any one
of (9) to (11), in which all of the positive. A-plate, the first
positive C-plate, the A/4 plate, and the second positive
C-plate exhibit reverse wavelength dispersibility.

[0035] (13) The phase difference film according to any one
of (9) to (12), in which all of the positive A-plate, the first
positive C-plate, the A/4 plate, and the second positive
C-plate are layers formed by using a liquid crystal com-
pound.

[0036] (14) A circularly polarizing plate comprising: a
polarizer; and the phase difference film according to any one
of (9) to (13) arranged on the polarizer,

[0037] in which, from a polarizer side, the positive
A-plate, the first positive C-plate, the A/4 plate, and the
second positive C-plate are arranged in this order, and
[0038] an in-plane slow axis of the positive A-plate and an
absorption axis of the polarizer are orthogonal to each other.
[0039] (15) A phase difference film comprising, in order:
a positive A-plate; a first positive C-plate; and a A/4 plate,
[0040] in which an in-plane retardation of the positive
A-plate at a wavelength of 550 nm is 80 to 120 nm,
[0041] a retardation of the first positive C-plate in a
thickness direction at a wavelength of 550 nm is =110 to =70
nm,

[0042] an Nz factor of the A/4 plate is 0.30 to 0.70, and
[0043] an angle formed between an in-plane slow axis of
the positive A-plate and an in-plane slow axis of the A/4
plate is 45°+10°.

[0044] (16) The phase difference film according to (15), in
which the in-plane retardation of the positive A-plate at a
wavelength of 550 nm is 90 to 110 nm.

[0045] (17) The phase difference film according to (15) or
(16), in which the retardation of the first positive C-plate in
a thickness direction at a wavelength of 550 nm is -100 to
-75 nm.

[0046] (18) The phase difference film according to any one
of (15) to (17), in which all of the positive A-plate, the first
positive C-plate, and the A/4 plate exhibit reverse wave-
length dispersibility.

[0047] (19) The phase difference film according to any one
of (15) to (18), in which all of the positive A-plate, the first
positive C-plate, and the A/4 plate are layers formed by using
a liquid crystal compound.

[0048] (20) A circularly polarizing plate comprising: a
polarizer; and the phase difference film according to any one
of (15) to (19) arranged on the polarizer,
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[0049] in which, from a polarizer side, the positive
A-plate, the first positive C-plate, the A/4 plate, and the
second positive C-plate are arranged in this order, and

[0050] an in-plane slow axis of the positive A-plate and an
absorption axis of the polarizer are orthogonal to each other.

[0051] (21) An organic electroluminescent display device
according to (2), in which the thickness of each of the
positive A-plate, the first positive C-plate, the A/4 plate, and
the second positive C-plate is 6 pm or less.

[0052] According to the present invention, it is possible to
provide an organic electroluminescent display device that
further suppresses reflection of external light and a change
in tint in a case of being viewed in an oblique direction.

[0053] According to the present invention, it is also pos-
sible to provide a phase difference film and a circularly
polarizing plate that in the case where the phase difference
film and the circularly polarizing plate are applied to a
display device, further suppress reflection of external light
and a change in tint in a case of being viewed in an oblique
direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1 is a cross-sectional view showing a first
embodiment of a phase difference film according to the
present invention.

[0055] FIG. 2 is a view showing a relationship between an
in-plane slow axis of a positive A-plate and an in-plane slow
axis of a A/4 plate in the first embodiment of the phase
difference film according to the present invention.

[0056] FIG. 3 is a cross-sectional view showing a first
embodiment of a circularly polarizing plate according to the
present invention.

[0057] FIG. 4 is a view showing a relationship between an
absorption axis of a polarizer, an in-plane slow axis of a
positive A-plate, and an in-plane slow axis of a A/4 plate in
the first embodiment of the circularly polarizing plate
according to the present invention.

[0058] FIG. 5 is a cross-sectional view showing a first
embodiment of an organic EL display device according to
the present invention.

[0059] FIG. 6 is a cross-sectional view showing a second
embodiment of the circularly polarizing plate according to
the present invention.

[0060] FIG. 7 is a view showing a relationship between an
in-plane slow axis of a positive A-plate and an in--plane
slow axis of a A/4 plate in a second embodiment of the phase
difference film according to the present invention.

[0061] FIG. 8 is a cross-sectional view showing a second
embodiment of the circularly polarizing plate according to
the present invention.

[0062] FIG.9 is a view showing a relationship between an
absorption axis of a polarizer, an in-plane slow axis of a
positive A-plate, and an in-plane slow axis of a A/4 plate in
the second embodiment of the circularly polarizing plate
according to the present invention.

[0063] FIG. 10 is a cross-sectional view showing a second
embodiment of the organic EL display device according to
the present invention.

[0064] FIG. 11 is a view for illustrating the order param-
eter of each axial direction.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0065] Hereinafter, the present invention will be described
in detail. In the present specification, the numerical value
range expressed by the term “to” means that the numerical
values described before and after “to” are included as a
lower limit and an upper limit, respectively. First, the terms
used in the present specification will be described.

[0066] In the present invention, Re(A) and Rth()) respec-
tively represent an in-plane retardation and a retardation in
a thickness direction at a wavelength A. Unless otherwise
specified, the wavelength A is 550 nm.

[0067] In the present invention, Re(A) and Rth(A) are
values measured at wavelength A in AxoScan OPMF-1
(manufactured by Opto Science, Inc.). By inputting the
average refractive index ((nx+ny+nz)/3) and the film thick-
ness (d (um)) to AxoScan, the following expressions can be
calculated.

[0068] Slow axis direction (°)

Re(h)=RO(\)
Rth(A)=(nx+ny)/2-nz)xd

[0069] RO(A) is expressed as a numerical value calculated
by AxoScan OPMF-1 but means Re(A).

[0070] In the present specification, the refractive indices
nx, ny, and nz are measured using an Abbe refractometer
(NAR-4T, manufactured by Atago Co., L.td.), and a sodium
lamp (A=589 nm) is used as a light source. In addition, in the
case where the wavelength dependence is measured, the
wavelength dependence can be measured using a combina-
tion of a multi-wavelength Abbe refractometer DR-M2
(manufactured by Atago Co., Ltd.) and an interference filter
[0071] In addition, as the refractive index, values
described in “Polymer Handbook™ (John Wiley&Sons, Inc.)
and catalogs of various optical films can also be used. The
values of average refractive index of major optical films are
as follows: cellulose acylate (1.48), cycloolefin polymer
(1.52), polycarbonate (1.59), polymethyl methacrylate
(1.49), and polystyrene (1.59).

[0072] In the present specification, the Nz factor is a value
obtained from Nz=(nx-nz)/(nx-ny).

[0073] In the present specification, the term “visible light”
refers to light in a wavelength range of 380 to 800 nm.
[0074] In the present specification, an angle (for example,
an angle of “90°” or the like) and an angular relationship (for
example, “orthogonal”, “parallel”, and “crossing at 45°”)
include the margin of allowable error in the technical field
to which the present invention belongs. For example, the
allowable error means that the margin of the error is within
a precise angle £10°. A difference between an actual angle
and the precise angle is preferably 5° or less and more
preferably 3° or less.

[0075] In the present specification, the definition of
A-plate is as follows.

[0076] There are two kinds of A-plates: a positive A-plate
and a negative A-plate, and when the refractive index in the
slow axis direction (the direction in which the refractive
index in the plane is maximum) in the film plane is nx, the
refractive index orthogonal to the in-plane slow axis in the
plane is ny, and the refractive index in the thickness direc-
tion is nz, the positive A-plate satisfies the relationship of
Expression (Al), and the negative A-plate satisfies the
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relationship of Expression (A2). The positive A-plate has a
positive Rth value and the negative A-plate has a negative
Rth value.

nx>ny=nz Expression (Al)
ny<wmx=nz Expression (A2)
[0077] The expression “=" includes not only a case in

which both are completely the same but also a case in which
both are substantially the same. Regarding the expression
“substantially the same”, for example, “ny=nz” includes a
case in which (ny-nz)xd (wherein d represents a film
thickness) is =10 to 10 nm and preferably -5 to 5 nm, and
“nx=nz” includes a case in which (nx-nz)xd is =10 to 10 nm
and preferably -5 to 5 nm.

[0078] There are two kinds of C-plates: a positive C-plate
and a negative C-plate. The positive C-plate satisfies the
relationship of Expression (C1), and the negative C-plate
satisfies the relationship of Expression (C2). Rth of the
positive C-plate shows a negative value and Rth of the
negative C-plate shows a positive value,

nz>nx=ny Expression (C1)
nz<nx=ny Expression (C2)
[0079] The expression “=" includes not only a case in

which both are completely the same but also a case in which
both are substantially the same. Regarding the expression
“substantially the same”, for example, “nx=ny” includes a
case in which (nx-ny)xd (wherein d represents a film
thickness) is 0 to 10 nm, and preferably O to 5 nm.

[0080] In the present specification, an “absorption axis” of
a polarizer means a direction in which absorbance is maxi-
mized. A “transmission axis” means a direction in which an
angle with respect to the “absorption axis” is 90°.

[0081] Inthe present specification, an “in-plane slow axis”
of each of a negative A-plate and a positive A-plate means
a direction in which a refractive index in a plane is maxi-
mized.

[0082] Hereinafter, an organic electroluminescent display
device (organic EL display device), a phase difference film,
and a circularly polarizing plate according to embodiments
of the present invention will be described with drawings.
[0083] In the following, the phase difference film, the
circularly polarizing plate, and the organic EL display
device will be described in this order.

First Embodiment

Phase Difference Film

[0084] A first embodiment of a phase difference film
according to the present invention will be described with the
drawings. FIG. 1 is a cross-sectional view showing a first
embodiment of a phase difference film according to the
present invention. The drawing in the present invention is a
schematic view and the relationship and positional relation-
ship between the thicknesses of the layers do not necessarily
coincide with the actual ones.

[0085] A phase difference film 10A has a positive A-plate
12, a first positive C-plate 14, a A/4 plate 16 A, and a second
positive C-plate 18 in this order.

[0086] In addition, in FIG. 2, the relationship between an
in-plane slow axis of the positive A-plate 12 and an in-plane
slow axis of the A/4 plate 16A is shown. In FIG. 2, the arrows
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in the positive A-plate 12 and the A/4 plate 16 A represent the
direction of the in-plane slow axis in the respective layers.
[0087] Hereinafter, each member included in the phase
difference film 10A will be described in detail.

[0088] (Positive A-Plate)

[0089] The positive A-plate is a layer arranged on a side
closest to the polarizer in the circularly polarizing plate
described later. The positive A-plate preferably has a single
structure.

[0090] The in-plane retardation of the positive A-plate at
a wavelength of 550 nm is 80 to 120 nm and preferably 90
to 110 nm from the viewpoint of further suppressing reflec-
tion of external light and/or a change in tint in the case where
an organic EL display device is viewed in an oblique
direction device (hereinafter, simply referred to as “from the
viewpoint that the effect of the present invention is more
excellent).

[0091] The Rth(550) of the positive A-plate, which is a
retardation in a thickness direction at a wavelength of 550
nm, is preferably 40 to 60 nm and more preferably 45 to 55
nm from the viewpoint that the effect of the present inven-
tion is more excellent.

[0092] The positive A-plate may exhibit forward wave-
length dispersibility or reverse wavelength dispersibility.
However, from the viewpoint that the effect of the present
invention is more excellent, the positive A-plate preferably
exhibits reverse wavelength dispersibility. The forward
wavelength dispersibility and the reverse wavelength dis-
persibility are preferably exhibited in the visible light range.
[0093] The positive A-plate exhibiting forward wave-
length dispersibility means that the in-plane retardation of
the positive A-plate exhibits forward wavelength dispers-
ibility. That is, this means that as the measurement wave-
length increases, the in-plane retardation of the positive
A-plate decreases.

[0094] In addition, the positive A-plate exhibiting reverse
wavelength dispersibility means that the in-plane retardation
of the positive A-plate exhibits reverse wavelength dispers-
ibility. That is, as the measurement wavelength increases,
the in-plane retardation of the positive A-plate increases.
[0095] In order to set the in-plane retardation of the
positive A-plate to appropriately exhibit reverse wavelength
dispersibility, specifically, the Re(450)/Re(550) of the posi-
tive A-plate is preferably 0.70 or more and less than 1.00 and
more preferably 0.80 to 0.90, and the Re(650)/Re(550) of
the positive A-plate is preferably more than 1.00 and 120 or
less and more preferably 1.02 to 1.10.

[0096] The Re(450) and the Re(650) represent in-plane
retardations of the positive A-plate measured at wavelengths
of 450 nm and 650 nm, respectively.

[0097] The thickness of the positive A-plate is not par-
ticularly limited and is adjusted such that the in-plane
retardation is in a predetermined range. From the viewpoint
of reducing the thickness of the phase difference film, the
thickness is preferably 6.0 um or less, more preferably 0.5
to 5.0 um, and even more preferably 0.5 to 2.0 um.

[0098] In the present specification, the thickness of the
positive A-plate means the average thickness of the positive
A-plate. The average thickness is obtained by measuring the
thickness at 5 or more random points in the positive A-plate
and arithmetically averaging those values.

[0099] It is preferable that the positive A-plate is a layer
formed by using a liquid crystal compound. However, as
long as predetermined characteristics such as the above-
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mentioned in-plane retardation are satisfied, the positive
A-plate may be constituted of another material. For
example, the positive A-plate may be formed by using a
polymer film (particularly, a polymer film subjected to a
stretching treatment).

[0100] Conventionally, a rigid flat type display panel has
been mainly used as an organic electroluminescent display
panel (organic EL display panel). However, in recent years,
a foldable flexible organic EL display panel has been pro-
posed. For a circularly polarizing plate used for such a
flexible organic EL display panel, it is required that the
circularly polarizing plate itself is excellent in flexibility.
From this viewpoint, since the positive A-plate formed by
using a liquid crystal compound is more flexible than a
polymer film, the circularly polarizing plate can be suitably
applied to a flexible organic EL display panel.

[0101] In addition, for the above reason, it is preferable
that the first positive C-plate, the A/4 plate, and the second
positive C-plate described in detail later are formed by using
a liquid crystal compound.

[0102] That is, as long as the circularly polarizing plate
includes a positive A-plate formed by using a liquid crystal
compound, a first positive C-plate formed by using a liquid
crystal compound, a A4 plate formed by using a liquid
crystal compound, and a second positive C-plate formed by
using a liquid crystal compound, the circularly polarizing
plate can be more suitably applied to a flexible organic ELL
display panel.

[0103] The kind of liquid crystal compound is not par-
ticularly limited but, liquid crystal compounds can be clas-
sified into a rod-like type (rod-like liquid crystal compound)
and a disk-like type (disk-like liquid crystal compound,
discotic liquid crystal compound) based on the shape thereof
Further, each kind includes a low molecular type and a high
molecular type. A high molecule generally indicates a mol-
ecule having a polymerization degree of 100 or more
(Masao Doi; Polymer Physics-Phase Transition Dynamics,
1992, IWANAMI SHOTEN, PUBLISHERS, page 2). A
mixture of two or more kinds of rod-like liquid crystal
compounds, two or more kinds of disk-like liquid crystal
compounds, or a rod-like liquid crystal compound and a
disk-like liquid crystal compound may be used.

[0104] Since changes in temperature and humidity in
optical properties can be made small, it is more preferable to
form the positive A-plate using a liquid crystal compound
(rod-like liquid crystal compound or disk-like liquid crystal
compound) having a polymerizable group. The liquid crystal
compound may be a mixed compound of two or more kinds.
In this case, it is preferable that at least one has two or more
polymerizable groups.

[0105] That is, it is preferable that the positive A-plate is
a layer formed by fixing a liquid crystal compound (rod-like
liquid crystal compound or disk-like liquid crystal com-
pound) having a polymerizable group through polymeriza-
tion or the like. In this case, after the layer is formed, the
liquid crystal compound does not need to exhibit liquid
crystallinity any longer.

[0106] The kind of the polymerizable group is not par-
ticularly limited and a polymerizable group capable of
causing radical polymerization or cationic polymerization is
preferable.

[0107] A known radically polymerizable group can be
used as a radically polymerizable group, and an acryloyl
group or a methacryloyl group is preferable.
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[0108] As a cationically polymerizable group, a known
cationically polymerizable group can be used, and specific
examples thereof include an alicyclic ether group, a cyclic
acetal group, a cyclic lactone group, a cyclic thioether group,
a Spiro ortho ester group, and a vinyloxy group. Among
these, an alicyclic ether group or a vinyloxy group is
preferable, and an epoxy group, an oxetanyl group, or a
vinyloxy group is more preferable.

[0109] Examples of particularly preferable polymerizable
groups include the following.

)vﬁg/\m/d

[0110] Among these, as the liquid crystal compound hav-
ing a polymerizable group used in forming the positive
A-plate, a compound represented by Formula (I) is prefer-
able.

Formula (1) L;-G-D,-Ar-D,-G»-L,

[0111]
o, —0 Co—,

D, and D, each independently represent —CO—
—C(=S)0—, —O0—C(=S)—,
—CR'R*—, —CR'R*—CR’R*—~, —O—CR'R*>—,
—CR'R>~0—, —CR'R*>-O—CR’R*—, —CR'R*—
0—CO—, —CO—0O—CR'R*>—, —CR'R*—0—CO—
CR’R*—, —CR'R>*—CO—O—CR’R*—, —CR'R*>—
NR?*—, —CO—NR'—, or —NR'-—CO—, and R', R?, R?,
and R* each independently represent a hydrogen atom, a
halogen atom, or an alkyl group having 1 to 4 carbon atoms.

[0112] G, and G, each independently represent a divalent
alicyclic hydrocarbon group having 5 to 8 carbon atoms, a
methylene group contained in the alicyclic hydrocarbon
group may be substituted by —O—, —S—, or —NR°—
and RS represents a hydrogen atom or an alkyl group having
1 to 6 carbon atoms.

[0113] L, and L, each independently represent a monova-
lent organic group, and at least one selected from the group
consisting of [, and L, represents a monovalent group
having a polymerizable group.

[0114] Ar represents a divalent aromatic ring group e ted
by Formula (II-I), (II-2), (1I-3), or (I1I-4).

Formula
II-1)
Y,
N 7 Qi
* *
7, 7>
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-continued
(II-2)

7 7,
(I1-3)
Ax
\N A
/ Y
N;\
Z3 Q
7 7,
(1I-4)
Ay
Ax 4<
\ N
/
\
Z3 Q
7, Vz)

[0115] Q, represents —S—, —O—, or —NR'— and R**
represents a hydrogen atom or an alkyl group having 1 to 6
carbon atoms. Y, represents an aromatic hydrocarbon group
having 6 to 12 carbon atoms or an aromatic heterocyclic
group having 3 to 12 carbon atoms. Z,, Z,, and Z; each
independently represent a hydrogen atom, an aliphatic
hydrocarbon group having 1 to 20 carbon atoms, an alicyclic
hydrocarbon group having 3 to 20 carbon atoms, a mon-
ovalent aromatic hydrocarbon group having 6 to 20 carbon
atoms, a halogen atom, a cyano group, a nitro group,
—NR*R!? or —SR'?. Z, and Z, may be bonded to each
other to form an aromatic hydrocarbon ring or an aromatic
heterocyclic ring, and R'? and R'? each independently rep-
resent a hydrogen atom or an alkyl group having 1 to 6
carbon atoms. A; and A, each independently represent a
group selected from the group consisting of —O—,
—NR?*'—(R?! represents a hydrogen atom or a substituent),
—S—, and —CO—. X represents a non-metal atom of
Groups XIV to XVI to which a hydrogen atom or a sub-
stituent may be bonded. Ax represents an organic group
having 2 to 30 carbon atoms and having at least one aromatic
ring selected from the group consisting of an aromatic
hydrocarbon ring and an aromatic heterocyclic ring. Ay
represents a hydrogen atom, an alkyl group having 1 to 6
carbon atoms which may have a substituent, or an organic
group having 2 to 30 carbon atoms and having at least one
aromatic ring selected from the group consisting of an
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aromatic hydrocarbon ring and an aromatic heterocyclic
ring. The aromatic ring in Ax and Ay may have a substituent,
and Ax and Ay may be bonded to each other to form a ring.
Q, represents a hydrogen atom or an alkyl group having 1 to
6 carbon atoms which may have a substituent.

[0116] As for definitions and preferable ranges of the
individual substituents of the compound represented by
Formula (I), D,, D,, G, G,, L, L,, R}, R*, R*, R* Z,, and
7, of Formula (I) can be referred respectively to the descrip-
tion on D', D% G?, L', L? R* R% RS R7, X', Y', Q, and
Q? of Compound (A) in JP2012-021068A, A, A,, and X of
Formula (I) can be respectively referred to the description on
A, A,, and X of the compound represented by Formula (1)
in JP2008-107767A, and Ax, Ay, and Q, of Formula (I) can
be respectively referred to the description on Ax, Ay, and Q*
of the compound represented by Formula (1) in WO2013/
018526A. Z, can be referred to the description on Q' of
Compound (A) in JP2012-021068A.

[0117] One of L, and L, is preferably a group represented
by -D;-G;-Sp-P,. In addition, both L, and L, may be groups
represented by -D;-G5-Sp-Ps.

[0118] D; has the same definition as D,.

[0119] G; represents a single bond, a divalent aromatic
ring group or heterocyclic group having 6 to 12 carbon
atoms, or a divalent alicyclic hydrocarbon group having 5 to
8 carbon atoms, and the methylene group included in the
alicyclic hydrocarbon group may be substituted by —O—,
—S—, or —NR’—, where R” represents a hydrogen atom
or an alkyl group having 1 to 6 carbon atoms.

[0120] Sp represents a single bond, an alkylene group,
—0—, —C(=0)—, —NR*—, or a group formed by com-
bining these groups. Examples of the group formed by

combining these groups include —(CH,),—, —(CH,),—
O— —(CH,~0—),— —(CH’CH,~0—),, —O—
(CH,),—, —O—(CH,),—O0— —O—(CH,~—0—),—,

—O0—(CH,CH,—0—),,, —C(—=0)—0—(CH,),,—,
—C(—=0)—0—(CH,),—0—, —C(=—0)—O0—(CH,—
0—),— —C(=0)—O0—(CH,CH,—0—),,, —C(—0)—
NR®*—(CH.,),—, —C(=0)—NR®*<(CH,),—O0—,
—C(=0)—NR®*~<(CH,—0—),—, —C(=0)—NR*—
(CH,CH,—0—),,, and —(CH,),—0—C(—0)—(CH,)
,—O—Here, n represents an integer of 2 to 12, m repre-
sents an integer of 2 to 6, and R® represents a hydrogen atom
or an alkyl group having 1 to 6 carbon atoms. In a case where
n is 3, the alkylene group represented by —(CH,),— may
be branched.

[0121] P, represents a polymerizable group. The definition
of the polymerizable group is as described above.

[0122] The method of forming the positive A-plate is not
particularly limited and known methods may be used.

[0123] Among these, from the viewpoint of easy control
of in-plane retardation, a method of applying a positive
A-plate forming composition (hereinafter, also simply
referred to as “composition”) including a liquid crystal
compound having a polymerizable group (hereinafter, also
simply referred to as “polymerizable liquid crystal com-
pound”) to form a coating film, subjecting the coating film
to an alignment treatment to align the polymerizable liquid
crystal compound, and subjecting the obtained coating film
to a curing treatment (ultraviolet irradiation (photoirradia-
tion treatment) or heating treatment) to obtain a positive
A-plate is preferable.
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[0124] Hereinafter, the procedures of the method will be
described in detail.

[0125] First, a composition is applied to a support to form
a coating film, and the coating film is subjected to an
alignment treatment to align a polymerizable liquid crystal
compound.

[0126] The composition used includes a polymerizable
liquid crystal compound. The definition of the polymeriz-
able liquid crystal compound is as described above.

[0127] Although the content of the polymerizable liquid
crystal compound in the composition is not particularly
limited, from the viewpoint of easy control of in-plane
retardation, the content of the polymerizable liquid crystal
compound is preferably 50% by mass or more, more pref-
erably 70% by mass or more, and even more preferably 90%
by mass or more with respect to the total solid content of the
composition. The upper limit is not particularly limited and
is 99% by mass or less in many cases.

[0128] The total solid content of the composition does not
include a solvent.

[0129] The composition may include components other
than the above-described polymerizable liquid crystal com-
pound.

[0130] For example, the composition may include a

polymerization initiator. A polymerization initiator to be
used is selected according to the kind of polymerization
reaction and examples thereof include a thermal polymer-
ization initiator and a photopolymerization initiator.
Examples of the photopolymerization initiator include
a-carbonyl compounds, acyloin ethers, a-hydrocarbon-sub-
stituted aromatic acyloin compounds, polynuclear quinone
compounds, and a combination of triarylimidazole dimer
and p-aminopheny! ketone.

[0131] The content of the polymerization initiator in the
composition is preferably 0.01% a to 20% by mass and more
preferably 0.5% to 5% by mass with respect to the total solid
content of the composition.

[0132] In addition, the composition may contain a polym-
erizable monomer.

[0133] The polymerizable monomer may be, for example,
a radically polymerizable or cationically polymerizable
compound. The polymerizable monomer is preferably a
polyfunctional radically polymerizable monomer and is
more preferably a polymerizable monomer which is copo-
lymerized with the liquid crystal compound having the
above-mentioned polymerizable group. Examples of the
polymerizable monomer include those described in para-
graphs [0018] to [0020] of JP2002-296423A.

[0134] The content of the polymerizable monomer in the
composition is preferably 1% to 50% by mass and more
preferably 2% to 30% by mass with respect to the total mass
of the polymerizable liquid crystal compound.

[0135] Further, the composition may include a surfactant.
[0136] Examples of the surfactant include conventionally
known compounds, and a fluorine-based compound is pref-
erable. Specific examples of the surfactant include the
compounds described in paragraphs [0028] to [0056] of
JP2001-330725A and the compounds described in para-
graphs [0069] to [0126] of JP2003-295212.

[0137] Further, the composition may include a solvent. An
organic solvent is preferably used as the solvent. Examples
of the organic solvent include an amide (for example,
N,N-dimethylformamide), a sulfoxide (for example, dim-
ethyl sulfoxide), a heterocyclic compound (for example,
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pyridine), a hydrocarbon (for example, benzene or hexane),
an alkyl halide (for example, chloroform or dichlorometh-
ane), an ester (for example, methyl acetate, ethyl acetate, or
butyl acetate), a ketone (for example, acetone or methyl
ethyl ketone), and an ether (for example, tetrahydrofuran or
1,2-dimethoxyethane). Two or more kinds of organic sol-
vents may be used in combination.

[0138] Further, the composition may contain various
alignment controlling agents such as a. vertical alignment
agent and a horizontal alignment agent. These alignment
controlling agents are compounds capable of controlling the
alignment of the liquid crystal compound horizontally or
vertically on the interface side.

[0139] Further, the composition may include other addi-
tives such as an adhesion improver, a plasticizer, a polymer
or the like in addition to the above-mentioned components.
[0140] The support used is a member having a function as
a base material for applying the composition. The support
may be a temporary support which is peeled off after the
composition is applied and cured.

[0141] As the support (temporary support), in addition to
a plastic film, a glass substrate or the like may be used.
Examples of materials constituting the plastic film include
polyesters such as polyethylene terephthalate (PET), poly-
carbonates, acrylic resins, epoxXy resins, polyurethanes,
polyamides, polyolefins, cellulose derivatives, silicone, and
polyvinyl alcohol (PVA).

[0142] The thickness of the support may be about 5 to
1000 um and is preferably 10 to 250 um and more preferably
15 to 90 pum.

[0143] If necessary, an alignment layer may be arranged
on the support.

[0144] The alignment layer generally contains a polymer
as a main component. Polymers for alignment layers are
described in many documents, and many commercial prod-
ucts are available. The polymer to be used is preferably
polyvinyl alcohol, polyimide, or a derivative thereof.
[0145] The alignment layer is preferably subjected to a
known rubbing treatment. The thickness of the alignment
layer is preferably 0.01 to 10 um and more preferably 0.01
to 1 um.

[0146] Examples of the method for applying the compo-
sition include known methods such as a curtain coating
method, a dip coating method, a spin coating method, a
printing coating method, a spray coating method, a slot
coating method, a roll coating method, a slide coating
method, a blade coating method, a gravure coating method,
and a wire bar method. In the case of performing application
using any of the coating methods, single layer coating is
preferable,

[0147] The coating film formed on the support is subjected
to an alignment treatment to align the polymerizable liquid
crystal compound in the coating film.

[0148] The alignment treatment can be performed by
drying the coating film at room temperature or by heating the
coating film. In the case of a thermotropic liquid crystal
compound, generally, the phase state in the coating film can
be transferred to a liquid crystal phase by changing tem-
perature or pressure. In the case of a liquid crystal compound
having lyotropic properties, the phase state in the coating
film can be transferred to a liquid crystal phase according to
the compositional ratio such as the amount of a solvent.
[0149] The conditions of the case of heating the coating
film are not particularly limited. However, the heating
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temperature is preferably 50° C. to 150° C. and the heating
time is preferably 10 seconds to 5 minutes.

[0150] Next, a curing treatment is performed on the coat-
ing film in which the polymerizable liquid crystal compound
is aligned.

[0151] The method of the curing treatment performed on
the coating film in which the polymerizable liquid crystal
compound is aligned is not particularly limited, and
examples thereof include a photoirradiation treatment and a
heating treatment. Among these, from the viewpoint of
production suitability, a photoirradiation treatment is pref-
erable and an ultraviolet irradiation treatment is more pref-
erable.

[0152] The irradiation conditions for the photoirradiation
treatment are not particularly limited and the irradiation
amount is preferably 50 to 1000 mJ/cm>.

[0153] (First Positive C-Plate)

[0154] The first positive C-plate is a layer arranged on the
polarizer in the circularly polarizing plate described later
through the positive A-plate. The first positive C-plate
preferably has a single structure.

[0155] The Rth(550) of the first positive C-plate, which is
a retardation in the thickness direction at a wavelength of
550 nm, is =110 to =70 rim. In this range, from the viewpoint
that the effect of the present invention is more excellent, the
Rth(550) is preferably =100 to —70 rim and more preferably
-100 to =75 nm.

[0156] The in-plane retardation of the first positive C-plate
at a wavelength of 550 nm is not. particularly limited and
from the viewpoint that the effect of the present invention is
more excellent, the in-plane retardation is preferably O to 10
nm.

[0157] The first positive C-plate may exhibit forward
wavelength dispersibility or reverse wavelength dispersibil-
ity. However, from the viewpoint that the effect of the
present invention is more excellent, it is preferable that the
first positive C-plate exhibits reverse wavelength dispers-
ibility. The forward wavelength dispersibility and reverse
wavelength dispersibility are preferably exhibited in the
visible light range.

[0158] The first positive C-plate exhibiting forward wave-
length dispersibility means that the retardation of the first
positive C-plate in the thickness direction exhibits forward
wavelength dispersibility. That is, this means that as the
measurement wavelength increases, the retardation of the
first positive C-plate in the thickness direction decreases.
[0159] In addition, the first positive C-plate exhibiting
reverse wavelength dispersibility means that the retardation
of'the first positive C-plate in the thickness direction exhibits
reverse wavelength dispersibility. That is, this means that as
the measurement wavelength increases, the retardation of
the first positive C-plate in the thickness direction increases.
[0160] In order to set the retardation of the first positive
C-plate in the thickness direction to appropriately exhibit
reverse wavelength dispersibility, specifically, the Rth.(450)/
Rth(550) of the first positive C-plate is preferably 0.70 or
more and less than 1.00 and more preferably 0.80 to 0.90,
and the Rth(650)/Rth(550) of the first positive C-plate is
preferably more than 1.00 and 1.20 or less and more
preferably 1.02 to 1.10.

[0161] The Rth(450) and the Rth(650) represent retarda-
tions of the first positive C-plate in the thickness direction
measured at wavelengths of 450 nm and 650 nm, respec-
tively.
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[0162] The thickness of the first positive. C-plate is not
particularly limited and is adjusted such that the retardation
in the thickness direction is in a predetermined range. From
the viewpoint of reducing the thickness of the phase differ-
ence film, the thickness is preferably 6.0 um or less, more
preferably 0.5 to 5.0 um, and even more preferably 1 to 2.5
pm.

[0163] In the present specification, the thickness of the
first positive C-plate means the average thickness of the first
positive C-plate. The thickness is obtained by measuring the
thickness at 5 or more random points in the first positive
C-plate and arithmetically averaging those values.

[0164] The material constituting the first positive C-plate
is not particularly limited as long as the above characteristics
are exhibited, and the aspects described in the positive
A-plate may be used. Among these, from the viewpoint of
easily controlling the above characteristics, the first positive
C-plate is preferably a layer formed by fixing a liquid crystal
compound (rod-like liquid crystal compound or disk-like
liquid crystal compound) having a polymerizable group
through. polymerization or the like. In this case, after the
layer is formed, the liquid crystal compound. does not need
to exhibit liquid crystallinity any longer.

[0165] The method of forming the first positive C-plate is
not particularly limited and known methods can be adopted.
For example, the above-mentioned method of forming the
positive A-plate may be used.

[0166] (A\/4 Plate)

[0167] The A/4 plate is a layer arranged between the first
positive C-plate and the second positive C-plate described
later in the circularly polarizing plate described later. The
M4 plate 16 preferably has a single layer structure,

[0168] The A/4 plate (a plate having a A/4 function) is a
plate having a function of converting linearly polarized light
having a specific wavelength into circularly polarized light
(or circularly polarized light into linearly polarized light).
More specifically, the A/4 plate is a plate of which the
in-plane retardation at a predetermined wavelength of A nm
is /4 (or odd times thereof).

[0169] In the relationship, from the viewpoint that the
effect of the present invention is more excellent, the in-plane
retardation Re(550) at a wavelength of 550 nm is preferably
100 to 200 nm, more preferably 120 to 160 nm, and even
more preferably 130 to 150 nm.

[0170] From the viewpoint that the effect of the present
invention is more excellent, the Rth(550) of the A/4 plate,
which is a retardation in the thickness direction at a wave-
length of 550 nm, is preferably 50 to 100 nm, more prefer-
ably 60 to 80 nm, and even more preferably 65 to 75 nm.
[0171] The A/4 plate may exhibit forward wavelength
dispersibility or reverse wavelength dispersibility. However,
from the viewpoint that the effect of the present invention is
more excellent, it is preferable that the A/4 plate exhibits
reverse wavelength dispersibility. The forward wavelength
dispersibility and the reverse wavelength dispersibility are
preferably exhibited in the visible light range.

[0172] The A/4 plate exhibiting forward wavelength dis-
persibility means that the in-plane retardation of the /4
plate exhibits forward wavelength dispersibility. That is, this
means as the measurement wavelength increases, the in-
plane retardation of the A/4 plate decreases.

[0173] In addition, the A/4 plate exhibiting reverse wave-
length dispersibility means that the in-plane retardation of
the A/4 plate exhibits reverse wavelength dispersibility. That

Nov. 21, 2019

is, this means that as the measurement wavelength increases,
the in-plane retardation of the A/4 plate increases.

[0174] In order to set the in-plane retardation of the A/4
plate to appropriately exhibit reverse wavelength dispers-
ibility, specifically, the Re(450)/Re(550) of the A/4 plate is
preferably 0.70 or more and less than 1.00 and more
preferably 0.80 to 0.90, and the Re(650)/Re(550) of the A/4
plate is preferably more than 1.00 and 1.20 or less and more
preferably 1.02 to 1.10.

[0175] The Re(450) and the Re(650) represent in-plane
retardations of the A/4 plate measured at wavelengths of 450
nm and 650 nm, respectively.

[0176] The thickness of the A/4 plate is not particularly
limited and is adjusted such that the retardation in the
thickness direction is in a predetermined range. From the
viewpoint of reducing the thickness of the phase difference
film, the thickness is preferably 6.0 um or less, more
preferably 0.5 to 5.0 pm, and even more preferably 0.5t0 2.5
pm.

[0177] Inthe present specification, the thickness of the A/4
plate means the average thickness of the A/4 plate. The
average thickness is obtained by measuring the thickness at
5 or more random points in the A/4 plate and arithmetically
averaging those values.

[0178] As shownin FIG. 2, an angle 6 formed between the
in-plane slow axis of the positive A-plate 12 and the in-plane
slow axis of the A/4 plate 16 A is not particularly limited, but
from the viewpoint that the effect of the present invention is
more excellent, the angle 6 is preferably in a range of
45°x10°. In other words, the angle 0 is preferably in a range
of 35° to 55° . In this range, from the viewpoint that the
effect of the present invention is more excellent, the angle 6
is more preferably 40° to 50° and even more preferably 42°
to 48°.

[0179] The angle 8 means the angle formed between the
in-plane slow axis of the positive A-plate 12 and the in-plane
slow axis of the A/4 plate 16A in the case of being viewed
in the normal direction of the surface of the positive A-plate
12.

[0180] The material constituting the A/4 plate is not par-
ticularly limited as long as the above characteristics are
exhibited, and the aspects described in the above-mentioned
positive A-plate may be used. Among these, from the
viewpoint of easily controlling the above characteristics, the
A4 plate is preferably a layer formed by fixing a liquid
crystal compound (rod-like liquid crystal compound or
disk-like liquid crystal compound) having a polyinerizable
group through polymerization or the like. In this case, after
the layer is formed, the liquid crystal compound does not
need to exhibit liquid crystallinity any longer.

[0181] The method of forming the A/4 plate is not par-
ticularly limited and known methods can be adopted. For
example, the above-mentioned method of forming the posi-
tive A-plate may be used.

[0182] (Second Positive C-Plate)

[0183] The second positive C-plate is a layer arranged on
the surface of the A/4 plate opposite to the polarizer in the
circularly polarizing plate described later. In other words,
the second positive C-plate is a layer arranged on the surface
of'the A/4 plate opposite to the first positive C-plate side. The
second positive C-plate preferably has a single layer struc-
ture.

[0184] The Rth(550) of the second positive C-plate, which
is a retardation in the thickness direction at a wavelength of
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550 nm, is =100 to =50 nm. In this range, from the viewpoint
that the effect of the present invention is more excellent, the
Rth(550) is preferably —90 to —-60 nm and more preferably
-80 to -60 nm.

[0185] The in-plane retardation of the second positive
C-plate at a wavelength of 550 nm not particularly limited,
but from the viewpoint that the effect of the present inven-
tion is more excellent, the in-plane retardation is preferably
0 to 10 nm.

[0186] The second positive C-plate may exhibit forward
wavelength dispersibility or reverse wavelength dispersibil-
ity. However, from the viewpoint that the effect of the
present invention is more excellent, it is preferable that the
second positive C-plate exhibits reverse wavelength dispers-
ibility The forward wavelength dispersibility and reverse
wavelength dispersibility are preferably exhibited in the
visible light range.

[0187] The second positive C-plate exhibiting forward
wavelength dispersibility means that the retardation of the
second positive C-plate in the thickness direction exhibits
forward wavelength dispersibility. That is, this means that as
the measurement wavelength increases, the retardation of
the second positive C-plate in the thickness direction
decreases,

[0188] In addition, the second positive C-plate exhibiting
reverse wavelength dispersibility means that the retardation
of the second positive C-plate in the thickness direction
exhibits reverse wavelength dispersibility That is, this
means that as the measurement wavelength increases, the
retardation of the second positive C-plate increases.

[0189] In order to set the retardation of the second positive
C-plate in the thickness direction to appropriately exhibit
reverse wavelength dispersibility, specifically, the Rth(450)/
Rth(550) of the second positive C-plate is preferably 0.70 or
more and less than 1.00 and more preferably 0.80 to 0.90,
and the Rth(650)/Rth(550) of the second positive C-plate is
preferably more than 1.00 and 1.20 or less and more
preferably 1.02 to 1.10.

[0190] The Rth(450) and the Rth(650) represent retarda-
tions of the second positive C-plate in the thickness direction
measured at wavelengths of 450 nm and 650 nm, respec-
tively.

[0191] The thickness of the second positive C-plate is not
particularly limited and is adjusted such that the retardation
in the thickness direction is in a predetermined range. From
the viewpoint of reducing the thickness of the phase differ-
ence film, the thickness is preferably 6.0 um or less, more
preferably 0.5 to 5.0 pm, and even more preferably 0.5 to 2.0
pm.

[0192] In the present specification, the thickness of the
second positive C-plate means the average thickness of the
second positive C-plate. The thickness is obtained by mea-
suring the thickness at 5 or more random points in the
second positive C-plate and arithmetically averaging those
values.

[0193] The material constituting the second positive
C-plate is not particularly limited as long as the above
characteristics are exhibited, and the aspects described in the
above-mentioned. positive A-plate may be used. Among
these, from the viewpoint of easily controlling the above
characteristics, the second positive C-plate is preferably a
layer formed by fixing a liquid crystal compound (rod-like
liquid crystal compound or disk-like liquid crystal com-
pound) having a polymerizable group through polymeriza-
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tion or the like. In this case, after the layer is formed, the
liquid crystal compound does not need to exhibit liquid
crystallinity any longer.

[0194] The method of forming the second positive C-plate
is not particularly limited and. known methods can be
adopted. For example, the above-mentioned method of
forming the positive A-plate may be used.

[0195] It is preferable that at least one of the positive
A-plate, the first positive C-plate, the A/4 plate, or the second
positive C-plate exhibits reverse wavelength dispersibility,
and it is more preferable that all of the positive A-plate, the
first positive C-plate, the A/4 plate, and the second positive
C-plate exhibit reverse wavelength dispersibility.

[0196] (Other Layers)

[0197] The phase difference film may include layers other
than the positive A-plate, the first positive C-plate, the A/4
plate, and the second positive C-plate within a range not
impairing the effect of the present invention.

[0198] Forexample, the phase difference film may include
an alignment layer having a function of defining the align-
ment direction of the liquid crystal compound. The position
where the alignment layer is arranged is not particularly
limited and for example, the alignment layer may be
arranged between the positive A-plate and the first positive
C-plate, between the first positive C-plate and the A/4 plate,
and between the A/4 plate and the second positive C-plate.
[0199] The material constituting the alignment layer and
the thickness of the alignment layer are as described above.
[0200] In addition, the phase difference film may include
an adhesive layer or a pressure sensitive adhesive layer for
bonding the respective layers.

[0201] The method of producing the phase difference film
is not particularly limited and for example, a method of
laminating the positive A-plate, the first positive C-plate, the
A4 plate, and the second positive C-plate respectively
prepared through an adhesive or a pressure sensitive adhe-
sive may be used.

[0202] The phase difference film can be applied for vari-
ous applications, and particularly, can be suitably applied to
antireflection application. More specifically, the circularly
polarizing plate can be suitably applied to a display device
such as an organic EL display device for the antireflection
application.

Circularly Polarizing Plate

[0203] A first embodiment of a circularly polarizing plate
of the present invention will be described with reference to
the drawings. FIG. 3 is a cross-sectional view showing a first
embodiment of a circularly polarizing plate according to the
present invention.

[0204] A circularly polarizing plate 20A has a polarizer
22, a positive A-plate 12, a first positive C-plate 14, a A/4
plate 16A, and a second positive C-plate 18 in this order.
[0205] In addition, FIG. 4 shows the relationship between
the absorption axis of the polarizer 22, the in-plane slow axis
of the positive A-plate 12, and the in-plane slow axis of the
A4 plate 16A. In FIG. 4, the arrow in the polarizer 22
represents the direction of the absorption axis, and the
arrows in the positive A-plate 12 and the A/4 plate 16A
represent the direction of the in-plane slow axis in the
respective layers.

[0206] Hereinafter, each member included in the circu-
larly polarizing plate 20A will be described in detail.
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[0207] First, the aspects of the positive A-plate 12, the first
positive C-plate 14, the A/4 plate 16A, and the second
positive C-plate 18 included in the circularly polarizing plate
20A are as described above.

[0208] (Polarizer)

[0209] The polarizer may be a member having a function
of converting light into specific linearly polarized light
(linear polarizer) and for example, an absorptive type polar-
izer may be used,

[0210] As the absorptive type polarizer, for example, an
iodine-based polarizer, a dye-based polarizer using a
dichroic dye, a polyene-based polarizer, and the like may be
used. The iodine-based polarizer and the dye-based polarizer
include a coating type polarizer and a stretching type polar-
izer, and any one of these polarizers can be applied. Of these
polarizers, a polarizer, which is prepared by allowing poly-
vinyl alcohol to adsorb iodine or a dichroic dye, and
performing stretching, is preferable.

[0211] In addition, examples of a method of obtaining a
polarizer by performing stretching and dyeing in a state of
a laminated film in which a polyvinyl alcohol layer is formed
on a base material include methods disclosed in
JP5048120B, JP5143918B, IP5048120B, JP4691205B,
JP4751481B, and JP4751486B, and known technologies
related to these polarizers can be preferably used.

[0212] Among these, from the point of handleability, the
polarizer is preferably a polarizer containing a polyvinyl
alcohol-based resin (a polymer including —CH,—CHOH—
as a repeating unit, in particular, at least one selected from
the group consisting of polyvinyl alcohol and an ethylene-
vinyl alcohol copolymer is preferable).

[0213] The thickness of the polarizer is not particularly
limited but from the viewpoint of achieving excellent
handleability and excellent optical properties, the thickness
is preferably 35 um or less, more preferably 3 to 25 um, and
even more preferably 4 to 15 um. Within the thickness range,
an image display device can be made thin.

[0214] As shown in FIG. 4, the absorption axis of the
polarizer 22 and the in-plane slow axis of the positive
A-plate 12 are orthogonal to each other. The definition of
orthogonal is as described above, and in other words, the
angle formed between the absorption axis of the polarizer 22
and the in-plane slow axis of the positive A-plate 12 is 80°
to 100°. In this range, from the viewpoint that the effect of
the present invention is more excellent, the angle formed
between the absorption axis of the polarizer 22 and the
in-plane slow axis of the positive A-plate 12 is more
preferably 85° to 95° and even more preferably 87° to 93°.

[0215] The angle means an angle formed between the
absorption axis of the polarizer 22 and the in-plane slow axis
of the positive A-plate 12 in a case of being viewed in the
normal direction of the surface of the polarizer 22.

[0216] Inaddition, as shown in FIG. 4, the angle 6 formed
between the absorption axis of the polarizer 22 and the
in-plane slow axis of the A/4 plate 16A is preferably
45°+10°. That is, the angle 6 formed between the absorption
axis of the polarizer 22 and the in-plane stow axis of the A/4
plate 16A is preferably 35° to 55°. In this range, from the
viewpoint that the effect of the present invention is more
excellent, the angle 6 formed between the absorption axis of
the polarizer 22 and the in-plane slow axis of the A/4 plate
16A is more preferably 40° to 50° and even more preferably
42° to 48°.
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[0217] The angle 6 means an angle formed between the
absorption axis of the polarizer 22 and the in-plane slow axis
of the A/4 plate 16A in a case of being viewed in the normal
direction of the surface of the polarizer 22.

[0218] (Other Layers)

[0219] The circularly polarizing plate 20A may include
layers other than the polarizer 22, the positive A-plate 12, the
first positive C-plate 14, the A/4 plate 16A, and the second
positive C-plate 18 within a range not impairing the effect of
the present invention.

[0220] For example, the circularly polarizing plate 20A
may include an alignment layer having a function of defin-
ing the alignment direction of the liquid crystal compound.
The position where the alignment layer is arranged is not
particularly limited.

[0221] The material constituting the alignment layer and
the thickness of the alignment layer are as described above.
[0222] Inaddition, the circularly polarizing plate 20A may
include an adhesive layer or a pressure sensitive adhesive
layer for bonding the respective layers.

[0223] Further, a polarizer protective film may be arranged
on the surface of the polarizer.

[0224] The configuration of the polarizer protective film is
not particularly limited, and may be, for example, a trans-
parent support or a hardcoat layer, or a laminate of a
transparent support and a hardcoat layer.

[0225] A known layer can be used as a hardcoat layer and
the hardcoat layer may be, for example, a layer obtained by
polymerizing and curing the above-mentioned polyfunc-
tional monomer.

[0226] Further, as a transparent support, a known trans-
parent support can be used. For example, as the material for
forming the transparent support, a cellulose polymer typified
by triacetyl cellulose (hereinafter, referred to as cellulose
acylate), a thermoplastic norbornene resin (ZEONEX and
ZEONOR manufactured by Zeon Corporation, ARTON
manufactured by JSR Corporation, or the like), an acrylic
resin, or a polyester resin may be used.

[0227] The thickness of the polarizer protective film is not
particularly limited and from the viewpoint of being capable
of reducing the thickness of the polarizing plate, the thick-
ness is preferably 40 um or less and more preferably 25 pm
or less.

[0228] The method of producing the circularly polarizing
plate is not particularly limited and for example, a method
of laminating the polarizer, the positive A-plate, the first
positive C-plate, the A/4 plate, and the second positive
C-plate respectively prepared through an adhesive or a
pressure sensitive adhesive may be used.

[0229] The circularly polarizing plate can be applied for
various applications, and particularly, can be suitably
applied to antireflection application. More specifically, the
circularly polarizing plate can be suitably applied to a
display device such as an organic EL display device for the
antireflection application.

Organic EL Display Device

[0230] A first embodiment of an organic EL display device
of the present invention will be described with reference to
the drawing. FIG. 5 is a cross-sectional view showing an
organic EL display device according to an embodiment of
the present invention.

[0231] An organic EL display device 24A has a polarizer
22, a positive A-plate 12, a first positive C-plate 14, a A/4
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plate 16 A, a second positive C-plate 18, and an organic ELL
display panel 26 in this order. As shown in FIG. 5, the
polarizer 22 in the circularly polarizing plate 20A is
arranged on the viewing side.

[0232] The organic EL display panel 26 is a display panel
constituted using an organic EL element in which an organic
light emitting layer (organic electroluminescent layer) is
held between electrodes (between a cathode and an anode).
[0233] The configuration of the organic EL display panel
26 is not particularly limited and a known configuration is
adopted.

Second Embodiment

Phase Difference Film

[0234] A second embodiment of the phase difference film
of the present invention will be described with reference to
the drawings. FIG. 6 is a cross-sectional view showing a
second embodiment of the phase difference film according
to the present invention.

[0235] A phase difference film 10B has a positive A-plate
12, a first positive C-plate 14, and a A/4 plate 16B in this
order.

[0236] In addition, FIG. 7 shows the relationship between
the in-plane slow axis of the positive A-plate 12 and the
in-plane slow axis of the A/4 plate 16B. In FIG. 7, the arrows
in the positive A-plate 12 and the A/4 plate 16B represent the
direction of the in-plane slow axis in the respective layers.
[0237] The phase difference film 10B shown in FIG. 6 has
the same layers as in the phase difference film 10A shown in
FIG. 1 except for the A/14 plate 16B. Thus, the same
constitutional elements are indicated by the same reference
numerals and the description thereof is omitted. In the
following, the A/4 plate 16B will be mainly described in
detail.

[0238] The phase difference film 10B may have other
layers that the above-mentioned phase difference film 10A
may have.

[0239] (A\/4 Plate)

[0240] The A/4 plate is a layer arranged on the side of the
first positive C-plate opposite to the positive A-plate. The
A4 plate preferably has a single layer structure.

[0241] The A\/4 plate (a plate having a A/4 function) is a
plate having a function of converting linearly polarized light
having a specific wavelength into circularly polarized light
(or circularly polarized light into linearly polarized light).
[0242] The A/4 plate in the second embodiment of the
phase difference film and the A/4 plate in the first embodi-
ment of the phase difference film has the same characteris-
tics except that of the A/4 plate in the second embodiment of
the phase difference film is in the range of a predetermined
Nz factor.

[0243] Specifically, the ranges of the in-plane retardation,
the retardation in the thickness direction, and the thickness
of the A/4 plate in the second embodiment of the phase
difference film are the same as the ranges of the in-plane
retardation, the retardation in the thickness direction, and the
thickness of the A/4 plate in the second embodiment of the
phase difference film.

[0244] In addition, the A/4 plate in the second embodiment
of the phase difference film may exhibit forward wavelength
dispersion or reverse wavelength dispersion similar to the
A4 plate in the first embodiment of the phase difference film,
but from the viewpoint that the effect of the present inven-
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tion is more excellent, it is preferable that the A/4 plate
exhibits reverse wavelength dispersibility,

[0245] Further, the angle 6 formed between the in-plane
slow axis of the A/4 plate 16B and the in-plane slow axis of
the positive A-plate 12 in the second embodiment of the
phase difference film in FIG. 7 is the same as the angle 0
formed between the in-plane slow axis of the A/4 plate 16A
and the in-plane slow axis of the positive A-plate 12 in the
first embodiment of the phase difference film.

[0246] The Nz factor of the A/4 plate 0.30 to 0.70, and
from the viewpoint that the effect of the present invention is
more excellent, is preferably 0.40 to 0.60 and more prefer-
ably 0.45 to 0.55. The method of calculating the Nz factor
is as described above.

[0247] Generally, an order parameter is known as a param-
eter indicating the degree of alignment of a liquid crystal
compound. The order parameter is 1 in the case where there
is no distribution as in a crystal state, and the order param-
eter is 0 in the case where there is completely random
distribution as in a liquid state. For example, a nematic
liquid crystal generally has a value of approximately 0.6.
The order parameter, for example, is disclosed in detail in
“Physical Properties of Liquid Crystal” written by DE JEU,
W. H. (Kyoritsu Shuppan Co., Ltd., 1991, Page 11), and is
denoted by the following expression.

3(cos?0) — 1
P (cos“0)
2

[0248] Here, 0 is an angle formed between an average
alignment axis direction of an alignment element (for
example, liquid crystal compound) and an axis of each
alignment element.

[0249] In the present specification, as shown in FIG. 11, in
the case where an in-plane slow axis direction of a phase
difference plate such as a A/4 plate is set to an X axis, a
direction orthogonal to the slow axis direction in the plane
is set to a y axis, a thickness direction of the phase difference
plate is set to a z axis, and angles between an average
alignment direction M of a mesogenic group derived from
the liquid crystal compound obtained by alignment analysis
and the x axis, the y axis, and the z axis are setto 0, 0, and
0, respectively, an order parameter Sx in the x direction of
the mesogenic group, an order parameter Sy in the y
direction thereof, and an order parameter Sz in the z direc-
tion are respectively expressed by the following expressions.
[0250] The mesogenic group is a structure included in the
liquid crystal compound and is a functional group which has
rigidity and alignment. The structure of the mesogenic group
may be, for example, a structure in which a plurality of
groups selected from the group consisting of an aromatic
ring group and an alicyclic group are linked directly or via
a linking group (for example, —CO—, —O—, and —NR—
(R represents a hydrogen atom or an alkyl group), or a group
formed by combining these groups).

_ Kcos 0x) - 1
S
Sy= 3(005220y> -1
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-continued
3cos?0z) - 1
[0251] As the method of measuring the order parameter in

each direction of the mesogenic group in the phase differ-
ence plate, polarization Raman spectrum measurement may
be used.

[0252] More specifically, as the measurement device,
nanofider (manufactured by Tokyo Instruments Inc.) is used
in the polarization Raman spectrum measurement. First, the
in-plane slow axis (x axis) direction of the phase difference
plate is specified using AxoScan OPMF-1 (manufactured by
Opto Science, Inc.). Next, the main surface (xy plane) of the
phase difference plate, a first cross section (xz plane) of the
phase difference plate, and a second cross section (yz plane)
of the phase difference plate are set to measurement sur-
faces, and polarization Raman spectrum measurement is
performed. The first cross section and the second cross
section are cross sections exposed by cutting the phase
difference plate in predetermined directions. The first cross
section is a cross section formed by cutting the phase
difference plate in a direction parallel to the x axis and
perpendicular to the main surface. The second cross section
is a cross section formed by cutting the phase difference
plate in a direction parallel to the y axis and perpendicular
to the main surface.

[0253] As a specific method of polarization Raman spec-
trum measurement, polarization is rotated at several angles
at a predetermined excitation wavelength (for example, 785
nm), and polarization Raman spectra in directions parallel
and perpendicular to the polarization are measured. Next,
according to the method described in Naoki Hayashi, Tat-
suhisa Kato, Phys. Rev. E, 63, 021706 (2001), a band with
a peak derived from the skeleton of the mesogenic group
included in the phase difference plate is subjected to fitting
analysis based on the least squares method according to a
theoretically derived equation, and secondary order param-
eters Sxy, Syx, Syz, Szy, Sxz, and Szx in the measurement
plane are calculated. Further, the order parameters Sx, Sy,
and Sz in the axial directions are calculated based on the
following expressions.

Sx=(Sxy+Sxz)/2
Sy=(Syx+Syz)/2

Sz=(Szx+Szy)/2

[0254] The structure of the mesogenic group in the phase
difference plate can be determined by thermal decomposi-
tion gas chromatography-mass spectrometry (GC-MS),
infrared (IR) spectrum measurement, and nuclear magnetic
resonance (NMR) measurement. In the case where the
structure of a liquid crystal compound to be used is known
in advance, the structure of the mesogenic group in the phase
difference plate can be determined from the structure.

[0255] In addition, in the case where the structural site
used for alignment analysis of a mesogenic group is parallel
to the reference axis of the mesogenic group, the analysis
result can be used as it is. In addition, in the case where the
structural site used for the alignment analysis of the meso-
genic group is orthogonal to the reference axis of the
mesogenic group, the analysis result is converted to the
direction of the reference axis of the mesogenic group. For
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example, in the case where a liquid crystal compound in
which the structural site used for alignment analysis of the
mesogenic group is orthogonal to the reference axis of the
mesogenic group exhibits nematic liquid crystallinity, the
liquid crystal compound is uniaxially aligned, and thus, by
converting the measured values (Sy,, Sy, S, ) obtained by
the above measurement according to Expressions (X) to (Z),
the order parameters of the mesogenic group along each axis
can be calculated.

[0256] The reference axis is an axis for calculating the
order parameter, and varies depending on the kind of meso-
genic group, which will be described in detail later.

Sx=—2Sx1 Expression (X)
Sy=-2Sy, Expression (Y)
S,=-2S,, Expression (Z)
[0257] In the case where order parameters are calculated,

the reference axis changes depending on the kind of meso-
genic group. Specifically, in the case where the mesogenic
group is a rod-like mesogenic group, order parameters are
calculated based on the major axis of the mesogenic group.
That is, the major axis of the mesogenic group serves as a
reference axis, the angles formed between the average
alignment direction of the major axis of the mesogenic
group and the above-mentioned x axis, y axis, and z axis are
respectively set to 0, 04, and 0, so that order parameters are
calculated.

[0258] In addition, in the case where the mesogenic group
is a disk-like mesogenic group, the order parameters are
calculated with reference to the axis orthogonal to the
disk-like plane of the mesogenic group. That is, the axis
orthogonal to the disk-like plane of the mesogenic group is
the reference axis, and the angles formed between the
average alignment direction of the axis orthogonal to the
disk-like plane of the mesogenic group and the above-
mentioned X axis, y axis, and z axis are respectively set to
0, 05, and 0, so that order parameters are calculated.

[0259] In the A/4 plate, in the case where the mesogenic
group derived from the liquid crystal compound is a rod-like
mesogenic group, it is preferable to satisfy the requirements
of Expressions (Al) to (A3).

Sx>Sz>Sy Expression (Al)

-0.3<8z<0.2 (preferably, —0.10<8z<0.10) Expression (A2)

Sx>0.05 Expression (A3)

[0260] The Sx is preferably 0.1 or more and more pref-
erably 0.2 or more. The upper limit is not particularly limited
and is 0.4 or less in many cases.

[0261] In addition, Sy is preferably —0.1 or less and more
preferably —0.2 or less. The lower limit is not particularly
limited and is -0.4 or more in many cases,

[0262] Further, a difference between the absolute value of
Sx and the absolute value of Sy is preferably 0.1 or less and
more preferably 0.04 or less. The lower limit is not particu-
larly limited and is preferably O.

[0263] In the A/4 plate, in the case where the mesogenic
group derived from the liquid crystal compound is a disk-
like mesogenic group, the requirements of Expressions (A4)
to (A6) are satisfied.
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Sy>Sz>Sx Expression (A4)

-0.2<8z<0.3 (preferably, —0.10<8z<0.10) Expression (AS5)

Sy>0.05

[0264] The Sx is preferably —-0.1 or less and more pref-
erably —0.2 or less. The lower limit is not particularly limited
and is 0.4 or more in many cases.

[0265] In addition, Sy is preferably 0.1 or more and more
preferably 0.2 or more. The upper limit is not particularly
limited and is 0.4 or less in many cases.

[0266] Further, a difference between the absolute value of
Sx and the absolute value of Sy is preferably 0.1 or less and
more preferably 0.04 or less. The lower limit is not particu-
larly limited and is preferably O.

[0267] The material constituting the A/4 plate is not par-
ticularly limited as long as the above characteristics are
exhibited, and the aspects described in the above-mentioned
positive A-plate may be used. Among these, from the
viewpoint of easily controlling the above characteristics, the
A4 plate is preferably a layer formed by fixing a liquid
crystal compound (rod-like liquid crystal compound or
disk-like liquid crystal compound) having a polymerizahle
group through polymerization or the like. In this case, after
the layer is formed, the liquid crystal compound does not
need to exhibit liquid crystallinity any longer,

[0268] The method of forming the A/4 plate is not par-
ticularly limited and known methods can be adopted. For
example, the above-mentioned method of forming the posi-
tive A-plate may be used.

[0269] In the case where the A/4 plate is produced, if
necessary, a step of subjecting at least one of a stretching
treatment or a shrinkage treatment to the coating film
subjected to a curing treatment may be further provided.
[0270] In the step, both a stretching treatment and a
shrinkage treatment may be performed, and for example, the
kind of treatment may be changed according to the direction
such that a stretching treatment is performed in one direc-
tion, and a shrinkage treatment is performed in the other
direction.

[0271] Examples of the method of the stretching treatment
include known methods of stretching treatment such as
uniaxial stretching and biaxial stretching.

[0272] With respect to the shrinkage treatment (particu-
larly, heat shrinkage treatment), methods described in, for
example, JP2006-215142A, JP2007-261189A, and
JP4228703B can be referred to.

[0273] As the above-mentioned support, a support (heat
shrinkable support) that shrinks in a specific direction during
a heating treatment at the time of stretching may also be
mentioned. For example, by using such a support, the cured
film can be shrunk in the shrinkage direction of the support
while being stretched in a specific direction.

[0274] As a direction in which the cured film is subjected
to the stretching treatment and/or the shrinkage treatment,
the optimum direction is appropriately selected according to
the kind of the polymerizable liquid crystal compound to be
used and the alignment direction thereof.

Expression (A6)
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[0275] For example, in the case where a rod-like liquid
crystal compound is used as the polymerizable liquid crystal
compound and the polymerizable liquid crystal compound is
aligned in the direction perpendicular to the surface of the
coating film, by stretching the cured film in one direction
parallel to the surface (main surface) of the cured film and
shrinking the cured film in a direction orthogonal to the one
direction in the plane, a A/4 plate exhibiting a predetermined
Nz factor can be obtained.

[0276] Although the method of the stretching treatment
and the shrinkage treatment has been described above, the
present invention is not limited to the above, and the
optimum treatment is appropriately performed depending on
the kind of liquid crystal compound to be used.

Circularly Polarizing Plate

[0277] Hereinafter, a second embodiment of the circularly
polarizing plate according to the present invention will be
described with reference to the drawings. FIG. 8 shows a
cross-sectional view showing the first embodiment of the
circularly polarizing plate according to the present inven-
tion.

[0278] A circularly polarizing plate 20B has a polarizer
22, a positive A-plate 12, a first positive C-plate 14, and a
A4 plate 16B in this order.

[0279] In addition, FIG. 9 is a view showing the relation-
ship between the absorption axis of the polarizer 22, the
in-plane slow axis of the positive A-plate 12, and the
in-plane slow axis of a A/4 plate 16B. In FIG. 9, the arrow
in the polarizer 22 represents the direction of the absorption
axis, and the arrows in the positive A-plate 12 and the A/4
plate 16B represent the direction of the in-plane slow axis in
the respective layers.

[0280] The circularly polarizing plate 20B shown in FIG.
8 has the same layers as in the circularly polarizing plate
20A shown in FIG. 3 except for the A/4 plate 16B. Thus, the
same constitutional elements are indicated by the same
reference numerals and the description thereof is omitted. In
the following, the aspect of the A/4 plate 16B is as described
above.

[0281] The angle formed between the absorption axis of
the polarizer 22 and the in-plane slow axis of the positive
A-plate 12 in the circularly polarizing plate 20B, and the
angle 0 formed between the absorption axis of the polarizer
22 and the in-plane slow axis of the A/4 plate 16B are the
same as the angle formed between the absorption axis of the
polarizer 22 and the in-plane slow axis of the positive
A-plate 12 in the circularly polarizing plate 20A, and the
angle 0 formed between the absorption axis of the polarizer
22 and the in-plane slow axis of the A/4 plate 16A, respec-
tively.

[0282] The method of producing the circularly polarizing
plate is not particularly limited and for example, a method
of laminating the polarizer, the positive A-plate, the first
positive C-plate, and the A/4 plate respectively prepared
through an adhesive or a pressure sensitive adhesive may be
used.
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[0283] The circularly polarizing plate can be applied for
various applications, and particularly, can be suitably
applied to antireflection application. More specifically, the
circularly polarizing plate can be suitably applied to a
display device such as an organic EL display device for the
antireflection application.

Organic EL Display Device

[0284] A second embodiment of the organic EL display
device of the present invention will be described with
reference to the drawing. FIG. 10 shows a cross-sectional
view showing the organic EL display device according to the
present invention.

[0285] An organic EL display device 24B has a polarizer
22, a positive A-plate 12, a first positive C-plate 14, a A/4
plate 16B, and an organic EL display panel 26 in this order.
As shown in FIG. 10, the polarizer 22 in the circularly
polarizing plate 20B is arranged on the viewing side.
[0286] The organic EL display device 24B shown in FIG.
10 has the same layers as in the organic EL display device
24A shown in FIG. 5 except for the A/4 plate 16B. Thus, the
same constitutional elements are indicated by the same
reference numerals and the description thereof is omitted. In
addition, the aspect of the A/4 plate 16B is as described
above.

EXAMPLES

[0287] The features of the present invention will be
described in more detail with reference to the following
Examples. The materials, the amount of the materials used,
the ratio between the materials, the content and the proce-
dures of treatment, and the like shown in the following
examples can be appropriately modified as long as the
modification does not depart from the gist of the present
invention. Accordingly, the scope of the present invention is
not limited to the following specific examples.

Example 1
Preparation of Polarizer

Preparation of Protective Film

[0288] The following composition was put into a mixing
tank and was stirred to dissolve the respective components,
thereby preparing a core layer cellulose acylate dope.

Cellulose acetate having an acetyl substitution 100 parts by mass
degree of 2.88

Ester oligomer (Compound 1-1)

Durability improver (Compound 1-2)
Ultraviolet absorbing agent (Compound 1-3)
Methylene chloride (first solvent)

Methanol (second solvent)

10 parts by mass
4 parts by mass

3 parts by mass
438 parts by mass
65 parts by mass

(Compound 1-1)

o) o)
)J\ o o )J\
HC o) o) CHs
o) o)

n

Molecular weight 1000
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-continued

(Compound 1-2)

ONTNQ

(Compound 1-3)

CgHjy-tert

Preparation of Outer Layer Cellulose Acylate Dope

[0289] 10 parts by mass of a matting agent dispersion
liquid having the following composition was added to 90
parts by mass of the above-mentioned core layer cellulose
acylate dope to prepare an outer layer cellulose acylate dope.

Silica particles having an average
particle size of 20 nm

(AEROSIL R972, manufactured by
Nippon Aerosil Co., Ltd.)
Methylene chloride (first solvent)
Methanol (second solvent)

Core layer cellulose acylate dope 1

2 parts by mass

76 parts by mass
11 parts by mass
1 part by mass

Preparation of Cellulose Acylate Film

[0290] Three layers of the core layer cellulose acylate
dope and the outer layer cellulose acylate dope on both sides
thereof were cast simultaneously onto a drum at 20° C. from
a casting port. The film was peeled from the drum in a state
where the solvent content of the film was approximately
20% by mass, and both ends in the width direction of the
peeled film were fixed with tenter clips. Then, the film was
dried while stretching the film 1.2 times in the transverse
direction in a state where the residual solvent was 3% to
15% by mass. Thereafter, the stretched film was conveyed
between the rolls of a heat treatment apparatus to prepare a
cellulose acylate film having a thickness of 25 pm. The film
was used as a polarizing plate protective film.

Preparation of Hardcoat Layer

[0291] As a hardcoat layer forming coating liquid, a
curable composition for hardcoat in Table 1 below was
prepared.
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TABLE 1
UV Initiator
Monomer Amount
Total amount added
Monomer 1/ added [parts by
Monomer 1 Monomer 2 Monomer 2 [parts by mass] Kind mass]  Solvent
Hardcoat 1  Pentaerythritol Pentaerythritol 32 53.5 uv 1.5 Ethyl
triacrylate tetraacryalte initiator 1 acetate
(Compound 2-1)
OH
0
o}
UV Initiator 1
[0292] The curable composition for hardcoat was applied Preparation of Positive A-Plate
onto the surface of the polarizing plate protective film
prepared above. Thereafter, the coating film of the polarizing Preparation of Temporary Support
plate protective film was dried at 100° C. for 60 seconds, and
the coating film was cured by irradiating the coating film [0300] A pellet of a mixture (Tg 127° C.) of 90 parts by

with ultraviolet (UV) light at 1.5 kW and at 300 mJ under the
conditions of nitrogen of 0.1% or less, thereby preparing a
protective film with a hardcoat layer which has a hardcoat
layer with a thickness of 3 um. The film thickness of the
hardcoat layer was adjusted by adjusting the coating amount
in a die coating method using a slot die.

Preparation of Polarizer with Protective Film

[0293] 1) Saponification of Film

[0294] The protective film with a hardcoat layer thus
prepared was immersed in a 4.5 mol/LL sodium hydroxide
aqueous solution (saponification solution) whose tempera-
ture was adjusted to 37° C. for 1 minute. Thereafter, the
protective film with a hardcoat layer was taken out and was
washed with water. Then, the protective film with a hardcoat
layer was immersed in a 0.05 mol/L,, sulfuric acid aqueous
solution for 30 seconds, and then the protective film with a
hardcoat layer was taken out and further caused to pass
through a water washing bath. Then, the obtained film was
dewatered repeatedly three times with an air knife to remove
water, and then dried by retaining in a drying zone at 70° C.
for 15 seconds, thereby preparing a saponified protective
film with a hardcoat layer.

[0295] 2) Preparation of Polarizer

[0296] The film was stretched in the longitudinal direction
with two pairs of nip rolls having a difference in circum-
ferential speed according to Example 1 of JP2001-141926A
under changed drying conditions, thereby preparing a polar-
izer having a width of 1330 mm and a thickness of 15 pm.
[0297] 3) Lamination

[0298] The prepared polarizer and the saponified protec-
tive film with a hardcoat layer were laminated by a roll-to-
roll process using a 3 mass % aqueous solution of PVA
(PVA-117H, manufactured by Kuraray Co., [.td.) as an
adhesive in such a manner that the absorption axis of the
polarizer and the longitudinal direction of the film were
arranged to be parallel to each other (protective film with a
hardcoat layer), and thus a polarizer with a protective film
was prepared.

[0299] At this time, the polarizer and the protective film
with a hardcoat layer subjected to the saponification treat-
ment were laminated such that the cellulose acylate film
faced the polarizer.

mass of an acrylic resin having a lactone ring structure
represented by Formula (II) {copolymerization monomer
mass ratio=methyl methacrylate/methyl 2-(hydroxymethyl)
acrylate=8/2, lactone cyclization ratio: about 100%, content
ratio of the lactone ring structure: 19.4%, weight-average
molecular weight: 133,000, melt flow rate: 6.5 g/10 min
(240° C., 10 kgf), Tg 131° C.}, and 10 parts by mass of
acrylonitrile-styrene (AS) resin {Toyo AS AS20, manufac-
tured by Toyo-Styrene Co., Ltd.}; was supplied to a twin-
screw extruder and melt-extruded in a sheet form at about
280° C. Thereafter, the melt-extruded sheet was longitudi-
nally stretched in a longitudinal uniaxial stretching machine
at an aeration temperature of 130° C., a sheet surface
temperature of 120° C., a stretching rate of 30%/min, and a
stretching ratio of 35%. Then, the longitudinally stretched
sheet was transversely stretched at using a tenter type
stretching machine, at an aeration temperature of 130° C., a
sheet surface temperature of 120° C., a stretching rate of
30%/min, and a stretching ratio of 35%. Then, both ends of
the transversely stretched sheet were cut off before the
winding section and the sheet was wound up as a roll film
having a length of 4000 m. Thus, a long temporary support
having a thickness of 40 um was prepared.

TOORZ |3

CH.

¢
CH Can

R N0 o

an

[0301] InFormula (II), R represents a hydrogen atom and
R? and R? represent a methyl group.

Formation of Alignment Layer

[0302] An alignment layer forming coating liquid having
the following composition was continuously applied to the
temporary support using a #14 wire bar. The temporary
support coated with the alignment layer forming coating
liquid was dried with warm air at 60° C. for 60 seconds and
further dried with warm air at 100° C. for 120 seconds,
thereby forming an alignment layer on the temporary sup-
port. Further, a rubbing treatment was performed on the
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coating film in the longitudinal direction of the temporary
support, and thus an alignment layer was formed.

[0303] The saponification degree of modified polyvinyl
alcohol used was 96.8%.

[0304] —Composition of Alignment layer Forming Coat-
ing Liquid (A)—
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Modified polyvinyl alcohol below
Water
Methanol

Isopropanol

Photopolymerization initiator IRGACURE (registered trademark) 2959, manufactured

by BASF SE)

10 parts by mass
308 parts by mass
70 parts by mass
29 parts by mass
0.8 parts by mass

—€ CH,CH A5 CH,CH3—¢ CH,CH 35— o)
|

| | o
OH o) o) N
\[( \n/ V\O
o) o]

Modified polyvinyl alcohol

[0305] The compositional ratio of modified polyvinyl
alcohol is described by a mole fraction.

Formation of Positive A-Plate

[0306] Next, a composition 1 shown in Table 2 described
later was prepared by dissolving the composition in methyl
ethyl ketone (MEK) such that the solid content concentra-
tion was 10% by mass. Thus, a coating liquid was obtained.

2 minutes. Thus, a homogeneous alignment state of the
liquid crystal compound in the coating film was obtained.
Then, the coating film was kept at 120° C. and was irradiated
with ultraviolet rays at 100 ml/cm?® using a metal halide
lamp at 120° C. to form a positive A-plate (film thickness:
1.6 um). By the above-described procedure, a film A having
a temporary support, an alignment layer, and a positive
A-plate was obtained.

The obtained coating liquid was applied to the alignment [0307] The numerical values in Table 2 represent parts by
layer using a bar coater and heated and aged at 120° C. for mass.
TABLE 2
Composition Composition Composition

1 2 3
Rod-like liquid crystal 50 30
compound (1)
Rod-like liquid crystal 50 30
compound (2)
Rod-like liquid crystal 40
compound (3)
Disk-like liquid crystal 1 50
compound 101
Disk-like liquid crystal 50
compound 102
Polymerization initiator 1 1.5 1.5 1.5
Polymerization initiator 2 1.5 1.5 1.5
Vertical alignment agent 1 1
Vertical alignment agent 2 0.5
Polymerizabie compound 1 10
Polyinerizable compound 2 12
HISOLVE MTEM 2 2
NK ESTER A-200 1 1
Surfactant 1 0.2
Surfactant 2 0.4
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TABLE 2-continued

Composition Composition Composition
1 2 3
Surfactant 3 0.2
Surfactant 4 0.2
Rod-like liquid crystal compound (1)
NC CN

\ 0 0, SIS o} 0, /
S ed 0 9 S
Ny oy K O
O O
O 6} O 6}

Rod-like liquid crystal compound (2)

NC CN

\ ] 0, SIS o] o] /
e 0 9 S
o OMxQO:O o:o@JMo ;
@] (0]

(0] @] (0] @]

Me position isomer mixture

Rod-like liquid crystal compound (3)

NC CN

XL

Disk-like liquid crystal compound
Compound 101

| = ()¢ i
e I N/ /N/ O\/\/\o)]\/

R R o

Compound 102

| = ()¢ ;
- j:N/ /N/ O\/\o)v

R R o

Polymerization initiator 1

Lo

Polymerization initiator 2

HO
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TABLE 2-continued

Composition Composition Composition
1 2 3

Vertical alignment agent 1

Br
O O, o — /CH3
cmm—@—{ — }—@—O(CH)Z—N*\ / N\
(e} e} CHj
\ | /
Vertical alignment agent 2

O
/\H/o\/\/\O@_{ on
OH

Polymerizable compound 1
O,

o/

k/o\[(\

Polymerizable compound 2

MeO
O
O
/\/\/O AN
O
At T

Surfactant 1

—eCHz—TH-)m—(—CHZ—CH-)SS—eCHZ—TH-)S—
€00 | coo
\/\Can CoO0 \e/\o-)S—H
04—H

Surfactant 2

95 5

CeFoH
o 0TS o OH

Surfactant 3

325 67.5
CeFis No
o 0 NS o o A
Surfactant 4
—€ CH,CH Y € CH,CH € CH,CH Y5

/l\ CeF )\ )\ 0
o NS O(CHZ)AO\[]/OOCN o O/f\/ A
(o]



US 2019/0353957 Al

Preparation of First Positive C-Plate

[0308] A temporary support with an alignment layer was
produced according to the method described in <<Prepara-
tion of Positive A-Plate>>. However, a rubbing treatment
was not performed in the <Formation of Alignment Layer>.

Formation of First Positive C-Plate

[0309] Next, the composition 2 shown in Table 2
described above was prepared by dissolving the composition
in MEK such that the solid content concentration was 10%
by mass. Thus, a coating liquid was obtained. The obtained
coating liquid was applied to the alignment layer using a bar
coater and heated and aged at 120° C. for 2 minutes. Thus,
a homogeneous alignment state of the liquid crystal com-
pound in the coating film was obtained. Then, the coating
film was kept at 120° C. and was irradiated with ultraviolet
rays at 100 mJ/cm?® using a metal halide lamp at 120° C. to
form a first positive C-plate (film thickness: 1.4 um). By the
above-described procedure, a film B having a temporary
support, an alignment layer, and a first positive C-plate was
obtained.

Preparation (A) of A/4 Plate

[0310] A temporary support with an alignment layer was
produced according to the method described in <<Prepara-
tion of Positive A-Plate>>.

Formation of A/4 Plate

[0311] Next, the composition 1 shown in Table 2 described
above was prepared by dissolving the composition in MEK
such that the solid content concentration was 10% by mass,
Thus, a coating liquid was obtained. The obtained coating
liquid was applied to the alignment layer using a bar coater
and heated and aged at 120° C. for 2 minutes. Thus, a
homogeneous alignment state of the liquid crystal com-
pound in the coating film was obtained. Then, the coating
film was kept at 120° C. and was irradiated with ultraviolet
rays at 100 mJ/cm?® using a metal halide lamp at 120° C. to
form a M4 plate (film thickness: 2.2 um). By the above-
described procedure, a film C having a temporary support,
an alignment layer, and a A/4 plate was obtained.

Preparation of Second Positive C-Plate

[0312] A temporary support with an alignment layer was
produced according to the method described in <<Prepara-
tion of Positive A-Plate>>. However, a rubbing treatment
was not performed in the <Formation of Alignment Layer>.

Formation of Second Positive C-Plate

[0313] Next, the composition 2 shown in Table 2
described above was prepare by dissolving the composition
in MEK such that the solid content concentration was 10%
by mass. Thus, a coating liquid was obtained. The obtained
coating liquid was applied to the alignment layer using a bar
coater and heated and aged at 120° C. for 2 minutes. Thus,
a homogeneous alignment state of the liquid crystal com-
pound in the coating film was obtained. Then, the coating
film was kept at 120° C. and was irradiated with ultraviolet
rays at 100 mJ/cm? using a metal halide lamp at 120° C. to
form a second positive C-plate (film thickness: 1.1 pm). By
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the above-described procedure, a film D having a temporary
support, an alignment layer, and a second positive C-plate
was obtained.

Preparation of Circularly Polarizing Plate

[0314] The polarizer with a protective film obtained above
and the film A were laminated on the surface of the polarizer
with a protective film on the polarizer side through a
commercially available acrylic adhesive (UV-3300 manu-
factured by Toagosei Co., Ltd.) such that the polarizer faced
the positive A-plate, and thus a laminate was obtained. The
laminate was irradiated with ultraviolet rays at an irradiation
amount of 100 mJ/cm® from the temporary support side
using a metal halide lamp to cure the adhesive. Then, the
temporary support was peeled off from the obtained film.
[0315] The same procedure was repeated using the films B
to D instead of the film A, and the first positive C-plate, the
M4 plate, and the second positive C-plate were further
laminated on the polarizer, According to the above proce-
dure, a circularly polarizing plate having a polarizer, a
positive A-plate, a first positive C-plate, a A/4 plate, and a
second positive C-plate in this order was prepared.

[0316] Each layer was laminated so as to have angles
shown in “Angle (°) formed between in-plane slow axis of
positive A-plate and absorption axis of polarizer”, “Angle
(°) formed between in-plane slow axis of positive A-plate
and in-plane slow axis of A/4 plate”, and “Angle (°) formed
between in-plane slow axis of A/4 plate and absorption axis
of polarizer” shown in Table 3 described later.

Examples 2 to 6, and Comparative Examples 1 to 7

[0317] Circularly polarizing plates were prepared accord-
ing to the same procedure as in Example 1 except that the
kind of composition and the thickness were changed as
shown in Table 3 described later in the <<Preparation of
Positive A-Plate>>, <<Preparation of First Positive

C-Plate>>, and <<Preparation of Second Positive
C-Plate>>.
[0318] The temporary support was peeled off from each of

the films A to D, the Re(550), Rth(550), Re(450)/Re(550),
and Re(650)/Re(550) of the positive A-plate and the A/14
plate, and the Re(550), Rth.(550), Rth(450)/Rth(550), and
Rth(650)/Rth(550) of the first positive C-plate and the
second positive C-plate were measured using AxoScan.

Mounting of Circularly Polarizing Plate on Organic
EL Display Panel and Evaluation of Display
Performance

[0319] (Mounting of Circularly Polarizing Plate on
Organic EL Display Device)

[0320] GALAXY S IV manufactured by SAMSUNG Co.,
Ltd. equipped with an organic EL display panel was decom-
posed, the circularly polarizing plate was peeled off, and
each of the circularly polarizing plates of Examples 1 to 6
and Comparative Examples 1 to 7 was laminated on the
organic EL display panel to prepare an organic EL display
device.

[0321] (Evaluation of Display Performance)

[0322] The reflectivity and reflection tint of the prepared
organic EL display device were evaluated under light con-
ditions. In a black display where external light reflected light
is most easily visible, the reflected light when fluorescent
light was projected from a polar angle of 45 degrees was
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observed. Specifically, the reflected light in the viewing
angle direction (polar angle 45 degrees, azimuthal angle 0
degrees to 165 degrees in 15 degree increments) was mea-
sured with a spectroradiometer SR-3 (manufactured by
Topcon Corporation) and evaluation was performed based
on the following standards using Comparative Example 1 as
a reference.

[0323] (Reflectivity)

[0324] A: A case where the ratio of the maximum bright-
ness of reflected light with respect to the maximum bright-
ness of reflected light in Comparative Example 1 is 40% or
less.

[0325] B: A case where the ratio of the maximum bright-
ness of reflected light with respect to the maximum bright-
ness of reflected light in Comparative Example 1 is more
than 40% and 60% or less.

[0326] C: A case where the ratio of the maximum bright-
ness of reflected light with respect to the maximum bright-
ness of reflected light n Comparative Example 1 is more than
60% and 80% or less.

[0327] D: A case where the ratio of the maximum bright-
ness of reflected light with respect to the maximum bright-

ness of reflected light in Comparative Example 1 is more
than 80%,
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[0328] (Change in Tint)

[0329] For a change in tint (change reflection tint), the
magnitude Aa*b* of change in tint a* and b* of reflected
light at all measurement angles was defined by the following
expression.

Ad‘b* = \/ (Maximum g _ Minimam g« )2 . (Maximun fye _ Minimuom fyx \2

[0330] A: A case where the ratio of a change in reflection
tint (Aa*b*) of reflected light with. respect to a change in
reflection tint (Aa*b) of reflected light in Comparative
Example 1 is 40% or less.

[0331] B: A case where the ratio of a change in reflection
tint (Aa*b*) of reflected light with respect to a change in
reflection tint (Aa*b*) of reflected light in Comparative
Example 1 is more than 40% and 60% or less.

[0332] C: A case where the ratio of a change in reflection
tint (ca*b*) of reflected light with respect to a change in
reflection tint (Aa*b*) of reflected light in Comparative
Example 1 is more than 60% and 80% or less.

[0333] D: A case where the ratio of a change in reflection
tint (Aa*b*) of reflected light with respect to a change in
reflection tint (Aa*b*) of reflected light in Comparative
Example 1 is more than 80%.

TABLE 3
Part 1 Example 1 Example 2 Example 3 Example 4 Example 5 Example 6

Positive A-  Re (550) (nm) 100 100 115 85 100
plate Rth (550) (nm) 50 50 58 43 50

Re (450)/Re (550) 0.86 0.86 0.86 0.86 0.86 0.86

Re (650)/Re (550) 1.03 1.03 1.03 1.03 1.03 1.03

Angle (°) formed between in-plane 90 20 20 90 20

slow axis of positive A-plate and

absorption axis of polarizer

Kind of liquid crystal composition — Composition 1 Composition 1 Composition 1 Composition 1 Composition 1 Composition 1

Thickness 1.6 um 1.8 um 1.6 um 1.8 um 1.4 pm 1.6 pm
First positive Re (550) (nm) 0 0 0 0 0
C-plate Rth (550) (nm) -90 -105 -105 -90 =75

Rth (450)/Rth (550) 0.86 0.86 0.86 0.86 0.86 0.86

Rth (650)/Rth (550) 1.03 1.03 1.03 1.03 1.03 1.03

Kind of liquid crystal composition  Composition 2 Composition 2 Composition 2 Composition 2 Composition 2 Composition 2

Thickness 1.4 pm 1.4 um 1.6 um 1.6 um 1.4 pm 1.2 pm
W4 Plate Re (550) (nm) 138 138 138 138 138

Rth (550) (nm) 69 69 69 69 69

Re (450)/Re (550) 0.86 0.86 0.86 0.86 0.86 0.86

Re (650)/Re (550) 1.03 1.03 1.03 1.03 1.03 1.03

Angle (°) formed between in-plane 45 45 45 45 45

slow axis of A4 plate and

absorption axis of polarizer

Angle (°) formed between in-plane 45 45 45 45 45

slow axis of positive A-plate and

between in-plane slow axis of M4

plate

Kind of liquid crystal composition — Composition 1 Composition 1 Composition 1 Composition 1 Composition 1 Composition 1

Thickness 2.2 pm 2.2 pm 2.2 pm 2.2 pm 2.2 pm 2.2 um
Second Re (550) (nm) 0 0 0 0 0
positive C-  Rth (550) (nm) -69 -69 -69 -69 -69
plate Rth (450)/Rth (550) 0.86 0.86 0.86 0.86 0.86 0.86

Rth (650)/Rth (550) 1.03 1.03 1.03 1.03 1.03 1.03

Kind of liquid crystal composition  Composition 2 Composition 2 Composition 2 Composition 2 Composition 2 Composition 2

Thickness 1.1 pm 1.1 pm 1.1 pm 1.1 pm 1.1 pm 1.1 pm
Display Reflectivity A B C B A
performance Change in tint A B C B A
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TABLE 4
Comparative Comparative Comparative Comparative Comparative Comparative Comparative

Part 2 Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7
Positive A-  Re (550) (nm) — 130 100 70 100 105 270
plate Rth (550) (nm) — 65 50 35 50 53 135

Re (450)/Re (550) — 0.86 0.86 0.86 0.86 0.86 0.86

Re (650)/Re (550) — 1.03 1.03 1.03 1.03 1.03 1.03

Angle (°) formed — 20 20 90 20 20 15

between in-plane

slow axis of

positive A-plat

e and absorption

axis or polarizer

Kind of liquid — Composition 1 Composition 1 Composition 1 Composition 1 Composition 1 Composition 1

crystal

composition

Thickness — 2.1 ym 1.6 um 1.1 pm 1.6 um 1.6 um 4.3 um
First Re (550) (nm) — 0 0 0 0 0 0
positive C-  Rth (550) (nm) — -90 -120 -90 -40 -195 -50
plate Rth (450)/Rth — 0.86 0.86 0.86 0.86 0.86 0.86

(550)

Rth (650)/Rth — 1.03 1.03 1.03 1.03 1.03 1.03

(550)

Kind of liquid — Composition 2 Composition 2 Composition 2 Composition 2 Composition 2 Composition 2

crystal

composition

Thickness — 1.4 um 1.9 um 1.4 um 0.6 pm 3.0 pm 0.8 pm
W4 Plate Re (550) (nm) 138 138 138 138 138 138 138

Rth (550) (nm) 69 69 69 69 69 69 69

Re (450)/Re (550) 0.86 0.86 0.86 0.86 0.86 0.86 0.86

Re (650)/Re (550) 1.03 1.03 1.03 1.03 1.03 1.03 1.03

Angle (°) formed 45 45 45 45 45 45 60

between in-plane

slow axis of M4

plate and

absorption axis

of polarizer

Angle (°) formed — 45 45 45 45 45 45

between in-plane

slow axis

of positive

A-plate and

absorption

axis of M4 plate

Kind of liquid Composition 1  Composition 1 Composition 1 Composition 1 Composition 1 Composition 1 Composition 1

crystal

composition

Thickness 2.2 pm 2.2 um 2.2 pm 2.2 pm 2.2 pm 2.2 pm 2.2 pm
Second Re (550) (nm) 0 0 0 0 0 0 0
positive C-  Rth (550) (nm) -69 -69 -69 -69 -69 280 -110
plate Rth (450)/Rth 0.86 0.86 0.86 0.86 0.86 1.05 0.86

(550)

Rth (650)/Rth 1.03 1.03 1.03 1.03 1.03 0.98 1.03

(550)

Kind of liquid Composition 2 Composition 2 Composition 2 Composition 2 Composition 2 Composition 3 Composition 2

crystal

composition

Thickness 1.1 pm 1.1 pm 1.1 pm 1.1 pm 1.1 pm 2.5 pm 1.8 um
Display Reflectivity D D D D D D D
performance Change in tint D D C D D D D
[0334] As shown in Table 3, in the organic EL display [0337] On the other hand, in Comparative Example 1 in

device of the present invention, the desired effect was
obtained.

[0335] Particularly, from the comparison of Examples 1, 2
and 5, it was confirmed that the effect was more excellent in
the case where the Re (550) of the positive A-plate was 90
to 110 nm.

[0336] Also, from the comparison of Examples 1, 3 and 6,
it was confirmed that the effect was more excellent in the
case where the Rth of the first positive C-plate was —100 or
more (-100 to =75 nm).

which the positive A-plate and the first positive C-plate were
not provided, Comparative Examples 2, 4 and 7 in which the
Re(550) of the positive A-plate was out of the predetermined
range, and Comparative Examples 3, 5 and 6 in which the
Rth (550) of the first positive C-plate was out of the
predetermined range, the desired effect was not obtained.

[0338] In addition, when the circularly polarizing plate
described in Example 109 of WO 2013-137464 was pre-
pared and various evaluations were performed according to
the same procedure as in Example 1, the reflectivity was D
and a change in tint was D for the evaluation.
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Example 7

Preparation (A) of A/4 Plate

[0339] A temporary support with an alignment layer was
produced according to the method described above in
<<Preparation of A/2 Plate>>except that a rubbing treatment
was not performed in the <Formation of Alignment Layer>.

Formation of Liquid Crystal Layer

[0340] Next, the formation of a liquid crystal layer in
which a rod-like liquid crystal compound was vertically
aligned and fixed in a nematic phase will be described.
[0341] The composition 4 shown in Table 4 described later
was prepared by dissolving the composition in MEK such
that the solid content concentration was 10% by mass. Thus,
a coating liquid was obtained. The obtained coating liquid
was applied to the alignment layer using a bar coater and
heated and aged at 120° C. for 2 minutes. Thus, a homoge-
neous alignment state of the liquid crystal compound in the
coating film was obtained. Then, the coating film was kept
at 120° C. and was irradiated with ultraviolet rays at 100
mJ/cm? using a metal halide lamp at 120° C. to form a liquid
crystal layer (film thickness: 8 pum).

Deformation

[0342] In a batch drawing machine in which a film includ-
ing a temporary support and a liquid crystal layer prepared
as described above was fixed at four sides by tenter clips,
predetermined deformation is performed at an air supply
temperature of 140° C., the film was deformed so as to have
a predetermined deformation magnification (X direction
80% stretching, Y direction 10% shrinkage) at a film surface
temperature of 130° C., and a deformation rate of 30%/min.
Then, the four end portions of the obtained film were cut off
and a film E including the stretched temporary support and
a A4 plate was obtained.

Preparation of Circularly Polarizing Plate

[0343] The polarizer with a protective film obtained above
and the film A were laminated on the surface of the polarizer
with a protective film on the polarizer side through a
commercially available acrylic adhesive (UV-3300 manu-
factured by Toagosei Co., [td.) such that the polarizer faced
the film A, and thus a laminate was obtained. The laminate
was irradiated with ultraviolet rays at an irradiation amount
of 100 mJ/em® from the temporary support side using a
metal halide lamp to cure the adhesive. Then, the temporary
support was peeled off from the obtained film.
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[0344] The same procedure was repeated using the films B
and E instead of the film A, and the first positive C-plate and
the A/4 plate were further laminated on the polarizer.
According to the above procedure, a circularly polarizing
plate having a polarizer, a positive A-plate, a first positive
C-plate, and a A/4 plate in this order was prepared.

[0345] Each layer was laminated so as to have angles
shown in “Angle (°) formed between in-plane slow axis of
positive A-plate and absorption axis of polarizer”, “Angle
(°) formed between in-plane slow axis of positive A-plate
and in-plane slow axis of A/4 plate”, and “Angle (°) formed
between in-plane slow axis of A/4 plate and absorption axis
of polarizer” shown in Table 5 described later.

Examples 8 to 11

[0346] Circularly polarizing plates were prepared accord-
ing to the same procedure as in Example 7 except that the
thickness was changed as described in Table 5 described
later in the <<Preparation of Positive A-Plate>>and
<<Preparation of First Positive C-Plate>>.

[0347] The above-mentioned [Mounting of Circularly
Polarizing Plate on Organic EL Display Panel and Evalua-
tion of Display Performance] was performed using the
obtained circularly polarizing plates of Examples 8 to 11.
The results are shown in Table 5.

[0348] The composition of the composition 4 is shown in
Table 4. The numerical values in Table 4 represent parts by
mass.

TABLE 5
Composition 4

Rod-like liquid crystal compound (3) 70

Rod-like liquid crystal compound (1) 30

Polymerization initiator 1 1.5
Polymerization initiator 2 1.5
Vertical alignment agent 1 0.5
Polymerizable compound 1 0.5
Surfactant 1 0.2
Surfactant 2 0.4

[0349] The stretched temporary support was peeled off
from the film E, and the Re(®), Rth(}), and the slow axis
direction of the A/4 plate were measured using AxoScan, and
further, the Nz factor was calculated.

[0350] In addition, the order parameters of the mesogenic
groups in the A/4 plate used in Examples 7 to 11 were
calculated according to the above-mentioned method. As a
result, Sx was 0.299, Sy was -0.301, and Sz was 0.002.

TABLE 6
Example 7 Example 8 Example 9 Example 10 Example 11
Positive A-plate Re (550) (nm) 100 80 120 100 100
Rth (550) (nm) 50 40 60 50 50
Re (450)/Re (550) 0.86 0.86 0.86 0.86 0.86
Re (650)/Re (550) 1.03 1.03 1.03 1.03 1.03
Angle (°) formed between in- 90 20 20 90 90

plane slow axis of positive A-plate
and absorption axis of polarizer
Kind of liquid erystal composition

Thickness 1.6 um
First positive C-plate  Re (550) (nm) 0
Rth (550) (nm) -90

Rth (450)/Rth (550) 0.86

Composition 1

Composition 1 ~ Composition 1 ~ Composition 1 ~ Composition 1

1.3 pm 1.9 pm 1.6 pm 1.6 pm
0 0 0 0

-90 -90 -70 -110
0.86 0.86 0.86 0.86



US 2019/0353957 Al

Nov. 21, 2019

TABLE 6-continued

Example 7 Example 8 Example 9 Example 10 Example 11

Rth (650)/Rth (550) 1.03 1.03 1.03 1.03 1.03

Kind of liquid crystal composition Composition 2 Composition 2~ Composition 2~ Composition 2~ Composition 2

Thickness 1.4 um 1.4 pm 1.4 um 1.1 pm 1.7 pm
W4 Plate Re (550) (nm) 138 138 138 138 138

Rth (550) (nm) 0 0 0 0 0

Nz 0.5 0.5 0.5 0.5 0.5

Re (450)/Re (550) 0.85 0.85 0.85 0.85 0.85

Re (650)/Re (550) 1.05 1.05 1.05 1.05 1.05

Angle (°) formed between in- 45 45 45 45 45

plane slow axis of A/4 plate and

absorption axis of polarizer

Angle (°) formed between in- 45 45 45 45 45

plane slow axis of positive A-plate
and in-plane slow axis of M4 plate
Kind of liquid crystal composition

Thickness 5 um
Display performance  Reflectivity A
Change in tint A

Composition 4

Composition 4  Composition 4  Composition 4  Composition 4

5 um 5 um 5 um 5 pm
C C C C
C C C C

[0351] As shown in Table 5, in the organic EL display
device of the present invention, the desired effect was not
obtained.

[0352] Particularly, from the comparison of Examples 7 to
9, it was confirmed that the effect was more excellent in the
case where the Re (550) of the positive A-plate was 90 to
110 nm.

[0353] In addition, from the comparison of Examples 7,
10, and 11, it was confirmed that the effect was more
excellent in the case where the Rth of the first positive
C-plate was —100 to =75 nm.

EXPLANATION OF REFERENCES

[0354] 10A, 10B: phase difference film
[0355] 12: positive A-plate

[0356] 14: first positive C-plate

[0357] 16A, 16B: A/4 plate

[0358] 18: second positive C-plate

[0359] 20A, 20B: circularly polarizing plate
[0360] 22 polarizer

[0361] 24A, 24B: organic EL display device
[0362] 26: organic EL display panel

What is claimed is:
1. An organic electroluminescent display device compris-
ing:

an organic electroluminescent display panel; and

a circularly polarizing plate arranged on the organic
electroluminescent display panel,

wherein the circularly polarizing plate has a polarizer and
a phase difference film,

the phase difference film has, from a polarizer side, a
positive A-plate, a first positive C-plate, and a A/4 plate,

an in-plane retardation of the positive A-plate at a wave-
length of 550 nm is 80 to 120 nm,

a retardation of the first positive C-plate in a thickness
direction at a wavelength of 550 nm is —110 to —70 nm,

an in-plane slow axis of the positive A-plate and an
absorption axis of the polarizer are orthogonal to each
other, and

an angle formed between the in-plane slow axis of the
positive A-plate and an in-plane slow axis of the A/4
plate is 45°+10°.

2. The organic electroluminescent display device accord-

ing to claim 1,

wherein the phase difference film further has a second
positive C-plate on a side of the A/4 plate opposite to
the first positive C-plate, and

a retardation of the second positive C-plate in a thickness

direction at a wavelength of 550 nm is —100 to =50 nm.

3. The organic electroluminescent display device accord-
ing to claim 1,

wherein an Nz factor of the A/4 plate is 0.30 to 0.70.

4. The organic electroluminescent display device accord-
ing to claim 1,

wherein the in-plane retardation of the positive A-plate at

a wavelength of 550 nm is 90 to 110 nm.

5. The organic electroluminescent display device accord-
ing to claim 1,

wherein the retardation of the first positive C-plate in the

thickness direction at a wavelength of 550 nm is =100
to =75 nm.

6. The organic electroluminescent display device accord-
ing to claim 1, wherein at least one of the positive A-plate,
the first positive C-plate, or the A/4 plate exhibits reverse
wavelength dispersibility.

7. The organic electroluminescent display device accord-
ing to claim wherein all of the positive A-plate, the first
positive C-plate, and the A/4 plate exhibit reverse wave-
length dispersibility.

8. The organic electroluminescent display device accord-
ing to claim 1,

wherein all of the positive A-plate, the first positive

C-plate, and the A/4plate are layers formed by using a
liquid crystal compound.

9. A phase difference film comprising, in order:

a positive A-plate;

a first positive C-plate;

a A4 plate; and

a second positive C-plate,

wherein an in-plane retardation of the positive A-plate at

a wavelength of 550 nm is 80 to 120 nm,

a retardation of the first positive C-plate in a thickness

direction at a wavelength of 550 nm is —110 to =70 nm,

a retardation of the second positive C-plate in a thickness

direction at a wavelength of 550 nm is —100 to =50 nm,
and
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an angle formed between an in-plane slow axis of the
positive A-plate and an in-plane slow axis of the A/4
plate is 45°+10°.

10. The phase difference film according to claim 9,

wherein the in-plane retardation of the positive A-plate at
a wavelength of 550 nm is 90 to 110 nm.

11. The phase difference film according to claim 9,

wherein the retardation of the first positive C-plate in the
thickness direction at a wavelength of 550 nm is =100
to =75 nm.

12. The phase difference film according to claim 9,

wherein all of the positive A-plate, the first positive
C-plate, the 3/4 plate, and the second positive C-plate
exhibit reverse wavelength dispersibility.

13. The phase difference film according to claim 9,

wherein all of the positive A-plate, the first positive
C-plate, the 3/4 plate, and the second positive C-plate
are layers formed by using a liquid crystal compound.

14. A circularly polarizing plate comprising:

a polarizer; and

the phase difference film according to claim 9 arranged on
the polarizer,

wherein, from a polarizer side, the positive A-plate, the
first positive C-plate, the A/4 plate, and the second
positive C-plate are arranged in this order, and

an in-plane slow axis of the positive A-plate and an
absorption axis of the polarizer are orthogonal to each
other.

15. A phase difference film comprising, in order:

a positive A-plate;

a first positive C-plate; and

a A4 plate,

wherein an in-plane retardation of the positive A-plate at
a wavelength of 550 nm is 80 to 120 nm,
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a retardation of the first positive C-plate in a thickness
direction at a wavelength of 550 nm is —110 to =70 nm,

an Nz factor of the A/4 plate is 0.30 to 0.70, and

an angle formed between an in-plane slow axis of the
positive A-plate and an in-plane slow axis of the A/4
plate is 45°+10°.

16. The phase difference film according to claim 15,

wherein the in-plane retardation of the positive A-plate at
a wavelength of 550 nm is 90 to 110 nm.

17. The phase difference film according to claim 15,

wherein the retardation of the first positive C-plate in a
thickness direction at a wavelength of 550 nm is =100
to =75 nm.

18. The phase difference film according to claim 15,

wherein all of the positive A-plate, the first positive
C-plate, and the A/4 plate exhibit reverse wavelength
dispersibility.

19. The phase difference film according to claim 15,

wherein all of the positive A-plate, the first positive
C-plate, and the A/4 plate are layers formed by using a
liquid crystal compound,

20. A circularly polarizing plate comprising:

a polarizer; and

the phase difference film according to claim 15 arranged
on the polarizer,

wherein, from a polarizer side, the positive A-plate, the
first positive C-plate, the A/4 plate, and the second
positive C-plate are arranged in this order, and

an in-plane slow axis of the positive A-plate and an
absorption axis of the polarizer are orthogonal to each
other.



