Description
Title of Invention: POLARIZING PLATE WITH PHASE DIFFERENCE LAYERS,

AND ORGANIC EL DISPLAY DEVICE

Technical Field
[0001] The present invention relates toapolarizingplatewith

retardation layers and an organic EL display apparatus.

Background Art

[0002] In order that poor visibility due to ambient 1light
reflectionor backgroundreflectioninthedisplay screenof adisplay
apparatusmaybealleviated, adisplayapparatus inwhichacircularly
polarizing plate is arranged on the viewer side of a display panel
has been known. In each of Patent Literatures 1 and 2, there are
proposals of a polarizing plate that has achieved an excellent
reflection hue in an oblique direction through the reduction of
the reflection of incident light from the oblique direction in black

display, and a display apparatus including the polarizing plate.

Citation List
Patent Literature
[0003] [PTL 1] JP 2015-111236 A

[PTL 2] JP 2015-210459 A

Summary of Invention



Technical Problem

[0004] However, the display apparatus using the polarizing
plate described in each of Patent Literatures 1 and 2 involves a
problem in that unevenness occurs in reflected light, and hence

its visibility is insufficient.

[0005] The present inventionhasbeenmade inviewof theproblemnm,
and an object of the present invention is to provide a polarizing
plate with retardation layers that can suppress the unevenness of
reflected light to improve visibility, and an organic EL display

apparatus including the polarizing plate with retardation layers.

Solution to Problem

[0006] A polarizing plate with retardation layers according
to an embodiment of the present invention includes a polarizer,
a first retardation layer, and a second retardation layer in the
stated order. The polarizer and the first retardation layer are
bonded toeachother viaa first adhesive layer, the first retardation
layer and the second retardation layer are bonded to each other
via a second adhesive layer, the first retardation layer and the
second retardation layer each have a thickness of 5 um or less,
and the second adhesive layer has an average refractive index of
1.55 or more, and a difference between the average refractive index
of the second adhesive layer and an average refractive index of

the first retardation layer, and a difference between the average



refractive index of the second adhesive layer and an average
refractive index of the second retardation layer are each less than

0.08.

In one embodiment of the present invention, a difference
between an average refractive index of the first adhesive layer
and an average refractive index of the polarizer, and a difference
between the average refractive index of the first adhesive layer
and the average refractive index of the first retardation layer

are each 0.06 or less.

In one embodiment of the present invention, the first adhesive
layer and the second adhesive layer each have a thickness of 6 um

or less.

In one embodiment of the present invention, the first
retardation layer and the second retardation layer each includes

an alignment fixed layer of a liquid crystal compound.

In one embodiment of the present invention, the first
retardation layer includes a A/2 plate, and the second retardation

layer includes a A/4 plate.

In one embodiment of the present invention, the polarizer has

a thickness of 12 um or less.



In one embodiment of the present invention, a thickness from

the polarizer to the second retardation layer is 35 pm or less.

According to another aspect of the present invention, there
is provided an organic EL display apparatus. The organic EL display
apparatus includes the polarizing plate with retardation layers

as described above.

Advantageous Effects of Invention

[0007] Accordingtothepresent invention, thepolarizingplate
withretardation layers that can suppress the unevenness of reflected
light to improve visibility, and the organic EL display apparatus
including the polarizing plate with retardation layers can be

provided.

Brief Description of Drawings
[0008] FIG. 1 is a sectional view of a polarizing plate with
retardation layers according to one embodiment of the present

invention.

Description of Embodiments
[0009] Embodiments of the present inventionaredescribedbelow,

but the present invention is not limited to the embodiments.



[0010] (Definitions of Terms and Symbols)
The definitions of terms and symbols herein are as described

below.

(1) Refractive Index (nx, ny, or nz)

The symbol "nx" represents a refractive index in a direction
in which a refractive index in a plane becomes maximum (i.e., a
slow axis direction), the symbol "ny" represents a refractive index
in the direction perpendicular to a slow axis in the plane (i.e.,
a fast axis direction), and the symbol "nz" represents a refractive

index in a thickness direction.

(2) In-plane Retardation (Re)

The symbol "Re (A) "representsanin-planeretardationmeasured
at 23°C with light having a wavelength of A nm. When the thickness
of a layer (film) is represented by d (nm), the Re(A) is determined
fromthe equation "Re=(nx—-ny)xd". Forexample, the symbol "Re (550)"
represents anin-planeretardationmeasuredat 23°Cwith light having

a wavelength of 550 nm.

(3) Thickness Direction Retardation (Rth)

The symbol "Rth(A)" represents a thickness direction
retardation measured at 23°C with light having a wavelength of A
nm. For example, the symbol "Rth(550)" represents a thickness

directionretardationmeasuredat 23°Cwith light havingawavelength



of 550 nm. When the thickness of a layer (film) is represented by

d (nm), the Rth(A) is determined from the equation "Rth=(nx—-nz)xd".

[0011] A. Polarizing Plate with Retardation Layers
FIG.1lisasectionalviewofapolarizingplatewithretardation
layers according to one embodiment of the present invention. A
polarizing plate 10 with retardation layers includes a polarizer
1, a first retardation layer 2, and a second retardation layer 3

in the stated order.

[0012] The thickness of each of the first retardation layer
2 and the second retardation layer 3 is 5 um or less. The first
retardation layer 2 typically functions as a A/2 plate, and the
second retardation layer 3 typically functions as a A/4 plate. The
first retardation layer 2 has a slow axis. In one embodiment, an
angle formed between the slow axis of the first retardation layer
2 and the absorption axis of the polarizer 1 is, for example, from
5° to 25°, preferably from 10° to 20°, more preferably from 10°
to 17°, still more preferably about 15°. The second retardation
layer 3 also has a slow axis. An angle formed between the slow axis
of the second retardation layer 3 and the absorption axis of the
polarizer 1 is, for example, from 60° to 90°, preferably from 65°
to 85°, more preferably from 70° to 78°, still more preferably about
75°. An angle formed between the slow axis of the first retardation

layer 2 and the slow axis of the second retardation layer 3 1is,



for example, from 50° to 70°, preferably from 52° to 65°, more

preferably from 55° to 65°, still more preferably about 60°.

In another embodiment, the angle formed between the slow axis
of the first retardation layer 2 and the absorption axis of the
polarizer 1 is, for example, from -5° to -25°, preferably from -10°
to -20°, more preferably from -10° to -17°, still more preferably
about -15°. The second retardation layer 3 also has a slow axis.
The angle formed between the slow axis of the second retardation
layer 3 and the absorption axis of the polarizer 1 is, for example,
from -60° to -90°, preferably from -65° to —-85°, more preferably
from-70°to-78°, stillmorepreferably about -75°. The angle formed
between the slow axis of the first retardation layer 2 and the slow
axis of the second retardation layer 3 is, for example, from 50°
to 70°, preferably from 52° to 65°, more preferably from 55° to

65°, still more preferably about 60°.

Instill another embodiment, the angle formed between the slow
axis of the first retardation layer 2 and the absorption axis of
the polarizer 1 is, for example, from 60° to 90°, preferably from
65° to 85°, more preferably from 70° to 78°, still more preferably
about 75°. The second retardation layer 3 also has a slow axis.
The angle formed between the slow axis of the second retardation
layer 3 and the absorption axis of the polarizer 1 is, for example,

from 5° to 25°, preferably from 10° to 20°, more preferably from



10°to017°, stillmorepreferably about 15°. The angle formedbetween
the slow axis of the first retardation layer 2 and the slow axis
of the second retardation layer 3 is, for example, from 50° to 70°,
preferably from 52° to 65°, more preferably from 55° to 65°, still

more preferably about 60°.

Instill another embodiment, the angle formed between the slow
axis of the first retardation layer 2 and the absorption axis of
the polarizer 1 is, for example, from -60° to -90°, preferably from
-65°to-85°, morepreferably from-70° to-78°, still more preferably
about -75°. The second retardation layer 3 also has a slow axis.
The angle formed between the slow axis of the second retardation
layer 3 and the absorption axis of the polarizer 1 is, for example,
from -5° to -25°, preferably from -10° to -20°, more preferably
from-10°to-17°, stillmorepreferably about -15°. The angle formed
between the slow axis of the first retardation layer 2 and the slow
axis of the second retardation layer 3 is, for example, from 50°
to 70°, preferably from 52° to 65°, more preferably from 55° to

65°, still more preferably about 60°.

[0013] The polarizer 1 and the first retardation layer 2 are
bonded to each other via a first adhesive layer 4, and the first
retardation layer 2 and the second retardation layer 3 are bonded
to each other via a second adhesive layer 5. The thickness of each

of the first adhesive layer 4 and the second adhesive layer 5 is



typically 6 umor less. Adifference between the average refractive
index of the first adhesive layer 4 and the average refractive index
of each of layers (the polarizer 1 and the first retardation layer
2) adjacent to the first adhesive layer 4 is typically less than
0.12. The difference between the average refractive index of the
first adhesive layer 4 and the average refractive index of each
of the adjacent layers is preferably less than 0.10, more preferably
less than 0.08, still more preferably 0.06 or less. The average
refractive index of the second adhesive layer 5 is 1.55 or more,
and a difference between the average refractive index of the second
adhesive layer 5 and the average refractive index of each of layers
(the first retardation layer 2 and the second retardation layer
3) adjacent to the second adhesive layer 5 is less than 0.08. The
difference between the average refractive index of the second
adhesive layer 5 and the average refractive index of each of the
adjacent layers is preferably 0.06 or less, more preferably 0.01
or less. The use of the polarizing plate 10 with retardation layers
in a display apparatus can suppress the unevenness of the reflected
light of the display apparatus to improve the visibility of the
apparatus. The polarizing plate 10 with retardation layers may
include a protective film (not shown) on the side of the polarizer

1 opposite to the first retardation layer 2.

[0014] Thethicknessof thepolarizingplatelOwithretardation

layers (the total thickness of the polarizer 1, the first adhesive



layer 4, the first retardation layer 2, the second adhesive layer
5, and the second retardation layer 3) is preferably from 4 um to

35 ym, more preferably from 6 um to 20 um.

[0015] B. Polarizer
Any appropriate polarizer may be adopted as the polarizer 1.
For example, aresin film forming the polarizer may be a single-layer

resin film, or may be a laminate of two or more layers.

[0016] Specific examples of the polarizer including the
single—-layer resin film include polyene-based alignment films, such
as: a film obtained by subjecting a hydrophilic polymer film, such
as a polyvinyl alcohol (PVA)-based film, a partially formalized
PVA-based film, or an ethylene-vinyl acetate copolymer-based
partially saponified film, to a dyeing treatment with a dichroic
substance, such as iodine or a dichroic dye, and a stretching
treatment; a dehydration-treated product of PVA; and a
dehydrochlorination—-treated product of polyvinyl chloride. A
polarizer obtained by dyeing the PVA-based film with iodine and
uniaxially stretching the dyed film is preferably used because of

its excellent optical characteristics.

[0017] The dyeing with iodine is performed by, for example,
immersing the PVA-based film in an aqueous solution of iodine. The

stretching ratio of the uniaxial stretching is preferably from 3

10



times to 7 times. The stretching may be performed after the dyeing
treatment, or may be performed while the dyeing is performed. 1In
addition, the dyeing may be performed after the stretching. The
PVA-based film is subjected to, for example, a swelling treatment,
across—linkingtreatment, awashingtreatment, oradryingtreatment
as required. For example, when the PVA-based film is immersed in
water to be washed with the water before the dyeing, dirt and an
antiblocking agent on the surface of the PVA-based £film can be washed
off. Inaddition, thePVA-basedfilmcanbe swollentoprevent dyeing

unevenness or the like.

[0018] The polarizer obtained by using the laminate 1is
specifically, for example, a polarizer obtained by using a laminate
of a resin substrate and a PVA-based resin layer (PVA-based resin
film) laminated on the resin substrate, or a laminate of a resin
substrate and a PVA-based resin layer applied and formed onto the
resin substrate. The polarizer obtained by using the laminate of
the resin substrate and the PVA-based resin layer applied and formed
onto the resin substrate may be produced, for example, by: applying
a PVA-based resin solution to the resin substrate, and drying the
solution to form the PVA-based resin layer on the resin substrate,
thereby providing the laminate of the resin substrate and the
PVA-based resin layer; and stretching and dyeing the laminate to
turnthePVA-basedresinlayer intothepolarizer. Inthisembodiment,

the stretching typically includes stretching the laminate while

11



immersingthe laminate inanaqueous solutionofboricacid. Further,
the stretchingmay further include subjecting the laminate to in-air
stretching at high temperature (e.g., 95°C or more) before the
stretching in the aqueous solution of boric acid as required. The
resultant laminate of the resin substrate and the polarizer may
beusedas it is (i.e., theresin substrate may be used as a protective
layer for the polarizer), or a product obtained as follows may be
used: the resin substrate is peeled from the laminate of the resin
substrate and the polarizer, and any appropriate protective layer
in accordance with purposes is laminated on the peeled surface.
Details about such polarizer production method are described in,
for example, JP 2012-73580 A, which is incorporated herein by

reference in its entirety.

[0019] The thickness of the polarizer 1 is preferably 12 um
or less, more preferably from 1 pym to 10 um, still more preferably
from 3 ym to 8 um, particularly preferably from 3 uym to 5 uym. When
the thickness of thepolarizer 1 fallswithin such range, theentirety
of the polarizing plate 10 with retardation layers can be thinned.
Such thin polarizer 1 as described above can be produced by using
the laminate of the resin substrate and the PVA-based resin layer

applied and formed onto the resin substrate.

[0020] The polarizer 1 preferably shows absorption dichroism

at any wavelength in the wavelength range of from 380 nm to 780

12



nm. The single layer transmittance of the polarizer is preferably
from 42.0% to 46.0%, more preferably from 44.5% to 46.0%. The
polarization degree of the polarizer is preferably 97.0% or more,

more preferably 99.0% or more, still more preferably 99.9% or more.

[0021] The average refractive index of the polarizer 1 is
preferably from1.48to01.65, andistypically1.55. Whentheaverage
refractive index of the polarizer 1 takes a value in the range,
the difference between the average refractive index of the polarizer
1 and the average refractive index of the first adhesive layer 4

can be easily adjusted.

[0022] C. First Retardation Layer and Second Retardation Layer

As described above, in one embodiment of the present invention,
the first retardation layer 2 can function as a A/2 plate, and the
second retardation layer 3 can function as a A/4 plate. When the
first retardation layer 2 functions as a A/2 plate, with regard
to wavelength dispersion characteristics after its lamination with
the second retardation layer 3 functioning as a A/4 plate (in
particular, awavelength range inwhich the retardation of the second
retardation layer 3 deviates from A/4), the retardation can be
appropriately regulated, and hence acircular polarization function

can be exhibited in a wide wavelength range.

[0023] The in-plane retardation Re(550) of such first

13



retardation layer 2 is from 180 nm to 320 nm, preferably from 200
nm to 300 nm, more preferably from 200 nm to 280 nm. The first
retardation layer 2 typically has a refractive index ellipsoid of
nx>ny=nz or nz=nx>ny. Inaddition, thein-planeretardationRe(550)
of such second retardation layer 3 is from 80 nm to 180 nm, preferably
from 90 nm to 170 nm, more preferably from 100 nm to 150 nm. The
secondretardation layer 3typicallyhasarefractiveindexellipsoid

of nx>ny=nz or nz=nx>ny.

[0024] The average refractive index of the first retardation
layer 2 is preferably from 1.50 to 1.70, and is typically 1.59 or
1.60. When the average refractive index of the first retardation
layer 2 takes avalue in the range, thedifference between the average
refractive index of the first retardation layer 2 and the average
refractive index of the first adhesive layer 4 and/or the second
adhesive layer 5 can be set to less than 0.12 (preferably 0.06 or
less). The thickness of the first retardation layer 2 is preferably
from 1 uym to 5 um, more preferably from 1 um to 3 um, particularly

preferably 2 um.

[0025] The average refractive index of the second retardation
layer 3 is preferably from 1.50 to 1.70, and is typically 1.59 or
1.60. When the average refractive index of the second retardation
layer 3 takes avalue in the range, thedifference between the average

refractive index of the second retardation layer 3 and the average
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refractive index of the second adhesive layer 5 can be set to less
than 0.08. The thickness of the second retardation layer 3 is
preferably from 1 um to 5 pym, more preferably from 1 um to 3 um,

particularly preferably 1 um.

[0026] In one embodiment, the first retardation layer 2 and/or
the second retardation layer 3 may be an alignment fixed layer of
aliquidcrystal compound. Whenthe liquidcrystal compound is used,
a difference between the nx and ny of the first retardation layer
2 and/or the second retardation layer 3 to be obtained can be made
much larger than that of a non-liquid crystal material, and hence
the thickness of the first retardation layer and/or the second
retardation layer for obtaining a desired in-plane retardation can
be significantly reduced. As a result, further thinning of the
polarizing plate 10 with retardation layers (finally, an organic
EL display apparatus) can be achieved. The term "alignment fixed
layer" as used herein refers to such a layer that the liquid crystal
compound is aligned in a predetermined direction in the layer, and

its alignment state is fixed.

[0027] In one embodiment, a rod-like liquid crystal compound
istypicallyalignedunder a state inwhich itsmolecules are arranged
in the slow axis direction of the first retardation layer 2 (second
retardation layer 3) (homogeneous alignment). The liquid crystal

compound 1is, for example, a liquid crystal compound whose liquid
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crystal phase is a nematic phase (nematic liquid crystal). For
example, a liquid crystal polymer or a liquid crystal monomer may
be used as the liquid crystal compound. The mechanism via which
the liquid crystal compound expresses its liquid crystallinity may
be any one of a lyotropic mechanism and a thermotropic mechanism.
The liquid crystal polymer and the liquid crystal monomer may be
usedaloneor incombinationthereof. Anyappropriateliguidcrystal
monomer may be adopted as the liquid crystal monomer. For example,
polymerizable mesogen compounds described in JP 2002-533742 A (WO
00/37585 Al), EP 358208 (US 5211877), EP 66137 (US 4388453), WO
93/22397 A1, EP 0261712, DE 19504224, DE 4408171, and GB 2280445
may be used. Specific examples of such polymerizable mesogen
compounds include a product available under the product name "LC242"
from BASF SE, a product available under the product name "E7" from
Merck KGaA, and a product available under the product name
"LC-Sillicon-CC3767" from Wacker Chemie AG. The ligquid crystal
monomer is preferably, for example, anematicliquidcrystal monomer.
Details about specific examples of the liquid crystal compound and
a method of forming the alignment fixed layer are described in JP

2006-163343 A, which is incorporated herein by reference.

[0028] In another embodiment, a disc-like liquid crystal
compound is typically aligned under any one of the following states:
vertical alignment, hybrid alignment, and tilt alignment. The

liquid crystal compound is, for example, a discotic 1liquid
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crystalline compound. Inthediscotic liquidcrystalline compound,
the disc surface of the discotic liquid crystalline compound is
typically aligned in a substantially vertical manner to the film
plane of the first retardation layer (second retardation layer).
The phrase "the discotic liquid crystalline compound is aligned
in a substantially vertical manner" means that the average of angles
formed between the film plane and the disc surface of the discotic
liquid crystalline compound falls within the range of from 70° to
90°. The average more preferably falls within the range of from
80° to 90°, and still more preferably falls within the range of
from85°to90°. Acompounddescribedin, for example, JP2007-108732
A or JP 2010-244038 A may be preferably used as the discotic liquid
crystalline compound, but the discotic liquid crystalline compound

is not limited thereto.

[0029] D. First Adhesive Layer

As described above, the difference between the average
refractive index of the first adhesive layer 4 and the average
refractive index of each of the layers adjacent to the first adhesive
layer 4 is less than 0.12. When a thin polarizing plate with
retardation layers whose retardation layers each have a small
thickness (of, forexample, Sumor less) isusedinadisplayapparatus,
owing to a difference in refractive index between the respective
layers forming the polarizing plate with retardation layers, the

thickness unevenness, irregularities, and the like of each of the
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layers may be viewed as interference unevenness. In contrast, when
the difference between the average refractive index of the first
adhesive layer 4 and the average refractive index of each of the
layers adjacent to the first adhesive layer 4 is less than 0.12,
the interference unevenness can be suppressed, and as a result,

the visibility of the apparatus can be improved.

[0030] The average refractive index of the first adhesive layer
4 is preferably from 1.52 to 1.64, more preferably from 1.55 to
1.64. The thickness of the first adhesive layer 4 is preferably

from 10 nm to 6 um, more preferably from 200 nm to 2 um.

[0031] An adhesive that may form the first adhesive layer 4
preferably has transparency and optical isotropy. An active energy
ray—-curable adhesive may be typically used as the adhesive. A
radically curable adhesive, a cationically curable adhesive, an
anionically curable adhesive, or the like may be selected as the
active energy ray-curable adhesive as required, and two or more
of the adhesivesmay be appropriatelyusedincombination; for example,
a hybrid adhesive of the radically curable adhesive and the
cationically curable adhesive may be used. The radically curable
adhesive is, for example, an adhesive containing, as a curable
component, a compound (e.g., a monomer and/or an oligomer) having
a radically polymerizable group, such as a (meth)acrylate group

or a (meth)acrylamide group. The term " (meth)acryl”" refers toacryl
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and/or methacryl.

[0032] An active energy ray-curable adhesive having desired
characteristics (e.g., a refractive index after its curing) can
be obtained as the active energy ray-curable adhesive by adjusting
the kinds, combination, and compounding ratios of a double
bond-containing monomer and/or oligomer, a cross-linking agent,
and the 1like. Examples of a component that can adjust the refractive
index after the curing include a compound having an aromatic ring,
a compound having a halogen atom, and a compound having a sulfur
atom, and inorganic particles each made of titania, zirconia, or
the like. Examples of the compound having an aromatic ring include
compounds each having a naphthalene skeleton, a phenoxybenzyl
skeleton, a fluorene skeleton, or a 9-vinylcarbazole skeleton. 1In
addition, the adhesive may contain a compound containing a
(meth)acryloyl group as a diluent component, an acrylic oligomer
as a plasticizer, and a radical photopolymerization initiator as

a photopolymerization initiator.

[0033] E. Second Adhesive Layer

The second adhesive layer 5 may include any appropriate
adhesive. As described above, the difference between the average
refractive index of the second adhesive layer 5 and the average
refractive index of each of the layers adjacent to the second adhesive

layer 5 is less than 0.08. Thus, the above-mentioned interference
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unevenness can be suppressed, and as a result, the visibility can

be improved.

[0034] The averagerefractive indexof the secondadhesive layer
5 is 1.55 or more, preferably from 1.55 to 1.64, more preferably
from 1.55 to 1.63. The thickness of the second adhesive layer 5
is preferably from 10 nm to 6 um, more preferably from 200 nm to
2 um. The adhesive that may form the second adhesive layer 5 is
identical to the adhesive described for the first adhesive layer

4 in the section D.

[0035] F. Protective Film

The protective film is formed of any appropriate film that
can be used as a protective film for the polarizer 1. Specific
examples of a material serving as a main component for the film
include: cellulose-based resins, such as triacetylcellulose (TAC);
and transparent resins, such as polyester-based, polyvinyl
alcohol-based, polycarbonate-based, polyamide-based,
polyimide-based, polyether sulfone-based, polysulfone-based,
polystyrene-based, polynorbornene-based, polyolefin-based,
(meth)acrylic, and acetate-basedresins. Inaddition, the specific
examples also include (meth)acrylic, urethane-based, (meth)acrylic
urethane-based, epoxy-based, and silicone-based thermosetting
resins or UV-curable resins. In addition to the foregoing, the

specific examples also include glassy polymers, such as a
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siloxane-based polymer. In addition, a polymer film described in
JP 2001-343529 A (WO 01/37007 A1) may be used. For example, a resin
composition containing a thermoplastic resin having a substituted
or unsubstituted imide group in a side chain thereof, and a
thermoplastic resin having a substituted or unsubstituted phenyl
group and a nitrile group in side chains thereof may be used as
a material for the film, and the composition is, for example, a
resin composition having an alternating copolymer formed of
isobutene and N-methylmaleimide, and an acrylonitrile-styrene
copolymer. Thepolymer filmmaybe, forexample, anextrusion-molded

product of the resin composition.

[0036] The glass transition temperature (Tqg) of the
(meth)acrylic resin is preferably 115°C or more, more preferably
120°C or more, still more preferably 125°C or more, particularly
preferably 130°C or more. This is because the resin can be excellent
in durability. Although the upper limit value of the Tg of the
(meth)acrylicresinisnotparticularly limited, the Tgispreferably
170°C or less from the viewpoint of, for example, the formability

of the resin.

[0037] Any appropriate (meth)acrylic resin may be adopted as
the (meth)acrylicresin to the extent that the effects of the present
invention are not impaired. Examples thereof include:

poly(meth)acrylates, such as polymethyl methacrylate; a methyl
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methacrylate—-(meth)acrylic acid copolymer; a methyl
methacrylate-(meth)acrylate copolymer; a methyl
methacrylate—-acrylate—-(meth)acrylic acid copolymer; a methyl
(meth)acrylate-styrene copolymer (e.g., a MS resin); and a polymer
having an alicyclic hydrocarbon group (e.g., a methyl
methacrylate-cyclohexyl methacrylate copolymer or a methyl
methacrylate—-norbornyl (meth)acrylate copolymer). The resin is
preferably, for example, a polyalkyl (meth)acrylate having an alkyl
group having 1 to 6 carbon atoms, such as polymethyl (meth)acrylate.
The resin is more preferably, for example, a methyl
methacrylate-based resin containing methyl methacrylate as a main
component (at from 50 wt% to 100 wt%, preferably from 70 wt% to

100 wt%) .

[0038] Specific examples of the (meth)acrylic resin include:
ACRYPET VH and ACRYPET VRL20A manufactured by Mitsubishi Rayon Co.,
Ltd.; a (meth)acrylic resin having a ring structure in a molecule
thereof, the resin being described in JP 2004-70296 A; and a high-Tg
(meth)acrylic resin obtained by intramolecular cross—-linking or

an intramolecular cyclization reaction.

[0039] A (meth)acrylic resin having a lactone ring structure
is particularly preferred as the (meth)acrylic resin because the
resin has high heat resistance, high transparency, and high

mechanical strength. Examples of the(meth)acrylic resin having a

22



lactone ring structure include (meth)acrylic resins each having
alactoneringstructure, theresinsbeingdescribedindP 2000-230016
A, JP 2001-151814 A, JP 2002-120326 A, JP 2002-254544 A, and JP

2005-146084 A.

[0040] The mass—average molecular weight (sometimes referred
to as "weight-average molecular weight") of the (meth)acrylic resin
havingalactoneringstructure ispreferably froml,000to 2,000,000,
more preferably from 5,000 to 1,000,000, still more preferably from

10,000 to 500,000, particularly preferably from 50,000 to 500, 000.

[0041] The glass transition temperature (Tg) of the
(meth)acrylic resin having a lactone ring structure is preferably
115°C or more, more preferably 125°C or more, still more preferably
130°Cormore, particularlypreferably 135°C or more, most preferably
140°C or more. This is because the resin can be excellent in
durability. Although the upper 1limit wvalue of the Tg of the
(meth)acrylic resin having a lactone ring structure 1is not
particularly limited, the Tg is preferably 170°C or less from the
viewpoint of, for example, the formability of the resin. The term

"(meth)acrylic" asusedhereinreferstoacrylicand/or methacrylic.

[0042] The polarizing plate 10 with retardation layers of the
present invention is typically arranged on the viewer side of an

image display apparatus, and the protective film is typically
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arranged on the viewer side. Therefore, the protective film may
be subjected to a surface treatment, such as a hard coat treatment,
an antireflection treatment, an antisticking treatment, or an

antiglare treatment, as required.

[0043] Any appropriatethicknessmaybe adoptedasthethickness
of the protective filmas long as the effects of the present invention
are obtained. The thickness of the protective filmis, for example,
from1l0umto 100 um, preferably from 12 uymto 90 um. When the surface
treatment is performed, the thickness of the protective film is

a thickness including the thickness of the surface-treated layer.

[0044] G. Display Apparatus

The polarizing plate with retardation layers described in the
section A to the section F is applicable to display apparatus, such
as a liquid crystal display apparatus and an organic EL display
apparatus. Therefore, the present invention includes a display
apparatus using the polarizing plate with retardation layers. A
display apparatus according toanembodiment of the present invention
includes a display element and the polarizingplate with retardation
layers described in the section A to the section F, the polarizing
plate being arranged on the viewer side of the display element.
The polarizing plate with retardation layers is arranged so that

the second retardation layer 3 may be on a display element side.
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Examples

[0045] The present invention is specifically described below
by way of Examples, but the present invention is not limited to
these Examples. Methods of measuring respective characteristics

are as described below.

1. Measurement of Refractive Index of Polarizer

A refractive index 1in a direction perpendicular to an
absorptionaxisandarefractiveindex inanabsorptionaxisdirection
out of the in-plane refractive indices of a polarizer, and the
refractive index thereof in a thickness direction were measured
with Prism Coupler SPA-4000 (manufactured by Sairon Technology,
Inc.), and the average of the refractive indices was defined as
the average refractive index of the polarizer. A measurement
temperature was set to 23°C, and a measurement wavelength was set

to 532 nm.

2. Measurement of Refractive Index of Retardation Layer

A refractive index in a direction perpendicular to a slow axis
and a refractive index in a slow axis direction out of the in-plane
refractive indices of a retardation film, and the refractive index
thereof in a thickness direction were measured with Prism Coupler
SPA-4000 (manufactured by Sairon Technology, Inc.), and the average
of the refractive indices was defined as the average refractive

index of a retardation layer. A measurement temperature was set

25



to 23°C, and a measurement wavelength was set to 532 nm.

3. Measurement of Refractive Index of Adhesive Layer

The in-plane refractive index of a cured product of an adhesive
forming an adhesive layer, and the refractive index thereof in a
thickness direction were each measured with Prism Coupler SPA-4000
(manufactured by Sairon Technology, Inc.), and the average of the
refractive indices was defined as the average refractive index of
the adhesive layer. A measurement temperature was set to 23°C, and

a measurement wavelength was set to 532 nm.

4. Measurement of Retardation of Retardation Layer
Measurement was performed with AxoScan (manufactured by
Axometrics, Inc.). A measurement temperature was set to 23°C, and

a measurement wavelength was set to 550 nm.

[0046] (Production of Polarizer)

An amorphous polyethylene terephthalate (A-PET) film
(manufacturedbyMitsubishiPlastics, Inc., product name "NOVACLEAR",
thickness: 100 um) was usedasaresinsubstrate. Anaqueoussolution
of a polyvinyl alcohol (PVA) resin (manufactured by The Nippon
Synthetic Chemical Industry Co., Ltd., product name "GOHSENOL
(trademark) NH-26") was appliedtoone surfaceof theresinsubstrate,
andwasdriedat 60°Cto formaPVA-basedresinlayer havingathickness

of 7um. A laminate thus obtained was immersed in an insolubilizing
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bath having a liquid temperature of 30°C (an agqueous solution of
boric acid obtained by compounding 100 parts by weight of water
with 4 parts by weight of boric acid) for 30 seconds (insolubilizing
step). Next, the laminate was immersed in a dyeing bath having a
liquid temperature of 30°C (an aqueous solution of iodine obtained
by compounding 100 parts by weight of water with 0.2 part by weight
of iodine and 2 parts by weight of potassium iodide) for 60 seconds
(dyeing step). Next, the laminate was immersed in a cross—-linking
bath having a liquid temperature of 30°C (an agqueous solution of
boric acid obtained by compounding 100 parts by weight of water
with 3 parts by weight of potassium iodide and 3 parts by weight
of boric acid) for 30 seconds (cross—-linking step). After that,
the laminate was uniaxially stretched betweenrolls havingdifferent
peripheral speedsinalongitudinal direction (lengthwisedirection)
while being immersed in an aqueous solution of boric acid having
a liquid temperature of 60°C (an aqueous solution obtained by
compounding 100 parts by weight of water with 4 parts by weight
of boric acid and 5 parts by weight of potassium iodide) (step B).
The time period for which the laminate was immersed in the aqueous
solutionof boricacidwas 120 seconds, and the laminate was stretched
until a time point immediately before its rupture. After that, the
laminate was immersed in a washing bath (an agqueous solution obtained
by compounding 100 parts by weight of water with 3 parts by weight
of potassiumiodide), andwas thendriedwithwarmair at 60°C (washing

and drying step). Thus, a laminate in which a polarizer having a
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thickness of 5 uym was formed on the resin substrate was obtained.
Next, the resin substrate was peeled from the polarizer, and an
acrylic transparent protective film described in JP 2012-3269 A
was bonded as a protective film to one surface of the polarizer.
Thus, apolarizerwithaprotective filmwas obtained. Thepolarizer
with a protective film was subjected to a corona treatment before

its use.

[0047] (Production of Retardation Film forming Retardation
Layer)
(Retardation Film A)

An application liquid containingarod-like andpolymerizable
nematic liquid crystal monomer was applied to a transparent resin
substrate for A/2 alignment whose alignment £ilm had been subjected
to a rubbing treatment, and the liquid was solidified under a state
in which its refractive index anisotropy was retained. Thus, a
retardation film A having a thickness of 2 um was produced on the
transparent resin substrate. A refractive index in a fast axis
direction and a refractive index in a slow axis direction out of
the in-plane refractive indices of the retardation £film A were 1.55
and 1.68, respectively, and the refractive index thereof in a
thickness directionwas 1.55, and hence the average refractive index
of therefractiveindiceswas1.59. Thein-planeretardationRe(550)
of the retardation film A was 260 nm. The resultant retardation

film was subjected to a corona treatment before its use.
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(Retardation Film B)

An application liquid containing a rod-1like and polymerizable
nematic liquid crystal monomer was applied to a transparent resin
substrate for A/4 alignment whose alignment £ilm had been subjected
to a rubbing treatment, and the liquid was solidified under a state
in which its refractive index anisotropy was retained. Thus, a
retardation film B having a thickness of 1 um was produced on the
transparent resin substrate. A refractive index in a fast axis
direction and a refractive index in a slow axis direction out of
the in-plane refractive indices of the retardation £film B were 1.55
and 1.68, respectively, and the refractive index thereof in a
thickness directionwas 1.55, and hence the average refractive index
of therefractiveindiceswas1.59. Thein-planeretardationRe(550)
of the retardation film B was 120 nm. The resultant retardation

film was subjected to a corona treatment before its use.

(Retardation Film C)

A transparent resin substrate formed of cellulose acylate was
subjected to an alkali saponification treatment. Next, a A/2
alignment treatment was performed by applying an alignment film
application liquid to the surface of the cellulose acylate subjected
tothealkali saponificationtreatment, anddryingthe liquid. Next,
an application liquid containing a discotic ligquid crystalline

compound was applied to the alignment-treated surface of the
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transparent resin substrate, and heating and UV irradiation were
performed to fix the alignment of the liquid crystalline compound.
Thus, a retardation film C having a thickness of 2 um was produced
on the transparent resin substrate. A refractive index in a fast
axis direction and a refractive index in a slow axis direction out
of the in-plane refractive indices of the retardation film C were
1.53 and 1.64, respectively, and the refractive index thereof in
a thickness direction was 1.64, and hence the average refractive
index of the refractive indices was 1.60. The in-plane retardation
Re (550) of the retardation film C was 246 nm. The resultant
retardation film was subjected to a corona treatment before its

use.

(Retardation Film D)

A transparent resin substrate formed of cellulose acylate was
subjected to an alkali saponification treatment. Next, a A/4
alignment treatment was performed by applying an alignment film
application liquid to the surface of the cellulose acylate subjected
tothealkali saponificationtreatment, anddryingthe liquid. Next,
an application ligquid containing a discotic liquid crystalline
compound was applied to the alignment-treated surface of the
transparent resin substrate, and heating and UV irradiation were
performedto fix the alignment of the liquid crystal compound. Thus,
a retardation film D having a thickness of 1 um was produced on

the transparent resin substrate. A refractive index in a fast axis
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direction and a refractive index in a slow axis direction out of
the in-plane refractive indices of the retardation £ilm D were 1.53
and 1.64, respectively, and the refractive index thereof in a
thickness directionwas 1.64, and hence the average refractive index
of therefractiveindiceswas1.60. Thein-planeretardationRe(550)
of the retardation film D was 123 nm. The resultant retardation

film was subjected to a corona treatment before its use.

[0048] (Production of Adhesive forming Adhesive Layer)
(Adhesive A)

50Parts of PLACCELFA1DDM (manufacturedbyDaicel Corporation),
40 parts of acryloylmorpholine (ACMO: trademark) (manufactured by
Kohjin Co., Ltd.), 10 parts of ARUFON UP-1190 (manufactured by
Toagosei Co., Ltd.), 3 parts of a photopolymerization initiator
(product name "KAYACURE DETX-S", manufactured by Nippon Kayaku Co.,
Ltd.), and 3 parts of IRGACURE 907 (manufactured by BASF Japan Ltd.)
were mixed to prepare an adhesive A. The in-plane refractive index
of a cured product obtained by photocuring the resultant adhesive
A (300mJ/cm?) was 1.52, andtherefractive indexthereof inathickness
direction was 1.52, and hence the average refractive index of the

refractive indices was 1.52.

(Adhesive B)
40 Parts of LIGHT ACRYLATE POB-A (manufactured by Kyoeisha

Chemical Co., Ltd.), 10 parts of PLACCEL FA1DDM (manufactured by

31



Daicel Corporation), 40 parts of acryloylmorpholine (ACMO:
trademark) (manufactured by Kohjin Co., Ltd.), 10 parts of ARUFON
UP-1190 (manufactured by Toagosei Co., Ltd.), 3 parts of a
photopolymerization initiator (product name "KAYACURE DETX-S",
manufactured by Nippon Kayaku Co., Ltd.), and 3 parts of IRGACURE
907 (manufacturedbyBASF JapanLtd.) weremixedtoprepare anadhesive
B. The in-plane refractive index of a cured product obtained by
photocuring the resultant adhesive B (300 mJ/cm?) was 1.55, and the
refractive index thereof in a thickness direction was 1.55, and
hence the average refractive index of the refractive indices was

1.55.

(Adhesive C)

70 Parts of OGSOL EA-F5710 (manufactured by Osaka Gas Chemicals
Co., Ltd.), 10 parts of PLACCEL FAIDDM (manufactured by Daicel
Corporation), 18 parts of acryloylmorpholine (ACMO: trademark)
(manufactured by Kohjin Co., Ltd.), 5 parts of ARUFON UP-1190
(manufactured by Toagosei Co., Ltd.), and 3 parts of a
photopolymerization initiator (product name "DAROCUR 1173",
manufactured by BASF Japan Ltd.) were mixed to prepare an adhesive
C. The in-plane refractive index of a cured product obtained by
photocuring the resultant adhesive C (300 mJ/cm?) was 1.60, and the
refractive index thereof in a thickness direction was 1.60, and
hence the average refractive index of the refractive indices was

1.60.
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(Adhesive D)

35 Parts of 9-vinylcarbazole (manufactured by Tokyo Chemical
Industry Co., Ltd.), 40 parts of OGSOL EA-F5710 (manufactured by
Osaka Gas Chemicals Co., Ltd.), 20partsof acryloylmorpholine (ACMO:
trademark) (manufactured by Kohjin Co., Ltd.), 5 parts of ARUFON
UP-1190 (manufactured by Toagosei Co., Ltd.), and 3 parts of a
photopolymerization initiator (product name "DAROCUR 1173",
manufactured by BASF Japan Ltd.) were mixed to prepare an adhesive
D. The in-plane refractive index of a cured product obtained by
photocuring the resultant adhesive D (300 mJ/cm?) was 1.64, and the
refractive index thereof in a thickness direction was 1.64, and
hence the average refractive index of the refractive indices was

1.64.

[0049] <Example 1>

The adhesive A forming a first adhesive layer was applied to
thepolarizer, and theretardation filmA forminga first retardation
layer was transferred from the transparent resin substrate onto
a surface having applied thereto the adhesive A so that an angle
formed between the absorption axis of the polarizer and the slow
axis of the retardation filmA became 15°, followed by UV irradiation
(300 mJ/cm?) to cure the adhesive A. Next, the adhesive B forming
a second adhesive layer was applied to the surface of the retardation

film A opposite to the polarizer, and the retardation £film D forming
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a second retardation layer was transferred from the transparent
resin substrate onto the surface having applied thereto the adhesive
B so that an angle formed between the absorption axis of the polarizer
and the slow axis of the retardation film D became 75°, and an angle
formed between the slow axis of the retardation film A and the slow
axis of the retardation film D became 60°, followed by UV irradiation
(300 mJ/cm?) to cure the adhesive B. Thus, a polarizing plate with
retardation layerswasobtained. Thethicknessof thecuredadhesive
A (first adhesive layer) was 1 um, and the thickness of the cured

adhesive B (second adhesive layer) was 1 um.

[0050] <Example 2>
A polarizing plate with retardation layers was produced in
the same manner as in Example 1 except that the adhesive B was used

as an adhesive forming the first adhesive layer.

[0051] <Example 3>
A polarizing plate with retardation layers was produced in
the same manner as in Example 2 except that the adhesive C was used

as an adhesive forming the second adhesive layer.

[0052] <Example 4>
A polarizing plate with retardation layers was produced in
the same manner as in Example 1 except that: the adhesive C was

used as an adhesive forming the first adhesive layer; and the adhesive
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D was used as an adhesive forming the second adhesive layer.

[0053] <Example 5>

The adhesive B forming a first adhesive layer was applied to
thepolarizer, and theretardation filmC forminga first retardation
layer was transferred from the transparent resin substrate onto
a surface having applied thereto the adhesive B so that an angle
formed between the absorption axis of the polarizer and the slow
axis of the retardation film C became 75°, followed by UV irradiation
(300 mJ/cm?) to cure the adhesive B. Next, the adhesive B forming
a second adhesive layer was applied to the surface of the retardation
film C opposite to the polarizer, and the retardation film B forming
a second retardation layer was transferred from the transparent
resin substrate onto the surface having applied thereto the adhesive
B so that an angle formed between the absorption axis of the polarizer
and the slow axis of the retardation film B became 15°, and an angle
formed between the slow axis of the retardation film C and the slow
axis of the retardation film B became 60°, followed by UV irradiation
(300 mJ/cm?) to cure the adhesive B. Thus, a polarizing plate with
retardation layerswasobtained. Thethicknessof thecuredadhesive
B (first adhesive layer) was 1 um, and the thickness of the cured

adhesive B (second adhesive layer) was 1 um.

[0054] <Example 6>

A polarizing plate with retardation layers was produced in
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the same manner as in Example 2 except that: the retardation film
Cwas used as aretardation film forming the first retardation layer;
and the retardation film D was used as a retardation film forming

the second retardation layer.

[0055] <Example 7>

A polarizing plate with retardation layers was produced in
the same manner as in Example 2 except that the retardation film
B was used as a retardation film forming the second retardation

layer.

[0056] <Comparative Example 1>
A polarizing plate with retardation layers was produced in
the same manner as in Example 1 except that the adhesive A was used

as an adhesive forming the second adhesive layer.

[0057] <Comparative Example 2>
A polarizing plate was produced in the same manner as in
Comparative Example 1 except that the adhesive B was used as an

adhesive forming the first adhesive layer.

[0058] (Evaluation)
The polarizing plate with retardation layers of each of
Examples and Comparative Examples was bonded to a reflective plate

via an acrylic pressure-sensitive adhesive, and the external
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appearance of the resultant was visually observed under a
three-wavelength tube. The results of evaluations based on the

following criteria are shown in Table 1.

No unevenness was viewed.-:-©

Substantially no unevenness was viewed (no problem occurred in

practical use).--:0

Unevenness was viewed. - -x
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Industrial Applicability

[0059] The polarizing plate with retardation layers of the
present invention is suitably used in, for example, an image display
apparatus. Specifically, the polarizing plate is suitably used as
an antireflection plate for, for example, a liquid crystal panel
for aliquidcrystal television, aliquidcrystal display, acellular
phone, a digital camera, a video camera, a portable game machine,
a car navigation, a copyingmachine, a printer, a facsimile, a watch,

or a microwave oven, or an organic EL device.

Reference Signs List

[0060] 1 polarizer

2 first retardation layer

3 second retardation layer

4 first adhesive layer

5 second adhesive layer

10 polarizing plate with retardation layers
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Claims

[Claim 1] A polarizing plate with retardation layers, comprising
a polarizer, a first retardation layer, and a second retardation
layer in the stated order,

wherein the polarizer and the first retardation layer are
bonded to each other via a first adhesive layer,

wherein the first retardation layer and the second retardation
layer are bonded to each other via a second adhesive layer,

wherein the first retardation layer and the second retardation
layer each have a thickness of 5 um or less, and

wherein the second adhesive layer has an average refractive
indexof 1.550ormore, andadifference between the average refractive
index of the second adhesive layer and an average refractive index
of the first retardation layer, and a difference between the average
refractive index of the second adhesive layer and an average
refractive index of the second retardation layer are each less than

0.08.

[Claim 2] The polarizing plate with retardation layers according
toclaiml, wherein a difference between an average refractive index
of the first adhesive layer and an average refractive index of the
polarizer, and a difference between the average refractive index
of the first adhesive layer and the average refractive index of

the first retardation layer are each 0.06 or less.

40



[Claim 3] The polarizing plate with retardation layers according
to claim 1 or 2, wherein the first adhesive layer and the second

adhesive layer each have a thickness of 6 um or less.

[Claim 4] The polarizing plate with retardation layers according
to any one of claims 1 to 3, wherein the first retardation layer
and the second retardation layer each comprise an alignment fixed

layer of a liquid crystal compound.

[Claim 5] The polarizing plate with retardation layers according
to any one of claims 1 to 4, wherein the first retardation layer
comprises a A/2 plate, and the second retardation layer comprises

a AN/4 plate.

[Claim 6] The polarizing plate with retardation layers according
to any one of claims 1 to 5, wherein the polarizer has a thickness

of 12 uym or less.

[Claim 7] The polarizing plate with retardation layers according

to any one of claims 1 to 6, wherein a thickness from the polarizer

to the second retardation layer is 35 um or less.

[Claim 8] An organic EL display apparatus, comprising the polarizing

plate with retardation layers of any one of claims 1 to 7.
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