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CIRCULARLY POLARIZING PLATE

[0001] The present application 1s a National Phase entry
pursuant to 35 U.S.C. § 371 of International Application No.
PCT/KR2018/007800 filed on Jul. 10, 2018, and claims
priority to and the benefit of Korean Patent Application No.
10-2017-0087123 filed on Jul. 10, 2017, the disclosures of

which are incorporated herein by reference in their entirety.

FIELD

[0002] The present application relates to a circularly polar-
1zing plate.

BACKGROUND

[0003] A so-called circularly polarizing plate basically
comprising a polarizer and a phase difference layer can be
used for preventing external light reflection by a retlective
electrode 1n an organic light emitting device. For example,
Patent Document 1 (Japanese Unexamined Patent Publica-
tion No. H8-321381) discloses a method of arranging a
circularly polarizing plate toward a transparent electrode 1n
an organic light emitting device.

[0004] Techniques for imparting an ultraviolet light block-
ing function to an optical film such as a circularly polarizing
plate have been known, where their representative method 1s
a method of adding an ultraviolet absorber or a light stabi-
lizer to a protective film laminated to protect a polarizer as
shown 1n Patent Document 2 (Korean Patent No. 1742845).
[0005] However, the conventional method of adding an
ultraviolet absorber or a light stabilizer to a protective film
blocks ultraviolet rays having a wavelength in the range of
less than about 380 nm, but does not efliciently block
ultraviolet rays 1n the range of 380 nm to 400 nm, and there
1s no technique that recognizes the necessity of blocking
ultraviolet rays 1n the above range.

[0006] However, when the circularly polarizing plate 1s
applied to an organic light emitting device in particular, light
having a wavelength in the range of 380 to 400 nm, which
1s not blocked by the conventional technique, adversely
affects durability of the organic light emitting device. In
addition, the light having a wavelength in the above range
which 1s not blocked by the circularly polarizing plate can be
reflected by the reflective electrode and may adversely atiect
the health of an observer.

[0007] In order to simply block the light having a wave-
length 1n the range of 380 nm to 400 nm, a method of
incorporating an ultraviolet absorber or light stabilizer hav-
ing a maximum absorption wavelength in the relevant range
into the constitution of the protective film or other circularly
polarizing plates may be considered. However, if the wave-
length range blocked by the ultraviolet absorber or the light
stabilizer 1s not precisely adjusted, light 1n a short wave-
length visible light region may be blocked by the circularly
polarizing plate, which may affect display quality, such as
causing color perception change. Furthermore, when the
ultraviolet absorber or the light stabilizer 1s contained 1n the
layer formed by a liquid crystal compound, the relevant
components may adversely aflect the entire durability of the
circularly polarizing plate.

[0008] In addition, 1n order to improve compensation
characteristics at viewing angles of the circularly polarizing
plate, a phase diflerence film having a phase difference value
in the thickness direction may be laminated on the circularly
polarizing plate through a pressure-sensitive adhesive or an
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adhesive, but such a technique 1s not preferable in terms of
process simplification and cost competitiveness.

SUMMARY

[0009] The present application relates to a circularly polar-
1zing plate. It 1s one object of the present application to
provide a circularly polarizing plate having excellent dura-
bility 1n 1tself, while selectively and eflectively blocking
light 1n an ultraviolet region that may aflect the durability of
a display device and the like, without affecting display
performance of the display device such as color perceptions
or image quality. In addition, 1t 1s one object of the present
application to provide a circularly polarizing plate having
excellent antiretlection characteristics at a viewing angle
while ensuring process simplification and cost competitive-
ness.

[0010] According to one aspect, the present invention
provides a circularly polarizing plate comprising a base film,
a phase difference layer on the base film, and a polarizer on
the phase difference layer, wherein the base film comprises
an acrylic resin and a styrene-based resin, the base film has
a planar phase diflerence value of 5 nm or less 1n Equation
1 below and a thickness direction phase difference value of
more than O nm in Equation 2 below, and the phase
difference layer has ultraviolet absorptivity that transmit-
tance for light having a wavelength of 385 nm 1s 3% or less:

Rin=dx(nx-ny) [Equation 1]

Rith=dx(nz-ny) [Equation 2]

[0011] wherein, Rin 1s the planar phase difference, Rth
1s the thickness direction phase difference, nx, ny and
nz are the refractive indexes of the base film 1n the slow
axis direction, 1n the fast axis direction and in the
thickness direction, respectively, and d 1s the thickness
of the base film.

[0012] According to further aspects, the present invention
provides An organic light emitting display device compris-
ing a reflective electrode, a transparent electrode, an organic
layer interposed between the retlective electrode and the
transparent electrode and having a light emitting layer, and
the circularly polarizing plate of claam 1, wherein the
circularly polarizing plate 1s present outside the retlective or
transparent electrode and the phase difference layer 1s dis-
posed closer to the reflective or transparent electrode than
the polarizer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 exemplarily shows the circularly polarizing
plate of the present application.

[0014] FIG. 2 exemplarnly shows the x-axis, the y-axis and
the z-axis.
[0015] FIG. 3 exemplarily shows the circularly polarizing

plate of the present application.

[0016] FIG. 4 exemplarily shows the circularly polarizing
plate of the present application.

[0017] FIG. 5 exemplarily shows the circularly polarizing
plate of the present application.

[0018] FIGS. 6 and 7 are the measurement results of
ultraviolet absorption characteristics for Examples 1 and 2,
respectively.

[0019] FIGS. 8 and 9 show the measurement results of
ultraviolet absorption characteristics for Comparative
Examples 1 and 2, respectively.
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[0020] FIGS. 10 and 11 are the durability measurement
results for Examples 1 and 2, respectively.

[0021] FIGS. 12 and 13 are the durability measurement
results for Comparative Examples 1 and 2, respectively.

DETAILED DESCRIPTION

[0022] An exemplary circularly polarizing plate comprises
a base film, a phase difierence layer on the base film, and a
polarizer on the phase difference layer. The phase difference
layer may be laminated on one side of the base film. The
polarizer may be laminated on one side of the phase difler-
ence layer. FIG. 1 shows an exemplary circularly polarizing
plate comprising a polarizer (101), a phase difference layer
(102) and a base film (103) which are sequentially lami-
nated.

[0023] In one example, the base film (103) may have a
planar phase difference value of 5 nm or less. The planar
phase difference value may be 0 nm or more, 3 nm or less,
or 1 nm or less. In one example, the base film (103) may
have a thickness direction phase difference value of more
than O nm. In the present application, by applying the film
having the phase difference characteristics as a base film, it
1s possible to improve compensation characteristics at a
viewing angle while ensuring process simplification and
price competitiveness. The thickness direction phase differ-
ence value of the base film (103) may be specifically 10 nm
or more, 20 nm or more, 30 nm or more, 40 nm or more, or
50 nm or more, and may be 300 nm or less, 200 nm or less,
150 nm or less, or 120 nm or less. Within this range, the
compensation characteristics at the viewing angle can be
further improved. The planar phase difference value and the
thickness direction phase difference value may be values for
a wavelength of 550 nm, respectively.

[0024] In this specification, the term planar phase difler-
ence 1s a value determined according to Equation 1 below,
and the thickness direction phase diflerence 1s a value
determined according to Equation 2 below.

Rin=dx(nx—ny) [Equation 1]

Rith=dx(nz—ny)

[0025] In Equations 1 and 2, Rin 1s the planar phase
difference, Rth 1s the thickness direction phase difference,
and nx, ny and nz are the refractive index in the x-axis
direction (slow axis direction), the refractive index in the
y-axis direction (fast axis direction), the refractive index in
the z-axis direction (thickness direction), respectively, and
this definition can be applied equally herein, unless other-
wise specified. Here, for example, as shown in FIG. 2, the
x-ax1s direction may mean the slow axis direction on the
surface of the phase difference layer (100) 1n the form of a
film or a sheet, the y-axis direction may mean a planar
direction (fast axis direction) perpendicular to the x-axis,
and the z-axis direction may mean the direction of the
normal of the plane formed by the x-axis and the y-axis, for
example, the thickness direction. In Equations 1 and 2, d 1s
the thickness of the phase difference layer. Unless otherwise
specified, the term refractive index herein 1s a refractive
index for light at a wavelength of about 550 nm, and the Rin
and Rth values are Rin and Rth values for light having a
wavelength of 550 nm.

[0026] The base film may be a polymer film. The base film
may comprise an acrylic resin and a styrene-based resin.

[Equation 2]
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[0027] In this specification, the acrylic resin may mean a
resin containing an acrylic monomer as a main component,
for example, 1n an amount of more than 50 wt %, more than
70 wt % or more than 90 wt %. The acrylic monomer may
mean acrylic acid, methacrylic acid, and derivatives thereof.

[0028] A specific example of the acrylic resin may be
exemplified by a polymer obtained by polymerizing one or
more monomers selected from a methacrylic acid ester such
as cyclohexyl methacrylate, t-butylcyclohexyl methacrylate
and methyl methacrylate; and an acrylic acid ester such as
methyl acrylate, ethyl acrylate, butyl acrylate, 1sopropyl
acrylate and 2-ethylhexyl acrylate, which may be a homopo-
lymer thereof or a copolymer thereof with other monomers.

[0029] In one example, a copolymer of methyl methacry-
late or methyl methacrylate and another monomer may be
used as the acrylic resin. The monomer copolymerizable
with methyl methacrylate may include other methacrylic
acid alkyl esters, acrylic acid alkyl esters; aromatic vinyl
compounds, such as styrene, and alkyl nuclear-substituted
styrene such as o-methylstyrene, p-methylstyrene, 2,4-dim-
cthylstyrene, ethylstyrene and p-tert-butylstyrene; and
a.-alkyl substituted styrene such as a-methylstyrene and
a.-methyl-p-methylstyrene; vinyl cyanides such as acryloni-
trile and methacrylonmitrile; maleimides such as N-phenyl-
maleimide and N-cyclohexylmaleimide; unsaturated car-
boxylic anhydrides such as maleic anhydrnide; and
unsaturated acids such as acrylic acid, methacrylic acid and
maleic acid, and the like. These may also be used alone or
in combination of two or more.

[0030] Among these monomers copolymerizable with
methyl methacrylate, acrylic acid alkyl esters may be pre-
terred because they have excellent pyrolysis resistance and
have high fluidity upon molding the methacrylic resin
obtained by copolymerizing them. When the acrylic acid
alkyl esters are copolymerized with methyl methacrylate,
the copolymerization ratio of the acrylic acid alkyl esters 1s
preferably 0.1 wt % or more from the viewpoint of pyrolysis
resistance, and 1s preferably 15 wt % or less from the
viewpoint of heat resistance. It 1s more preferably 0.2 wt %
or more and 14 wt % or less, and particularly preterably 1
wt % or more and 12 wt % or less.

[0031] When methyl acrylate and ethyl acrylate, among
the acrylic acid alkyl esters, are also copolymerized in a
small amount such as 0.1 to 1 wt % with methyl methacry-
late, they remarkably obtain the eflect of improving the
flmidity upon molding them as described above, and thus
they are preferable.

[0032] In one example, a heat-resistant acrylic resin may
be used as the acrylic resin. A specific example of the
heat-resistant acrylic resin may include a copolymer of a
methacrylic acid ester and/or an acrylic acid ester with
aromatic vinyl compounds such as a-alkyl substituted sty-
renes such as o-methylstyrene and a-methyl-p-methylsty-
rene; vinyl cyamdes such as acrylonitrile and methacrylo-
nitrile; maleimides such as N-phenylmaleimide and
N-cyclohexylmaleimide; unsaturated carboxylic anhydrides
such as maleic anhydride; unsaturated carboxylic acids such
as acrylic acid, methacrylic acid and maleic acid; and the

like.

[0033] A preferred heat-resistant acrylic resin may include
a methyl methacrylate-maleic anhydride-styrene copolymer.
In particular, one having 40 to 90 wt % of methyl meth-
acrylate units, 3 to 20 wt % of maleic anhydride units and
7 to 40 wt % of styrene units 1n the copolymer and one that
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the copolymerization ratio of styrene units with respect to
the copolymerization ratio of maleic anhydride units (sty-
rene unit/maleic anhydride unit) of 1 to 3 may be preferable
in view of heat resistance and a photoelastic coetlicient.
Also, 1t 1s preferred to have 40 to 90 wt % of methyl
methacrylate units, 5 to 19 wt % of maleic anhydride units
and 10 to 40 wt % of styrene units 1n the copolymer, and 1t
1s particularly preferred to have 45 to 83 wt % of methyl
methacrylate units, 6 to 15 wt % of maleic anhydride units
and 16 to 40 wt % of styrene units 1n the copolymer. For
production of such a heat-resistant acrylic resin, a method

described 1n JP1988-001964 and the like can be used.

[0034] In one example, the acrylic resin may be a methyl
methacrylate/methyl acrylate copolymer, a methyl meth-
acrylate/ethyl acrylate copolymer, or a methyl methacrylate/
maleic anhydrnide/styrene copolymer, where the methyl
methacrylate/methyl acrylate copolymer may be particularly
preferable 1n view of combining both fluidity upon molding
and heat resistance 1n balance.

[0035] According to one example of the present applica-
tion, as the acrylic resin, an acrylic resin having one or more
ring structures selected from the group consisting of a
structure formed by copolymerizing N-substituted maleim-
ide 1n molecular chains, a lactone ring structure and a
glutarimide structure can be used. Such an acrylic resin may
be suitable for realizing a base film having the Rin and Rth
values as well as heat resistance.

[0036] Two or more resins having different molecular
weilghts and compositions, and the like may be used simul-
taneously 1n the acrylic resin of the present application
[0037] The acrylic resin may have a weight average
molecular weight of 50,000 to 200,000. The weight average
molecular weight 1s preferably 50,000 or more from the
viewpoint of the strength of the molded article, and prefer-
ably 200,000 or less from the viewpoint of moldability and

fluidity. The still more preferred range 1s from 70,000 to
150,000.

[0038] As a method for producing an acrylic resin, for
example, a commonly performed polymerization method
such as cast polymerization, bulk polymerization, suspen-
sion polymerization, solution polymerization, emulsion
polymerization and anionic polymerization can be used, but
it 1s preferred to avoid incorporation of minute foreign
materials for optical applications and from this viewpoint,
bulk polymerization or solution polymerization without
using a suspension agent or an emulsifier 1s preferable.

[0039] In the case of performing solution polymerization,
a solution prepared by dissolving a mixture of monomers 1n
an aromatic hydrocarbon solvent such as toluene or ethyl-
benzene can be used. When the polymerization 1s performed
by bulk polymerization, the polymerization can be started by
free radicals generated by heating, or 1omizing radiation
irradiation so as to be usually performed.

[0040] As the imitiator used 1n the polymerization reaction,
any 1nitiator used 1n the radical polymerization can be used,
and for example, azo compounds such as azobisisobutyroni-
trile or organic peroxides such as benzoyl peroxide, lauroyl
peroxide, t-butyl peroxy-2-ethylhexanoate can be used.

[0041] Particularly, when the polymerization 1s performed
at a high temperature of 90° C. or higher, the solution
polymerization 1s generally used, and thus, a peroxide, an
azobis 1nitiator and the like, which are soluble 1n an organic
solvent which 1s also used at a 10 hour half-life temperature
of 80° C. or higher, are preferable. Specifically, 1t may
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include 1,1-bis(t-butylperoxy) 3,3,35-trimethylcyclohexane,
cyclohexane peroxide, 2,5-dimethyl-2,5-di(benzoylperoxy)
hexane, 1,1-azobis(1-cyclohexanecarbonitrile), 2-(carbam-
oylazo)isobutyronitrile, and the like. These initiators are
preferably used 1n the range of 0.005 to 5 wt %.

[0042] A molecular weight regulator may be used as
needed 1n the polymerization reaction, and any of those used
for the radical polymerization can be used, for example, a
mercaptan compound such as butyl mercaptan, octyl mer-
captan, dodecyl mercaptan and 2-ethylhexyl thioglycolate 1s
particularly preferable. These molecular weight regulators
are added 1n such a concentration range that the polymer-
1zation degree of the acrylic resin 1s controlled within a
preferable range.

[0043] The styrene-based resin of the present application
may mean a resin containing, for example, more than 50 wt
%, more than 70 wt % or more than 90 wt % of a
styrene-based monomer. Here, the styrene-based monomer
refers to a monomer having a styrene skeleton in 1ts struc-
ture

[0044] A specific example of the styrene-based monomer
may include, 1n addition to styrene, vinyl aromatic com-
pound monomers, such as alkyl nuclear-substituted styrene
such as o-methylstyrene, m-methylstyrene, p-methylstyrene,
2.4-dimethylstyrene, ethylstyrene and p-tert-butylstyrene;
and a-alkyl substituted styrene such as a-methylstyrene and
c.-methyl-p-methylstyrene, where a representative example
1s styrene.

[0045] The styrene-based resin may also include one
obtained by copolymerizing a styrene-based monomer com-
ponent with other monomer components. The copolymeriz-
able monomer may include unsaturated carboxylic acid
alkyl ester monomers, such as alkyl methacrylates such as
methyl methacrylate, cyclohexyl methacrylate, methyl phe-
nylmethacrylate and 1sopropyl methacrylate; and alkyl acry-
lates such as methyl acrylate, ethyl acrylate, butyl acrylate,
2-ethylhexyl acrylate and cyclohexyl acrylate; unsaturated
carboxylic acid monomers such as methacrylic acid, acrylic
acid, 1taconic acid, maleic acid, fumaric acid and cinnamic
acid; unsaturated dicarboxylic acid anhydride monomers
which are anhydrides of maleic anhydride, 1taconic acid,
cthyl maleic acid, methyl 1taconic acid, chlormaleic acid,
and the like; unsaturated nitrile monomers such as acrylo-
nitrile and methacrylonitrile; conjugated dienes such as
1,3-butadiene, 2-methyl-1,3-butadiene (isoprene), 2,3-dim-
ethyl-1,3-butadiene, 1,3-pentadiene and 1,3-hexadiene, and
the like, and two or more of these may also be copolymer-
1zed.

[0046] In one example, a styrene-acrylonitrile copolymer,
a styrene-methacrylic acid copolymer or a styrene-maleic
anhydride copolymer may be used as the styrene-based resin
in view of excellent heat resistance.

[0047] Since the styrene-acrylonitrile copolymer, styrene-
methacrylic acid copolymer or styrene-maleic anhydride
copolymer has high compatibility with the acrylic resin, the
copolymer may also be preferable i1n that a film which has
high transparency, causes phase separation during use and
does not deteriorate transparency can be obtained. From this
viewpoint, it may be preferable to use, as an acrylic resin, a
polymer containing methyl methacrylate as a monomer
component.

[0048] In the case of the styrene-acrylonitrile copolymer,
the copolymer ratio of acrylonitrile in the copolymer may be
1 to 40 wt %, 1 to 30 wt % or 1 to 25 wt %. When the
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copolymer ratio of acrylonitrile 1n the copolymer 1s 1n the
above range, 1t may be preferable 1n terms of ensuring
excellent transparency.

[0049] In the case of the styrene-methacrylic acid copo-
lymer, the copolymer ratio of methacrylic acid 1n the copo-
lymer may be 0.1 to 50 wt %, 0.1 to 40 wt % or 0.1 to 30
wt %. It may be preferable 1n terms of having excellent heat
resistance 1f the copolymer ratio of methacrylic acid 1n the
copolymer 1s 0.1 wt % or more, and having excellent
transparency 1f it 1s 50 wt % or less.

[0050] In the case of the styrene-maleic anhydride copo-
lymer, the copolymer ratio of maleic anhydride in the
copolymer may be 0.1 to 50 wt %, 0.1 to 40 wt % or 0.1 to
30 wt %. It may be preferable in terms of having excellent
heat resistance 11 the copolymer ratio of maleic anhydride in
the copolymer 1s 0.1 wt % or more, and having excellent
transparency if it 1s 50 wt % or less.

[0051] Among these, the styrene methacrylic acid copo-
lymer and the styrene maleic anhydride copolymer are
particularly preferable from the viewpoint of heat resistance.
As the styrene-based resin, a number of resins having
different compositions, molecular weights, and the like can
be used 1n combination.

[0052] The styrene-based resin can be obtained by known
anion, bulk, suspension, emulsion or solution polymeriza-
tion methods. In the styrene-based resin, the unsaturated
double bonds of the conjugated diene or the benzene ring of
the styrene-based monomer are optionally hydrogenated.
The hydrogenation rate can be measured by a nuclear
magnetic resonance apparatus (NMR).

[0053] The base film may be produced using a resin
composition comprising an acrylic resin and a styrene-based
resin. From the viewpoint of controlling the photoelastic
coellicient, heat resistance and phase difference value, 1t
may be preferable to include 0.1 to 99.9 parts by weight of
the acrylic resin relative to 100 parts by weight of the total
amount of the acrylic resin and the styrene-based resin, and
specifically, 1t may be preferable to be include the acrylic
resin 1n an amount of 10 to 90 parts by weight, 15 to 85 parts
by weight, 20 to 80 parts by weight, 30 to 70 parts by weight
or 40 to 60 parts by weight.

[0054] In addition to the acrylic resin and the styrene-
based resin, other resin components may be added to the
resin composition to be the material of the base film, 1 a
range that the effect 1s not impaired. At this time, other resin
components may include polyolefins such as polyethylene
and polypropylene; thermoplastic resins such as polyamide,
polyphenylene sulfide, polyether ether ketone, polyester,
aliphatic polyester resin, polysulione, polyphenylene oxide,
polyimide, polyether imide and polyacetal; and thermoset-
ting resins such as phenol resin, melamine resin, silicone
resin and epoxy resin, and the like. One or more of these
resin components may be used. The ratio of other resin
components 1s preferably 20 parts by weight or less relative
to 100 parts by weight of the total amount of the acrylic resin
and the styrene-based resin.

[0055] Also, optional additives may be combined to the
resin composition, which 1s a raw material of the base film,
according to various purposes in the range that the effects of
the present application are not impaired. The kind of the
additive 1s not particularly limited as long as 1t 1s generally
used for combination of a resin or a rubber type polymer. It
may include an norganic filler such as silicon dioxide; a
pigment such as 1iron oxide; a lubricant such as stearic acid,
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behenic acid, zinc stearate, calcium stearate, magnesium
stearate and ethylene bis(stearamide); a releasing agent; a
softener plasticizer such as a paraflinic process o1l, a naph-
thenic process oi1l, an aromatic process o1l, parathin, organo
polysiloxane and a mineral o1l; an antioxidant such as a
hindered phenolic antioxidant and a phosphorus stabilizer; a
hindered amine light stabilizer; a flame retardant; an anti-
static agent; a stiffener such as organic fiber, glass fiber,
carbon fiber and metal whisker; a colorant; an ultraviolet
absorber, other additives or a mixture thereof, and the like.
These additives are preferably added 1n an amount of 0.01
to 50 parts by weight relative to 100 parts by weight of the
total amount of the acrylic resin and the styrene-based resin.

[0056] The method for producing the resin composition to
be the base film material 1s not particularly limited, but
known methods can be used. For example, 1t may be
prepared by adding a resin component and, 1f necessary, a
hydrolysis-resistant inhibitor or the other components, and
melting and kneading them by means of a melt kneader such
as a single-screw extruder, a twin-screw extruder, a banbury
mixer, a Brabender and various kneaders.

[0057] The resin composition to be the base film material
preferably has an absolute value of the photoelastic coetli-
cient of 0 Pa~' or more and 5.0x107'* Pa~! or less. The
photoelastic coeflicient 1s a coellicient indicating the easi-
ness of occurrence of a change in birefringence due to an
external force, which 1s described 1n various documents (for
example, Chemical Review, No. 39, 1998 (published by
Japan Scientific Societies Press Center)). In the present
application, photoelastic coetlicient 1s defined by the fol-
lowing equation: C=An/c An=nl-n2 (wherein, C: pho-
toelastic coellicient, o: elongation stress [Pa], An: birefrin-
gence 1n the planar direction at the time of stress application,
nl: refractive index for light having a polarization plane in
a direction parallel to the elongation direction, n2: refractive
index for light having a polarization plane 1n a direction
perpendicular to the elongation direction)

[0058] The closer the absolute value of the photoelastic
coellicient 1s to zero, the smaller the change 1n birefringence
due to the external force, and 1t means that the designed
change i1n birefringence for each application 1s small,
whereby optical characteristics are excellent.

[0059] The absolute value of the photoelastic coeflicient 1s
more preferably 0 Pa™' or more and 4.5x107"% Pa™" or less,
and particularly preferably 0 Pa™' or more and 4.0x107'7
Pa~" or less. In another example, the photoelastic coefficient
may be 0 m,/N or more and 2x10™'* m,/N or less.

[0060] In the resin composition to be the base film mate-
rial, the control of such a photoelastic coellicient can be
performed by the combination ratio of the resin components.
That 1s, 1t can be controlled by the combination ratio of the
acrylic resin and the styrene-based resin in the resin com-
position.

[0061] The base film forming method 1s not particularly
limited, but 1t 1s possible to be molded 1nto a film by a known
method such as injection molding, sheet molding, blow
molding, injection blow molding, mflation molding, extru-
sion molding, foam molding and cast molding, and a sec-
ondary processing molding method such as pressure mold-
ing and vacuum molding can also be used. Among them,
extrusion molding and cast molding are preferably used. At
this time, an unstretched film can be extruded and molded by
using, for example, an extruder equipped with a T-die, a
circular die or the like. When a molded product 1s obtained
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by extrusion molding, a previously melt-kneaded material of
various resin components, additives, and the like may also
be used, and the molded product may also be molded via
melt-kneading at the time of extrusion molding. The
unstretched film may also be cast-molded by dissolving
various resin components with a solvent common to various
resin components, for example, a solvent such as chloroform
and methylene dichloride, and then casting, drying and
solidifying them.

[0062] The base film can be produced by biaxially stretch-
ing an extruded film. The biaxial stretching may be per-
formed 1n a mechanical direction (MD, longitudinal direc-
tion or length direction) and a direction going straight to the
mechanical direction (TD; transverse direction, cross direc-
tion or width direction), respectively. The biaxial stretching
may be performed by a simultaneous biaxial stretching
method or a sequential biaxial stretching method. The
stretching may be performed by a tenter stretching method
or a tubular stretching method.

[0063] The retardation control of the base film 1s generally
performed by controlling the stretching conditions of the
film. This 1s because the retardation 1s caused by the
thickness of the film 1tself due to stretching of the film. In the
case of biaxial stretching, the ratio (MD direction/TD direc-
tion) of draw ratios 1n the mechanical direction (MD direc-
tion) and the direction (TD direction) going straight to the
mechanical direction 1s preferably 0.67 or less or 1.5 or
more, more preferably 0.55 or less or 1.8 or more, and most
preferably 0.5 or less or 2 or more.

[0064] Such a draw ratio 1s a standard at the time of
obtaining the desired retardation, where various stretching
conditions can be applied to obtain the desired retardation.
However, from the viewpoint of heat resistance and strength,
the draw ratio 1s preferably 0.1% or more and 1000% or less,
more preferably 0.2% or more and 600% or less, and
particularly preferably 0.3% or more and 300% or less 1n at
least any one direction of a mechanical direction and a
direction going straight to the mechanical direction. By
designing it 1n this range, the base film having preterable
heat resistance and strength can be obtained.

[0065] The base film may exhibit excellent durability at a
high temperature. In one example, the base film may have a
phase difference change ratio of 3% or less at a high

temperature of 85° C. or 95° C.

[0066] In the present application, the thickness of the base
film 1s preferably 0.1 um or more from the viewpoint of
handling properties, and 1s preferably 300 um or less from
the viewpoint of slimming which 1s required in the related
technical field. The thickness may be 1 um or more, 10 um
or more, 20 um or more, 30 wm or more, or 40 um or more,
and may be 200 um or less, or 100 um or less in terms of
realizing suflicient phase difference.

[0067] In the circularly polarizing plate of the present
application, the polarizer (e.g., 101) and/or phase difference
layer (e.g., 102) are designed to have optical characteristics
controlled for light in the ultraviolet region, particularly at
any one wavelength 1mn a range of 380 nm to 400 nm or
wavelengths 1n a certain range. In particular, the present
application can provide a circularly polarizing plate match-
ing the object of the present application by designing the
phase difference layer so as to be capable of selectively
blocking ultraviolet rays of a specific wavelength or range of
wavelengths without applying an additive such as an ultra-
violet absorber or a light stabilizer.
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[0068] The circularly polarizing plate of the present appli-
cation 1s capable of providing stable durability 1n 1tself,
while effectively blocking ultraviolet rays aflfecting the
durability of the device by such a design, and can also be
applied to a display device to maintain the display quality of
the device.

[0069] In this specification, the term polarizer means a
film, sheet or element having a polarization function. The
polarizer 1s a functional element capable of extracting light
that vibrates 1n one direction from 1ncident light that vibrates
in various directions.

[0070] Inthe present application, a polarizer in the form of
an absorptive linear polarizer can be used. As such a
polarizer, a PVA (poly(vinyl alcohol)) polarizer 1s known.
Basically, 1n the present application, a known polarizer can
be used as the polarizer. In one example, as the known PVA
(poly(vinyl alcohol)) polarizer, a polarizer having the fol-
lowing characteristics can be applied.

[0071] As the polarizer applied 1n the present application,
a polarizer having single transmittance (Is) for light having
a wavelength of 390 nm of 20% or more and 60% or less,
can be used. In another example, the single transmittance of
the polarizer for light having a wavelength of 390 nm may
be 59% or less, 58% or less, 57% or less, 56% or less, 55%
or less, 54% or less, 53% or less, 52% or less, 51% or less,
50% or less, 49% or less, 48% or less, 47% or less, 46% or
less, 45% or less, 44% or less, 43% or less, 42% or less, 41%
or less, or 40% or less, and may be 21% or more, 22% or
more, 23% or more, 24% or more, or 25% or more.
[0072] The single transmittance of the polarizer can be
measured using, for example, a spectrometer (V7100, manu-
factured by Jasco). For example, after the air 1s set to the
base line 1n a state where the polarizer sample (not including
the upper and lower protective films) 1s placed on the
apparatus and each transmittance 1s measured 1n a state 1n
which the axis of the polarizer sample 1s vertically and
horizontally aligned with the axis of the reference polarizer,
the single transmittance can be calculated.

[0073] The circularly polarizing plate can be imparted
with an appropriate ultraviolet blocking property and stably
maintains durability by combining the polarizer whose
single transmittance for light having a wavelength of 390 nm
1s controlled in the above range with a phase difference layer
to be described below.

[0074] In general, the PVA (poly(vinyl alcohol))-based
linear absorptive polarizer exhibits the above single trans-
mittance, and 1n the present application, such a PVA-based
linear absorptive polarizer can be applied, but the kind of the
polarizer that can be applied 1s not limited to the above, as
long as it exhibits the above single transmittance.

[0075] The PVA polarnizer generally comprises a PVA film
or sheet and an anisotropic absorbent material, such as a
dichroic dye or 1odine, adsorbed and oriented on the PVA
film or sheet.

[0076] The PVA film or sheet can be obtamned, for
example, by gelling polyvinyl acetate. The polyvinyl acetate
can be exemplified by a homopolymer of vinyl acetate; and
a copolymer of vinyl acetate and other monomers, and the
like. Here, the other monomers copolymerized with vinyl
acetate can be exemplified by one or two or more of an
unsaturated carboxylic acid compound, an olefinic com-
pound, a vinyl ether compound, an unsaturated sulfonic acid
compound and an acrylamide compound having an ammo-
nium group, and the like.
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[0077] The polyvinyl acetate has generally a gelation
degree of about 85 mol % to about 100 mol % or 98 mol %
to 100 mol % or so. The polyvinyl alcohol 1n the linear
polarizer may have generally a polymerization degree of

about 1,000 to about 10,000 or about 1,500 to about 5,000.

[0078] The PVA polarizer 1s produced via a dyeing process
and a stretching process on the PVA film or sheet. If
necessary, the production process of the polarizer may
further comprise a swelling, crosslinking, cleaning and/or
drying process(es).

[0079] Here, for example, the dyeing process 1s a process
for adsorbing 1odine, which 1s an anisotropic absorbent
material, on a PVA film or sheet, and may be performed by
immersing the PVA film or sheet in a treatment tank con-
taining 1odine and potassium 1odide, where in this proce-
dure, the single transmittance can be controlled by a method
of controlling the concentration of 10dine and potassium
1odide 1n the treatment tank.

[0080] In the dyeing process, the PVA film or sheet is
immersed 1 a dyeing solution or a crosslinking solution
containing an iodide such as 1odine (I,) or KI and/or a boric
acid compound (boric acid or a borate) or the like, where 1n
this procedure, the anisotropic absorbent material such as
10dine 1s adsorbed on the PVA film or sheet. Accordingly, 1n
the procedure, the kind or amount of the anisotropic absor-
bent material adsorbed on the polarizer 1s determined
depending on the concentration of the compound in the
dyeing solution, whereby the absorption rate and transmit-
tance of the polarizer for light having a specific wavelength
can be determined.

[0081] Forexample, a species of the 10dine compound that
may be present 1n the dyeing solution may be I, I, I~ or
[.7, and the like derived from an 10dide (M+I7) and 10dine
(I,). Among these compounds, I™ has an absorption wave-
length range of about 190 nm to 260 nm and 1ts effect on the
color perception 1s not significant, I, has an absorption
wavelength range of about 400 nm to 500 nm and its color
perception 1s mainly red, I,™ has an absorption wavelength
range of about 250 nm to 400 nm and 1ts color perception 1s
mainly yellow, Is of the linear structure has no observed
absorption wavelength range and its eflect on the color
perception 1s not significant, and 1.~ of the curved structure
has an absorption wavelength range of about 500 nm to 900
nm and 1ts color perception 1s mainly blue.

[0082] Theretfore, by controlling the species ratio of the
1odine compound formed 1n the dyeing solution, it 1s pos-
sible to control the single transmittance for light having a
wavelength of 390 nm.

[0083] The dyeing solution 1s generally an 10odine solution
which 1s an aqueous solution in which 1odine ions are
formed through 1odine, and an 1odide as a solubilizing aid,
and a boric acid compound 1s also added to the aqueous
solution for the crosslinking process, where the species and
rat10 of the 10dine compound formed in the relevant dyeing
solution can be determined depending on the concentration
of the 10dine and 10dide added to the aqueous solution. As
the 1odinated compound, for example, potassium 1odide,
lithium 10dide, sodium 10dide, zinc 10dide, aluminum 1odide,
lead 10dide, copper 1odide, barium 1odide, calcium 1odide,
tin 10dide or titanium 10dide, and the like can be used.

[0084] In order to produce a polarizer that satisfies the
transmittance characteristics for light having a wavelength
of 390 nm, which 1s a condition of the present application,
it can be controlled so that the concentration of the 10dide 1n

Apr. 30, 2020

the dyeing solution used 1n the dyeing process 1s about 1.5
wt % or more and the concentration of the 10odine (I,) 1s 0.05
to 20 wt % or so. In another example, the concentration of
the 10dide may be about 20 wt % or less, 18 wt % or less,
16 wt % or less, 14 wt % or less, 12 wt % or less, 10 wt %
or less, 8 wt % or less, or about 7 wt % or less. Also, 1n
another example, the concentration of the 1odine may be 19
wt % or less, 18 wt % or less, 17 wt % or less, 16 wt % or
less, 15 wt % or less, 14 wt % or less, 13 wt % or less, 12
wt % or less, 11 wt % or less, 10 wt % or less, 9 wt % or
less, 8 wt % or less, 7 wt % or less, 6 wt % or less, 5 wt %
or less, 4 wt % or less, 3 wt % or less, 2 wt % or less, or 1
wt % or less or so.

[0085] If the concentration of the 10dide and/or 10dine 1n
the dyeing solution 1s provided in the above range, the
species and concentration of the i1odine compound in the
dyeing solution can be formed so that the single transmit-
tance for light having a wavelength of 390 nm can fall within
the above-mentioned range.

[0086] For the production of the polarizer applied in the
present application, the concentration of the dyeing liquid
applied 1n the dyeing process can be adjusted as described
above, and other processes can be performed according to
generally known methods. In addition, the dyeing process
can also be performed according to a known method, except
that the concentration of the dyeing solution 1s controlled as
described above.

[0087] For example, in the dyeing process, a PVA film or
sheet can be immersed into the dyeing solution controlled as
above. In the dyeing process, the temperature of the dyeing
solution 1s usually about 20 to 50° C. or 25 to 40° C. or so,
and the immersion time 1s usually 10 to 300 seconds or 20
to 240 seconds or so, but 1s not limited thereto.

[0088] In the production procedure of the polarizer, a
crosslinking process may also be performed. The crosslink-
ing process can be performed using, for example, a cross-
linking agent such as a boron compound. The order of such
a crosslinking process 1s not particularly limited, and 1t can
be performed, for example, together with a dyeing and/or
stretching process, or proceed separately. For example,
when a crosslinking agent 1s additionally combined in the
above-mentioned dyeing solution, the crosslinking process
may proceed simultaneously with dyeing. Such a crosslink-
ing process may also be performed plural times. As the
boron compound, boric acid or borax, and the like may be
used. The boron compound can be generally used in the form
ol an aqueous solution or a mixed solution of water and an
organic solvent, and usually an aqueous solution of boric
acid 1s used. The boric acid concentration 1n the boric acid
aqueous solution can be selected 1n an appropriate range 1n
consideration of the degree of crosslinking and the heat
resistance thereot, and the like. An 10dinated compound such
as potasstum 10dide can also be contained in a boric acid
aqueous solution or the like.

[0089] The crosslinking process can be performed by
immersing the PVA film or sheet in a boric acid aqueous
solution or the like, where in this procedure, the treatment
temperature 1s usually 1n a range of 25° C. or higher, 30° C.
to 85° C. or 30° C. to 60° C. or so, and the treatment time
1s usually 5 seconds to 800 seconds or 8 seconds to 500
seconds or so, but 1s not limited thereto.

[0090] The stretching process 1s generally performed by
umaxial stretching. Such stretching may be performed
together with the dyeing and/or crosslinking process. The
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stretching method 1s not particularly limited, and for
example, a wet stretching method can be applied. In such a
wet stretching method, for example, 1t 1s common to perform
stretching after dyeing, but stretching may be performed
together with crosslinking, which may also be performed
plural times or 1n multiple stages.

[0091] An 1odinated compound such as potassium 1odide
may be contained in the treatment liquid applied to the wet
stretching method. In stretching, the treatment temperature
1s usually 1n a range of 25° C. or higher, 30° C. to 85° C. or
50° C. to 70° C., and the treatment time 1s usually 10 seconds
to 800 seconds or 30 seconds to 500 seconds, but 1s not
limited thereto.

[0092] The total draw ratio during the stretching procedure
can be adjusted 1n consideration of orientation characteris-
tics and the like, and the total draw ratio may be 3 to 10
times, 4 to 8 times, or 5 to 7 times, based on the original
length of the PVA film or sheet, but 1s not limited thereto.
Here, the total draw ratio may mean a cumulative draw ratio
including the stretching in each process in the case of
involving the stretching even 1n the swelling process or the
like other than the stretching process. Such a total draw ratio
can be adjusted 1n consideration of the orientation property,
workability, or stretch cutting possibility, and the like.

[0093] In addition to the dyeing, crosslinking and stretch-
ing, the swelling process may also be performed before the
processes are performed. It 1s possible to clean contamina-
tion or a blocking inhibitor of the PVA film or sheet surface
by the swelling, whereby there 1s also an eflfect capable of
reducing unevenness such as a dyeing deviation.

[0094] In the swelling process, water, distilled water or
pure water, and the like can be usually used. The main
component of the concerned treatment liquid 1s water, and 1f
necessary, it may contain a small amount of an additive such
as an 10odinated compound such as potassium 1odide or a
surfactant, or an alcohol, and the like. In this procedure, 1t 1s
also possible to adjust the above-described light blocking
rate by controlling process variables.

[0095] The treatment temperature in the swelling process
1s usually about 20° C. to 45° C. or 20° C. to 40° C. or so,
but 1s not limited thereto. Since the swelling deviations can
cause the dyeing deviation, the process variables can be
adjusted so that the occurrence of such swelling deviations
1s suppressed as much as possible.

[0096] Proper stretching can also be performed in the
swelling process. The draw ratio may be 6.5 times or less,
1.2 to 6.5 times, 2 times to 4 times, or 2 times to 3 times or
so, based on the oniginal length of the PVA film. The
stretching in the swelling procedure can reduce stretching in
the stretching process performed after the swelling process
and control 1t so that the breakage due to stretching of the
film does not occur.

[0097] In the production procedure of the polarizer, metal
ion treatment can be performed. This treatment 1s per-
formed, for example, by immersing the PVA film 1n an
aqueous solution containing a metal salt. This introduces the
metal 10ons into the polarizer, where 1n this procedure, the
color tone of the PVA polarizer can also be controlled by
adjusting the kind or ratio of metal 1ons. The applicable
metal 1ons can be exemplified by metal 1ons of a transition
metal such as cobalt, nickel, zinc, chromium, aluminum,
copper, manganese or iron, and the adjustment of the color
tone may also be possible by selecting an appropriate type
of these.
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[0098] After the dyeing, crosslinking and stretching, a
cleaning process may proceed. Such a cleaning process can
be performed by an 1odine compound solution such as
potassium 1odide.

[0099] Such cleaning with water and cleaning with the
10dine compound solution may be combined, where a solu-
tion 1 which a liquid alcohol such as methanol, ethanol,
1sopropyl alcohol, butanol or propanol 1s combined may also
be used.

[0100] Adfter passing through such a process, the polarizer
can be produced by performing a drying process. In the
drying process, for example, 1t may be performed at an
appropriate temperature for an appropriate time i1n consid-
eration of the required moisture content and the like, and
such conditions are not particularly limited.

[0101] The polarizer produced 1n such a manner may
comprise a PVA film or sheet and an anisotropic absorbent
material which i1s adsorbed and oriented on the PVA film or
sheet. Here, the anisotropic absorbent material may be
10odine, and 1n the present application, such a polarizer may
be referred to as an 10dine PVA polarizer.

[0102] Although the above description has been made on
the 10dine PVA polarizer among the known polarizers with
respect to the polarizers applicable to the present applica-
tion, the kind of the polarizers applicable i1n the present
application 1s not limited to the above, and as long as the
single transmittance for light having a wavelength of 390 nm
talls within the above-described range, any kind of polarizer,
among the various known polarizers, may also be applied 1n
the present application.

[0103] In the circularly polarizing plate, a phase difference
layer (e.g., 120) 1s present on one side of the polarizer. In the
present application, the phase difference layer has blocking
ability or absorbing ability against ultraviolet rays in a
predetermined wavelength range 1n itself. For example, the
phase difference layer may have transmittance for light
having wavelengths of 385 nm, 390 nm, 395 nm, and/or 400
nm 1n a predetermined range.

[0104] For example, the phase difference layer may have
transmittance of 3% or less for light having a wavelength of

385 nm. In another example, the transmittance may be 2.9%
or less, 2.8% or less, 2.7% or less, 2.6% or less, 2.5% or less,

2.4% or less, 2.3% or less, 2.2% or less, 2.1% or less, 2.0%
or less, 1.9% or less, 1.8% or less, 1.7% or less, 1.6% or less,
1.5% or less, or 1.4% or less. In addition, the transmittance
may be 0% or more, 0.1% or more, 0.2% or more, 0.3% or
more, 0.4% or more, 0.5% or more, 0.6% or more, 0.7% or
more, 0.8% or more, 0.9% or more, 1.0% or more, 1.1% or
more, 1.2% or more, 1.3% or more, 1.4% or more, 1.5% or
more, 1.6% or more, or 1.65% or more.

[0105] For example, the phase difference layer may have
transmittance of 15% or less for light having a wavelength
of 390 nm. In another example, the transmittance may be
14% or less, 13% or less, 12% or less, 11% or less, 10% or
less, 9% or less, 8% or less, 7% or less, 6% or less, 5% or
less, 4% or less, or 3.5% or less. In addition, the transmait-
tance may be 0% or more, 0.1% or more, 0.2% or more,
0.3% or more, 0.4% or more, 0.5% or more, 0.6% or more,
0.7% or more, 0.8% or more, 0.9% or more, 1% or more,
1.5% or more, 2% or more, 2.5% or more, 2.6% or more,
2. 7% or more, 2.8% or more, 2.9% or more, 3.1% or more,
3.2% or more, 3.3% or more, 3.4% or more, 3.5% or more,
or 3.6% or more.
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[0106] For example, the phase difference layer may have
transmittance of 25% or less for light having a wavelength

of 395 nm. In another example, the transmittance may be
24% or less, 23% or less, 22% or less, 21% or less, 20% or

less, 19% or less, 18% or less, 17% or less, 16% or less, 13,
14% or less, 13% or less, 12% or less, 11% or less, 10% or

less, 9% or less, 8% or less, 7% or less, 6% or less, 5% or
less, 4% or less, or 3.5% or less. In addition, the transmait-
tance may be 0% or more, 0.1% or more, 0.2% or more,
0.3% or more, 0.4% or more, 0.5% or more, 0.6% or more,
0.7% or more, 0.8% or more, 0.9% or more, 1% or more,
1.5% or more, 2% or more, 2.5% or more, 3% or more, 3.5%
or more, 4% or more, 4.5% or more, 3% or more, 5.5% or
more, 6% or more, 6.5% or more, 7% or more, 7.5% or
more, 8% or more, 8.5% or more, 9% or more, or 9.5% or
more.

[0107] For example, the phase difference layer may have
transmittance of 40% or less for light having a wavelength
of 400 nm. In another example, the transmittance may be
39.5% or less, 39% or less, 38.5% or less, 38% or less,
37.5% or less, 37% or less, 36.5% or less, 36% or less,
35.5% or less, 35% or less, 34.5% or less, 34% or less,
33.5% or less, 33% or less, 32.5% or less, 32% or less,
31.5% or less, 31% or less, 30% or less, 29.5% or less, 29%
or less, 28.5% or less, 28% or less, 27.5% or less, or 27% or
less or so. In addition, the transmittance may be 0% or more,
0.1% or more, 0.2% or more, 0.3% or more, 0.4% or more,
0.5% or more, 0.6% or more, 0.7% or more, 0.8% or more,
0.9% or more, 1% or more, 1.5% or more, 2% or more, 2.5%
or more, 3% or more, 3.5% or more, 4% or more, 4.5% or
more, 3% or more, 5.5% or more, 6% or more, 6.5% or
more, 7% or more, 7.5% or more, 8% or more, 8.5% or
more, 9% or more, 9.5% or more, 10% or more, 10.5% or
more, 11% or more, 11.5% or more, 12% or more, 12.5% or
more, 13% or more, 13.5% or more, 14% or more, 14.5% or
more, 15% or more, 15.5% or more, 16% or more, 16.5% or
more, 17% or more, 17.5% or more, 18% or more, 18.5% or
more, 19% or more, 19.5% or more, 20% or more, 20.5% or
more, 21% or more, 21.5% or more, 22% or more, 22.5% or
more, 23% or more, 23.5% or more, 24% or more, 24.5% or
more, or 25% or more or so.

[0108] The transmittance of the phase difference layer can
be measured using, for example, a spectrometer (N&K
analyzer, N&K Technologies, INC). For example, the trans-
mittance of the phase difference layer can be measured after
the relevant phase difference layer sample 1s positioned on
a base material which preferably exhibits no absorption peak
at a wavelength of 380 nm or more, where a liqud crystal
alignment film or the like may also be present between the
base material and the phase diflerence layer. Here, the type
of the base material which exhibits no absorption peak at a
wavelength of 380 nm or more 1s not particularly limited,
and for example, 1s an NRT base film or a TAC (triacetyl
cellulose) base film (transmittance for 385 nm: 90.8%,
transmittance for 390 nm: 91.1%, transmittance for 395 nm:
91.2%, or transmittance for 400 nm: 91.4%), and the like.
For example, after the phase difference layer 1s positioned on
the base material and the air 1s set to baseline, each trans-
mittance 1s measured in a state of being vertically and
horizontally aligned with the reference axis (slow axis) of
the phase difference layer sample, and then the transmittance
1s calculated.

[0109] The phase difference layer having the transmit-
tance characteristics designed as above can ensure that the
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circularly polarizing plate has stable durability while exhib-
iting a blocking property for light having a wavelength in the
range of 380 to 400 nm.

[0110] In particular, this effect can be further improved 1n
combination with the above-mentioned polarizer. That 1is,
when the single transmittance of the polarizer and/or the
transmittance of the phase difference do not satisty the
above-mentioned range, the ultraviolet blocking ability of
the circularly polarizing plate, particularly the blocking ratio
to light 1n the range of 380 to 400 nm 1s lowered, or the
ultraviolet blocking ability 1s excessively given to any one of
the polarizer and the phase difference layer, so that the
durability of the circularly polarizing plate may be deterio-
rated.

[0111] In the present application, the ultraviolet blocking
ability of the phase diflerence layer as above can also be
realized without introducing an ultraviolet absorber or a
light stabilizer, and the like 1nto the phase difference layer
separately. Therefore, 1n one example, the phase difference
layer may not include an ultraviolet absorber or a light
stabilizer, for example, an ultraviolet absorber or a light
stabilizer, having a maximum absorption wavelength 1n the
range of 385 nm to 400 nm. That 1s, when the phase
difference layer 1s constituted by suitably combining a
normal dispersion polymerizable liquid crystal compound
and a reverse dispersion polymerizable liquid crystal com-
pound as described below, the structural characteristics of
the individual polymerizable liquid crystal compounds are
complementary to each other, whereby the desired ultravio-
let absorptivity can be ensured without applying an ultra-
violet absorber or a light stabilizer and the like. By applying
no ultraviolet absorber and light stabilizer 1n this way, 1t 1s
possible to form a phase difference layer having excellent
durability that does not cause poor orientation of liquid
crystals by the additives or a bleeding-out phenomenon after
formation of the phase difference layer, and the like.
[0112] In one example, the phase diflerence layer having
the ultraviolet blocking ability can be realized by designing
a reverse wavelength characteristic 1n the same manner as
described below.

[0113] The phase difference layer may be a layer having a
refractive index relationship according to any one of the
following Equations 3 to 5.

HX>HY=HZ [Equation 3]
HX>HY>NZ [Equation 4]
nx>ny and nz>ny [Equation 5]

[0114] In Equations 3 to 5, nx, ny and nz are the refractive
index 1n the x-axis direction (slow axis direction), the
refractive index 1n the y-axis direction (fast axis direction)
and the refractive index 1n the z-axis direction, respectively.
[0115] The phase difference layer included in the circu-
larly polarizing plate may have, for example, planar phase
difference within a range capable of having a quarter-wave
phase delay characteristic. In this specification, the term
n-wave phase delay characteristic means a characteristic that
the incident light can be phase-delayed by n times the
wavelength of the incident light within at least a part of the
wavelength range. The quarter-wave phase delay character-
1stic may be a characteristic that the incident linearly polar-
1zed light 1s converted into elliptically polarized light or
circularly polarized light and conversely, the incident lin-
early polarized light or circularly polarized light 1s converted
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into linearly polarized light. In one example, the phase
difference layer may have a planar phase difference for light
having a wavelength of 550 nm 1n a range of 90 nm to 300
nm. In another example, the planar phase diflerence may be
100 nm or more, 105 nm or more, 110 nm or more, 115 nm
or more, 120 nm or more, 125 nm or more, or 130 nm or
more. In addition, the planar phase difference may be 290
nm or less, 280 nm or less, 270 nm or less, 260 nm or less,
250 nm or less, 240 nm or less, 230 nm or less, 220 nm or
less, 210 nm or less, 200 nm or less, 190 nm or less, 180 nm
or less, 170 nm or less, 160 nm or less, 150 nm or less, or
145 nm or less.

[0116] For the phase difference layer, the range of the
thickness direction phase difference obtained according to
Equation 2 above 1s not particularly limited, which may be,
for example, in a range of about -200 nm to 200 nm. In
another example, the thickness direction phase difference
may be —190 nm or more, —180 nm or more, —170 nm or
more, —160 nm or more, —150 nm or more, —140 nm or
more, —130 nm or more, —120 nm or more, -110 nm or
more, —100 nm or more, =90 nm or more, —80 nm or more,
70 nm or more, —60 nm or more, —50 nm or more, —40 nm
or more, —30 nm or more, =20 nm or more, or —10 nm or
more. In addition, the thickness direction phase difference
may be 190 nm or less, 180 nm or less, 170 nm or less, 160
nm or less, 150 nm or less, 140 nm or less, 130 nm or less,
120 nm or less, 110 nm or less, 100 nm or less, 90 nm or less,
80 nm or less, 70 nm or less, 60 nm or less, 50 nm or less,
40 nm or less, 30 nm or less, 20 nm or less, or 10 nm or less.

[0117] In one example, the phase difference layer may be
a layer satisiying the following equation 6.

R(450)/R(550)<R(650/R(550)

[0118] In Equation 6, R (450) 1s the planar phase difler-
ence of the phase difference layer for light having a wave-
length of 450 nm, R (550) 1s the planar phase difference of
the phase difference layer for light having a wavelength of
550 nm, and R (650) 1s the planar phase difference of the
phase difference layer for light having a wavelength of 650
nm

[Equation 6]

[0119] Each of the planar phase differences complies with
Equation 1 above, provided that in the planar phase difler-
ence for light having a wavelength of 450 nm, the refractive
indexes for light having a wavelength of 450 nm are applied
as nx and ny 1n Equation 1; in the planar phase difference for
light having a wavelength of 550 nm, the refractive indexes
for light having a wavelength of 550 nm are applied as nx
and ny 1n Equation 1; and 1n the planar phase difference for
light having a wavelength of 650 nm, the refractive indexes
for light having a wavelength of 650 nm are applied as nx
and ny in Equation 1.

[0120] The phase difference layer satistying Equation 6 1s
a phase difference layer having a so-called reverse wave-
length dispersion characteristic. Such a phase difference
layer can exhibit the phase delay characteristic designed
over a wide range of wavelengths.

[0121] It1s possible to provide a circularly polarizing plate
with better eflects by controlling R (450)/R (550) and/or R

(650)/R (550) 1n the phase difference layer satistying Equa-
tion 6. In one example, R (450)/R (550) in Equation 6 above
may be i arange o1 0.6 to 0.99. In addition, R (450)/R (550)
may be 0.61 or more, 0.62 or more, 0.63 or more, 0.64 or
more, 0.65 or more, 0.66 or more, 0.67 or more, 0.69 or
more, 0.70 or more, 0.71 or more, 0.72 or more, 0.73 or
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more, 0.74 or more, 0.75 or more, 0.76 or more, 0.77 or
more, 0.78 or more, 0.79 or more, 0.80 or more, 0.81 or
more, 0.82 or more, 0.83 or more, 0.84 or more, 0.85 or
more, 0.86 or more, 0.87 or more, 0.88 or more, 0.89 or
more, or 0.90 or more. In addition, the R (450)/R (550) may
be 0.98 or less, 0.97 or less, 0.96 or less, 0.95 or less, 0.94
or less, 0.93 or less, 0.92 or less, 0.91 or less, 0.90 or less,
0.89 or less, 0.88 or more, 0.87 or more, 0.86 or less, or 0.85
or less. R (650)/R (550) in Equation 6 may be in a range of
1.00 to 1.19. The R (650)/R (550) may be 1.18 or less, 1.17
or less, 1.16 or less, 1.15 or less, 1.14 or less, 1.13 or less,
1.12 or less, 1.11 or less, 1.1 or less, or 1.08 or less or so.
In addition, R (650)/R (550) 1n Equation 6 may be 1.01 or
more, 1.02 or more, 1.03 or more, 1.04 or more, 1.05 or
more, 1.06 or more, 1.07 or more, 1.08 or more, or 1.09 or
more.

[0122] The method of adjusting R (450)/R (550) and/or R
(650)/R (550) of the phase difference layer to the above
range 1s not particularly limited, but in the present applica-
tion, 1n order to secure the desired ultraviolet blocking
ability even 1f the ultraviolet absorber or light stabilizer 1s
not icluded, 1t can be realized by using two polymerizable
liguid crystal compounds having different reverse wave-
length characteristics as above, such compounds described
below.

[0123] The phase difference layer may be laminated on
one side of the polarizer so that its slow axis and the
absorption axis of the polarizer may form an angle within a
range of about 30 degrees to 60 degrees. In addition, the
angle may be 35 degrees or more, or 40 degrees or more, and
may also be 55 degrees or less, or 50 degrees or less.
[0124] As the phase difference layer, a known material can
be used without particular limitation, as long as 1t has the
transmittance characteristic and the planar phase difference.
[0125] For example, a stretched polymer layer or liquid
crystal layer obtained by stretching a polymer film capable
of 1mparting optical anisotropy by stretching 1n a suitable
manner can be used. As the liquid crystal layer, a liquad
crystal polymer layer or a cured layer of a polymerizable
liquid crystal compound can be used.

[0126] Here, as the stretched polymer layer, for example,
a polymer layer can be used, which comprises polyolefin
such as polyethylene or polypropylene, a cyclic olefin poly-
mer (COP) such as polynorbornene, polyvinyl chlonde,
polyacrylonitrile, polysulione, an acrylic resin, polycarbon-
ate, polyester such as polyethylene terephthalate, polyacry-
late, polyvinyl alcohol, a cellulose ester-based polymer such
as TAC (tniacetyl cellulose), or a copolymer of two or more
monomers among the monomers forming the polymer, and

the like.

[0127] As the phase difference layer, various known mate-
rials as above can be used, but generally known phase
difference layers often do not satisty the above-mentioned
characteristics, 1n particular, the transmittance characteris-
tics for light having a wavelength of 385 nm, 390 nm, 395
nm, or 400 nm.

[0128] Theretfore, for example, when the stretched poly-
mer layer 1s intended to be applied as a phase difference
layer, a process of adding an additive having an appropriate
absorption property for the above-mentioned wavelength
upon producing the polymer layer may be required.

[0129] It 1s advantageous to apply a liquid crystal polymer
layer or a cured layer of a polymerizable liquid crystal
composition as a phase difference layer 1n order to secure the
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desired transmittance characteristic in the above-mentioned
wavelength range, and particularly, 1t 1s advantageous to
apply a cured layer of a polymerizable liquid crystal com-
position comprising a polymerizable liquid crystal com-
pound having a specific reverse wavelength characteristic to
be described below.

[0130] Accordingly, the phase difference layer may com-
prise at least a polymerized unit of a normal dispersion
polymerizable liquid crystal compound to be described
below and a polymerization unit of a reverse dispersion
polymerizable liquid crystal compound to be also described
below. Here, the polymerized unit means a unit formed by
polymerizing or curing the respective polymerizable liquid
crystal compounds, as described below.

[0131] For example, in the present application, a phase
difference layer can be manufactured by mixing two or more
polymerizable liquid crystal compounds so as to satisiy the
properties of Equation 6 above, and for example, a polym-
erizable liquid crystal compound having a low value of R
(450)/R (550) (for example, a reverse dispersion polymer-
1zable liquid crystal compound as described below) and a
polymerizable liquid crystal compound having a high value
of R (450)/R (550) (for example, a normal dispersion
polymerizable liquid crystal compound as described below)
can be combined to satisty the properties of Equation 6
above.

[0132] In this specification, the term “polymerizable liquid
crystal compound” may mean a compound containing a
moiety capable of exhibiting liquid crystallinity, such as a
mesogen skeleton, and also containing one or more polym-
erizable functional groups. Such polymerizable liquid crys-
tal compounds are variously known under the so-called RM
(reactive mesogen). The polymerizable liquid crystal com-
pound may be contained in the polymerized form in the
cured layer, that 1s, the above-described polymerized unit,
which may mean a state where the liquid crystal compound
1s polymerized to form skeletons of the liquid crystal poly-
mer such as main chains or side chains in the cured layer.

[0133] The polymerizable liquid crystal compound may
be a monofunctional or multifunctional polymerizable liquid
crystal compound. Here, the monofunctional polymerizable
liquid crystal compound may be a compound having one
polymerizable functional group and the multifunctional
polymerizable liquid crystal compound may mean a com-
pound contaiming two or more polymerizable functional
groups. In one example, the polyfunctional polymerizable
liquid crystal compound may comprise 2 to 10, 2 to 8, 2 to
6,2to 5,2 1t04, 2to3, or 2 or 3 polymerizable functional
groups.

[0134] It 1s known that a polymerizable liquid crystal
composition prepared by combining such a polymerizable
liquad crystal compound with other components such as an
initiator, a stabilizer and/or a non-polymerizable liquid crys-
tal compound 1s cured 1n a state where it 1s oriented on an
alignment film to form the cured layer expressed with
birefringence, and 1n the present application, the above-
mentioned transmittance characteristics can be secured by
controlling the properties of the polymerizable liquid crystal
compound used 1n such a known process.

[0135] In one example, 1n order to secure the above-
described transmittance characteristics, 1t 1s advantageous
that the cured layer of the polymerizable liquid crystal
composition comprising the reverse dispersion polymeriz-
able liqud crystal compound 1s applied. Here, the reverse
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dispersion polymerizable liquid crystal compound means a
polymerizable liquid crystal compound in which the liquid
crystal layer (cured layer) formed by curing the polymeriz-
able liquid crystal compound alone exhibits reverse wave-
length dispersion characteristics, where the reverse wave-
length characteristics mean the properties described by
Equation 6 above.

[0136] In the present application, among the reverse dis-
persion polymerizable liquid crystal compounds, particu-
larly, a liquid crystal compound having R (450)/R (550) of
Equation 6 1 a range of 0.6 to 0.99 can be applied. In
addition, R (450)/R (550) of the reverse dispersion polym-
erizable liquid crystal compound may be 0.61 or more, 0.62
or more, 0.63 or more, 0.64 or more, 0.65 or more, 0.66 or
more, 0.67 or more, 0.69 or more, 0.70 or more, 0.71 or
more, 0.72 or more, 0.73 or more, 0.74 or more, 0.75 or
more, 0.76 or more, 0.77 or more, 0.78 or more, 0.79 or
more, 0.80 or more, 0.81 or more, 0.82 or more, 0.83 or
more, 0.84 or more, 0.85 or more, 0.86 or more, 0.87 or

more, 0.88 or more, 0.89 or more, or 0.90 or more. In
addition, the R (450)/R (550) may be 0.98 or less, 0.97 or

less, 0.96 or less, 0.95 or less, 0.94 or less, 0.93 or less, 0.92
or less, 0.91 or less, 0.90 or less, 0.89 or less, 0.88 or less,
0.87 or less, 0.86 or less, or 0.85 or less. Also, the reverse

dispersion polymerizable liquid crystal compound may have
R (650)/R (550) of Equation 6 1n a range o1 1.00 to 1.19. The

R (650)/R (550) may be 1.18 or less, 1.17 or less, 1.16 or
less, 1.15 or less, 1.14 or less, 1.13 orless, 1.12 or less, 1.11
or less, 1.1 or less, or 0.08 or less or so. In addition, the R
(650)/R (550) may be 1.01 or more, 1.02 or more, 1.03 or
more, 1.04 or more, 1.05 or more, 1.06 or more, 1.07 or
more, 1.08 or more, or 1.09 or more or so. Among various
known polymerizable liquid crystal compounds, particu-
larly, 1n the case of the polymerizable liquid crystal com-
pounds that the value of R (450)/R (550) 1s in the above-
mentioned range, the present inventors have confirmed that
the above-described transmittance characteristics are effec-
tively satisfied by red shift of the UV absorption wavelength
region, when 1t 1s combined with the normal dispersion
polymerizable liquid crystal compound, as described below.
In addition, the R (450)/R (550) may also be 0.6 or more,
0.61 or more, 0.62 or more, 0.63 or more, 0.64 or more, 0.65
or more, 0.66 or more, 0.67 or more, 0.68 or more, 0.69 or
more, 0.70 or more, 0.71 or more, 0.72 or more, 0.73 or
more, 0.74 or more, 0.75 or more, 0.76 or more, 0.77 or
more, or 0.78 or more.

[0137] It 1s determined that this phenomenon 1s due to the
inherent molecular structure of the reverse dispersion

polymerizable liquid crystal compound designed to have R
(450)/R (550) 1n the above range.

[0138] That 1s, the birefringence of the polymerizable
liquid crystal compound 1s known to be mainly determined
by a molecular conjugation structure, difierential oscillator
strength and order parameters, and the like, and in order for
the polymerizable liquid crystal compound to exhibit high
birefringence, large electron density 1n the direction of the
main axis 1s required, and thus most of the polymerizable
liquid crystal compounds have a highly conjugated shape 1n
the long axis direction.

[0139] However, 1n order for the polymerizable liquid
crystal compound to exhibit the reverse dispersion property,
it 1s necessary to adjust the birefringence between the long
ax1is and the axis perpendicular thereto, and accordingly, the
polymerizable liquid crystal compound designed to have the
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reverse dispersion property has mostly a molecular shape in
the form of T or H, and simultaneously 1s a shape that the
main axis (long axis) has a large phase difference and a small
dispersion value, and the axis perpendicular thereto has a
small phase difference and a large dispersion value.

[0140] However, since the electronic transition (m—m*)
that absorbs light in the range of 180 nm to 400 nm as the
ultraviolet region shifts to a longer wavelength as the
conjugation length becomes longer, the polymerizable liquid
crystal compound designed to have the reverse dispersion
characteristic highly conjugates the negative birefringent
portion to cause a red shift phenomenon in which the
ultraviolet absorption wavelength region 1s shifted to a
longer wavelength.

[0141] The present inventors have confirmed that among
the reverse dispersion polymerizable liquid crystal com-
pounds having the above characteristics, particularly, the
polymerizable liquid crystal compound designed so that the
range of R (450)/R (5350) 1s 1n the above-mentioned range
exhibits the appropriate range of red shift capable of satis-
tying the transmittance characteristics required in the pres-
ent application.

[0142] In particular, in the case of the reverse dispersion
polymerizable liquid crystal compound having the following
structure, the present inventors have confirmed that while 1t
exhibits the desired ultraviolet blocking ability when it has
been mixed with the normal dispersion polymerizable liquid

crystal compound, 1ts phase difference properties (R (450)/R
(550) and R (650)/R (550)) can also be eflectively designed
according to the purpose.

|Formula 1]

N ) R
| \>71|\T—N_
Zy:

R¢

R3

Rs

[0143] In Formula 1, R, 1s a substituent of the following
formula 2 or 3, and R, to R, are each independently
hydrogen, an alkyl group, an alkoxy group, a cyano group,
a substituent of the following formula 4 or a substituent of
the following formula 5. Here, at least two or more or two
of R, to Ry are also substituents of the following formula 4
or substituents of the following formula 3.

[0144] For example, in Formula 1, any one of R, and R,
and any one of R; and R, may be a substituent of the
following formula 4 or 5.

-A-L-Cyc-A,-L>-P [Formula 2]
[0145] InFormula 2, A, and A, are each independently an
oxygen atom or a single bond, L, and L, are each indepen-
dently —C(=0)—0—, —O—C(=0)— or an alkylene
group, Cyc 1s an arylene group or a cycloalkylene group, and
P 1s a polymerizable functional group.
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|Formula 3]

— L3 TO0—LyH P

[0146] InFormula3, L, and L, are each an alkylene group,
n 1s a number 1n a range of 1 to 4, and P 1s a polymerizable
functional group or a hydrogen atom.

-A3-Ls-Cyc-Ay-Lg-P

[0147] In Formula 4, A, and A, are an oxygen atom, an
alkylene group or a single bond, L. and L are each inde-
pendently —C(—0)—0—, —O—C(=0)— or an alkylene
group, Cyc 1s an arylene group, and P 1s a polymerizable
functional group.

[Formula 4]

-As-LCy-Ag-Lg-Cyy-A7-Lg-P

[0148] InFormula3, A<, A;and A, are each independently
an oxygen atom or a single bond, L., L; and L, are each
independently —C(—=0)—0— —O—C(=0)— or an
alkylene group, Cyl 1s a cycloalkylene group, Cy2 1s an
arylene group, and P 1s a polymerizable functional group.
[0149] In Formulas 1 to 5 above, the term single bond 1s
a case where there 1s no separate atom at the corresponding
site, and for example, if A, in Formula 2 1s a single bond,
there 1s no separate atom 1n A, and a structure 1in which Cyc
1s directly connected to L, can be implemented.

[0150] In Formulas 1 to 5 above, the term alkyl group,
alkoxy group or alkylene group may be a linear or branched
alkyl group, alkoxy group or alkylene group, having 1 to 20
carbon atoms, 1 to 16 carbon atoms, 1 to 12 carbon atoms,
1 to 8 carbon atoms, or 1 to 4 carbon atoms, which may
optionally be substituted by one or more substituents.
[0151] Also, in Formulas 1 to 5 above, the arylene group
may be an arylene group having 6 to 12 carbon atoms or may
be a phenylene group.

[0152] Furthermore, in Formulas 1 to 5 above, the
cycloalkylene group may be a cycloalkylene group having 3
to 12 carbon atoms or 3 to 9 carbon atoms, or may be a
cyclohexylene group.

[0153] In the substituents of Formula 2, A, may be a single
bond, [, may be —C(—0)—0O— or —O—C(=0)—, A,
may be an oxygen atom, and L, may be an alkylene group
having 3 or more, 4 or more, or 5 or more carbon atoms. The
carbon number of the alkylene group in L, may be 12 or less,
or 8 or less.

[0154] Inoneexample of Formula 3 above, L, and L, may
cach independently be an alkylene group having 1 to 4
carbon atoms, n may be a number 1n a range of 1 to 3 or a
number 1n a range of 1 to 2, or may be 2, and P may be a
polymerizable functional group. Also, 1n this case, when the
number of units of [0-L,] 1n Formula 3 1s 2 or more, the
carbon number of the alkylene group of L, 1n each unit may
be the same or different.

[0155] Also, 1n another example of Formula 3 above, L,
and [, may each independently be an alkylene group having
1 to 4 carbon atoms, n may be a number 1n a range of 1 to
3 or a number 1n a range of 1 to 2, or may be 2, and P may
be a hydrogen atom. Furthermore, in this case, when the
number of units of [0-L,] in Formula 3 1s 2 or more, the
carbon number of the alkylene group of L, 1n each unit may
be the same or different.

[0156] In Formula 4, A, may be a single bond or may be

an alkylene group having 1 to 4 carbon atoms, L. may be
—C(=0)—0— or —O—C(=0)—, A, may be an oxygen

[Formula 5]
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atom, L, may be an alkylene group having 3 or more, 4 or
more, or 5 or more carbon atoms. The carbon number of the
alkylene group 1n L, may be 12 or less or 8 or less.
[0157] In Formula 5, A; may be an oxygen atom, [, may
be an alkylene group having 1 to 4 carbon atoms, A, may be
a single bond, Ly, may be —C(=0)—0— or —O—C
(—0O)—, A, may be an oxygen atom, and L, may be an
alkylene group having 3 or more, 4 or more, or 5 or more
carbon atoms. The carbon number of the alkylene group 1n
Lo may be 12 or less, or 8 or less.

[0158] The present imnventors have confirmed that such a
polymerizable liquid crystal compound can eflectively sat-
1sty the desired physical properties by a unique T type
structure and a conjugated structure realized by centering on
N—N bonds.

[0159] In the above formulas, the kind of the polymeriz-
able functional group is not particularly limited, which may
be, for example, an acryloyl group, a methacryloyl group, an
acryloyloxy group or a methacryloyloxy group.

[0160] In one example, 1t may be advantageous that as the
reverse dispersion polymerizable liquid crystal compound, a
compound, wherein, in Formula 1 above, R, 1s a substituent
of Formula 3 above, and at least two or more or two of R,
to R, are substituents of Formula 5 above, 1s used.

[0161] If necessary, a liquid crystal compound that R, 1n
Formula 1 above 1s a substituent of Formula 3 above,
wherein P 1s a polymerizable functional group, and a liquid
crystal compound that R, in Formula 1 above 1s a substituent
of Formula 3 above, wherein P 1s a hydrogen atom, can be
mixed and used, and 1in this case, the mixing ratio 1s
determined according to the desired reverse wavelength
characteristics (R (450)/R (550) and/or R (650)/R (550)),

which 1s not particularly limited.

[0162] The polymerized units of the reverse dispersion
polymerizable liquid crystal compound may be contained in
the cured layer (liquid crystal layer) in a ratio of 40 wt % or
more based on the weight of the polymerized units of the
entire polymerizable liquid crystal compound. In another
example, the ratio may also be about 45 wt % or more, 50
wt % or more, 55 wt % or more, 60 wt % or more, 65 wt %
or more, 70 wt % or more, 75 wt % or more, 80 wt % or
more, 35 wt % or more, 80 wt % or more, or 95 wt % or
more. The phase difference layer (liquid crystal layer) may
contain only polymerized units of the liquid crystal com-
pound of the Formula 1 above as the polymerizable liquid
crystal compound, but from the viewpoint of realization of
appropriate physical properties, 1t 1s advantageous that the
normal dispersion polymerizable liquid crystal compound to
be described below 1s contained together. Accordingly, the
ratio may be 100 wt % or less or less than 100 wt %.

[0163] The polymerizable liquid crystal composition and/
or the cured layer (liquid crystal layer) may further com-
prise, 1n addition to the reverse dispersion polymerizable
liquid crystal compound, a polymerizable liqud crystal
compound 1n which 1n Equation 6, R (450)/R (550) 1s in a
range of 1.04 to 1.25, 1.04 to 1.15 or 1.06 to 1.15 (herein-
after, normal dispersion polymerizable liquid crystal com-
pound). The application of the reverse dispersion polymer-
1zable liquid crystal compound having the above-mentioned
R (450)/R (550) 1s advantageous in that the cured layer
(liguid crystal layer) exhibits the desired transmittance char-
acteristics, but 1t 1s disadvantageous that as the value of R
(450)/R (550) 1s somewhat low, the cured layer (liquid

crystal layer) exhibits a reverse dispersion characteristic as
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a whole. Therefore, 1n order to overcome this disadvantage,
the polymerizable liqud crystal compound having the R
(450)/R (550) value 1n the above range may be added 1n the
polymerizable liquid crystal composition and/or the cured
layer to control the overall optical properties. The normal
dispersion liquid crystal compound may have R (650)/R
(550) of Equation 6 1n a range of about 0.8 to 0.99, about
0.85 to 0.99, about 0.9 to 0.99, or about 0.91 to 0.99.

[0164] Such normal dispersion polymerizable liquid crys-
tal compounds are variously known, and for example,
polymerizable liquid crystal compounds known 1n Korean

Patent No. 1729819, Korean Patent No. 1640670, Korean
Patent No. 1557202, Korean Patent No. 1472187, Korean
Patent No. 1460862, Korean Patent No. 1191124, Korean
Patent No. 1191125 and/or Korean Patent No. 1191129 and
the like can be used.

[0165] As such a normal dispersion polymerizable liquid
crystal compound, various known materials can be used, but
in order to secure the desired physical properties by comple-
menting miscibility with the previously described reverse
dispersion polymerizable liquid crystal compound or ultra-
violet absorptivity of the reverse dispersion polymerizable
liquid crystal compound, it may be advantageous to use a
compound represented by the following Formula 6.

|Formula 6]

[0166] In Formula 6, A may be a single bond, —C(=—0)
O— or —OC(=0)—and R, to R, , may each independently
be hydrogen, halogen, an alkyl group, an alkoxy group, an
alkoxycarbonyl group, a cyano group, a nitro group or a
substituent of Formula 7 below. Also, 1n another example,
two neighboring substituents of R, to R or two neighboring
substituents of R, to R, 1n the structure may be bonded to
cach other to constitute a benzene ring substituted with
-L-A-P. For example, when two neighboring substituents of
R, to R; form benzene substituted with -L-A-P, a naphtha-
lene structure substituted with -L-A-P can be realized on the
left side based on A 1in Formula 6 above, and when two
neighboring substituents of R to R,, form benzene substi-
tuted with -L-A-P, a naphthalene structure substituted with
-L-A-P can be realized on the right side based on A 1n
Formula 6 above. Here, L may be —C(=0)0O—, —OC
(—0)— or —OC(=0)O—, A may be an alkylene group,
and P may be a polymernizable functional group. Here, the
alkylene of A may be an alkylene group having 1 or more,
2 or more, 3 or more, or 4 or more carbon atoms, and the
carbon number of the alkylene group may be 20 or less, 16
or less, 12 or less, or 8 or less. Also, here, the polymerizable
functional group P may be an acryloyl group, a methacryloyl
group, an acryloyloxy group or a methacryloyloxy group.
Here, when two neighboring substituents of R, to R or two
neighboring substituents of R to R, are bonded to each
other to constitute the benzene ring, the remaining substitu-
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ents may be hydrogen, halogen, an alkyl group, an alkoxy
group, an alkoxycarbonyl group, a cyano group or a nitro
group, as described above.

|Formula 7]

[0167] In Formula 7, B may be a single bond, —C(=—=0)
O— or —OC(=—0)—, and R, to R, may each indepen-
dently be hydrogen, halogen, an alkyl group, an alkoxy
group, an alkoxycarbonyl group, a cyano group, a nitro
group or the -L-A-P, or two neighboring substituents of R,
to R, may be bonded to each other to constitute a benzene
ring substituted with -L-A-P. In this case, the structure of
Formula 7 has a naphthalene structure substituted with
-L-A-P. Here, when two neighboring substituents of R, to
R, < are bonded to each other to constitute the benzene ring,
the remaining substituents may be hydrogen, halogen, an
alkyl group, an alkoxy group, an alkoxycarbonyl group, a
cyano group or a nitro group, as described above.

[0168] The meanming of the single bond in Formulas 6 and
7 above 1s the same as the case of Formulas 1 to S above, and
the meamings of the alkyl group and the alkoxy group are
also the same as the case of Formulas 1 to 5 above.

[0169] In one example, as R, and R; or R; and R, 1n
Formula 6 above form benzene substituted with the -L.-A-P,
a compound 1n which the left side of A 1n Formula 6 above
forms a naphthalene structure can be used as the normal
dispersion polymerizable liquid crystal compound.

[0170] As the normal dispersion polymerizable liquid
crystal compound, a compound 1n which any one of R to Rg
in Formula 6 above, for example, Ry 1s Formula 7 above can
also be used. In this case, as R,, and R,; or R,; and R, 1n
Formula 7 above form benzene substituted with the -L.-A-P,
a compound 1n which the right side of B in Formula 7 above
forms a naphthalene structure can be used.

[0171] The ratio of such a normal dispersion polymeriz-
able liqmd crystal compound in the cured layer (liquid
crystal layer) 1s not particularly limited, as long as while the
transmittance characteristic of the cured layer (liquid crystal
layer) 1s maintained 1n the desired range, the optical prop-
erties such as the R (450)/R (550) value of the entire cured
layer (liquid crystal layer) can be maintained 1n the desired
range. For example, the normal dispersion polymerizable
liquid crystal compound may be contained 1n a ratio of 0 to
60 wt % or a ratio of more than 0 wt % and 60 wt % or less.
In addition, the ratio may also be about 355 wt % or less, 50
wt % or less, 45 wt % or less, 40 wt % or less, 35 wt % or
less, 30 wt % or less, 25 wt % or less, 20 wt % or less, 15
wt % or less, 10 wt % or less, or 5 wt % or less or so. Within
this range, the cured layer (liquid crystal layer) can exhibit
suitable reverse dispersion characteristics and transmittance
characteristics. Therefore, the ratio of the normal dispersion
polymerizable liquid crystal compound in the polymerizable
liquid crystal composition may be within a range in which
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the normal dispersion polymerizable liquid crystal com-
pound 1n the formed cured layer can be present in the
above-mentioned range.

[0172] The cured layer (liquid crystal layer) may comprise
polymerized units of a polymerizable liquid crystal com-
pound having tri-functionality or more, for example, a
polymerizable liquid crystal compound having 3 to 10, 3 to
8,3t0 6,3 1035, 3 to4,or 3 polymernizable functional groups.
Such a polymerizable liquid crystal compound having tri-
functionality or more may be the above-mentioned reverse
dispersion or normal dispersion polymerizable liquid crystal
compound. The ratio of polymerized units of the polymer-
1zable liquid crystal compound 1n the cured layer (liquid
crystal layer) 1s not particularly limited, but 1t may be, for
example, 30 wt % or more, or 40 wt % or more and may be
100 wt % or less, or may be less than 100 wt %. The cured
layer (liquid crystal layer) comprising polymerized units of
the polymerizable liquid crystal compound having tri-func-
tionality or more 1n such a ratio can exhibit more excellent
durability.

[0173] In the cured layer (liquid crystal layer) of the
polymerizable liquid crystal composition comprising the
polymerizable liquid crystal compound as described above,
the conversion ratio of the polymerizable liquid crystal
compound, that 1s, the ratio of the polymerizable liquid
crystal compound converted from the 1nitial monomer state
into the polymerized state may be, for example, 50 wt % to
100 wt % or so. In another example, the conversion ratio
may be about 60 to 100 wt % or about 70 to 100 wt % or so.
At such a conversion ratio, the cured layer (liquid crystal
layer) can exhibit improved durability.

[0174] Inparticular, since the phase difference layer of the
present application realizes the desired ultraviolet absorbing
ability through application of normal dispersion and reverse
dispersion polymerizable liquid crystal compounds having a
specific structure without using an ultraviolet absorber or a
light stabilizer, as described above, 1t can exhibit excellent
durability.

[0175] For example, the phase difference layer may have
an absolute value of the phase difference change ratio
according to the following Equation A of about 17% or less,
about 16.5% or less, about 16% or less, or about 15.5% or
less. In addition, the phase difference change ratio may be
about 0% or more, 2% or more, 4% or more, 6% or more,
3% or more, 10% or more, 12% or more, or 14% or more.

Phase difference change ratio=100x({Ra-Ri)/Ri

[0176] In Equation A, Ri1 i1s the mmitial in-plane phase
difference of the phase difference layer for a wavelength of
550 nm, and Ra 1s the in-plane phase difierence of the phase
difference layer for a wavelength of 3550 nm, after an
endurance condition.

[0177] Here, the endurance condition 1s to maintain the
phase difference layer at 85° C., and specifically, the phase
difference change ratio can be measured by the method
disclosed 1n the following examples. Here, the holding time
at the endurance condition may be 50 hours or more, 100
hours or more, 150 hours or more, 200 hours or more, or 250
hours or more. In addition, the holding time may also be
about 300 hours or less.

[0178] The circularly polarizing plate of the present appli-
cation may further comprise a base film present on the lower
part of the phase difference layer.

[Equation A]
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[0179] According to one example of the present applica-
tion, the phase difference layer can be formed by coating a
liquid crystal composition on the base film. The coating
method 1s not particularly limited, which may be performed,
for example, by coating through a known coating method
such as roll coating, printing method, ink jet coating, slit
nozzle method, bar coating, comma coating, spin coating or
gravure coating. The phase difference layer can be formed
by polymerizing or curing a liquid crystal composition
coated on the base film. The polymerization or curing
method of the liquid crystal composition 1s not particularly
limited, which may be performed by a known liquid crystal
compound polymerization or curing method. For example, 1t
can be performed by a method of maintaining an appropriate
temperature or a method of 1rradiating 1t with an appropriate
active energy ray so that the polymerization reaction or the
curing reaction of the liquid crystal compound can be
initiated. When the maintenance at an appropriate tempera-
ture and the 1rradiation of an active energy ray are simulta-
neously required, the above processes can proceed sequen-
tially or simultaneously. Here, The 1rradiation of the active
energy ray may be performed using, for example, a high-
pressure mercury lamp, an electrodeless lamp or a xenon
lamp, and the like, and the conditions such as the wave-
length, light intensity or light quantity of the irradiated
active energy ray can be selected within a range that the
curing or polymerization of the liquid crystal composition
can be suitably performed.

[0180] When the phase difference layer 1s formed by
coating i1t on the base film as described above, a separate
pressure-sensitive adhesive layer or adhesive layer for lami-
nating the phase difference layer and the base film 1s not
required. Accordingly, a pressure-sensitive adhesive layer or
an adhesive layer may not be included between the phase
difference layer and the base film.

[0181] When the phase difference layer 1s formed by
coating 1t on the base film as described above, a primer layer
and/or a liquid crystal alignment film may be formed on the
base film. Therefore, a primer layer or a liquid crystal
alignment film may be present between the phase difference
layer and the base film. In one example, the base film, the
primer layer, the liquid crystal alignment film and the phase
difference layer may be laminated in this order. The primer
layer has preferably solvent resistance for suppressing a
change in the phase difference value of the base film upon
coating the liguid crystal alignment film or the liquid crystal
composition on the base film. The primer layer can be used
even from the viewpoint of adhesion or slipperiness. The
primer layer may be formed by a method of coating 1t on the
base film separately or coating it on a film fabric and
stretching 1it.

[0182] The circularly polarizing plate of the present appli-
cation may have various other structures as long as the
polarizer, the retarder layer and the base film are basically
included.

[0183] For example, the circularly polarizing plate may
comprise an additional layer (hereinatter, outer layer) lami-
nated on the opposite surface of the polarizer facing the
phase difference layer. FIG. 3 1s an example of a case where
the outer layer (301) 1s formed on the upper part of the
polarizer (101).

[0184] As the type of the outer layer (e.g., 301), a polarizer
protective film, a hard coating layer, a phase diflerence film,
an antireflection layer or a liquid crystal coating layer, and

Apr. 30, 2020

the like can be exemplified, without being limited thereto.
The specific type of each constitution used as the outer layer
1s not particularly limited, and for example, various kinds of
films used for constituting an optical film such as a polar-
1zing plate i1n the industry can be used without limitation.
[0185] For example, the outer layer may be an optical film
having a planar phase difference of 10 nm or less for a
wavelength of 550 nm. The optical film may be a protective
film of the polarizer. As the protective film, various films
known 1n the industry can be applied.

[0186] The outer layer may also be a retardation layer
having a quarter-wave phase delay characteristic. Such a
retardation layer can be configured by using a phase difler-
ence film or a liquid crystal coating layer among the above-
mentioned outer layers. Therefore, the circularly polarizing
plate may further comprise an optical film (retardation layer)
laminated on the opposite surface of the polarizer facing the
phase difference layer and having a planar phase difference
in a range of 90 nm to 300 nm for a wavelength of 550 nm.
In another example, the planar phase difference of the
retardation layer may be 100 nm or more, 105 nm or more,
110 nm or more, 115 nm or more, 120 nm or more, 125 nm
or more, or 130 nm or more. Also, the planar phase difler-
ence may be 290 nm or less, 280 nm or less, 270 nm or less,
260 nm or less, 250 nm or less, 240 nm or less, 230 nm or
less, 220 nm or less, 210 nm or less, 200 nm or less, 190 nm
or less, 180 nm or less, 170 nm or less, 160 nm or less, 150
nm or less, or 145 nm or less.

[0187] The above-mentioned outer layer may be a single
layer or a multilayer structure. An example of the single
layer structure can be exemplified by a single layer structure
of the polarizer protective film or a single layer structure of
the phase difference film, which 1s the retardation layer
having the quarter-wave phase delay characteristic, and the
like, and the multilayer structure can be exemplified by a
structure 1n which a hard coating layer, a liquid crystal
coating layer having a quarter-wave phase delay character-
1stic and/or an antireflection layer are formed on the polar-
1zer protective film and/or the phase difference film, and the
hard coating layer, the liquid crystal having a quarter-wave
phase delay characteristic and the antireflection layer, and
the like may be present as any one layer of them, or may also
be present as a multilayer of two or more layers.

[0188] The circularly polanizing plate may further com-
prise an additional layer (hereinafter, lower layer) laminated
on the opposite side of the surface of the base film facing the
polarizer.

[0189] FIG. 4 1s an example of a case where the lower
layer (401) 1s formed on the lower part of the base film
(103). In the same case as FI1G. 4, the same outer layer (301)
as FIG. 3 may also be added. For example, as 1n FIG. 4, 1n
the state where the lower layer (401) 1s present, an outer
layer such as a hard coating layer or a low reflection layer
may exist on the outer side of the polarizer (101), and a
protective film may also exist on one side or both sides of the
polarizer (101).

[0190] The type of the lower layer can be exemplified by
a retardation layer, or a pressure-sensitive adhesive layer or
an adhesive layer for attaching the circularly polarizing plate
to another element, or a protective film or a release film for
protecting the pressure-sensitive adhesive layer or the adhe-
sive layer.

[0191] When a retardation layer 1s used as the lower layer,
the layer satistying the refractive index relationship of the
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following Equation 5 or 7 may be applied. The addition of
such a layer allows the circularly polarizing plate to exhibit
the desired properties for the light incident 1n the oblique
direction.

nx>wny and nz>ny [Equation 5]
HX=nYy<wnz [Equation 7]
[0192] In Equations 5 and 7 above, nx, ny and nz are as

defined 1n Equations 1 and 2 above.

[0193] The circularly polarnizing plate may further com-
prise an optical film, as a retardation layer which 1s the lower
layer, present on the lower part of the phase difference layer
and having thickness direction phase difference in a range of
10 to 400 nm. The optical film may be a retardation layer
satistying the refractive index relationship of Equation 5 or
7 above.

[0194] In another example, the upper limit of the thickness
direction phase difference of the optical film may be 370 nm

or less, 350 nm or less, 330 nm or less, 300 nm or less, 270
nm, 250 nm, 240 nm, 230 nm, 220 nm, 200 nm, 190 nm, 130

nm, 170 nm, 160 nm, 155 nm, 150 nm, 130 nm, 120 nm, 110
nm, 100 nm, 80 nm or 70 nm. In addition, the lower limit of
the thickness direction phase difference of the optical film
may be 5 nm, 10 nm, 20 nm, 40 nm, 50 nm, 90 nm, 100 nm,
110 nm, 120 nm or 150 nm. It 1s possible to provide a
circularly polarizing plate having excellent reflection char-
acteristics and luminosity characteristics, in particular,
reflection characteristics and visual sensitivity characteris-
tics at an oblique angle, by adjusting the thickness direction
phase difference of the optical film as above.

[0195] When the optical film 1s an optical film satistying
Equation 5 above, the planar phase difference thereof may
be, for example, more than O nm and 300 nm or less, 290 nm
or less, 280 nm or less, 270 nm or less, 260 nm or less, 250
nm or less, 240 nm or less, 230 nm or less, 220 nm or less,
210 nm or less, 200 nm or less, 190 nm or less, 180 nm or
less, 170 nm or less, 160 nm or less, 150 nm or less, 140 nm
or less, 130 nm or less, 120 nm or less, 110 nm or less, 100
nm or less, 90 nm or less, 80 nm or less, 70 nm or less, 60
nm or less, 50 nm or less, 40 nm or less, 30 nm or less, 20
nm or less, or 10 nm or less.

[0196] Furthermore, when the optical film 1s an optical
film satistying Equation 5 above, the optical film may be
arranged such that its slow axis 1s perpendicular or horizon-
tal to the absorption axis of the polarizer. In this specifica-
tion, the term vertical, orthogonal, horizontal or parallel
means substantially vertical, orthogonal, horizontal or par-
allel 1n a range that does not impair the desired eflect.
Theretore, the terms may each include, for example, an error
within £15 degrees, within £10 degrees, within £5 degrees,
or within £3 degrees.

[0197] In another example, when the optical film 1s an
optical film satisfying Equation 5 above, it may also be
arranged such that 1ts slow axis may form an angle 1n a range
of about 30 to 60 degrees with the absorption axis of the
polarizer. In addition, the angle may be 35 degrees or more,
or 40 degrees or more, and also may be 55 degrees or less,
or 50 degrees or less.

[0198] In the circularly polarizing plate, a separate layer
may or may not exist between the polarizer and the phase
difference layer.

[0199] Here, the case that no separate layer exists between
the polarizer and the phase diflerence layer 1s the case that
the polarizer and the phase difference layer are directly
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attached, where 1n this case, other layers may not be present
except for a layer for bonding the polarizer and the phase
difference layer, for example, a pressure-sensitive adhesive
layer, an adhesive layer and/or a primer layer, and the like.
[0200] In addition, even when a separate layer exists or
does not exist between the polarizer and the phase difference
layer, no birefringent layer may exist at least between the
polarizer and the phase difference layer. In this case, the
birefringent layer means a layer having at least one of the
planar phase difference and the thickness direction phase
difference of 10 nm or more.

[0201] FIG. 5§ 1s an example of a case where a separate
layer (middle layer) (501) exists between the polarizer (101)
and the phase difference layer (102). The middle layer can
be exemplified by the polarizer protective film or retardation
layer as described above. Although not shown even in the
structure of FIG. 5, the outer layer (301) of the structure of
FIG. 3 and/or the lower layer (401) of the structure of FIG.
4 may also be present.

[0202] For example, the circularly polarizing plate may
further comprise an optical film present between the polar-
izer and the phase difference layer, and having a planar
phase difference of 5 nm or less for a wavelength of 550 nm,
and a thickness direction phase difference for a wavelength
of 550 nm 1n a range of —60 nm to 0 nm, where this optical
film may be, for example, a protective film of a polarizer.

[0203] In another example, the circularly polarizing plate
may further comprise an optical film present between the
polarizer and the phase diflerence layer and having a planar
phase difference for a wavelength of 550 nm of 10 nm or
less, and a thickness direction phase diflerence for a wave-
length of 550 nm 1n a range of 40 nm to 400 nm. Such an
optical film may be a retardation layer, which may be, for
example, a layer satistying any one of refractive index
relationships of Equations 3 to 5, 7 and 8, or may be a
spray-oriented liquid crystal cured layer, or a tilt-oriented
liquid crystal cured layer.

[0204] In one example, the circularly polarizing plate may
further comprise an optically anisotropic layer present
between the polarizer and the phase difference layer and
having a retardation layer which satisfies the following
equation 8 or has Nz of —4.0 or less 1n the following equation

9.

HX=HY<nz [Equation §]

Nz=(nx-nz)/(nx—-ny) [Equation 9]

[0205] In Equations 8 and 9, nx 1s the refractive index 1n
the slow axis direction of the retardation layer, ny is the
refractive index 1n the fast axis direction of the retardation
layer, and nz 1s the refractive index 1n the thickness direction
of the retardation layer.

[0206] Also, 1n this case, the optically anisotropic layer
may further comprise a retardation layer that the Nz value in
Equation 9 1s in the range 01 0.8 to 1.2, and the in-plane slow
axis 1s parallel or orthogonal to the absorption axis of the
polarizer.

[0207] For example, the retardation layer having Nz of
—-4.0 or less 1 Equation 9 or satistying Equation 8 1s
adjacent to the polarizer as compared with the retardation
layer having the Nz value of Equation 9 above 1n the range
of 0.8 to 1.2, and the 1n-plane slow axis of the retardation
layer having the Nz value of Equation 9 above 1n the range
of 0.8 to 1.2 can be arranged to be parallel to the absorption
axis of the polarizer.
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[0208] In addition, the retardation layer having the Nz
value of Equation 9 above in the range of 0.8 to 1.2 1s
adjacent to the polarizer as compared with the retardation
layer having the Nz 1n Equation 9 above of —4.0 or less or
satistying Equation 8, and the in-plane slow axis of the
retardation layer having the Nz value of Equation 9 above in
the range of 0.8 to 1.2 may also be orthogonal to the
absorption axis of the polarizer.

[0209] Furthermore, the retardation layer having the Nz
value of Equation 9 1n the range of 0.8 to 1.2 1s adjacent to
the polarizer as compared with the retardation layer having
the Nz of —4.0 or less 1n Equation 9 above or satisfying
Equation 8, and the in-plane slow axis of the retardation
layer having the Nz value of Equation 9 above in the range
of 0.8 to 1.2 may also be parallel to the absorption axis of
the polarizer.

[0210] In addition, the retardation layer having Nz of —4.0
or less mn Equation 9 above or satistying Equation 8 1is
adjacent to the polarizer as compared with the retardation
layer having the Nz value of Equation 9 above in the range
of 0.8 to 1.2, and the in-plane slow axis of the retardation
layer having the Nz value of Equation 9 above in the range
of 0.8 to 1.2 may also be arranged to be orthogonal to the
absorption axis of the polarizer.

[0211] In this case, the thickness direction phase differ-
ence of the retardation layer having the Nz of —4.0 or less 1n
Equation 9 above or satisfying Equation 8 may be in a range
of 30 nm to 200 nm, and the Nz value of Equation 9 above
may be —4.0 or less.

[0212] In addition, the planar phase difference of the
retardation layer having the Nz value of Equation 9 above in
the range of 0.8 to 1.2 may be 1n a range of 30 nm to 180
nm for light having a wavelength of 550 nm.

[0213] In another example, the circularly polarizing plate
may further comprise a retardation layer present between the
polarizer and the phase difference layer and satisiying
Equation 6 above.

[0214] In this case, the planar phase difference of the
retardation layer may be in a range of 70 to 200 nm, and the
in-plane slow axis thereof may be parallel or orthogonal to
the absorption axis of the polarizer. Also, the Nz of the
retardation layer according to Equation 9 above may be 1n a
range of —-0.2 to 0.8.

[0215] In another example, the circularly polarizing plate
may further comprise a retardation layer having a plurality
of optical axes whose inclination angles vary along the
thickness direction, for example, a spray-oriented liquid
crystal cured layer between the polarizer and the phase
difference layer.

[0216] The projection of all the optical axes of the retar-
dation layer onto the plane may be parallel or orthogonal to
the absorption axis of the polarizer.

[0217] When the retardation layer 1s a liquid crystal cured
layer, the cured layer may comprise a liquid crystal material
having refractive index anisotropy of 0.03 to 0.2.

[0218] Also, the liquid crystal cured layer may comprise
rod-shaped liquid crystal molecules or may include disk-
shaped liquid crystal molecules.

[0219] Inthis case, the optical axis of the retardation layer
may be gradually changing along the thickness direction of
the retardation layer such that the inclination angle 1s 70
degrees to 90 degrees on one surface of the retardation layer
and the inclination angle 1s O degrees to 20 degrees on the
other surface facing it.
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[0220] When the rod-shaped liquid crystal molecules are
included, the optical axis may be gradually changing along
the thickness direction such that the inclination angle of the
optical axis of the retardation layer 1s 70 degrees to 90
degrees on both surfaces of the retardation layer, respec-
tively and 1t 1s 0 degrees to 70 degrees 1n the middle portion
in the thickness direction.

[0221] When the rod-shaped liquid crystal molecules are
included, the optical axis may be gradually changing along
the thickness direction such that the inclination angle of the
optical axis of the retardation layer 1s 0 degrees to 20 degrees
on both surfaces of the retardation layer, respectively and 1t
1s 40 degrees to 90 degrees 1n the middle portion in the
thickness direction.

[0222] When the disk-shaped liquid crystal molecules are
included, the optical axis may be gradually changing along
the thickness direction such that the inclination angle of the
optical axis of the retardation layer 1s 70 degrees to 90
degrees on both surfaces of the retardation layer, respec-
tively and it 1s O degrees to 30 degrees 1n the middle portion
in the thickness direction.

[0223] When the disk-shaped liquid crystal molecules are
included, the optical axis may be gradually changing along
the thickness direction such that the inclination angle of the
optical axis of the retardation layer 1s 0 degrees to 20 degrees
on both surfaces of the retardation layer, respectively and 1t
1s 20 degrees to 50 degrees in the middle portion in the
thickness direction.

[0224] Also, in another example, the circularly polarizing
plate may further comprise a retardation layer having an
optical axis inclined uniformly along the thickness direction,
for example, a ftilt-oriented ligmd crystal cured layer
between the polarizer and the phase diflerence layer.

[0225] Here, the projection of the retardation layer onto
the plane of the optical axis can be parallel to the absorption
axis of the polarizer.

[0226] The retardation layer, which 1s a liquid crystal
cured layer, may comprise liquid crystal molecules having
refractive index anisotropy in a range of 0.03 to 0.2.

[0227] Also, the liqmd crystal molecules may be rod-
shaped liquid crystal molecules, for example, nematic liquid
crystals.

[0228] In this case, the inclination angle of the optical axis
of the retardation layer may be 1n a range of 25 degrees to
65 degrees, and the thickness may be 1n a range of 0.35 um
to 2.2 um.

[0229] Furthermore, 1n another example, the inclination
angle of the optical axis of the retardation layer may be 1n
a range of 35 degrees to 50 degrees, and the thickness may
be 0.4 um to 2.2 um.

[0230] In another example, the liqmd crystal molecules
may be disk-shaped liquid crystal molecules, for example,
discotic liquid crystals.

[0231] In this case, the inclination angle of the optical axis
of the retardation layer may be 1n a range of 10 degrees to
35 degrees, and the thickness may be 1n a range of 1 um to
3 um.

[0232] The present application 1s also directed to a display
device. An exemplary display device may comprise the
circularly polarizing plate.

[0233] The specific kind of the display device comprising
the circularly polarizing plate 1s not particularly limited. The
device may be, for example, a liqud crystal display such as
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a reflective type or semi-transmissive reflective type liqud
crystal display, or may be an organic light emitting device or
the like.

[0234] The arrangement type of the circularly polarizing
plate 1n the display device 1s not particularly limited, and for
example, a known type may be adopted. For example, 1n a
reflective type liquid crystal display, the circularly polariz-
ing plate can be used as any one circularly polarizing plate
among the circularly polarizing plates of a liquid crystal
panel for preventing reflection of external light and ensuring
visibility.

[0235] In addition, when the circularly polanizing plate 1s
applied to the organic light emitting device, the organic light
emitting device comprises a reflective electrode, a transpar-
ent electrode, an organic layer interposed between the retlec-
tive electrode and the transparent electrode and having a
light emitting layer, and the circularly polarizing plate,
where the circularly polarizing plate may be present outside
the retlective or transparent electrode and a phase difference
film may be disposed closer to the reflective or transparent
clectrode than a polarizer.

[0236] The present application can provide a circularly
polarizing plate, which can be applied to a display device
such as an organic light emitting display device to minimize
blocking of light in the visible light region aflecting image
quality while blocking harmful ultraviolet rays approprately
and also has excellent durability. In addition, the present
application can provide a circularly polarizing plate having
excellent compensation characteristics at a viewing angle
while ensuring process simplification and cost competitive-
ness.
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EXAMPLES

[0237] Heremnatfter, the present application will be
described 1n detail by way of examples and comparative
examples, but the scope of the present application 1s not
limited by the following transmittance-variable devices.

Preparation Example 1. Preparation of
Polymerizable Liqud Crystal Composition A

[0238] A polymenizable liquid crystal composition was
prepared using LC10357 liquid crystals of BASF Corporation
as a normal dispersion polymerizable liquid crystal com-
pound and a liquid crystal compound of Formula A below as
a reverse dispersion liqud crystal compound. The normal
dispersion polymerizable liquid crystal compound has R
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(450)/R (550) 1n a level of about 1.09 to 1.11 or so and R
(650)/R (550) 1n a level of about 0.93 to 0.95 or so, and the
liquid crystal compound of Formula A has R (450)/R (550)
in a level of about 0.84 to 0.86 or so and R (650)/R (550) 1n
a level of about 1.01 to 1.03 or so. The R (450), R (550) and

R (650) are in-plane phase differences for light having
wavelengths of 450 nm, 550 nm and 6350 nm, respectively,
as measured with respect to a phase difference layer formed
by using the normal dispersion polymerizable liquid crystal
compound or the polymerizable liquid crystal compound of
Formula A alone. The in-plane phase diflerence can be
measured by a known method, and for example, 1t can be
measured by a polarization measurement method using
Axoscan (Axometrics), which 1s a birefringence meter. The
method of forming the phase difference layer by using the
polymerizable liquid crystal compounds alone 1s the same as
that described in the following examples, except that the
polymerizable liquid crystal compounds are applied alone.
The normal dispersion polymerizable liquid crystal com-
pound and the reverse dispersion polymerizable liquid crys-
tal compound of Formula A were mixed 1n a weight ratio of
approximately 94:6 to 93:5 (reverse dispersion polymeriz-
able liquid crystal: normal dispersion polymerizable liquid
crystal) and about 5 parts by weight of a radical photoini-
tiator (BASEF, Irgacure 907) relative to 100 parts by weight
of the total of the polymernizable liquid crystal compounds
was combined 1n a solvent (cyclopentanone) to prepare a
polymerizable liquid crystal composition A.

|Formula A]

O\_<:>_<) O_ S J<O=

[0239] Here, the compound of Formula A was synthesized
in the following manner. Under a nitrogen atmosphere, 17.7
g ol a compound of Formula Al below and 100 ml of
tetrahydrofuran were placed 1n a reaction vessel. 103 ml of

a 0.9 mol/LL borane-tetrahydrofuran complex was dripped
while cooling with 1ce and the mixture was stirred for 1 hour.
After dripping 5% hydrochloric acid, the mixture was
extracted with ethyl acetate and washed with a saline
solution. The extract was dried over sodium sulfate and the
solvent was distilled off to obtain 14.9 g of a compound
represented by Formula A2 below. Under a nitrogen atmo-
sphere, 14.9 g of the compound represented by Formula A2,
7.2 g of pyridine and 150 ml of dichloromethane were added
to the reaction vessel. 8.8 g of methanesulfonyl chloride was
dripped while cooling with 1ce and the mixture was stirred
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at room temperature for 3 hours. The reactant was poured
into water, and washed sequentially with 5% hydrochloric
acid and a saline solution. Purification was performed by
column chromatography (silica gel, hexane/ethyl acetate)
and recrystallization (acetone/hexane) to obtain 16.3 g of a
compound represented by Formula A3 (in Formula A3
below, Ms 1s a methanesulfonyl group). Under a nitrogen
atmosphere, 2.5 g of a compound represented by Formula
A4, 10.6 g of the compound represented by Formula A3, 7.5
g of potassium carbonate and 70 ml of N,N-dimethylforma-
mide were added to the reaction vessel and the mixture was
heated and stirred at 90° C. for 3 days. The reactant was
poured into water, extracted with toluene and washed with
a saline solution. Purification was performed by column
chromatography (silica gel, toluene) and recrystallization
(acetone/methanol) to obtain 7.7 g of a compound repre-
sented by Formula A5. 7.7 g of the compound represented by
Formula A5, 150 ml of dichloromethane and 100 ml of
trifluoroacetic acid were added to the reaction vessel and
stirred. After the solvent was distilled off, the resulting solid
was washed with water and dried to obtain 5.5 g of a
compound represented by Formula A6.

[0240] Under a mitrogen atmosphere, 5.5 g of the com-
pound represented by Formula A6, 6.9 g of a compound
represented by Formula A7, 0.8 g of N,N-dimethylamin-
opyridine and 200 ml of dichloromethane were added to the
reaction vessel. 4.1 g of disopropylcarbodiimide was
dripped while cooling with 1ce and the mixture was stirred

|Formula Al]

O~

H

|[Formula A3]
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at room temperature for 10 hours. After the precipitate was
removed by filtration, the filtrate was washed successively
with 1% hydrochloric acid, water and a saline solution. After
performing recrystallization (dichloromethane/methanol),
purification was performed by column chromatography
(silica gel, dichloromethane) and recrystallization (dichlo-
romethane/methanol) to obtain 8.4 g of a compound repre-
sented by Formula AS.

[0241] 1.4 g of the compound represented by Formula AS,
0.35 g of 2-hydrazinobenzothiazole and 5 ml of tetrahydro-
furan were added to a 30 ml three-necked flask, and the
mixture was stirred at 25° C. for 9 hours. Then, 50 ml of
water was added, and the mixture was extracted twice with
30 ml of ethyl acetate. The resulting organic phase was dried
with sodium sulfate. After sodium sulfate was filtered off,
the organic phase was concentrated under reduced pressure.
The resulting residue was purified by silica gel column
chromatography (hexane/ethyl acetate=2/1). The resulting
crude product was subjected to reprecipitation using
acetone/methanol. These crystals were filtered and dried to
obtain 0.98 g of a compound represented by Formula A9.
Subsequently, the hydrogen atom attached to the nitrogen
atom of the compound represented by Formula A9 was
substituted with a 2-[2-(2-acryloyloxyethoxy)ethoxy]ethyl
group to obtain the compound represented by Formula A.
NMR confirmatory results of the resulting compound of
Formula A were described below.
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-continued
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[0242] <NMR Results> [0245] Here, the compound of the Formula B was
[0243] 'H NMR (CDCl,) 8 1.19-1.29 (m, 4H), 1.41-1.82 obtained by obtaining a compound represented by Formula

(m, 22H), 1.91 (m, 2H), 2.08 (m, 4H), 2.24 (m, 4H), 2.53 (m,
2H), 3.62 (m, 3H), 3.67 (m, 2H), 3.84-3.90 (m, 5H), 3.94 (t,
4H), 4.15-4.19 (m, 6H), 4.53 (t, 2H), 5.76 (dd, 1H), 5.82 (dd,
2H), 6.08 (dd, 1H), 6.12 (dd, 2H), 6.37 (dd, 1H), 6.40 (dd,
2H), 6.84-6.90 (m, 6H), 6.95-6.98 (m, 4H), 7.14 (t, 1H), 7.32
(t, 1H), 7.53 (d, 1H), 7.65 (d, 1H), 7.69 (d, 1H), 8.34 (s, 1H)

Preparation Example 2. Preparation of
Polymerizable Liquid Crystal Composition B

[0244] A polymerizable liquid crystal composition B was
prepared 1n the same manner as 1in Preparation Example 1,
except that a liquid crystal compound of Formula B below
was applied as the reverse dispersion polymerizable liquid
crystal compound. The liquid crystal compound of Formula
B has R (450)/R (550) 1n a level of about 0.81 to 0.83 or so
and R (650)/R (550) 1n a level of about 1.01 to 1.03 or so.
The R (450), R (550) and R (650) are in-plane phase
differences for light having wavelengths of 450 nm, 550 nm
and 650 nm, as measured with respect to a phase diflerence
layer formed by using the polymerizable liquid crystal
compound of Formula B alone.

—0
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A9 below 1n the same manner as 1n Preparation Example 1
and then substituting the hydrogen atom attached to the
nitrogen atom of the compound represented by Formula A9
with a 2-[2-(methoxyethoxy)]ethyl group. NMR confirma-
tory results of the resulting compound of Formula B were
described below.

[0246] <NMR Results>

[0247] 'H NMR (CDCL,) 8 1.22-1.28 (m, 4H), 1.44-1.47
(m, 8H), 1.60-1.82 (m, 12H), 1.90 (m, 2H), 2.07 (t, 4H), 2.24
(d, 4H), 2.53 (m, 2H), 3.30 (s, 3H), 3.50 (t, 2H), 3.66 (t, 2H),
3.85-3.89 (m, 6H), 3.93 (t, 4H), 4.17 (t, 4H), 4.53 (t, 2H),
5.82 (d, 2H), 6.13 (q, 2H), 6.40 (d, 2H), 6.83-6.90 (m, 6H),
6.95-6.98 (m, 4H), 7.14 (t, 1H), 7.32 (t, 1H), 7.52 (t, 1H),
7.67 (t, 2H), 8.33 (s, 1H) ppm.

Preparation Example 3. Preparation of
Polymerizable Liqud Crystal Composition C

[0248] A polymerizable liquid crystal composition was
prepared by applying the reverse dispersion polymerizable
liguid crystal compound of Formula A in Preparation
Example 1 above, the same photoinitiator as that used 1n
Preparation Example 1 and an ultraviolet absorber (Orient

|Formuls B}
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Chemical Industries, BONASORB UA-3912) having a
maximum absorption wavelength range of about 380 to 390
nm as an ultraviolet absorber. The reverse dispersion polym-
erizable liquid crystal compound of Formula A, the pho-
toinitiator and the ultraviolet absorber were combined 1n a
solvent (cyclopentanone) in a weight ratio of 20:1:1 (reverse
dispersion polymerizable liquid crystal compound: photoini-
tiator: ultraviolet absorber) to prepare a polymerizable liquid
crystal composition C.

Preparation Example 4. Preparation of
Polymerizable Liquid Crystal Composition D

[0249] A polymerizable liquid crystal composition D was
prepared 1n the same manner as in the case of Preparation
Example 3, except that the reverse dispersion polymerizable
liquid crystal compound of Formula A, the photoinitiator
and the ultraviolet absorber were combined 1n a weight ratio
of 20:1:0.6 (reverse dispersion polymerizable liquid crystal
compound: photoinitiator: ultraviolet absorber).

Example 1
[0250] Production of Base Film
[0251] 37 parts by weight of SAN (styrene-acrylonitrile

copolymer) and 30 parts by weight of an acrylic resin
(Lactone-MMA copolymer) were mixed with 0.05 parts by
weight of a 5% polyvinyl alcohol aqueous solution, 200
parts by weight of water, 0.08 parts by weight of t-hexylp-
eroxy-2-ethylhexanoate as an initiator, 0.2 parts by weight of
t-dodecylmercaptan and 0.1 parts by weight of NaCl to
prepare a mixture. The prepared mixture was subjected to
primary suspension polymerization at an initial reaction
temperature of 80° C. for 2 hours and then subjected to
secondary polymerization for 1 hour by raising the tempera-
ture to 95° C., washed and dried to produce Lactone-MMA -
SAN beads. The resulting beads were re-extruded twice
through a co-rotating twin-screw extruder at 270° C. to
prepare a resin 1n a pellet state, where the vacuum degree
(Torr) was 20. After the prepared pellets were dried, an
extruded film having a thickness of 180 um was produced
using an extruder including a T-die. A film having a thick-
ness of 50 um was produced through biaxial stretching of the
prepared film by 2 times 1n the MD direction and 3 times in
the TD direction. The Rin value of the prepared film for a
wavelength of 550 nm 1s 1.5 nm and the Rth value for a
wavelength of 550 nm 1s 58.4 nm.

[0252]

[0253] A photo-alignment film was formed on the base
film. A known cinnamate series composition for forming a
photo-alignment film was applied on the base film to a
thickness of about 100 nm and irradiated with linearly
polarized ultraviolet rays at about 300 mW/cm” to form it.
Subsequently, the polymerizable liquid crystal composition
A was coated on the photo-alignment film to be a dry
thickness of about 1 um, oriented along the lower alignment
film, and then 1rradiated with ultraviolet rays at about 300
mW/cm” for about 10 seconds to form a phase difference
layer. The in-plane phase difference of the phase diflerence
layer for light having a wavelength of 550 nm was about
146.0 nm. The formed phase difference layer had R (450)/R
(550) 1n a level of about 0.85 to 0.87 or so and R (650)/R
(550) 1n a level of about 1.01 to 1.05 or so.

Production of Phase Diflerence Layer
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[0254] Production of Circularly Polarizing Plate

[0255] The produced phase difference layer was attached
to one side of a known 1odine PVA (poly(vinyl alcohol))
polarizer (LG Chemaical Co., Ltd.) as a polarizer to produce
a circularly polarizing plate. For attachment, a general
ultraviolet curable adhesive used for lamination of an optical
film was applied.

Example 2
[0256] Production of Phase Diflerence Layer
[0257] A phase diflerence layer was formed 1n the same

manner as 1 Example 1, except that the polymerizable
liguid crystal composition B was applied instead of the
polymerizable liquid crystal composition A. The in-plane
phase difference of the phase difference layer for light

having a wavelength of 550 nm was about 144.5 nm. The
formed phase difference layer had R (450)/R (550) 1n a level

of about 0.82 to 0.85 or so and R (650)/R (550) 1n a level of
about 1.01 to 1.05 or so.

[0258] Production of Circularly Polarizing Plate

[0259] A circularly polarizing plate was produced in the
same manner as i Example 1, using the produced phase
difference layer.

Comparative Example 1

[0260] Production of Phase Diflerence Layer

[0261] A phase difference layer was formed in the same
manner as 1n Example 1, except that the polymerizable
liquid crystal composition C was applied instead of the
polymerizable liquid crystal composition A. The in-plane
phase difference of the phase difference layer for light
having a wavelength of 550 nm was about 131.7 nm. The
formed phase difference layer had R (450)/R (550) 1n a level
of about 0.84 to 0.86 or so and R (650)/R (550) 1n a level of
about 1.01 to 1.03 or so.

[0262] Production of Circularly Polarizing Plate

[0263] A circularly polarizing plate was produced in the
same manner as in Example 1, using the produced phase
difference layer.

Comparative Example 2

[0264] Production of Phase Diflerence Layer

[0265] A phase difference layer was formed in the same
manner as 1 Example 1, except that the polymerizable
liquid crystal composition D was applied instead of the
polymerizable liquid crystal composition A. The in-plane
phase diflerence of the phase difference layer for light

having a wavelength of 550 nm was about 140.7 nm. The
formed phase difference layer had R (450)/R (5350) in a level

of about 0.81 to 0.83 or so and R (650)/R (550) 1n a level of
about 1.01 to 1.03 or so.

[0266] Production of Circularly Polarizing Plate

[0267] A circularly polarizing plate was produced in the
same manner as 1 Example 1, using the produced phase
difference layer.

[0268] Evaluation 1. Comparison of Ultraviolet Absorp-
tion Characteristics.

[0269] The ultraviolet absorption characteristics of each of
the phase difference layers produced in Examples and Com-
parative Examples were compared. The ultraviolet absorp-
tion characteristics for each wavelength were evaluated for
a specimen that an alignment film and a liquid crystal layer
(phase difference layer) were sequentially formed on an
NRT base material which does not exhibit any absorption
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peak 1n a wavelength region of 300 nm or more by a method
shown 1n each of Examples and Comparative Examples by
using N&K UV Spectrometer (HP). FIGS. 6 and 7 are
measurement results for Examples 1 and 2, respectively and
FIGS. 8 and 9 are measurement results for Comparative
Examples 1 and 2, respectively. The specific transmittance
for each wavelength was summarized in Table 1 below.

TABLE 1

Transmittance (unit: %)

385 nm 390 nm 395 nm 400 nm
Example 1 1.7 3.7 10.4 27.0
Example 2 1.7 3.8 10.5 27.2
Comparative Example 1 0.5 0.9 2.6 7.0
Comparative Example 2 0.7 1.6 4.3 11.6

[0270] From Table 1, it can be confirmed that the present
application can secure superior ultraviolet blocking proper-
ties without applying an ultraviolet absorber.

10271]

[0272] Durability was evaluated for each of the phase
difference layers produced in Examples and Comparative
Examples. The durability was evaluated by maintaining
cach of the phase difference layers produced in Examples
and Comparative Examples at a condition of about 85° C.
(endurance condition) for 250 hours, and then comparing the
in-plane phase difference (based on a wavelength of 550 nm)
before maintaining the condition and the in-plane phase
difference (based on a wavelength of 550 nm) after main-
taining the condition. FIGS. 10 and 11 are measurement
results for Examples 1 and 2, respectively and FIGS. 12 and
13 are measurement results for Comparative Examples 1 and
2, respectively.

Evaluation 2. Durability Evaluation.

TABLE 2

In-plane phase difference
(based on a wavelength of 550 nm)

Before maintaining After maintaining Change
endurance condition endurance condition amount
Example 1 146.0 nm 123.8 nm -15.2%
Example 2 144.5 nm 123.8 nm -14.8%
Comparative 131.7 nm 101.7 nm -22.8%
Example 1
Comparative 140.7 nm 113.6 nm -19.3%
Example 2
[0273] From the results of Table 2, 1n the case of the phase

difference layer according to the present application, 1t can
be confirmed that 1t has excellent ultraviolet absorbing
ability without using an ultraviolet absorber or a light
stabilizer and also as a result, shows excellent results 1n
terms of durabaility.

EXPLANATION OF REFERENCE NUMERALS

[0274] 101: polarizer 102: phase difference layer 103:
base film
[0275] 100: phase difference layer, retardation layer,

phase difference film, optical film, base film
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[0276]
layer
1. A circularly polarizing plate comprising a base film, a
phase difference layer on the base film, and a polarizer on the
phase difference layer,
wherein the base film comprises an acrylic resin and a
styrene-based resin,
the base film has a planar phase difference value of 5 nm
or less 1n Equation 1 below and a thickness direction
phase difference value of more than 0 nm 1n Equation
2 below, and
the phase difference layer has ultraviolet absorptivity such
that transmittance for light having a wavelength of 385
nm 1s 3% or less:

301: outer layer 401: lower layer 501: middle

Rin=dx(nx-ny), [Equation 1]

Rith=dx(nz—ny), [Equation 2]

wherein, Rin 1s the planar phase difference, Rth 1s the
thickness direction phase difference, nx, ny and nz are
the refractive indexes of the base film 1n the slow axis
direction, 1n the fast axis direction and 1n the thickness
direction, respectively, and d 1s the thickness of the base
film.

2. The circularly polarizing plate according to claim 1,
wherein the acrylic resin has one or more ring structures
selected from the group consisting of a structure formed by
copolymerizing N-substituted maleimide 1n molecular
chains, a lactone ring structure and a glutarimide structure.

3. The circularly polarizing plate according to claim 1,
wherein the styrene-based resin comprises a styrene-acry-
lonitrile copolymer, a styrene-methacrylic acid copolymer
or a styrene-maleic anhydride copolymer.

4. The circularly polarizing plate according to claim 1,
wherein the thickness direction phase difference value of the
base film 1s 50 nm to 120 nm.

5. The circularly polarizing plate according to claim 1,
wherein the base film has a thickness of 0.1 um to 300 um.

6. The circularly polanizing plate according to claim 1,
wherein there 1s no pressure-sensitive adhesive layer or
adhesive layer between the phase difference layer and the
base film.

7. The circularly polarizing plate according to claim 1,
further comprising a ligqmd crystal alignment film or a
primer layer between the phase difference layer and the base
film.

8. The circularly polarizing plate according to claim 1,
wherein the phase difference layer has an absolute value of
a phase difference change ratio according to Equation A
below of 17% or less:

Phase difference change ratio=100x(Ra-Ri)/Ri [Equation A]

wherein, Ri1 1s the 1nitial in-plane phase difference of the
phase difference layer for a wavelength of 550 nm, and
Ra 1s the in-plane phase difference of the phase difler-
ence layer for a wavelength of 550 nm after an endur-
ance condition, where the endurance condition 1s a
condition that the phase difference layer 1s allowed to
stand at a temperature of 85° C. for 50 hours or more.
9. The circularly polarizing plate according to claim 1,
wherein the phase difference layer does not contain an
ultraviolet absorber having a maximum absorption wave-
length 1n a range of 385 nm to 400 nm.
10. The circularly polarizing plate according to claim 1,
wherein the polarizer 1s a linear polarizer having single
transmittance at a wavelength of 390 nm of 20% to 60%.
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11. The circularly polarizing plate according to claim 1,
wherein the phase difference layer has transmittance of 15%

or less for light having a wavelength of 390 nm.

12. The circularly polarizing plate according to claim 1,
wherein the phase difference layer has transmittance of 40%
or less for light having a wavelength of 400 nm.

13. The circularly polarizing plate according to claim 1,

wherein the phase difference layer has a ratio (R (450)/R
(550)) of a planar phase difference (R (450)) for light having
a wavelength of 450 nm to a planar phase difference (R

(550)) for light having a wavelength of 550 nm 1n a range of
0.6 to 0.99.

14. The circularly polarizing plate according to claim 1,
wherein the phase difference layer has a ratio (R (650)/R
(550)) of a planar phase difference (R (650)) for light having
a wavelength of 650 nm to a planar phase difference (R
(550)) for light having a wavelength of 550 nm 1n a range of
1.00 to 1.19.

15. The circularly polarizing plate according to claim 1,
wherein the phase difference layer comprises polymerized
units of a normal dispersion polymerizable liquid crystal
compound and polymerized units of a reverse dispersion
polymerizable liquid crystal compound,

wherein the normal dispersion polymerizable liquid crys-
tal compound and the reverse dispersion polymerizable
liquid crystal compound have a ratio (R (450)/R (550))
of a planar phase diflerence (R (450)) for light having
a wavelength of 450 nm to a planar phase difference (R
(550)) for light having a wavelength of 550 nm of 0.6
to 0.99 and 1.04-1.25, respectively.

16. The circularly polarizing plate according to claim 15,
wherein the normal dispersion polymerizable liquid crystal
compound 1s represented by Formula 6 below:

|Formula 6]

wherein, A 1s a single bond, —C(=0)O— or —OC
(—0O)— and R, to R, are each independently hydro-
gen, halogen, an alkyl group, an alkoxy group, an
alkoxycarbonyl group, a cyano group, a nitro group or
a substituent of Formula 7 below, or two neighboring
substituents of R, to R or two neighboring substituents
of R to R, are bonded to each other to constitute a
benzene ring substituted with -L-A-P, where L 1s
—C(=0)0—, —OC(=0)— or —OC(=0)0O—, A 1s
an alkylene group and P 1s an acryloyl group, a meth-
acryloyl group, an acryloyloxy group or a methacry-

loyloxy group:
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|Formula 7]

wherein, B 1s a single bond, —C(=0)0O— or —OC
(—=0O)— and R, to R, are each independently hydro-
gen, halogen, an alkyl group, an alkoxy group, an
alkoxycarbonyl group, a cyano group, a nitro group or
-L-A-P, or two neighboring substituents of R,, to R+
are bonded to each other to constitute a benzene ring
substituted with -L-A-P, where L 1s —C(=0)0O—,
—OC(=0)— or —OC(=0)O—, A 1s an alkylene
group and P 1s an acryloyl group, a methacryloyl group,
an acryloyloxy group or a methacryloyloxy group.

17. The circularly polarizing plate according to claim 185,
wherein the reverse dispersion polymerizable liquid crystal
compound 1s represented by Formula 1 below:

|Formula 1]

N Ry
O Ve [
g

R¢

R3

Rs

wherein, R, 1s a substituent of Formula 2 or 3 below, and
R, to R, are each independently hydrogen, an alkyl
group, an alkoxy group, a cyano group, a substituent of
Formula 4 below or a substituent of Formula 5 below.
Here, at least two or more or two of R, to R, are also
substituents of Formula 4 below or substituents of
Formula 5 below:

-A-L;-Cyc-A,5-L,-P [Formula 2]

wherein, A, and A, are each independently an oxygen
atom or a single bond, L., and L, are each independently
—C(=0)—0— —0O—C(=0)— or an alkylene
group, Cyc 1s an arylene group or a cycloalkylene
group, and P 1s an acryloyl group, a methacryloyl
group, an acryloyloxy group or a methacryloyloxy

group:

|Formula 3]

— L;—O—Ly+—P

wherein, L; and L, are each an alkylene group, n 1s a
number 1n a range of 1 to 4, and P 1s an acryloyl group,
a methacryloyl group, an acryloyloxy group or a meth-
acryloyloxy group or a hydrogen atom.

-A3-Ls-Cyc-A,-Lg-P [Formula 4]



US 2020/0136094 Al

wherein, A; and A, are an oxygen atom, an alkylene group
or a single bond, L and L, are each independently
—C(=0)—0—, O—C(=0)— or an alkylene
group, Cyc 1s an arylene group, and P 1s an acryloyl
group, a methacryloyl group, an acryloyloxy group or
a methacryloyloxy group:

-A5-L-Cy-Ag-Lg-Cy>-A4-Lg-P [Formula 5]

wherein, A, A, and A, are each independently an oxygen
atom or a single bond, -, Ly and L, are each indepen-
dently —C(=0)—0—, —O—C(=0)— or an alky-
lene group, Cyl 1s a cycloalkylene group, Cy2 1s an
arylene group, and P 1s an acryloyl group, a methacry-
loyl group, an acryloyloxy group or a methacryloyloxy

group.
18. The circularly polarizing plate according to claim 15,

wherein the phase difference layer comprises 40 wt % or
more of polymerized units of the reverse dispersion polym-

23
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erizable liquid crystal compound in polymerized units of the
entire polymerizable liquid crystal compound.

19. The circularly polarizing plate according to claim 185,
wherein the phase difference layer comprises 30 wt % or
more of polymerized units of the polymerizable liquid
crystal compound having tri-functionality or more in polym-
erized units of the entire polymerizable liquid crystal com-
pound.

20. An organic light emitting display device comprising a
reflective electrode, a transparent electrode, an organic layer
interposed between the reflective electrode and the trans-
parent electrode and having a light emitting layer, and the
circularly polarizing plate of claim 1, wherein the circularly
polarizing plate 1s present outside the reflective or transpar-
ent electrode and the phase difference layer 1s disposed
closer to the reflective or transparent electrode than the
polarizer.
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