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(57) ABSTRACT

Provided is a liquid crystal display in which occurrence of
iridescent unevenness is suppressed, even when a film with
high level of mechanical properties, chemical resistance and
water-barrier properties is used as a polarizer-protective-film.
Also, disclosed is a polarizing plate to be used in the liquid
crystal display. The liquid crystal display includes a liquid
crystal cell, a light source, a first polarizing plate placed
between the liquid crystal cell and the light source, and a
second polarizing plate placed on a viewer side of the liquid
crystal cell. The first polarizing plate includes a polarizer and
a first protective film placed on a light source side principal
surface of the first protective film, and the first protective film
satisfies following relations: (1) 0 nm=Re,=3000 nm; (ii)
Nz,Z5; and (iii) Rth,>2500 nm.
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LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The invention relates to a liquid crystal display with
high level of visibility.

BACKGROUND ART

[0002] A liquid crystal display (LCD), used in television,
personal computer, mobile phone and the like, has a liquid
crystal panel that includes a liquid crystal cell and polarizing
plates placed on both sides of the liquid crystal cell so that it
enables display by controlling an amount of transmission of
light emitted from a light source. As LCDs have been rapidly
developed, their functions and applications tend to be diver-
sified, and they are required to withstand more harsh environ-
ments during use. For example, LCDs for mobile applications
such as cellular phones and for vehicle applications such as
car navigation systems are required to have durability even to
more harsh environments during use. In addition, large-sized
LCDs such as LCD televisions are required to have durability
to higher temperature, because as their size and brightness
increase, an amount ofheat from the light source increases, so
that the LCDs themselves tend to have high temperature.
Thus, polarizing plates for use in LCDs are also required to
have less changeable properties under harsh environments
such as high temperature and high humidity, namely, to have
high durability.

[0003] A polarizing plate generally has a structure in which
a polarizer is provided between two protective films. Triace-
tylcellulose (TAC) is widely used for protective films. In view
of durability as mentioned above, it is proposed to use, as a
polarizer-protecting film, a film having a high level of
mechanical properties, chemical resistance, and water-barrier
properties, such as a polyethylene terephthalate (PET) film or
a polyethylene naphthalate (PEN) film (see for example
Patent Document 1).

[0004] A polyester filmsuchasaPET or PEN film is highly
stretched and crystallized and therefore has a high level of
mechanical properties and other properties as mentioned
above. However, the polyester film has high birefringence in
the in-plane direction and the thickness direction, because its
intrinsic birefringence is high and is highly stretched. There-
fore, when a film made of a high-birefringence material, such
as a polyester film is placed as a polarizer-protective-film
between a polarizer and a liquid crystal cell, polarization is
distorted between the polarizer and the liquid crystal cell due
to an effect of the birefringence, so that visibility may tend to
be significantly reduced. From this point of view, such a
polyester film is generally used as a protective film for the
principal surface of the polarizer on the side not facing the
liquid crystal cell.

[0005] Such a film provided to protect the principal surface
of the polarizer on the side not facing the liquid crystal cell
does not change the polarization between the polarizer and
the liquid crystal cell. Therefore, the effect of the birefrin-
gence on the display properties of the liquid crystal display is
small, and the film is not necessarily required to have optical
isotropy or birefringence uniformity. However, there is a
problem in which when a polyester film is used as a protective
film for the principal surface of the polarizer on the side not
facing the liquid crystal cell in a polarizing plate placed on the
light source side of a liquid crystal cell, iridescent unevenness
(rainbow like unevenness) occurs to degrade visibility. Par-
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ticularly, as the brightness and color purity of LCDs have
increased in recent years, such iridescent unevenness
becomes more likely to be visible, which becomes a hin-
drance to the use of a polyester film as a polarizer-protective-
film.

[0006] From this point of view, it is proposed that a light
scattering layer should be provided on the surface of a polar-
izer-protective-film, especially in a polarizing plate placed on
the viewer side of the liquid crystal cell, so that mixing of
optical paths, namely, mixing of colors can be made to make
iridescent unevenness less visible. For example, Patent Docu-
ment 2 discloses that when a light scattering layer is provided
on the surface of a polyester film with an in-plane retardation
of 500 nm or more to form a polarizer-protective-film, such
iridescent unevenness can be reduced. Such a method can
make iridescent unevenness less visible but does not prevent
iridescent unevenness itself, so that sufficient visibility can-
not be obtained in some cases. As the brightness and color
purity of LCDs further increase, the occurrence of iridescent
unevenness becomes more significant. It is therefore consid-
ered that it will be difficult to ensure sufficient visibility by
such a color mixing method for canceling iridescent uneven-
ness.

PRIOR ART DOCUMENTS
Patent Documents

[0007] Patent Document 1: Japanese Patent Application
Laid-Open (JP-A) No. 08-271733

[0008] Patent Document 2: JP-A No. 2008-3541
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0009] An object of the invention is to provide a liquid

crystal display that is prevented from suffering from irides-
cent unevenness, even when produced using a film with a high
level of mechanical properties, chemical resistance and
water-barrier properties, such as a polyester film, as a polar-
izer-protective-film.

[0010] The inventors have focused attention on preventing
the occurrence of iridescent unevenness itself rather than
cancelling the existing iridescent unevenness and have made
a number of studies on principles of occurrence of iridescent
unevenness. As aresult, the invention has been made based on
the finding that when a polarizing plate is produced using a
film with specific optical properties as a polarizer-protective-
film and used in the light source side of a liquid crystal
display, iridescent unevenness is prevented with no loss ofthe
special properties of the film, such as mechanical properties,
chemical resistance, or water-barrier properties.

[0011] Thus, the invention is directed to a liquid crystal
display including a liquid crystal cell, a light source, a first
polarizing plate placed between the liquid crystal cell and the
light source and a second polarizing plate placed on a viewer
side of the liquid crystal cell, wherein the first polarizing plate
includes a first protective film on a light source side principal
surface of a polarizer.

[0012] Inthe liquid crystal display of the invention, the first
protective film satisfies following relations:

[0013] (i) 0 nm=Re,=3000 nm;
[0014] (i) Nz,=5; and
[0015] (iii) Rth,;>2500 nm.
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(Re,, Rth; and Nz, are defined by following equations: Re,=
(nx,-ny,)d;; Rth,=(nx,-nz, )d,; and Nz,=Rth,/Re, , wherein
d, represents a thickness of the first protective film, nx, rep-
resents a refractive index in a direction of an in-plane slow
axis of the protective film, ny, represents a refractive index in
a direction of an in-plane fast axis of the protective film, and
nz, represents arefractiveindex in a direction of the thickness
of the protective film.)

[0016] Inthe liquid crystal display of the invention, the first
protective film preferably includes aromatic polyester as a
main component. More preferably, the first protective film
includes polyethylene terephthalate or polyethylene naphtha-
late as a main component.

[0017] Further, it is preferable, in the liquid crystal display
of the invention, that light emitted from the light source is
incident in the form of substantially natural light on the first
polarizing plate. From this point of view, a reflective polariz-
ing film or an absorptive polarizing film is preferably not
provided between the light source and the first polarizing
plate in the liquid crystal display of the invention.

Effects of the Invention

[0018] Intheliquid crystal display of the invention, a polar-
izing plate having the specific optical properties is used as a
polarizer-protective-film, so that an occurrence of iridescent
unevenness can be prevented and that improved visibility can
be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG.1isaschematic cross-sectional view of aliquid
crystal display according to a preferable embodiment of the
invention.

[0020] FIGS. 2A and 2B each shows a schematic cross-
sectional view of an embodiment of a polarizing plate foruse
in a liquid crystal display of the invention.

[0021] FIGS. 3A to 3D are diagrams schematically show-
ing polarization states which can be produced when light
enters a medium of a different refractive index in the normal
direction and oblique directions, in which FIG. 3A shows
natural light, FIG. 3B shows polarized light having a vibra-
tion plane in the drawing plane, F1G. 3C shows polarized light
having a vibration plane in a plane perpendicular to the draw-
ing plane, and FIG. 3D shows elliptically polarized light.
[0022] FIG. 4 is a schematic diagram for illustrating how
light emitted from a light source travels through the first
protective film to reach a polarizer

[0023] FIG. 5A is a schematic diagram for illustrating how
the polarization state changes when light emitted from a light
source travels through the first protective film to reach a
polarizer. FIG. 5B is a schematic diagram for illustrating the
variation of polarization state changes when light emitted
from a light source travels through the first protective film to
reach a polarizer, in the case where a C-plate is used as the first
protective film.

[0024] FIG. 6 is a photograph showing the display state
when the liquid crystal display of Comparative Example 1 is
obliquely viewed.

[0025] FIG. 7 is a photograph showing the display state
when the liquid crystal display of Example 1 is obliquely
viewed.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

Structural Outline of Liquid Crystal Display
[0026] FIG. 1 shows a schematic cross-sectional view of a
liquid crystal display according to a preferred embodiment of
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the invention. The liquid crystal display 100 includes a light
source 80 and a liquid crystal panel 50, and a driving circuit
(not shown) and other components are optionally incorpo-
rated therein.

[0027] The liquid crystal panel 50 includes a liquid crystal
cell 5 and a first polarizing plate 10 provided on the light
source 80 side of the liquid crystal cell 5. In general, a second
polarizing plate 20 is provided on the opposite side (namely,
the viewer side) of the liquid crystal cell 5 from the light
source side. The liquid crystal cell 5 to be used may be of any
type such as VA mode, IPS mode, TN mode, STN mode, or
bend alignment (7 type) mode.

First Polarizing Plate

[0028] The first polarizing plate 10 is a light source side
polarizing plate placed between the liquid crystal cell 5 and
the light source 80. As shown in FIG. 2A, the first polarizing
plate 10 includes a polarizer 11 and a first protective film 12
provided on one principal surface of the polarizer 11. In the
liquid crystal display of the invention, the first polarizing
plate is placed so that the first protective film 12 is placed on
the light source 80 side of the polarizer 11. As shown in FIG.
2B, the polarizing plate 10 generally has a second protective
film 13 provided on the opposite side principal surface of the
polarizer 11 from the surface on which the first protective film
is provided, namely, provided on the liquid crystal cell 5 side
of the polarizer 11 in the liquid crystal display. In an embodi-
ment of the invention, however, such a second protective film
may be omitted.

Polarizer

[0029] Thepolarizer 11 may be a film capable of converting
natural light or polarized light into the desired polarized light.
Although, an appropriate arbitrary polarizer may be used, a
polarizer that converts natural light or polarized light into
linearly polarized light is preferably used. As a polarizer, for
example, a film that is uniaxially stretched after having dich-
roic materials, such as iodine and dichromatic dye, absorbed
to hydrophilic polymer films, such as polyvinyl alcohol-
based film, partially formalized polyvinyl alcohol-based film,
and ethylene-vinyl acetate copolymer-based partially saponi-
fied film; polyene-based alignment films, such as dehydrated
polyvinyl alcohol and dehydrochlorinated polyvinyl chlo-
ride, etc. may be mentioned. Alternatively, the polarizer may
be an O-type polarizer in which a liquid crystalline compo-
sition containing a dichroic material and a liquid crystalline
compound is oriented in a certain direction as disclosed in
U.S. Pat. No. 5,523,863 or may be an E-type polarizer in
which a lyotropic liquid crystal is oriented in a certain direc-
tion as disclosed in U.S. Pat. No. 6,049,428,

[0030] Among such polarizers, a polarizer comprising a
polyvinyl alcohol-based film containing iodine is preferably
used, because it has a high degree of polarization and high-
adherent to a polarizer-protective-film.

First Protective Film
Materials

[0031] In the liquid crystal display of the invention, a film
with good mechanical properties is preferably used as the first
protective film 12 provided on the light source 80 side of the
polarizer 11. For example, such a film with good mechanical
properties preferably includes a (semi)crystalline material as
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amain component. Typically, it preferably includes polyester
as a main component. As crystallization proceeds by heating
or the like, the degree of crystallinity of polyester increases,
which makes it possible to increase its mechanical strength,
dimensional stability, or heat resistance. Therefore, use of
polyester for a polarizer-protective-film makes it possible to
improve the mechanical strength or heat durability of the
polarizing plate. As compared with triacetylcellulose (TAC)
widely used for conventional polarizer-protective-films,
polyester has high gas-barrier properties and particularly low
water vapor permeability. Thus, use of polyester for a polar-
izer-protective-film makes it possible to improve the humid-
ity resistance of the polarizing plate.

[0032] For example, the polyester may be a polyester resin
selected from homopolymers obtained by polycondensation
of one dicarboxylic acid and one diol, copolymers obtained
by polycondensation of one or more dicarboxylic acids and
two or more diols, or copolymers obtained by polycondensa-
tion of two or more dicarboxylic acids and one or more diols,
and a resin blend containing two or more of the homopoly-
mers or copolymers, in which examples of one or more dicar-
boxylic acids include terephthalic acid, isophthalic acid,
orthophthalic acid, 2,5-naphthalenedicarboxylic acid, 2,6-
naphthalenedicarboxylic acid, 1,4-naphthalenedicarboxylic
acid, 1,5-naphthalenedicarboxylic acid, diphenylcarboxylic
acid, diphenoxyethanedicarboxylic acid, diphenylsulfon-
ecarboxylic acid, anthracenedicarboxylic acid, 1,3-cyclopen-
tanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,
1,4-cyclohexanedicarboxylic acid, hexahydroterephthalic
acid, hexahydroisophthalic acid, malonic acid, dimethylma-
lonic acid, succinic acid, 3,3-diethylsuccinic acid, glutaric
acid, 2,2-dimethylglutaric acid, adipic acid, 2-methyladipic
acid, trimethyladipic acid, pimelic acid, azelaic acid, dimer
acid, sebacic acid, suberic acid, and dodecadicarboxylic acid,
and examples of one or more diols include ethylene glycol,
propylene glycol, hexamethylene glycol, neopentyl glycol,
1,2-cyclohexanedimethanol,  1,4-cyclohexanedimethanol,
decamethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-
pentanediol, 1,6-hexanediol, 2,2-bis(4-hydroxyphenyl)pro-
pane, and bis(4-hydroxyphenyl)sulfone. In particular, aro-
matic polyester is preferred, because of its crystallinity, and in
particular, polyethylene terephthalate (PET) or polyethylene
naphthalate (PEN) is preferably used.

[0033] For example, a polyester film may be obtained by a
method including melt-extruding the polyester resin into a
film-shape melt and cooling and solidifying the melt in a
casting drum to form a film. In an embodiment of the inven-
tion, a stretched polyester film, in particular, a biaxially-
stretched polyester film is preferably used in order that crys-
tallinity may be imparted to the polyester film to achieve the
properties described above. When the first protective film
used includes aromatic polyester as a main component, the
film may contain any other resin than aromatic polyester, an
additive, or any other material. The term “includes aromatic
polyester as a main component” means that the film contains
50% by weight or more, preferably 60% by weight or more,
more preferably 70% by weight or more, even more prefer-
ably 80% by weight or more of aromatic polyester, based on
the total weight of the film.

[0034] To form astretched film for use as the first protective
film, any type of stretching method may be used, such as
longitudinal uniaxial stretching, transverse uniaxial stretch-
ing, sequential biaxial (longitudinal and transverse) stretch-
ing, or simultaneous biaxial (longitudinal and transverse)
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stretching. As mentioned above, biaxial stretching is prefer-
ably used. Stretching means may be any appropriate stretch-
ing machine such as a roll stretching machine, a tenter stretch-
ing machine, or a pantograph- or linear motor-type biaxial
stretching machine.

Retardation Properties

[0035] The first protective film has a thickness d |, a refrac-
tive index nx, in the direction of its in-plane slow axis, a
refractive index ny, in the direction of its in-plane fast axis, a
refractive index nz, in the direction of its thickness, an in-
plane retardation Re, defined by Re,;=(nx,—ny,)d,, a thick-
ness direction retardation Rth, defined by Rth,=(nx,-nz,)d,,
and an Nz, value defined by Nz,=Rth,/Re,, wherein Re,,
Rth, and Nz, satisfy the following relations: (i) 0
nm=Re,=3,000 nm; (i1) Nz, =5; and (ii1) Rth,>2,500 nm.
[0036] The liquid crystal display of the invention is char-
acterized in that the protective film 12 has the retardation
properties described above, so that it is prevented from suf-
fering from iridescent unevenness, even when a high-birefrin-
gence material such as a crystalline polyester film is used as
the protective film 12, which is placed between the light
source 80 and the polarizer 11 of the first polarizing plate 10
provided as a light source side polarizing plate. In the con-
ventional art, use of polyester films has been limited due to the
effect of iridescent unevenness by their high birefringence,
although it has been proposed that they should be used for
polarizer-protective-films, because of their high mechanical
strength and other properties and their relatively low cost. The
invention has been made based on the new finding that when
a polyester film having optical properties in the specified
range is used, iridescent unevenness can be prevented without
losing the advantage of the polyester film.

[0037] According to the relation (i), the first protective film
has an in-plane retardation Re, of 3,000 nm or less. If the
in-plane retardation is too high, iridescent unevenness may
tend to significantly occur. Therefore, it is preferred that Re,
be relatively low. Specifically, Re, is preferably 2,000 nm or
less, more preferably 1,000 nm or less, even more preferably
450 nm or less, particularly preferably 400 nm or less, most
preferably 350 nm or less. Iridescent unevenness will tend to
be reduced as the in-plane retardation further decreases. On
the other hand, in order that the in-plane retardation of a film
including, as a main component, a high-intrinsic-birefrin-
gence material such as aromatic polyester may be adjusted to
alow level, the stretch ratio should be kept low, or the thick-
ness of the film should be reduced, which may tend to make it
difficult to improve the mechanical strength of the film. It is
not impossible to reduce the in-plane retardation by highly
controlling the stretching process, but in such a case, the
polyester film may tend to be expensive. In view of these
points, Re, should generally be 10 nm or more, preferably 30
nm or more, more preferably 50 nm or more, as a realistic
value.

[0038] According to the relation (ii), the Nz, of the first
protective film, namely, the ratio of the thickness direction
retardation Rth, to the in-plane retardation Re, is 5 or more.
Iridescent unevenness will tend to be reduced as Nz increases.
Therefore, Nz, is preferably relatively high, specifically, pref-
erably 6 or more, more preferably 7 or more. While the Nz
value is uniquely determined by the values of the in-plane
retardation Re, and the Rth,, its upper limit is theoretically
infinite (in the case that Re,=0). Therefore, the Nz value does
not particularly have an upper limit in the realizable range.
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[0039] According to the relation (iii), the first protective
film has a thickness direction retardation Rth, of more than
2,500 nm. When the thickness direction retardation is larger
than the in-plane retardation, the Nz, value becomes larger, so
that iridescent unevenness will tend to be reduced. In addi-
tion, there is a correlation between a large retardation in the
thickness direction and a high degree of in-plane molecular
orientation of films, and in polyester films, crystallization
tends to proceed as the molecular orientation increases. Also
in view of the mechanical strength or dimensional stability of
the film, therefore, it is preferred that Rth, be relatively high.
Rth, is preferably 4,000 nm or more, more preferably 5,000
nm or more, even more preferably 6,000 nm or more, still
more preferably 7,000 nm or more, most preferably 8,000 nm
ormore. On the otherhand, a further increase in Rth, needs an
increase in the thickness of the film. The increase in the film
thickness may tend to increase the cost or the thickness of the
polarizing plate or the liquid crystal panel. From these points
of view, Rth, is preferably 16,000 nm or less, more preferably
15,000 nm or less, even more preferably 14,000 nm or less.

Thickness

[0040] While the first protective film may have any thick-
ness as long as it has retardation properties according to the
relations (i), (ii) and (iii), it preferably has a thickness of 10 to
200 pm, more preferably 15 to 150 um, even more preferably
20 to 100 pm. Ifthe thickness of the film is too small, the film
may have insufficient mechanical properties or low handle-
ability, so that its function as a polarizer-protective-film may
be insufficient. If the thickness of the film is too large, it may
be difficult to keep the in-plane retardation at low level, or the
cost may tend to increase.

Other Properties

[0041] The thickness direction retardation Rth, is
expressed by the product of the thickness d, and the differ-
ence between the refractive index nx, in the direction of the
in-plane slow axis of the film and the refractive index nz, in
the direction of the thickness of the film, namely, the birefrin-
gence (nx,-nz, ) in the thickness direction. The birefringence
(nx,-nz, ) in the thickness direction correlates with the degree
of in-plane orientation of molecules in the film. Specifically,
the larger (nx,-nz,) indicates the higher degree of in-plane
orientation of molecules and the enhanced degree of crystal-
linity, which means that the film strength tends to be high.
Contrarily, if (nx, -nz, ) is small, the film strength may tend to
be low. Mechanical strength should be imparted to the first
protective film so that it can be practically useful as a polar-
izer-protective-film, while the liquid crystal display is pre-
vented from suffering from iridescent unevenness. In addi-
tion, the thickness of the film should be reduced so that an
increase in the cost and thickness of the liquid crystal panel
can be suppressed. From these points of view, it is preferred
that (nx,-nz,) be relatively large. Specifically, (nx,-nz,) is
preferably 0.04 or more, more preferably 0.06 or more, even
more preferably 0.08 or more. On the other hand, (nx,-nz,)
does not exceed the intrinsic birefringence value, which
means that it may have a natural upper limit. For example,
therefore, the (nx, -nz, ) value of a polyethylene terephthalate
film is generally 0.25 or less, preferably 0.20 or less.

[0042] To reduce back scattering of incident light from the
light source and to keep the brightness of the liquid crystal
display high, for example, the haze of the first protective film
is preferably as low as less than 10%. The first protective film
to be used may be provided with an easy-adhesion layer for
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improving the tackiness to the polarizer, or provided with any
surface treatment layer such as a hard-coat layer on the side
where the polarizer is not bonded, namely, on the light source
side surface.

Principles of Elimination of Iridescent Unevenness

[0043] How the first protective film having the optical prop-
erties described above prevents iridescent unevenness in a
liquid crystal display is described below based on the pre-
sumed principles.

Principles of Occurrence of Iridescent Unevenness

[0044] FIGS. 3A to 3D are diagrams schematically show-
ing polarization states which can be produced when light
enters a medium of a different refractive index in the normal
direction and oblique directions. FIG. 3A shows natural light,
FIG. 3B polarized light having a vibration plane in the draw-
ing plane, F1G. 3C polarized light having a vibration plane in
a plane perpendicular to the drawing plane, and FIG. 3D
elliptically polarized light. FIG. 4 schematically shows how
light emitted from a light source 80 travels through the first
protective film 12 to reach a polarizer 11. It will be understood
that although FIG. 4 and FIGS. 5A and 5B (described below)
show that reflected light r12 and light r13 traveling through
the first protective film each have a single polarized compo-
nent, these drawings are diagrams for schematically illustrat-
ing principles according to the invention and do not indicate
that the light actually has only a single polarized component.
[0045] In FIG. 4, natural light r1 emitted from the light
source 80 travels in the normal direction of the surface of the
first protective film 12, namely, the normal direction of the
screen of a liquid crystal display, and is partially reflected
from the interface of the first protective film 12 so that it is
returned as natural light r12 toward the light source. On the
other hand, light r3 not reflected from the interface and enter-
ing the first protective film mostly travels through the first
protective film to reach the polarizer 11 while having an
unpolarized state. One of the linearly polarized components
of light r4 entering the polarizer 11 is absorbed by the polar-
izer 11, so that the other of the linearly polarized components
forms outgoing light r5 to reach the liquid crystal cell.

[0046] On the other hand, natural light r11 obliquely inci-
dent at an angle 0 on the first protective film 12 from the light
source 80 is partially reflected as reflected light r12 to the light
source side, and the remainder forms incidentlight r13, which
enters the first protective film 12. In this process, reflected
light r12 and incident light r13 are each partially separated
into a p-polarized component and an s-polarized component
to form partially polarized light. In this case, the reflectivities
R, and R, of the p- and s-polarized components of the
reflected light r12 derived from the incident light r11 are
expressed by the Fresnel formulae below, respectively.

R, ={ tan(0—¢)/tan(6+¢)}* (formula 1)

R~{ sin(0-¢)/sin(0+¢)}

[0047] wherein 6 represents the incident angle of the light
rl1, ¢ represents the refractive angle of the light r13, and both
angles follow Snell’s law as shown below with respect to the
refractive index n, (=1) of the incident side medium (specifi-
cally air) and the refractive index n, of the first protective film
12.

(formula 2)

7 sin 8=n, sin ¢ (formula 3)
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[0048] As canbe seen from formulae (1) and (2), the reflec-
tivity R of the s-polarized component is generally higher than
the reflectivity R,, of the p-polarized component. Therefore,
when the light r11 enters the first protective film with a
refractive index n, from an air layer with a refractive index n,
(of about 1), the light r13 traveling through the first protective
film 12 forms “p-polarized-component-rich” partially polar-
ized light in which the intensity of the p-polarized component
is higher than that of the s-polarized component. In particular,
a polyester film has a refractive index of about 1.60, which is
higher than that of a TAC film (about 1.43 in refractive index)
widely used as a polarizer-protecting film in conventional
techniques, and biaxial stretching further increases the bire-
fringence. Therefore, when a film having high refractive
index or high birefringence, such as a polyester film, is used
as the first protective film, the light r13 travels in the form of
p-polarized-component-richer, partially polarized light
through the first protective film.

[0049] The p-polarized component-rich, partially polar-
ized light r13 is changed in polarization by the birefringence
effect of the first protective film 12 while traveling through
the protective film 12. Thus, the polarization of part of the
p-polarized-component-rich, partially polarized light r13 is
changed to a different polarization (mainly an elliptical polar-
ization) when the light r13 goes out of the first protective film
12 and enters the polarizer 11. It will be understood that not
only polyester but any substances have so-called “wavelength
dispersion” so that their refractive indices vary with wave-
length. Thus, the angle ¢ of refraction of the natural light r11
incident on the first protective film 12 also varies with wave-
length. For example, as schematically shown in FIG. 5A, the
natural light r11 entering the first protective film 12 includes
blue light r13, entering the film 12 at a refraction angle ¢,
green light r13 ; entering the film 12 at a refraction angle ¢,
and red light r13, entering the film 12 at a refraction angle ¢,
in which the refraction angles generally satisfy ¢z<¢po<¢x. In
addition, the retardation which the light r13 traveling through
the first protective film undergoes also varies with wave-
length. Thus, the blue light r13, the green light r13 ;, and the
red light r13, have different partial polarizations, when they
reach the polarizer.

[0050] Therefore, light r14 traveling through the polarizer
11 is absorbed in amounts varying with wavelength. As a
result, the intensity of light r15 going out of the polarizer also
varies with wavelength as schematically indicated by r15,
r15., and r15; in FIG. 5SA. Thus, when a film with large
birefringence is used as the protective film, the spectral form
of light r15 transmitted to the liquid crystal cell through the
polarizer differs from the spectral form of the incident light
r11 due to the effect of the refractive index and the birefrin-
gence of the protective film, and as a result, coloring occurs.
The coloring generated by the principle described above is
called “chromatic polarization.” Particularly when the appar-
ent retardation is approximately 350 nm or more, coloring
tends to occur due to such chromatic polarization. Coloring
caused by chromatic polarization also tends to periodically
change depending on the apparent retardation.

[0051] The first protective film has three-dimensional,
refractive-index anisotropy, and therefore, its apparent retar-
dation varies with the incidence angle 6. In addition, due to
the three-dimensional, refractive-index anisotropy and the
absorbance anisotropy, the apparent slow-axis direction of
the first protective film 12 and the apparent absorption-axis
direction of the polarizer 11 also vary with viewing angle.
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Therefore, the spectrum of the light absorbed by the polarizer
varies with viewing angle, so that the coloring caused by
chromatic polarization varies with viewing angle. The angu-
lar variation of the coloring is observed as iridescent uneven-
ness by the viewer’s eyes. As the incidence angle 8 increases,
the absolute value of the amount of change of the apparent
retardation Re(0) of the first protective film per unit amount of
angular change, namely, |dRe(0)/d0] increases. Therefore, as
the viewing angle increases, the change of the coloring
caused by the angular variation increases. Therefore, as the
viewing angle 0 increases, the occurrence of iridescent
unevenness tends to become more significant.

Principles of Elimination of Iridescent Unevenness

[0052] In order to prevent the coloring caused by such
chromatic polarization, a low-birefringence material may be
used for the protective film. On the other hand, polyester films
have a problem in which when they are unstretched and have
low birefringence, their mechanical strength is not enough to
show the special properties of the polyester material. To show
the special properties of a polyester film, stretching is essen-
tial. Therefore, it would be substantially impossible to reduce
the apparent retardation of a polyester film to less than 300nm
at all viewing angles, ifthe polyester film is produced so as to
have such a thickness and a mechanical strength that it can
function as a polarizer-protective-film.

[0053] Inlight of the principles of occurrence of iridescent
unevenness, the invention has been made based on the finding
that when the in-plane retardation Re, of the polyester pro-
tective film is kept low according to the relation (i) and when
the Nz, value is kept high according to the relation (ii), iri-
descent unevenness resulting from chromatic polarization
can be prevented even though the thickness retardation Rth, is
set high according to the relation (iii).

[0054] A film having an in-plane retardation of approxi-
mately zero and a certain level of thickness direction retarda-
tion (e.g., about 100 nm or more) is generally called
“C-plate.” It is known that when light is obliquely incident on
such a C-plate, the apparent slow axis direction makes an
azimuth angle of 90° with the viewing angle direction. The
direction at an azimuth angle of 90° with respect to the view-
ing angle is coincident with the vibration direction of s-po-
larized light. Concerning light transmitting through a C-plate,
therefore, the apparent slow axis direction falls within the
vibration plane of the s-polarized light. Likewise, the appar-
ent fast axis direction of the C-plate falls within the vibration
plane of the p-polarized light. Therefore, when the first pro-
tective film is a C-plate, the light r13, r13, and r13, trans-
mitting through the first protective film 12 is not influenced by
birefringence, as schematically shown in FIG. 5B, so that its
polarization state is not substantially changed. Thus, even
when the thickness direction retardation Rth, is high, chro-
matic polarization-induced coloring does not occur, so that
iridescent unevenness also does not occur.

[0055] From these points, it is apparent that the in-plane
retardation Re, of the first protective film should preferably
be reduced so that iridescent unevenness can be suppressed.
On the other hand, iridescent unevenness is significant when
the viewing angle 6 is large. In such a range, therefore, if a
manner of variation in the apparent slow axis direction of the
first protective film with viewing angle is substantially same
as thatofa C-plate’s, iridescent unevenness will be prevented.
Thus, Nz, is preferably large, so that the manner of variation
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in the apparent slow axis direction can substantially be same
as that of the C-plate’s when the viewing angle 8 is large.
[0056] As described above, chromatic polarization-in-
duced iridescent unevenness does not significantly occur
around the normal direction where the viewing angle 6 is
relatively small, as compared with the region where the view-
ing angle 6 is large. Further, if Nz, is in the specified range,
the manner of variation in the apparent slow-axis direction of
the first protective film can be substantially same as that of a
C-plate’s even when the first protective film has a certain level
of in-plane retardation. Thus, iridescent unevenness is not
observed when Re,, Rth, and Nz, are each in the specified
range. The relations (i) and (iii) indicates such an acceptable
retardation range. The examples described below demon-
strate that iridescent unevenness is suppressed in such a
range.

Second Protective Film

[0057] As shown in FIG. 2A, the first polarizing plate 10
may have a second protective film 13. In this case, while the
material and optical properties of the second protective film
are not particularly restricted, the second protective film is
preferably produced with an optically-isotropic material hav-
ing substantially no birefringence or a material that has high
in-plane uniformity of retardation value or high in-plane uni-
formity of the optical axis direction, even when it has bire-
fringence, because the second protective film is placed
between the polarizer and the liquid crystal cell 5. A retarda-
tion film (optical compensation layer) may also be used as the
second protective film.

Materials

[0058] Inanembodiment of the invention, materials for the
second protective film in the polarizing plate preferably
include, but are not limited to, transparent polymers having
uniform optical properties as mentioned above. Particularly
in view of transparency (low haze), amorphous polymers are
preferably used. From these points of view, examples of
materials for the second protective film include cellulose
resins, cyclic polyolefin resins (norbornene resins), polycar-
bonate resins, polyarylate resins, amorphous polyester resins,
polyvinyl alcohol resins, polysulfone resins, and polyimide
resins.

[0059] Oriented liquid crystal polymer layers may also be
used instead of the above polymer films or formed on the
above polymer films. Examples of the liquid crystal polymer
include various main-chain or side-chain types having a lig-
uid crystal molecular orientation property-imparting conju-
gated linear atomic group (mesogen) introduced in a main or
side-chain of a polymer. Examples of the main chain type
liquid crystal polymer include polymers having a mesogen
group bonded thereto via a flexibility-imparting spacer moi-
ety, such as nematically ordered polyester liquid-crystalline
polymers, discotic polymers, and cholesteric polymers. For
example, the side-chain type liquid crystal polymer may be a
polymer comprising: a main chain skeleton of polysiloxane,
polyacrylate, polymethacrylate, or polymalonate; and a side-
chain having a mesogen moiety that comprises a nematic
orientation-imparting para-substituted cyclic compound unit
and is bonded thereto via a spacer moiety comprising a con-
jugated atomic group.

Retardation Properties

[0060] The second protective film may be optically isotro-
pic and have substantially no birefringence. In this case, a film
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having an in-plane retardation Re, of less than 40 nm and a
thickness direction retardation Rth, ofless than 80 nm may be
used as the second protective film. Such a protective film
having good optical isotropy is preferably an unstretched
film. The in-plane retardation Re, and thickness direction
retardation Rth, of the second protective film are determined
from the thickness d.,, the refractive index nx, in the direction
of the in-plane slow axis, the refractive index ny, in the
direction of the in-plane fast axis, and the refractive index nz,
in the direction of the thickness in the same manner as
described above for the first protective film.

[0061] Alternatively, a film having an in-plane retardation
of 40 nm or more and/or a thickness direction retardation of
80 nm or more may be used as the second protective film, so
that it can also serves as a retardation film. In this case, the
in-plane retardation or the thickness direction retardation of
the second protective film may be appropriately adjusted to
the value necessary for a retardation film served as optical
compensator. A stretched film is preferably used as the retar-
dation film. The retardation film to be used may be selected
from films satisfying the relation: nx,=ny,>nz,,
NX,>0Y,>07,, 0X,>0Y,=N07,, NX,>NZ,>1Y,, 0Z,=0X,>1Y,,
nz,>NX,>ny,, Or NZ,>nX,=1y,, depending on various appli-
cations. The relation ny,=nz, is intended to include not only
the case where ny, is completely equal to nz, but also the case
where ny, is substantially equal to nz,.

Thickness

[0062] The second protective film preferably has a thick-
ness of 5 to 500 pm, more preferably 5 to 200 pm, even more
preferably 10 to 150 um. If the thickness is below the range,
the film may be more likely to break, so that a strength
problem may occur when it is used in the polarizing plate or
it may have insufficient water-barrier properties, which may
degrade the durability of the polarizer. If the thickness is
above the range, the film may lack flexibility, so that the
handleability of the film may be low or it may be difficult to
manufacture the filnm.

Haze

[0063] The haze of the second protective film is preferably
2% or less, more preferably 1% or less. If the haze of the
second protective film is high, the polarization state or direc-
tivity of the light constantly polarized by the polarizer may be
non-uniformly changed by scattering, so that the contrast of
the liquid crystal display may be reduced.

Formation of First Polarizing Plate

[0064] The first polarizing plate 10 is formed by laminating
the polarizer 11 and the first protective film 12 and optionally
the second protective film 13. The polarizer and the protective
film may be laminated by any method. In view of workability
and light use efficiency, the polarizer and the protective film
are preferably laminated with an adhesive or pressure-sensi-
tive adhesive layer interposed therebetween so that no air gap
will be created. When an adhesive or pressure-sensitive adhe-
sive layer is used, any of various types of adhesive or pres-
sure-sensitive adhesives may be used.

[0065] Particularly to increase the adhesion between the
polarizer and the protective film, an adhesive layer is prefer-
ably used in the lamination of them. For example, the adhe-
sive to be used in the formation of an adhesive layer may be
appropriately selected from adhesives containing, as a base
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polymer, an acryl-based polymer, a silicone-based polymer,
polyester, polyurethane, polyamide, polyvinyl ether, a vinyl
acetate-vinyl chloride copolymer, modified polyolefin, an
epoxy-based polymer, a fluoropolymer, or a rubber polymer
such as a natural rubber polymer or a synthetic rubber poly-
mer. In particular, an aqueous adhesive is preferably used in
the lamination of the polarizer and an optically-isotropic film.
An adhesive containing a polyvinyl alcohol-based resin as a
main component is particularly used.

[0066] Examples of polyvinyl alcohol-based resin for use
in the adhesive include polyvinyl alcohol resin and
acetoacetyl group-containing polyvinyl alcohol resin.
Acetoacetyl group-containing polyvinyl alcohol resin is pref-
erably used to improve the durability of the polarizing plate,
because it can form a polyvinyl alcohol-based adhesive hav-
ing a highly reactive functional group. In order to prevent
defective irregularities (knicks), it is also preferred that a
metal colloid be added to the adhesive as described in JP-A
No. 2008-15483.

[0067] Before the adhesive or pressure-sensitive adhesive
is applied, the protective film may be subjected to a surface
modification treatment such as hydrophilization for adhesion
improvement or any other purpose. Examples of such a treat-
ment include a corona treatment, a plasma treatment, a primer
treatment, and a saponification treatment.

Arrangement Angle

[0068] Theangularrelation between the first protective film
and the polarizer is not particularly restricted. In order to
prevent iridescent unevenness, the direction of the slow axis
of the first protective film 12 is preferably substantially par-
allel or perpendicular to the direction of the absorption axis of
the polarizer 11. When they are arranged parallel or perpen-
dicular to each other, iridescent unevenness can be prevented
even when the first protective film has an in-plane retardation
Re; of 300 nm or more. The term “substantially parallel or
perpendicular” means that the angle between them is not only
0° or 90° but also in the range of 0° or 90°£15°, preferably
+12°, more preferably +10°. When the first protective film is
“substantially a C-plate,” for example, which has a small
in-plane retardation Re, of 100 nm or less, preferably 50 nm
or less, the arrangement angle little effects on the develop-
ment of iridescent unevenness.

Arrangement on Viewer Side of Liquid Crystal Cell

[0069] The liquid crystal panel 50 is formed by placing the
first polarizing plate 10 on the light source side of the liquid
crystal cell 5. As shown in FIG. 1, the second polarizing plate
20 is generally placed on the viewer side of the liquid crystal
cell 5. The second polarizing plate 20 may be of any known
appropriate type. In addition, any of various other optical
films than the second polarizing plate, such as an optical
compensation film, may also be provided on the viewer side
of the liquid crystal cell 5.

Formation of Liquid Crystal Panel

[0070] A method of placing the polarizing plate on the
liquid crystal cell preferably includes laminating them with a
pressure-sensitive adhesive layer. For example, the pressure-
sensitive adhesive to be used in the formation of the pressure-
sensitive adhesive layer may be appropriately selected from,
but not limited to, pressure-sensitive adhesives containing, as
a base polymer, an acryl-based polymer, a silicone-based
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polymer, polyester, polyurethane, polyamide, polyether, a
fluoropolymer, or a rubber polymer. In particular, preferably
used is a pressure-sensitive adhesive having a high level of
transparency, weather resistance and heat resistance and
exhibiting an appropriate degree of wettability, cohesiveness
and tackiness, such as an acrylic pressure-sensitive adhesive.
In addition, a pressure-sensitive adhesive layer may be placed
as a superimposed layer of different composition or types.
[0071] In view of workability in the process of laminating
the liquid crystal cell and the polarizing plate, the pressure-
sensitive adhesive layer is preferably formed in advance on
one or both of the polarizing plate and the liquid crystal cell.
The thickness of the pressure-sensitive adhesive layer may be
appropriately determined depending on the intended use, the
adhesive strength or the like. The thickness of the pressure-
sensitive adhesive layer is generally from 1 to 500 um, pref-
erably from 5 to 200 pm, particularly preferably from 10 to
100 pum.

Release Film

[0072] A release film (separator) may be temporary
attached to an exposed side of a pressure-sensitive adhesive
layer to prevent contamination etc., until it is practically used.
Thereby, it can be prevented that foreign matter contacts
pressure-sensitive adhesive layer in usual handling. As a
release film, suitable conventional sheet materials that is
coated, if necessary, with release agents, such as silicone type,
long chain alkyl type, fluorine type release agents, and molyb-
denum sulfide may be used. As a suitable sheet material,
plastics films, rubber sheets, papers, cloths, no woven fabrics,
nets, foamed sheets and metallic foils or laminated sheets
thereof may be used.

Formation of Liquid Crystal Display

[0073] The liquid crystal display of the invention is
obtained by assembling the liquid crystal panel 50 and the
light source 80 and optionally by incorporating a driving
circuit and other components. While, if necessary, any of
various other components than the above may be combined to
form theliquid crystal display, the liquid crystal display of the
invention is preferably such that the light emitted from the
light source 80 is incident in the form of substantially natural
light on the first polarizing plate 10.

[0074] As described above, according to the invention, the
first protective film has specific retardation properties so that
the birefringence-induced change of the polarization of par-
tially polarized light, which is produced upon incidence of the
light from the light source 80 into the first protective film 12,
can be controlled while it travels through the first protective
film and therefore so that chromatic polarization-induced
coloring can be suppressed. However, if the light incident on
the first protective film already has a specific polarization, a
polarized component different from the partially polarized
light, which would otherwise be produced by the separation
of polarized light at the interface on which natural light is
incident, will enter the first protective film and be changed in
polarization by the birefringence of the first protective film.
This may cause iridescent unevenness due to such a different
polarized component even when the retardation properties of
the first protective film are controlled as described above. To
prevent iridescent unevenness, therefore, the light incident on
the first polarizing plate 10 is preferably in the form of sub-
stantially natural light.
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[0075] The term “substantially natural light” refers to light
in such a state that no specific polarized component is richer
than any other polarized component. In general, substantially
natural light refers to light with an Im/Ix ratio 0 0.90 or more,
wherein Ix represents the maximum of the intensity I[(¥) of
the outgoing light measured through the polarizing plate (pro-
vided as an analyzer on the outgoing light-receiving side) in
the direction (W) of its absorption axis being rotated by 360°
(so-called rotating analyzer method), and Im represents the
minimum of the intensity I(W). The Iny/Ix is preferably 0.95
or more, more preferably 0.99 or more. The Im/Ix of natural
light is the maximum, which is 1.

[0076] As described above, the light emitted from the light
source 80 should be incident, in the form of substantially
natural light, on the first polarizing plate 10. From this point
of view, polarization separating means such as a reflective
polarizing film or an absorptive polarizing film is preferably
not provided between the light source 80 and the first polar-
izing plate 10 inthe liquid crystal display of the invention. For
example, a linearly-polarizing, reflective, brightness
enhancement film is widely used in liquid crystal displays so
that the efficiency of use of light from a light source can be
improved by separating light from the light source into polar-
ized components and by utilizing the reflexive light. To pre-
vent iridescent unevenness, however, such a brightness
enhancement film is preferably not used.

[0077] In the liquid crystal display of the invention, the
light to be incident on the first polarizing plate from the light
source preferably has low directivity. In liquid crystal dis-
plays, for example, concentrating light in the normal direc-
tion is widely performed using a prism sheet or a lens sheet to
increase the efficiency of use of light from the light source.
Unfortunately, such a converging device as a prism or lens
sheet uses light refraction to increase light directivity and
therefore can produce partially polarized light upon incidence
and exit oflight. In such a case, therefore, natural polarization
properties tend to be lost as the light directivity increases.

[0078] In general, light sources for liquid crystal displays
are broadly divided into a direct type and a sidelight type. The
sidelight type requires light from the side to be directed to the
normal direction, which requires a converging device as
described above. From this point of view, a direct type back-
light is preferably used in the liquid crystal display of the
invention.

[0079] The liquid crystal display obtained as described
above may be used in various applications including OA
equipment such as personal computer monitors, notebook
computers, and copy machines; portable equipment such as
cellular phones, watches, digital cameras, personal digital
assistances (PDAs), and portable game machines; domestic
electrical equipment such as video cameras, televisions, and
microwave ovens; vehicle equipment such as back monitors,
monitors for car navigation systems, and car audios; display
equipment such as information monitors for stores; alarm
systems such as surveillance monitors; and care and medical
equipment such as care monitors and medical monitors.

EXAMPLES

[0080] The invention is further described by the Examples
blow, which are not intended to limit the scope of the inven-
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tion. The Examples, Reference Examples and Comparative
Examples below were evaluated by the methods described
below.

Measurement and Evaluation Methods
Retardation

[0081] The in-plane retardation was measured under an
environment at 23° C. using a polarization/retardation mea-
surement system (AxoScan (product name) manufactured by
Axometrics, Inc.) at a measurement wavelength of 590 nm. In
addition, the film was inclined by 40° around the slow axis
direction and the fast axis direction as a rotation center, and
then the retardation was measured under the same conditions.
The order of the measured retardation value was determined
so as to agree with the wavelength dispersion of the retarda-
tion of a polyester film determined in advance.

[0082] The in-plane retardation, the thickness direction
retardation and Nz were calculated from these measured val-
ued.

Evaluation of Iridescent Unevenness

[0083] In a darkroom at 23° C., a white image was dis-
played on the liquid crystal display, and whether or not iri-
descent coloring was present on the screen was checked by
visual observation, while the polar angle was changed
between 40° and 70° at an azimuth angle of about 15° using
the absorption axis direction of the viewer side polarizing
plate as a reference azimuth angle. The iridescent unevenness
was rated on a scale of 1 to 4 as shown below.

[0084] 1:The hue significantly varies as the angle changes.
[0085] 2: The hue significantly varies in an angular range
where the polar angle is between about 40° and 60°, which is
narrower than that in the case of a scale of 1.

[0086] 3: The hue significantly varies in an angular range
where the polar angle is between about 40° and 50°, which is
narrower than that in the case of a scale of 2.

[0087] 4. Almost no variation of the hue is observed as the
angle changes.

Comparative Example 1

Preparation of Polyester Film

[0088] A 200 um thick unstretched polyethylene terephtha-
late film (amorphous) was subjected to free-end uniaxial
stretching (longitudinal stretching) in the machine direction
for the manufacture of it at a stretch ratio of 2.5 times and then
subjected to fixed-end uniaxial stretching (transverse stretch-
ing) in the width direction at a stretch ratio of 4.0 times using
atenter stretching machine, so that a crystalline polyester film
having a thickness of 50 um was obtained. This polyester film
was nanted “protective film A.”

Formation of Easy-Adhesion Layer on the Polyester Film

[0089] The surface of the protective film A was subjected to
a corona treatment. A polyester-based, aqueous dispersion
urethane adhesive (SUPERFLEX SF210 (trade name) manu-
factured by DAI-ICHI KOGYO SEIYAKU CO., LTD.) was
then applied to the protective film A using a coating tester
equipped with a #200 mesh gravure roll. The coating was
dried at 150° C. for 1 minute, so that a 0.3 um thick easy-
adhesion layer was formed on the film.
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Preparation of Polarizer

[0090] A polyvinyl alcohol film with an average degree of
polymerization of 2,700 and a thickness of 75 um was
stretched and fed, while it was dyed between rolls having
different rotating speeds. First, the polyvinyl alcohol film was
stretched to 1.2 times in the feed direction, while it was
allowed to swell by immersion in a water bath at 30° C. for 1
minute. Thereafter, the film was stretched in the feed direction
to 3 times the original length of the unstretched film. while it
was dyed by immersion in an aqueous solution at 30° C.
containing 0.03% by weight of potassium iodide and 0.3% by
weight of iodine for 1 minute. The film was then stretched to
6 times the original length in the feed direction, while it was
immersed for 30 seconds in an aqueous solution at 60° C.
containing 4% by weight of boric acid and 5% by weight of
potassium iodide. The obtained stretched film was then dried
at 70° C. for 2 minutes to give a polarizer. The polarizer had
a thickness of 30 um and a water content of 14.3% by weight.

Preparation of Adhesive

[0091] Under the condition of a temperature of 30° C., 100
parts by weight of an acetoacetyl group-containing polyvinyl
alcohol resin (1,200 in average degree of polymerization,
98.5% by mole in degree of saponification, 5% by mole in
degree of acetoacetylation) and 50 parts by weight of methy-
lol melamine were dissolved in pure water to form an aqueous
solution with a solids content of 3.7% by weight. An aqueous
adhesive solution containing colloidal metal was prepared by
adding, to 100 parts by weight of the aqueous solution, 18
parts by weight of an aqueous solution containing positively-
charged colloidal alumina (15 nm in average particle size) at
a solid concentration of 10% by weight. The adhesive solu-
tion had a viscosity of 9.6 mPa-s and a pH in the range of 4 to
4.5. The amount of the colloidal alumina was 74 parts by
weight, based on 100 parts by weight of the polyvinyl alcchol
resin. The average particle size of the colloidal alumina was
measured with a particle size distribution meter (Nanotrack
UPA150, manufactured by Nikkiso Co., Ltd.) by dynamic
light scattering method (optical correlation technique).

Preparation of Polarizing Plate

[0092] Theadhesive was applied to the surface of the polar-
izer so that an 80 nm thick adhesive layer could be formed
after drying, and the protective film A with easy-adhesion
layer was laminated to one of the principal surfaces of the
polarizer, while a retardation film (WVBZ (trade name)
manufactured by Fujifilm Corporation) made of a cellulose-
based resin, serving as both of optical compensation layer and
a polarizer-protective film, was laminated to the other princi-
pal surface of the polarizer. Lamination of the films was
performed by roller laminator. The obtained laminate was
dried at 70° C. for 6 minutes, so that a polarizing plate was
obtained. The lamination of the protective film A to the polar-
izer was performed in such a manner that the easy-adhesion-
layer side surface of the protective film A faced the polarizer.
The obtained polarizing plate having optical compensation
layer was named “polarizing plate A”.

Polarizing Plate on Viewer Side

[0093] A commercially available polarizing plate (NPF
VEGQ1724DU (trade name) manufactured by NITTO
DENKO CORPORATION) having a polarizer and a retarda-
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tion film placed on one side of the polarizer was used as a light
source side polarizing plate. This commercially available
polarizing plate was composed of a polarizer made of an
iodine-containing, polyvinyl alcohol-based film, a retarda-
tion film (WVBZ (trade name) manufactured by Fujifilm
Corporation) made of a cellulose-based resin and placed on
one principal surface of the polarizer (the polarizer surface to
be placed on the liquid crystal cell side), and a triacetylcellu-
lose film placed on the other principal surface, which were
laminated with an adhesive layer interposed therebetween.
This polarizing plate was named “polarizing plate X”.

Preparation of Liquid Crystal Panel

[0094] The liquid crystal panel was taken out from a liquid
crystal television (LC32-D30 (trade name) manufactured by
SHARP CORPORATION) equipped with a VA-mode liquid
crystal cell and a direct-type backlight. The polarizing plate
and the optical compensation film placed on the upper and
lower sides of the liquid crystal cell were removed from the
panel, and the glass surfaces (front and back) of the liquid
crystal cell were cleaned. Subsequently, the polarizing plate
A was placed on the light source side surface of the liquid
crystal cell with an acrylic pressure-sensitive adhesive inter-
posed therebetween so that it was in the same direction as the
absorption axis of the light source side polarizing plate that
had been placed in the original liquid crystal panel and that
the optical compensation layer side surface of the polarizing
plate A faced the liquid crystal cell. The polarizing plate X
was then placed on the viewer side surface of the liquid crystal
cell with an acrylic pressure-sensitive adhesive interposed
therebetween so that it was in the same direction as the
absorption axis of the viewer side polarizing plate that had
been placed in the original liquid crystal panel and that the
optical compensation layer side surface of the polarizing
plate X faced the liquid crystal cell. As a result, aliquid crystal
panel was obtained, which had the liquid crystal cell, the
polarizing plate A placed on one side principal surface of the
cell, and the polarizing plate X placed on the other side
principal surface of the cell.

Preparation of Liquid Crystal Display

[0095] The liquid crystal panel was incorporated into the
original liquid crystal display. Thirty minutes after the light
source of the liquid crystal display was turned on, whether or
not iridescent unevenness occurred was visually evaluated.

Examples 1 to 5 and Comparative Examples 2 to 5

Preparation of Polyester Films

[0096] Crystalline polyester films with different retardation
properties were prepared using the process of manufacturing
the polyester film in Comparative Example 1, except that the
longitudinal stretch ratio and the transverse stretch ratio were
changed as shown in Table 1. The polyester films were named
“protective films B, C, D, E, F, G, H, and I””, respectively. The
polyethylene terephthalate film (amorphous) obtained before
the stretching in the process of manufacturing the polyester
film in Example 1 was named “protective film J”.

Preparation of Polarizing Plates

[0097] The easy-adhesion layer was formed on each poly-
ester film as in Comparative Example 1, except that each of
the protective films B to ] was used in place of the protective
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film A, and a polarizing plate was prepared using each prod-
uct. The obtained polarizing plates were named “polarizing
plates B,C, D, E,F, G,H,1,and J.”

Formation of Liquid Crystal Panels

[0098] A liquid crystal panel was obtained as in Compara-
tive Example 1, except that each of the polarizing plates B to
Jwas used in place of the polarizing plate A. As aresult, liquid
crystal panels were obtained, in which each of the polarizing
plates B to J was placed on the light source side principal
surface of the liquid crystal cell, and the polarizing plate X
was placed on the viewer side principal surface of the liquid
crystal cell.

Preparation of Liquid Crystal Display

[0099] Each of the liquid crystal panels was incorporated
into the original liquid crystal display. Thirty minutes after
the light source of the liquid crystal display was turned on,
whether or not iridescent unevenness occurred was visually
evaluated.

Comparative Example 6

Preparation of Polarizing Plate

[0100] A polarizing plate was prepared as the polarizing
plate in Example 1, except that a triacetylcellulose film
(ZRF80S (trade name) manufactured by FUJIFILM Corpo-
ration) whose in-plane and thickness retardations were
approximately 0 nm was used as one polarizer-protecting film
in place of the retardation film made of cellulose resin and that
the protective film B was used as the other protective film. The
obtained polarizing plate is named “polarizing plate K.”

Formation of Liquid Crystal Panel

[0101] A liquid crystal panel was formed as in Example 1,
except that the polarizing plate K was used in place of the

Aug. 11,2011

polarizing plate B and placed on the light source side of the
liquid crystal cell with an acrylic pressure-sensitive adhesive
interposed therebetween in such a manner that the protective
film B side surface faced the liquid crystal cell.

Preparation of Liquid Crystal Display

[0102] Theliquid crystal panel described above was incor-
porated into the original liquid crystal display, and then, as in
the Examples, whether or not iridescent unevenness occurred
was visually evaluated.

Reference Example 1

[0103] The same liquid crystal panel was used as that pre-
pared in Example 1. The liquid crystal panel was incorporated
into the original liquid crystal display, and in that process, a
reflective, linearly-polarizing film (“D-BEF” (trade name)
manufactured by 3M Company) comprising a laminate of
alternating anisotropic thin films was placed between the
liquid crystal panel and the light source in such a manner that
the direction of'its transmission axis was parallel to the direc-
tion of the transmission axis of the light source side polarizing
plate B, so that a liquid crystal display was obtained. Then,
whether or not iridescent unevenness occurred was visually
evaluated as in the Examples.

[0104] Table 1 summarizes and shows the retardation prop-
erties of each protective film and the results of the evaluation
of iridescent unevenness in the liquid crystal displays
obtained in the Examples, the Comparative Examples, and
the Reference Example. FIGS. 6 and 7 (photographs) show
the display states on the screens of the liquid crystal displays
of Comparative Example 1 and Example 1, respectively,
when viewed in an oblique direction.

TABLE 1

Viewer side polarizing plate

Stretch ratio Optical properties of Liquid crystal display
Polarizing  Longitudinal Transverse _ protective film  Armrangement of  Iridescent
plate type direction  direction Re  Rth  NZ polyester film unevenness

Comparative A 2.5 4.0 3070 83500 2.8 Lightsource 1

Example 1 side

Examplel B 2.8 2.9 500 6800 13.6 Lightsource 4
side

Example2 C 2.5 38 1500 7800 5.2 Light source 2
side

Example3 D 2.8 3.1 590 4570 7.7 Lightsource 4
side

Example4 E 2.5 3.4 1100 6500 5.9 Lightsource 3
side

Example5 F 2.8 3.2 1100 7100 6.5 Light source 4
side

Comparative G 33 38 1800 7400 4.1 Light source 1

Example 2 side

Comparative H 2.0 2.5 2000 4000 2.0 Lightsource 1

Example 3 side

Comparative [ 2.2 2.1 200 1100 5.5 Lightsource 3

Example 4 side

Comparative ] 0 0 10 240 240 Lightsource 4

Example 5 side

Comparative K 2.8 2.9 500 6800 13.6 Liquid crystal 1

Example 6 cell side

Reference B 2.5 4.0 500 6800 13.6 Light source 1

Example 1 side
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[0105] As is clear from a comparison between FIGS. 6 and
7, iridescent coloring is observed on the screen of the liquid
crystal panel of the Comparative Example in an oblique view,
but in the Example, such coloring is not observed, and a
uniform display is obtained. Further, as is evident from Table
1, iridescent unevenness is suppressed in the liquid crystal
display of each Example in which the in-plane retardation, the
thickness direction retardation and Nz of the first protective
film are each in the specified range, as compared with the
liquid crystal displays of Comparative Examples 1 to 3. It is
also apparent that in the Examples, as the Nz of the first
protective film increases, the occurrence of iridescent
unevenness is more suppressed.

[0106] In Comparative Example 6 where the light source
side polarizing plate was placed in such a manner that the
polyester film was on the liquid cell side, the screen was
significantly colored iridescent by the effect of the birefrin-
gence of the polyester film. On the other hand, in Compara-
tive Example 4 where a polyester film stretched at a low ratio
(protective film 1) was used and in Comparative Example 5
where an unstretched amorphous polyester film (protective
film J) was used, the protective film had a low retardation in
the thickness direction and had a low level of mechanical
strength and chemical resistance, although iridescent uneven-
ness tended to be reduced.

[0107] In Reference Example 1, the light incident on the
light source side polarizing plate was not in the form of
substantially natural light, so that iridescent unevenness was
observed, though the same polarizing plate B as in Example 1
was used as the light source side polarizing plate. This is
because a reflective polarizing film was placed between the
light source side polarizing plate and the light source.

DESCRIPTION OF REFERENCE CHARACTERS

[0108] 5 a Liquid crystal cell
[0109] 10 a polarizing plate
[0110] 11 a polarizer

[0111] 12 a protective film

[0112] 13 a protective film

[0113] 20 a polarizing plate
[0114] 50 aliquid crystal panel
[0115] 80 alight source

[0116] 100 a liquid crystal display

1. A liquid crystal display, comprising:

aliquid crystal cell;

a light source;

afirst polarizing plate placed between the liquid crystal cell
and the light source; and

a second polarizing plate placed on a viewer side of the
liquid crystal cell,

wherein the first polarizing plate comprises a polarizer and
a first protective film placed on a light source side prin-
cipal surface thereof,

wherein, among protective films included in first polariz-
ing plate and the second polarizing plate, only the first
protective film satisfies following relations:

(1) 0 nm Re, 3000 nm;

(i) Nz, 5; and

(iii) Rth,>2500 nm,

wherein Re,, Rth, and Nz, are defined by following equa-
tions:

Re =(mx -1y )d,;
Rth=(mx,-nz,)d,; and

Nz,=Rth/Re,,
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wherein d, represents a thickness of the first protective
film, nx, represents a refractive index in a direction of an
in-plane slow axis of the protective film, ny, represents a
refractive index in a direction of an in-plane fast axis of
the protective film, and nz, represents a refractive index
in a direction of the thickness of the protective film.

2. The liquid crystal display according to claim 1, wherein
the first protective film comprises aromatic polyester as a
main component.

3. The liquid crystal display according to claim 2, wherein
the aromatic polyester is polyethylene terephthalate or poly-
ethylene naphthalate.

4. The liquid crystal display according to claim 1, wherein
light emitted from the light source is incident on the first
polarizing plate in the form of substantially natural light with
an Im/Ix ratio of 0.90 or more,

wherein Ix and Im represents maximum and minimum,

respectively, of light intensity measured by rotating ana-
lyzer method, in which analyzer is rotated by 360°.

5. The liquid crystal display according to claim 4, wherein
neither reflective polarizing film nor absorptive polarizing
film is provided between the light source and the first polar-
izing plate.

6. The liquid crystal display according to claim 1, wherein
the first polarizing plate has no protective film on a liquid
crystal cell side principal surface of the polarizer.

7. The liquid crystal display according to claim 1, wherein
the first polarizing plate further comprises a second protective
film on a liquid crystal cell side principal surface of the
polarizer.

8. The liquid crystal display according to claim 1, wherein
the first protective film has a haze of less than 10%.

9. A polarizing plate, comprising:

a polarizer; and

a first protective film provided on one principal surface of

the polarizer,

wherein the first protective film satisfies following rela-

tions:

(1) 0 nm Re, 3000 nm;

(i) Nz, 5;and

(iii) Rth,>2500 nm,

wherein Re |, Rth, and Nz, are defined by following equa-

tions:

Re=(nx -ny))d,;
Rih=(nx-nz,)d,; and
Nz,=Rth/Re,,

wherein d; represents a thickness of the first protective
film, nx, represents a refractive index in a direction of an
in-plane slow axis of the protective film, ny, represents a
refractive index in a direction of an in-plane fast axis of
the protective film, and nz, represents a refractive index
in a direction of the thickness of the protective film.

10. The polarizing plate according to claim 9, wherein no
protective film is provided on a principal surface opposite to
a first protective film side of the polarizer.

11. The polarizing plate according to claim 9, wherein the
polarizing plate further comprises a second protective film
provided on a principal surface opposite to a first protective
film side of the polarizer.
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12. The polarizing plate according to claim 9, wherein the 14. The polarizing plate according to claim 13, wherein the
first protective film has a haze of less than 10%. aromatic polyester is polyethylene terephthalate or polyeth-
13. The polarizing plate according to claim 9, wherein the ylene naphthalate.
first protective film comprises aromatic polyester as a main
component. ok ok ok &
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