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COMPOSITE POLARIZING PLATE WITH
WIDE FIELD OF VIEW AND LIQUID
CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to a composite polar-
izing plate useful to widen the viewing angle of an in-plane
switching type (or IPS mode) liquid crystal display, and to an
IPS mode liquid crystal display comprising the same.

BACKGROUND ART

[0002] In these years, the application of liquid crystal dis-
plays (LCDs) as information-displaying devices such as
mobile phones, personal digital assistants (PDAs), personal
computers and televisions has been rapidly increased,
because of many advantages of the LCDs such as low electric
power consumption, operation at a low voltage, lightweight
and slimness. With the progress of the LCDs and related
technologies, display devices of various modes have been
proposed, and thus the problems of liquid crystal displays in
response speed, contrast, narrow viewing angle, etc. are now
being overcome.

[0003] Nowadays, the viewing angles of liquid crystal dis-
plays have been further improved by holding a retardation
plate between a polarizing plate and a glass substrate.
[0004] Among those liquid crystal displays, an TPS mode
liquid crystal display comprises a liquid crystal cell including
a pair of transparent substrates holding a liquid crystal ther-
ebetween, and a pair of polarizing plates disposed at both
sides of the liquid crystal cell with interposing the cell ther-
ebetween, in which the liquid crystal molecules are oriented
substantially in the same direction and in parallel to the sub-
strates, and comb-form parallel electrodes are disposed on the
inner side of at least one transparent substrate (on the side of
the liquid crystal layer) of the paired transparent substrates, so
that, by changing a voltage to be applied between the elec-
trodes, the direction of the longer axes of the liquid crystal
molecules is changed in a plane in parallel to the substrates, to
thereby control light which passes through the front side
polarizing plate for displaying an image.

[0005] To improve the viewing angle of such an IPS mode
liquid crystal display by compensating the birefringence of
the display, the use of a retardation plate oriented in the
thickness direction is known to be effective, as described in,
for example, SID 00 DIGEST, pp. 1094-1097 (T. Ishinabe et
al., “Novel Wide Viewing Angle Polarizer with High Achro-
maticity”, SID 00 DIGENST, PP. 1094-1097, 2000, Table 1).
On the other hand, JP-A-11-133408 proposes that the view-
ing angle of an IPS mode liquid crystal display is improved by
disposing a compensating layer having a positive uniaxial
anisotropy and an optical axis in a direction vertical to the
surface of a substrate.

[0006] Itisalso known that a phase difference is induced by
applying a liquid crystal compound or the like. For example,
JP-A-2004-264345 discloses a retardation film prepared by
directly laminating a retardation layer which contains an ori-
ented liquid crystal compound, on an optical anisotropic layer
consisting of an oriented film or a coating layer. While this
JP-A publication does not refer to any IPS mode liquid crystal
display, it describes that, preferably, the liquid crystal com-
pound is oriented with inclining relative to a plane direction.
JP-A-2005-165239 discloses an optical device which com-
prises a transparent substrate, a vertical orientation layer
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formed on the substrate, and rod-shaped molecule polymer-
izable liquid crystals which are homeotropicly oriented and
crosslinked on the orientation layer. In this JP-A publication,
it is intended to dispose such an optical device on the glass
substrate of a liquid crystal cell.

DISCLOSURE OF THE INVENTION

[0007] As described above, a liquid crystal display gener-
ally comprises polarizing plates disposed on the both sides of
a liquid crystal cell. Desirably, a polarizing plate is provided
as a polarizing plate integrated with an optical compensation
film by laminating this optical compensation film on the
polarizing plate. However, none of the optical compensation
structures proposed hitherto are sufficiently improved to
solve the problems such as color shift, inversion of color tone,
etc. Thus, further optimization thereof is sought.

[0008] An object of the present invention is to provide a
composite polarizing plate which comprises a linear polar-
ization plate integrated with an optical compensation film and
which is useful to widen the viewing angle of an IPS mode
liquid crystal display.

[0009] Another object of the present invention is to provide
a composite polarizing plate having the following structure:
as an optical compensation film, there is used a film having
thereon an optical anisotropic layer which is positive uniaxial
and which has an optical axis in a normal direction to the film;
and the composite polarizing plate produced by laminating
this film on a linear polarization plate is useful to widen the
viewing angle of an IPS mode liquid crystal display.

[0010] A further object of the present invention is to apply
any of these composite polarizing plates to an IPS mode
liquid crystal display in order to widen the viewing angle
thereof.

[0011] Accordingly, the present invention provides a wide
viewing angle composite polarizing plate comprising a linear
polarization plate and an optical compensation film which are
laminated and integrated each other, wherein the optical com-
pensation film comprises a transparent substrate which shows
a phase difference in its film plane, and an optical anisotropic
layer which is positive uniaxial and which has an optical axis
in a normal direction to the transparent film, and which is
formed on one surface of the transparent substrate, and
wherein when the side of the optical anisotropic layer of the
optical compensation film is used as a joint face, the phase
retardation axis of the transparent substrate constituting the
optical compensation film is substantially in parallel to the
absorption axis of the linear polarization plate, or when the
side of the transparent substrate of the optical compensation
film is used as a joint face, the phase retardation axis of the
transparent substrate is substantially orthogonal to the
absorption axis of the linear polarization plate.

[0012] In this wide viewing angle composite polarizing
plate, the transparent substrate showing a phase difference in
its film plane is preferably made of an oriented transparent
resin film which is selected from cellulose resin films, cyclic
polyolefin resin films and polycarbonate resin films.

[0013] Theoptical anisotropic layer may be, for example, a
coating layer containing a rod-shaped liquid crystal com-
pound, preferably a nematic liquid crystal compound. Also,
the optical anisotropic layer may be formed of a side-chain
liquid crystal polymer the side chain of which is oriented in a
normal direction to the film.

[0014] The linear polarization plate constituting the wide
viewing angle composite polarizing plate may comprise a
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polarizer and transparent protective films laminated on both
sides of the polarizer, or may comprise a polarizer and a
transparent protective film laminated on one side of the polar-
izer, in which the other side of the polarizer having no film
thereon may be laminated on the optical compensation film.
Furthermore, at least one retardation film may be disposed
between the optical compensation film and the linear polar-
ization plate.

[0015] In addition, the present invention provides a liquid
crystal display comprising any of the above-described wide
viewing angle composite polarizing plates, and an IPS mode
liquid crystal cell. In this liquid crystal display, advanta-
geously, the optical compensation film side of the above-
described wide viewing angle composite polarizing plate is
laminated on one side of the IPS mode liquid crystal cell; a
backlight is disposed outside the wide viewing angle com-
posite polarizing plate; a front side polarizing plate is lami-
nated on the other side of the liquid crystal cell; and both of an
in-plane phase difference and a phase difference in the thick-
ness direction are adjusted to substantially zero between the
liquid crystal cell and the polarizer which constitutes the front
side polarizing plate.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 shows a perspective view of an optical com-
pensation film illustrating the laminated state thereof (FIG.
1(A)), and a perspective view of the indicatrix of an optical
anisotropic layer (FIG. 1(B)).

[0017] FIG. 2 shows perspective views of composite polar-
izing plates, illustrating the laminated state thereof.

[0018] FIG. 3 shows a perspective view of a liquid crystal
display, illustrating the laminated state thereof.

[0019] FIG. 4 shows a perspective view of a liquid crystal
display of Comparative Examples 1 and 3, illustrating the
layer structure thereof and the axial relationship of the layers.
[0020] FIG. 5 shows a perspective view of a liquid crystal
display of Comparative Examples 2 and 4, illustrating the
layer structure thereof and the axial relationship of the layers.
[0021] FIG. 6 shows a perspective view of a liquid crystal
display of Examples 1 and 3, illustrating the layer structure
thereof and the axial relationship of the layers.

[0022] FIG. 7 shows a perspective view of a liquid crystal
display of Examples 2 and 4, illustrating the layer structure
thereof and the axial relationship of the layers.

[0023] FIG. 8 shows the equi-contrast curves of Compara-
tive Example 1.

[0024] FIG. 9 shows the equi-contrast curves of Compara-
tive Example 2.

[0025] FIG. 10 shows the equi-contrast curves of Example
1

[0026] FIG. 11 shows the equi-contrast curves of Example
2

[0027] FIG. 12 shows the equi-contrast curves of Compara-
tive Example 3.

[0028] FIG. 13 shows the equi-contrast curves of Compara-
tive Example 4.

[0029] FIG. 14 shows the equi-contrast curves of Example
3

[6030]
4,

FIG. 15 shows the equi-contrast curves of Example
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DESCRIPTION OF REFERENCE NUMERALS

[0031] 10=Composite polarizing plate

[0032] 11=Transparent substrate

[0033] 12=Phase retardation axis of transparent substrate
[0034] 13=Optical anisotropic layer which is positive

uniaxial and has an optical axis in a normal direction to a
film

[0035] 15=Optical compensation film

[0036] 17=Linear polarization plate

[0037] 18=Absorption axis of the linear polarization plate

[0038] 20=In-plane switching (IPS) mode liquid crystal
cell

[0039] 21=Longer axis direction (or orientation direction)

of liquid crystals with no application of a voltage

[0040] 30=Upper (front side) polarizing plate
[0041] 31=Absorption axis of upper (front side) polarizing
plate

BEST EMBODIMENTS FOR CARRYING OUT
THE INVENTION

[0042] Hereinafter, the present invention will be described
in detail, optionally referring to the accompanying drawings.
[0043] The present invention uses an optical compensation
film which is produced by forming, on one surface of a
transparent substrate which shows a phase difference in its
film plane, an optical anisotropic layer which is positive
uniaxial and has an optical axis in a normal direction to the
film. FIG. 1(A) is a schematic perspective view of the optical
compensation film in this state: that is, the optical compen-
sation film 15 is provided by forming the optical anisotropic
layer 13 having the above-described optical properties on one
surface of the transparent substrate 11. In this Figure, the
optical compensation film 15 is shown as a roll of a continu-
ous film, wherein the axis x is taken in the lengthwise direc-
tion of the continuous film; the axis y, in a direction perpen-
dicular to the axis x (the widthwise direction}; and the axis z,
in the thickness direction thereof. FIG. 1(B) shows a perspec-
tive view of the indicatrix of the optical anisotropic layer 13.
In FIG. 1(B), the axes x, y and z have the same meanings as
those in FIG. 1(A). As shown in FIG. 1(B), the optical aniso-
tropic layer 13 is positive uniaxial and has an optical axis in a
normal direction to the film. A plate which shows such optical
characteristics is generally called a positive C plate. The
optical axis means a direction in which no birefringence
occurs. In the indicatrix shown in FIG. 1(B), the section of the
ellipsoid viewed from the direction of the axis z is seen to be
a circle, and thus, this direction (i.e., the normal direction to
the film) is defined as an optical axis.

[0044] The transparent substrate 11 is not limited, insofar
as it is transparent, and particularly, a thermoplastic resin film
is preferably used. Examples of a thermoplastic resin usable
for the transparent substrate 11 include cellulose resins such
as triacetylcellulose, diacetylcellulose, cellulose acetate
butylate and cellulose propionate; cyclic polyolefin resins
each comprising a cyclic olefin as a monomer, such as nor-
bornane; polycarbonate resins; polyarylate resins; polyester
resins; acrylic resins; polysulfide resins; and the like. Among
those resins, the cellulose resins, the cyclic polyolefin resins
and the polycarbonate resins are preferably used, since they
are inexpensive, and have superior transparency and process-
ability and show good phase differences, and since uniform
films can be easily formed therefrom.
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[0045] Commercially available cyclic polyolefin resins are
“ARTON” available from JSR, and “ZEONEX” and
“ZEONOR?” available from Nippon Zeon Co., Ltd.

[0046] Even if the transparent substrate 11 shows substan-
tially no in-plane phase difference, in other words, if the
transparent substrate 11 is optically isotropic, a certain effect
to widen the viewing angle of an TPS mode liquid crystal
display may be obtained, when an optical anisotropic layer
which is positive uniaxial and has an optical axis in a normal
direction to the film is formed on such a transparent substrate
for use as an optical compensation film, and a linear polar-
ization plate is laminated on either surface of such an optical
compensation film. However, in the present invention, the
transparent substrate 11 which shows an in-plane phase dif-
ference is used in order to further improve such a viewing
angle-widening effect. To cause an in-plane phase difference
in the transparent substrate 11, any of the above-described
thermoplastic resin films is oriented by any of conventional
methods.

[0047] The in-plane phase difference of the transparent
substrate 11 which shows an in-plane phase difference is
selected from a range of preferably about 50 to about 350 nm,
more preferably about 90 to about 160 nm, in accordance with
characteristics required for a liquid crystal display. The thick-
ness of the transparent substrate 11 is preferably from about
10 to about 300 pm, more preferably from about 10 to about
150 pm, particularly from about 10 to about 100 pum.

[0048] The optical anisotropic layer 13 which is positive
uniaxial and has an optical axis in a normal direction to the
film is formed on one surface of the transparent substrate 11.
As a material capable of imparting such optical characteris-
tics, a liquid crystal compound having a rod-form molecular
structure and a side-chain liquid crystal polymer are exem-
plified.
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[0049] The liquid crystal compound having a rod-form
molecular structure shows liquid crystallinity within a certain
range of temperatures, and has an elongated rod-form
molecular structure. Such a rod-form molecular structure in
its lengthwise direction is oriented in a normal direction to the
transparent substrate 11 on the surface of the substrate 11. The
side-chain liquid crystal polymer has the following molecular
structure: a mesogene group as a core unit for exhibiting
liquid crystallinity is bonded as a side chain to a flexible
backbone through a flexible chain. An example of such a
compound has a backbone which consists of a polyacrylate,
polymethacylate, polysiloxane, polymalonate or the like, and
a side chain, i.e., a mesogene group such as a group of a
para-substituted cyclic compound, bonded to the backbone,
optionally through a spacer moiety comprising a conjugate
atomic group. Like the rod-form liquid crystal compound, the
mesogene group as the side chain in its lengthwise direction
is oriented in a normal direction of the transparent substrate
11 on the surface of the substrate 11.

[0050] Among the liquid crystal compounds having a rod-
form molecular structure, nematic liquid crystal compounds
are preferable. For example, it is possible to form the optical
anisotropic layer 13 by dispersing and orienting a nematic
liquid crystal compound in a polymer. However, preferably, a
polyfunctional compound having at least two polymerizable
functional groups in the molecule and showing a nematic
liquid crystal phase within a certain temperature range is
used, and the optical anisotropic layer 13 is formed by poly-
merizing such a polyfunctional compound with orienting the
molecules thereof in a normal direction, from the viewpoint
of the stability of the orientation, etc.

[0051] As the polyfunctional nematic liquid crystal com-
pound, the following compounds of the formulae (1) to (5) are
exemplified. In these formulas, n is an integer of from 2 to 6:

)

CH2=CHCOO(CH2)WOOCOOOOCO@O(CHz)nOCOCH=CH2

NC
CH2=CHCOO(CH2)nO4®7COO@OCO@O(CHZ)nOCOCH=CHZ
CHZ=CHCOO(CH2)nOOCOO Q

Q OCOOO(CHZ)nOCOCH=CH2

CH,==CHCOO(CHy),0 @— G 4®— O(CH,),OCOCH==CH,
CH,==CHCOO(CH,),0 OCH—CHCOOO—CH—CHCOOO—OCHZ),,OCOCH—CHZ

3

Q)

&)
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[0052] Next, the method to orient the optical anisotropic
layer is described. Firstly, to orient the rod-form liquid crystal
compound such as a nematic liquid crystal compound in a
normal direction to the film, for example, a vertical orienta-
tion film can be used. Firstly, a vertical orientation film is
formed on the transparent substrate 11; and a coating liquid
containing a rod-form liquid crystal compound is applied to
the vertical orientation film and is dried. Then, the resulting
coating layer is heated to a temperature at which the liquid
crystal compound shows a liquid crystal phase. By doing so,
the rod-form liquid crystal compound is oriented in the nor-
mal direction to the film. Examples of the vertical orientation
film include an organic silane film, a fluorosilicone resin film,
a polyimide resin film, etc.

[0053] To form the optical anisotropic layer 13 by applying
the coating liquid containing the rod-form liquid crystal com-
pound, the coating liquid is preferably prepared by dissolving
the liquid crystal compound in a solvent, and the coating
liquid is applied to the transparent substrate 11. As the sol-
vent, any of organic solvents that can dissolve the above-
described liquid crystal compounds may be appropriately
selected for use.

[0054] As described above, the optical anisotropic layer
which is positive uniaxial and which has an optical axis in the
normal direction to the film can be formed by applying the
coating liquid containing the polymerizable nematic liquid
crystal compound to the transparent substrate 11 having the
vertical orientation film formed thereon, polymerizing the
nematic liquid crystal compound which is being vertically
oriented, and fixing such orientation. In this case, the poly-
merizable nematic liquid crystal compound is mixed with a
photopolymerization initiator so as to be polymerized by
exposure to light, particularly UV.

[0055] Examples of the photopolymerization initiator
include benzil (or called bibenzoyl), benzyldimethylketal,
2-hydroxy-2-methyl-1-phenylpropan-1-one, 1-hydroxycy-
clohexyl-phenylketone, 2-methyl-1-[4-(methylthio)phenyl]-
2-morpholinopropan-1-one, 2-benzyl-2-dimethylamino-1-
(4-morpholinophenyl)butan-1-one, benzoinisopropylether,
benzoinisobutylether, benzophenone, methyl benzoylben-
zoate, 4-benzoyl-4'-methyldiphenylsulfide, 2-chlorothioxan-
thone, 2,4-diethylthioxanthone, 1-chloro-4-propoxythioxan-
thone, 2,4,6-trimethylbenzoyldiphenyl-phosphine oxide, etc.
[0056] Alternatively, the optical anisotropic layer which is
positive uniaxial and which has an optical axis in the normal
direction to the film can be formed by the following method:
for example, a rod-form liquid crystal compound, preferably
a nematic liquid crystal compound is dissolved together with
a polymer in a solvent to form a solution, and the solution
containing the liquid crystal compound and the polymer is
applied to a substrate and dried with vertically applying an
electric field or a magnetic field to the substrate, so as to
vertically orient the compound.

[0057] In this case, an inorganic substrate such as a glass
plate or the like may be used as a substrate, and the optical
anisotropic layer containing the polymer is formed thereon,
and is then transferred to the transparent substrate 11 which
shows an in-plane phase difference.

[0058] On the other hand, when the side-chain liquid crys-
tal polymer is used, a film is formed of any of the above-
described side-chain liquid crystal polymers and is then
biaxially oriented to thereby orient the liquid crystalline side
chain in a vertical direction. In other words, the film is formed
by extrusion, using the side-chain liquid crystal polymer; and
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the film is oriented concurrently or successively in the length-
wise direction and the widthwise direction thereof, so that the
side chain containing the mesogene group is oriented so as to
increase the refractive index in the normal direction to the
film.

[0059] The biaxially oriented film comprising the side-
chain liquid crystal polymer, thus obtained, is adhered to the
transparent substrate 11 which shows an in-plane phase dif-
ference.

[0060] The optical compensation film 15 comprising the
transparent substrate 11 and the optical anisotropic layer 13
which is positive uniaxial and has an optical axis in the normal
direction to the film and which is formed on one surface of the
transparent substrate 11 is obtained by the above-described
method. Here, the optical anisotropic layer 13 shows an in-
plane phase difference of substantially zero, since its optical
axis extends in the normal direction to the film. On the other
hand, the phase difference of the layer 13 in the thickness
direction is preferably selected from a range of from about
=50 to about =250 nm, particularly from about -50 to about
-160 nm, in accordance with characteristics required for a
liquid crystal display. Again, the in-plane phase difference in
arange of Oxabout 10 nm may be sufficient. The thickness of
the optical anisotropic layer 13 is adjusted within a range of
about 0.2 to about 20 um, preferably about 0.2 to about 5 pum,
more preferably about 0.5 to about 1.5 pm, so as to induce an
intended phase difference in the thickness direction.

[0061] Thein-plane phase difference (referredto as R) and
the phase difference in the thickness direction (referred to as
R,,) are defined by the following equations (I) and (II),
respectively:

Roz(nz—ny)xd 8]
Ry~ n,)2-n jxd o

wherein n,, indicates a refractive index in the in-plane phase
retardation axial direction of an objective film or layer; n,
indicates a refractive index in a direction orthogonal to the
in-plane phase retardation axis (i.e., the direction of the lead
axis); n_indicates a refractive inxex in the thickness direction;
and d indicates the thickness of the film or layer.

[0062] The phase difference of the optical compensation
film 15 comprising the transparent substrate 11 and the opti-
cal anisotropic layer 13 formed on one surface of the trans-
parent substrate, and the phase difference of the optical aniso-
tropic layer 13 are determined as follows. Firstly, the in-plane
phase difference R,, of an objective film is directly measured
with a commercially available phase difference measuring
apparatus such as “KOBRA-21ADH” manufactured by Oji
Scientific Instruments. This is described in detail: for
example, the objective film is laminated on a glass plate
through an adhesive; the above-described phase difference
measuring apparatus is used to measure the in-plane phase
difference R, of the film in this state by the rotating analyzer
method, using monochromatic light with a wavelength of 559
nm; n,, n, and n, are determined by calculations from the
following equations (I1I) to (V), using a phase difference
value R40 measured by inclining the in-plane phase retarda-
tion axis of the film at an angle of 40° as an inclining axis, the
thickness d of the film, and an average refractive index n, of
the film; and these values of 1, n, and n, are substituted in the
above-described equation (II) to calculate the phase differ-
ence R,;, in the thickness direction of the film:
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Ro=(n,~n,)xd (IID),
Rug=(n,-n, xdicos(9) )
{nantn,)/3=n, V)

wherein ¢ and n,,. are caleulated by the following equations:

¢=sin! [sin(40°)/ng

1, = xn /[ xsin 2(§)+n,,xcos 2.

[0063] The in-plane phase difference (R,,,,,) of the trans-
parent substrate 11 and the phase difference thereof in the
thickness direction (R,,,,..), and the in-plane phase differ-
ence (Ry,,,.;) of the optical compensation film 15 comprising
the transparent substrate 11 and the optical anisotropic layer
13 formed on one surface of the transparent substrate 11 and
the phase difference thereof in the thickness direction (R, -
wi) are determined as described above. Then, the in-plane
phasedifference (R,,) of the optical anisotropic layer 13 and
the phase difference thereof in the thickness direction (R,;,.)
are calculated by the following equations (VI) and (VII):

Rooe=Rosorar Ropase VD
Rthoc :Rthtotal_Rthbnse (VH)
[0064] A linear polarization plate is laminated on the opti-

cal compensation film 15 constituted as above to produce the
wide viewing angle composite polarizing plate according to
the present invention. In this procedure for producing such a
composite polarizing plate, it is found that an axial relation-
ship between the transparent substrate 11 and the linear polar-
ization plate becomes important, depending on that which
should be taken as the joint face of the optical compensation
film 15 to the linear polarization plate, the side of the trans-
parent substrate 11 or the side of the optical anisotropic layer
13.

[0065] FIGS. 2(A) and 2(B) show the wide viewing angle
composite polarizing plates 10 each of which is provided by
laminating the linear polarization plate 17 on the optical
compensation film 15 comprising the transparent substrate 11
showing an in-plane phase difference and the optical aniso-
tropic layer 13 formed on one surface of the transparent
substrate 11, together with their axial relationships. In case
where, as shown in FIG. 2(A), the side of the optical aniso-
tropic layer 13 of the above-described optical compensation
film 15 is used as the joint face to the linear polarization plate
17, the phase retardation axis 12 of the transparent substrate
11 composing the optical compensation film 15 is substan-
tially in parallel to the absorption axis 18 of the linear polar-
ization plate 17. On the other hand, in case where, as shown in
FIG. 2(B), the side of the transparent substrate 11 of the
above-described optical compensation film 15 is used as the
joint face to the linear polarization plate 17, the phase retar-
dation axis 12 of the transparent substrate 11 composing the
optical compensation film 15 is substantially orthogonal to
the absorption axis 18 of the linear polarization plate 17.
[0066] When this relationship is reversed as follows, it
becomes difficult to obtain a sufficient viewing angle-widen-
ing effect for an IPS mode liquid crystal display. That is, the
reverse relationship is caused, when the side of the optical
anisotropic layer 13 of the optical compensation film 15 is
used as the joint face to the linear polarization plate 17 so that
the phase retardation axis 12 of the transparent substrate 11
composing the optical compensation film 15 is orthogonal to
the absorption axis 18 of the linear polarization plate 17, or

Mar. 5, 2009

when the side of the transparent substrate 11 of the optical
compensation film 15 is used as the joint face so that the phase
retardation axis 12 of the transparent substrate 11 composing
the optical compensation film 15 is in parallel to the absorp-
tion axis 18 of the linear polarization plate 17.

[0067] Herein, the adverb “substantially” in the phrase
“substantially in paralle]” or “substantially orthogonal”
means that, although the above-described axial relationship
(exactly in parallel or orthogonal, in other words, 0° or 90°) is
preferable, a deviation of about +10° from such an angle is
allowed.

[0068] In the wide viewing angle composite polarizing
plate 10 shown in FIG. 2 by way of example, the linear
polarization plate 17 transmits linearly polarized light which
oscillates in one of the directions orthogonal to each other in
the film, and absorbs linearly polarized light which oscillates
in the other direction. Specifically, the linear polarization
plate 17 may be produced by laminating a transparent pro-
tective film on at least one surface of a polarizer. For example,
the polarizer is provided by allowing a polyvinyl alcohol resin
film to absorb a dichroism pigment, and orienting the dichro-
ism pigment on the film. As the dichroism pigment, iodine or
a dichroism organic dye is generally used. As the transparent
protective film, there are preferably used, for example, cellu-
lose resins such as triacetylcellulose, diacetylcellulose, cel-
lulose acetate butylate and cellulose propionate; and cyclic
polyolefin resins comprising a cyclic olefin such as nor-
bornene as a monomnier.

[0069] In the present invention, the composite polarizing
plate is preferably produced as follows: the linear polarization
plate 17 is prepared by laminating the transparent protective
film on one side of the polarizer; and the other side of the
polarizer, having no transparent protective film laminated
thereon, is faced to the optical compensation film 15 and is
then laminated thereon. This is particularly advantageous,
because the thickness of the composite polarizing plate can be
made thin, and because an influence of a phase difference
(especially a phase difference R, in the thickness direction)
of a layer between the polarizer and the optical compensation
film 15 can be eliminated.

[0070] An adhesiveis used to laminate the optical compen-
sation film 15 and the linear polarization plate 17. The adhe-
sive may be an aqueous type adhesive such as an aqueous
solution of a polyvinyl alcohol resin, or may be a pressure-
sensitive adhesive having viscoelasticity.

[0071] In the wide viewing angle composite polarizing
plate 10 according to the present invention, a retardation film
may optionally be disposed between the optical compensa-
tion film 15 and the linear polarizing plate 17. In this case, a
single retardation film or two or more retardation films may
be disposed, as required.

[0072] Further, in the wide viewing angle composite polar-
izing plate according to the present invention, a variety of
optically functional layers known in this field, such as an
antireflection layer, an antiglaring layer, a light-diffusing
layer, an antitstatic layer, a luminance-improving layer, etc.
may be provided in accordance with the end use of the com-
posite polarizing plate.

[0073] When the wide viewing angle composite polarizing
plate thus arranged is applied to an IPS mode liquid crystal
cell, it is effective to widen the viewing angle of the liquid
crystal cell. FIG. 3 shows a schematic perspective view of the
basic layer structure of a liquid crystal display which com-
prises the wide viewing angle composite polarizing plate 10
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of the present invention. That is, a liquid crystal display of the
present invention comprises the above-described wide view-
ing angle composite polarizing plate 10 and an TPS mode
liquid crystal cell 20. The wide viewing angle composite
polarizing plate 10 comprises, as described above, the optical
compensation film 15 which includes the transparent sub-
strate and the optical anisotropic layer formed on one surface
of the transparent substrate, and the linear polarization plate
17 laminated on the film 15. The side of the optical compen-
sation film 15 of the composite polarizing plate 10 is lami-
nated on one surface of the liquid crystal cell 20. Another
polarizing plate 30 is disposed on the other surface of the
liquid crystal cell 20.

[0074] Since the IPS mode liquid crystal cell 20 itself is
well known as described in the part of Background Art, the
detailed explanation of the structure thereof is not repeated
herein. In the liquid crystal cell, the liquid crystal molecules
are oriented in parallel to the surface of the substrate and
substantially in the same direction with no application of a
voltage. Comb-form electrodes are disposed on the inner side
of at least one substrate (the side of the liquid crystal layer) of
paired upper and lower transparent cell substrates. The direc-
tions of the longer axes of the liquid crystal molecules are
changed in the layer parallel to the substrate by changing a
voltage applied across the electrodes, so as to control light
which passes through the front side polarizing plate, for dis-
playing an image. Usually, the linear polarization plate 17
constituting the wide viewing angle composite polarizing
plate 10, and another polarizing plate 30 are disposed so that
their absorption axes are orthogonal to each other. In addition,
these polarizing plates are usually disposed so that the
absorption axis of one of the polarizing plates can extend
substantially in the same direction as the direction of the
longer axes (i.e., the orientation direction) of the liquid crystal
molecules in the liquid crystal cell 20 with no application of
a voltage.

[0075] In this liquid crystal display, advantageously, the
wide viewing angle composite polarizing plate 10 is disposed
on the rear side of the liquid crystal display. In this case, a
backlight is disposed outside the wide viewing angle com-
posite polarizing plate 10 (i.e., outside the linear polarization
plate 17), and a display is viewed from the side of another
polarizing plate 30.

[0076] One polarizing plate 30 (i.e., the front side polariz-
ing plate in the above-described advantageous embodiment)
of the paired polarizing plates disposed with the liquid crystal
cell 20 interposed between them may be a polarizer at least
one surface of which has a transparent protective film lami-
nated thereon, as in the case of the linear polarization plate 17
previously described in reference with FIG. 2. In an particu-
larly preferable manner for widening the viewing angle, the
in-plane phase difference and the phase difference in the
thickness direction are both substantially zero, specifically
within a range of 0 about 10 nm, between the polarizer con-
stituting the polarizing plate 30 and the liquid crystal cell 20,
even when the transparent protective film is present. Some of
commercially available cellulose resin films and cyclic poly-
olefin resin films have in-plane phase differences and phase
differences in thickness direction which are both substan-
tially zero.

[0077] Hereinafter, the present invention will be described
in more detail by Examples thereof, which should not be
construed as limiting the scope of the present invention in any
way.
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Comparative Example 1
(a) Production of Composite Polarizing Plate

[0078] An optical compensation film was purchased from
Sekisui Chemical Co., Ltd. This optical compensation film
comprises a transparent substrate made of an uniaxially
stretched norbornene resin film, and an optical anisotropic
layer which is positive uniaxial and has an optical axis in a
normal direction to the film and which was formed as a
coating layer on one surface of the transparent substrate. This
optical compensation film had a total thickness of 43.2 um.
The R, and R,;, of the transparent substrate were 140 nm and
70 nm, respectively; the R, and R, of the optical anisotropic
layer were 0 nm and -114 nm, respectively; and the R, and
R,, of their laminate film were 140 nm and -44 nm, respec-
tively (measured by the manufacturer). The phase differences
of this lamination were measured by the above-described
methods, and substantially the same results were obtained.
[0079] Separately, a linear polarization plate was provided.
This linear polarization plate comprises a polarizer of a poly-
vinyl alcohol film having iodine adsorbed and oriented
thereon, and a transparent protective film of triacetylcellulose
laminated on one surface of the polarizer.

[0080] Then, the optical compensation film and the linear
polarization plate were laminated on each other through a
polyvinylalcohol-based adhesive using the polyviny! alechol
polarizer side of the linear polarization plate and the trans-
parent substrate side of the optical compensation film as the
joint faces, so that the absorption axis of the linear polariza-
tion plate and the phase retardation axis of the transparent
substrate of the optical compensation film was in parallel to
each other. Thus, a composite polarizing plate was produced.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0081] A linear polarization plate was provided. This linear
polarization plate comprises a polarizer of a polyvinyl alco-
hol film having iodine adsorbed and oriented thereon, a non-
oriented transparent protective film formed of a cellulose
resin (“Z-TAC” available from Fuji Photo Film Co., Ltd.;
R,=2 nm, and R,=0 nm) laminated on one surface of the
polarizer, and a transparent protective film formed of triace-
tylcellulose, laminated on the other surface of the polarizer.
[0082] Theabove-prepared linear polarization plate having
the transparent protective films laminated on its both sides
was laminated on the front cell substrate (i.e., the viewing
side) of an IPS mode liquid crystal cell (“WOOO 7000
available from Hitachi, [td.) through an acrylic pressure-
sensitive adhesive, using the non-oriented protective film side
of the linear polarization plate as a joint face. The composite
polarizing plate prepared in the above step (a) was laminated
on the rear cell substrate (i.e., the backlight side) of the liquid
crystal cell through an acrylic pressure-sensitive adhesive, so
that the optical compensation film and the linear polarization
plate could be laminated in this order from the side of the cell
substrate. In this case, with no application of a voltage, the
absorption axis of the linear polarization plate was in parallel
to the longer axis direction (or the orientation direction) of the
liquid crystal molecules on the front side (or the viewing
side), while the absorption axes of the front side linear polar-
ization plate and the rear side linear polarization plate were
orthogonal to each other, when no voltage was applied.
[0083] FIG. 4 shows the layer structure and the axial rela-
tionship of the produced liquid crystal display. The upper
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polarizing plate 30 was disposed on the front side of the IPS
mode liquid crystal cell 20, so that the absorption axis 31 of
the polarizing plate 30 was in parallel to the longer axis
direction (or the orientation direction) 21 of the liquid crystal
molecules with no application of a voltage. The composite
polarizing plate 10 was disposed on the rear side of the liquid
crystal cell 20. The composite polarizing plate 10 was pro-
duced as follows: the optical compensation film 15, which
comprised the transparent substrate 11 showing an in-plane
phase difference, and the optical anisotropic layer 13 which
was positive uniaxial and had an optical axis in a normal
direction to the film and which was formed on the transparent
substrate 11, was laminated on the polyvinyl alcohol-iodine-
based linearly polarizing plate 17 having the transparent pro-
tective film laminated on its one surface using the surface of
the transparent substrate 11 of the former film and the surface
of the polyvinyl alcohol polarizer of the latter plate as the joint
faces, so that the phase retardation axis 12 of the transparent
substrate 11 was in parallel to the absorption axis 18 of the
linear polarization plate 17. Then, the laminate was made so
that the absorption axis 31 of the upper polarizing plate 30
was orthogonal to the absorption axis 18 of the rear side linear
polarization plate 17.

[0084] This liquid crystal display was lighted from its rear
side by the backlight, and a change in luminescence (or light
leakage) depending on viewing angles was visually observed.
The results are shown in Table 1.

[0085] A change in the contrast of the produced liquid
crystal display depending on viewing angles was measured
with a liquid crystal viewing angle/chromaticity-measuring
apparatus “EZ Contrast” manufactured by ELDIM, and the
resulting equi-contrast curves were shown in FIG. 8. In the
equi-contrast curves, an azimuth angle was indicated with
defining the right direction of the screen as 0°; and the coun-
terclockwise direction bing as a positive direction (numerals
were indicated at every 45° from 0° to 315°). The numerals
“107, «20”, . . ., “70” taken on the axis of abscissa mean
inclining angles (or elevation angles) from normal lines at the
respective azimuth angles. For example, the right end of the
circle means a contrast in a direction of an elevation angle of
80° at the azimuth angle of 0° (the right side of the screen);
and the center of the circle means a contrast in a direction of
the elevation angle of 0°, in other words, a contrast in the
normal direction of the screen. A curve indicating a contrast
of 100 was denoted by the notation “CR=100", and equi-
contrast curves such as contrast 200, contrast 300, . . .,
contrast 700 were drawn in this order toward the inner side
from the curve of “CR=100". The equi-contrast curves shown
in FIGS. 9 to 15 have the same meanings, and thus, the
detailed descriptions of those figures are omitted.

[0086] In this regard, the contrast herein referred to means
a ratio of a luminance of a white image (with application of a
voltage to the liquid crystal cell) to a luminance of a black
image (without application of a voltage to the liquid crystal
cell).

[0087] From the visual observation and the equi-contrast
curves shown in FIG. 8, it is seen that this liquid crystal
display showed a large change in luminance depending on
viewing angles and thus had high dependency on viewing
angles.

Comparative Example 2
(a) Production of Composite Polarizing Plate

[0088] A composite polarizing plate was produced in the
same manner as in the step (a) of Comparative Example 1,
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except that the linear polarization plate and the optical com-
pensation film were laminated on each other through a poly-
vinyl alcohol-based adhesive using the optical anisotropic
layer side of the optical compensation film as the joint face, so
that the absorption axis of the linear polarization plate was
orthogonal to the phase retardation axis of the transparent
substrate of the optical compensation film.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0089] A liquid crystal display was produced in the same
manner as in the step (b) of Comparative Example 1, except
that the composite polarizing plate produced in the above step
(a) was used as the composite polarizing plate laminated on
the rear side of the liquid crystal cell.

[0090] The layer structure and the axial relationship of this
liquid crystal display are shown in FIG. 5. That is, the upper
polarizing plate 30 was disposed on the front side of the IPS
mode liquid crystal cell 20, so that the absorption axis 31 of
the upper polarizing plate was in parallel to the longer axis
direction (or the orientation direction) of the liquid crystal
molecules with no application of a voltage. The composite
polarizing plate 10 was disposed on the rear side of the liquid
crystal cell 20. This composite polarizing plate 10 was pro-
duced as follows: the optical compensation film 15, which
comprised the transparent substrate 11 showing an in-plane
phase difference, and the optical anisotropic layer 13 which
was positive uniaxial and had an optical axis in a normal
direction to the film and which was formed on the transparent
substrate 11, was laminated on the polyvinyl alcohol-iodine-
based linearly polarizing plate 17 having the transparent pro-
tective film laminated on its one surface using the surface of
the optical anisotropic layer 13 of the former film and the
surface of the polyvinyl alcohol polarizer of the latter plate as
the joint faces, so that the phase retardation axis 12 of the
transparent substrate 11 was orthogonal to the absorption axis
18 of the linear polarization plate 17. Then, the lamination
was made so that the absorption axis 31 of the upper polariz-
ing plate 30 was orthogonal to the absorption axis 18 of the
rear side polarizing plate 17.

[0091] This liquid crystal display was lighted from its rear
side by the backlight and was evaluated in the same manner as
in Comparative Example 1. The results obtained by the visual
observation are shown in Table 1, and the equi-contrast curves
are shown in FIG. 9. From the visual observation and the
equi-contrast curves shown in FIG. 9, it is seen that this liquid
crystal display was slightly wider in viewing angle, as com-
pared with that of Comparative Example 1, and that the
change in luminance depending on viewing angles (or the
viewing angle dependency) was substantially in the same
level as that found in Comparative Example 1.

Example 1
(a) Production of Composite Polarizing Plate

[0092] The same linear polarization plate and the same
optical compensation film as those used in the step (a) of
Comparative Example 1 were laminated on each other
through a polyvinyl alcohol-based adhesive using the poly-
vinyl alcohol polarizer side of the linear polarization plate and
the optical anisotropic layer side of the optical compensation
film as the joint faces, so that the absorption axis of the
polarizing plate was in parallel to the phase retardation axis of
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the transparent substrate of the optical compensation film.
Thus, a composite polarizing plate was produced.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0093] A liquid crystal display was produced in the same
manner as in the step (b) of Comparative Example 1, except
that the composite polarizing plate produced in the above step
(a) was used as the composite polarizing plate laminated on
the rear side of the liquid crystal cell.

[0094] The layer structure and the axial relationship of this
liquid crystal display are shown in FIG. 6. That is, the upper
polarizing plate 30 was disposed on the front side of the IPS
mode liquid crystal cell 20, so that the absorption axis 31 of
the upper polarizing plate was in parallel to the longer axis
direction (the orientation direction) of the liquid crystal mol-
ecules with no application of a voltage. The composite polar-
izing plate 10 was disposed on the rear side of the liquid
crystal cell 20. This composite polarizing plate 10 was pro-
duced as follows: the optical compensation film 15, which
comprised the transparent substrate 11 showing an in-plane
phase difference, and the optical anisotropic layer 13 which
was positive uniaxial and had an optical axis in a normal
direction to the film and which was formed on the transparent
substrate 11, was laminated on the polyvinyl alcohol-iodine-
based linearly polarizing plate 17 having the transparent pro-
tective film laminated on its one surface using the surface of
the optical anisotropic layer 13 of the former film and the
surface of the polyvinyl alcohol polarizer of the latter plate as
the joint faces, so that the phase retardation axis 12 of the
transparent substrate 11 was in parallel to the absorption axis
18 of the linear polarization plate 17.

[0095] Then, the lamination was made so that the absorp-
tion axis 31 of the upper polarizing plate 31 was orthogonal to
the absorption axis 18 of the rear linear polarization plate 17.
[0096] This liquid crystal display was lighted from its rear
side by the backlight and was evaluated in the same manner as
in Comparative Example 1. The results obtained by the visual
observation are shown in Table 1, and the equi-contrast curves
are shown in FIG. 10. From the visual observation and the
equi-contrast curves shown in FIG. 10, it is seen that this
liquid crystal display was significantly improved in change of
luminance depending on viewing angles, as compared with
those of Comparative Examples 1 and 2.

Example 2
(a) Production of Composite Polarizing Plate

[0097] A composite polarizing plate was produced in the
same manner as in the step (a) of Example 1, except that the
linear polarization plate and the optical compensation film
were laminated on each other through a polyvinyl alcohol-
based adhesive using the transparent substrate side of the
optical compensation film as the joint face, so that the absorp-
tion axis of the linear polarization plate was orthogonal to the
phase retardation axis of the transparent substrate of the opti-
cal compensation film.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0098] A liquid crystal display was produced in the same
manner as in the step (b) of Example 1, except that the
composite polarizing plate produced in the above step (a) was
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used as the composite polarizing plate laminated on the rear
side of the liquid crystal cell. The layer structure and the axial
relationship of this liquid crystal display are shown in FIG. 7.
That is, the upper polarizing plate 30 was disposed on the
front side of the TPS mode liquid crystal cell 20, so that the
absorption axis 31 of the upper polarizing plate was in parallel
to the longer axis direction (or the orientation direction) of the
liquid crystal molecules with no application of a voltage. The
composite polarizing plate 10 was disposed on the rear side of
the liquid crystal cell 20. This composite polarizing plate 10
was produced as follows: the optical compensation film 15,
which comprised the transparent substrate 11 showing an
in-plane phase difference, and the optical anisotropic layer 13
which was positive uniaxial and had an optical axis in a
normal direction to the film and which was formed on the
transparent substrate 11, was laminated on the polyvinyl alco-
hol-iodine-based linearly polarizing plate 17 having the
transparent protective film laminated on its one surface using
the surface of the transparent substrate 11 of the former film
and the surface of the polyvinyl alcohol polarizer of the latter
plate as the joint faces, so that the phase retardation axis 12 of
the transparent substrate 11 was orthogonal to the absorption
axis 18 of the linear polarization plate 17. Then, the lamina-
tion was made so that the absorption axis 31 of the upper
polarizing plate 31 was orthogonal to the absorption axis 18
of the rear side linear polarization plate 17.

[0099] This liquid crystal display was lighted from its rear
side by the backlight and was evaluated in the same manner as
in Example 1. The results obtained by the visual observation
are shown in Table 1, and the equi-contrast curves are shown
in FIG. 11. From the visual observation and the contrast
curves shown in FIG. 11, it is seen that this liquid crystal
display showed a small change in luminance depending on
viewing angles, and was substantially satisfactory, although a
little light leakage in an oblique direction was observed, in
comparison with the liquid crystal display of Example 1.

Comparative Example 3
(a) Production of Composite Polarizing Plate

[0100] A linear polarization plate [“SRX842A” available
from Sumitomo Chemical Company, Limited] was provided.
This linear polarization plate comprises a polarizer made of a
polyvinyl aleohol film having iodine adsorbed and oriented
thereon, and transparent protective films of triacetylcellulose
(R, of one surface of the transparent protective film=1 nm,
and R, thereof=65 nm) laminated on both surfaces of the
polarizer. Then, the same optical compensation film as that
used in the step (a) of Comparative Example 1 was laminated
on one protective film side of this linear polarization plate
through a polyvinyl alcohol-based adhesive, using as the joint
face the transparent substrate side of the optical compensa-
tion film, so that the absorption axis of the linear polarization
plate was in parallel to the phase retardation axis of the
transparent substrate of the optical compensation film. Thus,
a composite polarizing plate was produced.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0101] A liquid crystal display was produced in the same
manner as in the step (b) of Comparative Example 1, except
that the composite polarizing plate produced in the above step
(a) was used as the composite polarizing plate laminated on
the rear side of the liquid crystal cell. The layer structure and
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the axial relationship of this liquid crystal display were the
same as those shown in FIG. 4. However, in this example, as
the upper polarizing plate 30, a polyvinyl alcohol-iodine-
based polarizer having transparent protective films of triace-
tylcellulose laminated on both sides thereof was used. This
liquid crystal display was lighted from its rear side by the
backlight and was evaluated in the same manner as in Com-
parative Example 1. The results obtained by the visual obset-
vation are shown in Table 1, and the equi-contrast curves are
shown in FIG. 12. From the visual observation and the equi-
contrast curves shown in FIG. 12, it is seen that this liquid
crystal display also showed a large change in luminance
depending on viewing angles, and thus had as high viewing
angle dependency as that of Comparative Examples 1 and 2.

Comparative Example 4
(a) Production of Composite Polarizing Plate

[0102] A composite polarizing plate was produced in the
same manner as in the step (a) of Comparative Example 3,
except that the linear polarization plate and the optical com-
pensation film were laminated on each other through a poly-
vinyl alcohol-based adhesive using the optical anisotropic
layer side of the optical compensation film as the joint face, so
that the absorption axis of the linear polarization plate was
orthogonal to the phase retardation axis of the transparent
substrate of the optical compensation film.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0103] A liquid crystal display was produced in the same
manner as in the step (b) of Comparative Example 3, except
that the composite polarizing plate produced in the above step
(a) was used as the composite polarizing plate laminated on
the rear side of the liquid crystal cell.

[0104] The layer structure and the axial relationship of this
liquid crystal display were the same as those shown in FIG. 5.
However, in this example, as the upper polarizing plate 30, a
polyvinyl alcohol-iodine-based polarizer having transparent
protective films of triacetylcellulose laminated on both sides
thereof was used. This liquid crystal display was lighted from
its rear side by the backlight and was evaluated in the same
manner as in Comparative Example 1. The results obtained by
the visual observation are shown in Table 1, and the equi-
contrast curves are shown in FIG. 13. From the visual obser-
vation and the equi-contrast curves shown in FIG. 13, it is
seen that this liquid crystal display was slightly wider in
viewing angle as compared with that found in Comparative
Example 3, but showed substantially the same level of change
in luminance depending on viewing angles.

Example 3
(a) Production of Composite Polarizing Plate

[0105] A composite polarizing plate was produced in the
same manner as in the step (a) of Comparative Example 3,
except that the linear polarization plate and the optical com-
pensation film were laminated on each other through a poly-
vinyl alcohol-based adhesive using the optical anisotropic
layer side of the optical compensation film as the joint face, so
that the absorption axis of the linear polarization plate was in
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parallel to the phase retardation axis of the transparent sub-
strate of the optical compensation film.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0106] A liquid crystal display was produced in the same
manner as in the step (b) of Comparative Example 3, except
that the composite polarizing plate produced in the above step
(a) was used as the composite polarizing plate laminated on
the rear side of the liquid crystal cell.

[0107] Thelayer structure and the axial relationship of this
liquid crystal display were the same as those shown in FIG. 6.
However, in this example, as the upper polarizing plate 30, a
polyvinyl alcohol-iodine-based polarizer having transparent
protective films of triacetylcellulose laminated on both sides
thereof was used. This liquid crystal display was lighted from
its rear side by the backlight and was evaluated in the same
manner as in Comparative Example 1. The results obtained by
the visual observation are shown in Table 1, and the equi-
contrast curves are shown in FIG. 14. From the visual obser-
vation and the equi-contrast curves shown in FIG. 14, it is
seen that this liquid crystal display was significantly
improved in change in luminescence depending on viewing
angles as compared with those found in Comparative
Examples 3 and 4.

Example 4
(a) Production of Composite Polarizing Plate

[0108] A composite polarizing plate was produced in the
same manner as in the step (a) of Example 3, except that the
linear polarization plate and the optical compensation film
were laminated on each other through a polyvinyl alcohol-
based adhesive using the transparent substrate side of the
optical compensation film as the joint face, so that the absorp-
tion axis of the linear polarization plate was orthogonal to the
phase retardation axis of the transparent substrate of the opti-
cal compensation film.

(b) Production of Liquid Crystal Display and
Evaluation Thereof

[0109] A liquid crystal display was produced in the same
manner as in the step (b) of Example 3, except that the
composite polarizing plate produced in the above step (a) was
used as the composite polarizing plate laminated on the rear
side of the liquid crystal cell.

[0110] The layer structure and the axial relationship of this
liquid crystal display were the same as those shown in FIG. 7.
However, in this example, as the upper polarizing plate 30, a
polyvinyl alcohol-iodine-based polarizer having transparent
protective films of triacetylcellulose laminated on both sides
thereof was used. This liquid crystal display was lighted from
its rear side by the backlight and was evaluated in the same
manner as in Comparative Example 1. The results obtained by
the visual observation are shown in Table 1, and the equi-
contrast curves are shown in FIG. 15. From the visual obser-
vation and the equi-contrast curves shown in FIG. 15, it is
seen that this liquid crystal display also showed a small
change in luminescence depending on viewing angles, which
was of the same level as that found in Example 3.

[0111] The main conditions in Comparative Examples 1 to
4 and Examples 1 to 4, and the results thereof obtained by the
visual observation were summarized in Table 1.
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TABLE 1 -continued
C. Ex. Ex. Example 1 >80° 79.8° >80° 53.1°
Example 2 >80° 45.1° >80° 38.4°
1 2 1 2 Comparative Example 3 >80° 23.6° >B0° 29.3°
Comparative Example 4 >80° 36.6° >B0° 32.1°
Front polarizing plate 0 0 0 0 Example 3 >80° 47.3° 80° 39.5°
R,;, of protective layer on Example 4 >80° 35.8° 79.3° 66.1°
cell side
Rear polarizing plate — — — — Azimuth angle
R,;, of protective layer
on cell side 180 225 270 315
Optical compensation film B C C B left  left and lower lower rightand lower
Joint face*! to polarizing
plate Comparative Example 1 >80° 28.2° >80° 264°
Relationship between parallel orthogonal parallel orthogonal Comparative Example 2 >80° 34.7° >80° 33.8°
absorption axis of polarizing Example 1 >80° 60.9° >80° 79.8°
plate and phase retardation Example 2 >80° 39.2° >80° 47.3°
axis of optically compensating Comparative Example 3 >80° 29.7° >80° 264°
film Comparative Example 4~ >80° 37.5° >80° 32.3°
Light leakage*? D C A B Example 3 >80° 41.2° >80° 46.2°
Example 4 >80° 50.0° >80° 44.7°
C. Ex. Ex.
3 4 3 4 [0114] The composite polarizing plates of the present
. P 0 0 0 0 invention are effective to widen the viewing angles of IPS
Rr:l;tfﬁoig:;ige fa;t:r on mode .liquid crystal displ.ays. Alsio3 liquid crystal disp!ays
cell side comprising these composite polarizing plates become wider
Rear polarizing plate 65 nm 65 nm 65 nm 65 nm in VieWing angle.
R,;, of protective layer
on cell side 1. A wide viewing angle composite polarizing plate, com-
Optical compensation film B C C B . i

Joint face*! to polarizing
plate

Relationship between
absotption axis of polarizing
plate and phase retardation
axis of optically compensating
film

Light leakage*?

Notes:

*Joint face to a polarizing plate

B: a transparent substrate

C: an optical anisotropic layer

#2] joht leakage

A: Good

B: Substantially good, although there observed a little light leakage in an

oblique direction
C: Light leakage in an oblique direction

D: Significant light leakage in an oblique direction

[0112] Ineachof Examples and Comparative Examples, an
inclination angle (or an elevation angle) at which the contrast
100 could be obtained was read at every azimuth angle of 45°,
and the results are shown in Table 2. It is seen that the liquid
crystal displays of Examples generally became wider in view-
ing angle in a direction of an azimuth angle of from 45 to 225°
and in a direction of an azimuth angle of from 135t0315°, in
comparison with those of Comparative Examples.

Inclination Angle Enabling Contrast 100
[0113]

Azimuth angle
45
0 right and 90 135
right upper upper  left and upper
Comparative Example 1 >80° 23.4° >80° 31.2°
Comparative Example 2 >80° 31.9° >80° 34.9°

prising a linear polarization plate and an optical compensa-
tion film which comprises a transparent substrate showing an
in-plane phase difference, and an optical anisotropic layer
formed on one surface of the transparent substrate, said opti-
cal anisotropic layer being positive uniaxial and having an
optical axis in a normal direction to the film,

wherein, when the optical anisotropic layer side of said

optical compensation film is used as ajoint face, a phase
retardation axis of the transparent substrate constituting
said optical compensation film is substantially in paral-
lel to an absorption axis of said linear polarization plate;
and

wherein, when the transparent substrate side of said optical

compensation film is used as a joint face, a phase retar-
dation axis of the transparent substrate is substantially
orthogonal to an absorption axis of said linear polariza-
tion plate.

2. The wide viewing angle composite polarizing plate of
claim 1, wherein said transparent substrate showing an in-
plane phase difference is a transparent resin film which is
selected from cellulose resin films, cyclic polyolefin resin
films and polycarbonate resin films and which is stretched.

3. The wide viewing angle composite polarizing plate of
claim 1, wherein said optical anisotropic layer is formed as a
coating layer containing a rod-form liquid crystal compound.

4. The wide viewing angle composite polarizing plate of
claim 3, wherein said optical anisotropic layer is formed as a
coating layer containing a nematic liquid crystal compound.

5. The wide viewing angle composite polarizing plate of
claim 1, wherein said optical anisotropic layer contains a
side-chain liquid crystal polymer, the side chain of which is
oriented in a normal direction to the film.

6. The wide viewing angle composite polarizing plate of
claim 1, wherein said linear polarization plate comprises a
polarizer having a transparent protective film laminated on its
one surface, and wherein said linear polarization plate is
laminated on said optical compensation film so that the other
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surface of the polarizer, having no transparent protective film
laminated thereon, faces the optical compensation film side.

7. The wide viewing angle composite polarizing plate of
claim 1, wherein a retardation film is held between said opti-
cal compensation film and said linear polarization plate.

8. A liquid crystal display comprising the wide viewing
angle composite polarizing plate defined in claim 1, and an
in-plane switching mode liquid crystal cell.

9. The liquid crystal display of claim 8, wherein an optical
compensation film side of said wide viewing angle composite

Mar. 5, 2009

polarizing plate is laminated on one surface of said in-plane
switching mode liquid crystal cell, with a backlight disposed
outside the wide viewing angle composite polarizing plate;
and wherein a front side polarizing plate is laminated on the
other surface of said liquid crystal cell so that both of an
in-plane phase difference and a phase difference in the thick-
ness direction are substantially zero between a polarizer con-
stituting said front side polarizing plate and the liquid crystal
cell.



TRAFROE) BEERMZANRBERBNESHRIRS
NIF(2E)E US20090059136A1
RS US12/279862

PRI (ERB)A(R) FERICFEERLTF
(BRI AGE) FERALELT , LIMITED

HARBHEARAGE) ERLEZFLQF

[#RI &8 A OKAMURA MARI

KREBA OKAMURA, MARI

IPCHE& GO02F1/13363 G02B5/30

CPCH¥%k= G02B5/3083 G02F1/13363 G02F1/133528
i £ 2006043463 2006-02-21 JP

SAEBEE Espacenet USPTO

BEF)

REARR-MRANBEESRAER , SEEURIRF K FIMEE | AR
BRAFIMZROEE REABVENERAER , ARFEKEERERN
—MRELWAZEAREE. SAFMENELMHI BEXRFELS
@ EEEXH , B, IRAFMEENAZEAREENAERS
ERY , #HEFTR Y AME BB EAR B AR (R SRR B A £ 4T T AR

RE M fm AR TR Wk EL R, S AR S S A M B AR A9 AR B AR A 44

SEE , BRAERNWAMERMEAREES T AR M M iRAR AR Y

patsnap

ASIHUN=1= 2009-03-05

RiEHR 2007-02-16

comparative Fxaupies 2 and 4

30 UPPER POLARIZING PLATE

3l HSUR"T CH BMIE OF UFTER
FULARIZING FLATE

20 IF3 MODE LIQUID CRYZTAL CRLL

il JRI ENTRT, I(JN JTSRCTION OF
LIGUID CRYBIALS

11 El'«;_'Bs_\S'-‘P-{I\'q £5
5 oo Ve,
- l_,-N--'l-_‘;('\'[llj\o]:l'j'g CC‘FPE\:J-{ gt s
LAYER H
Tlé pms ECHARTION l, 11
3E COMPOSITE
SUBSTRATE POLART 210G
PLATE

ELATT

16 BBSOKETTON BXIS OF Lingssr
VOLAIIZING PLan o


https://share-analytics.zhihuiya.com/view/1ea3f2cb-6122-474c-8920-1f082f6993ce
https://worldwide.espacenet.com/patent/search/family/038437443/publication/US2009059136A1?q=US2009059136A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090059136%22.PGNR.&OS=DN/20090059136&RS=DN/20090059136

