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(57) ABSTRACT 

AWide viewing angle polarizing plate capable of forming a 
liquid crystal display Which causes less brightness uneven 
ness by heat history, thereby exhibiting good visibility at a 
Wide vieWing angle comprises a polarizing plate in Which a 
transparent protective layer made of an compensating plate 
is provided on at least one surface of a polarizing ?lm, one 
or both of a brightness enhanced plate and a retardation plate 
laminated on the polarizing plate via an adhesive layer have 
a 1000% modulus at 90° C. of at most 6 g/mm2, thereby to 
form a laminate, and an adhesive layer disposed on one 
surface or on both surfaces of the outer surface of the 
laminate. 

12 

11 
13 



Patent Application Publication May 9, 2002 US 2002/0054262 A1 

Fig. 1 

' / 3 
/ 2 
/12 1 

11> 
13 

4 

Fig. 2 
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

////////////////////////////////////< 
§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\W 13 

IHHIIIIIIHIIIllIIIIHIIl‘llllllllllllllllllHIIIHIIIHIIHHHIH\N\6 



US 2002/0054262 A1 

WIDE VIEWING ANGLE POLARIZING PLATE 
AND LIQUID CRYSTAL DISPLAY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a Wide viewing 
angle polarizing plate capable of forming a liquid crystal 
display Which causes less brightness unevenness by heat 
history, thereby exhibiting good visibility in a Wide vieWing 
angle range. 

[0003] 2. Description of the Background Art 

[0004] Hitherto, a Wide vieWing angle polariZing plate has 
been knoWn in Which a compensating plate obtained by 
supporting a compensating layer With a cellulose triacetate 
?lm is bonded as a transparent protective layer of a polar 
iZing ?lm. Such a Wide vieWing angle polariZing plate is 
applied to a liquid crystal cell to form a liquid crystal display 
(LCD) exhibiting a good visibility at a Wide vieWing angle. 
Since it is a key device of an LCD, it is used in a state in 
Which an adhesive layer made of an acryl series adhesive or 
the like for bonding it to the liquid crystal cell is attached in 
advance for the purpose of preventing the variation of 
quality and providing a more ef?cient assembling process, 
and in Which a brightness enhanced plate or a retardation 
plate is laminated via an adhesive layer for the purpose of 
improving the brightness and further adjusting the retarda 
tion. 

[0005] HoWever, When such a Wide vieWing angle polar 
iZing plate is bonded onto a liquid crystal cell via an 
adhesive layer and heated, it causes a problem of generation 
of brightness unevenness. This brightness unevenness typi 
cally appears in a WindoW frame shape, and increases further 
When a brightness enhanced plate or a retardation plate is 
laminated. 

SUMMARY OF THE INVENTION 

[0006] Thus, an object of the present invention is develop 
a Wide vieWing angle polariZing plate capable of forming a 
liquid crystal display Which causes less brightness uneven 
ness by heat history, thereby exhibiting good visibility at a 
Wide vieWing angle. 

[0007] The present invention provides a Wide vieWing 
angle polariZing plate comprising a polariZing plate in Which 
a transparent protective layer made of an compensating plate 
is provided on at least one surface of a polariZing ?lm; one 
or both of a brightness enhanced plate and a retardation plate 
laminated on the polariZing plate via an adhesive layer 
thereby to form a laminate; and an adhesive layer disposed 
on one surface or on both surfaces of an outer surface of the 

laminate, Wherein the adhesive layers all have a 1000% 
modulus at 90° C. of at most 6 g/mm2. 

[0008] The present invention in the above-mentioned Wide 
vieWing angle polariZing plate, the compensating plate is a 
liquid crystal layer supported by a ?lm. 

[0009] The present invention in the above-mentioned Wide 
vieWing angle polariZing plate, the polariZing plate is pro 
vided in such a manner as to be disposed betWeen the 
brightness enhanced plate and the adhesive layer on the 
outer surface. 
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[0010] The present invention in the above-mentioned Wide 
vieWing angle polariZing plate, the retardation plate is pro 
vided in such a manner as to be disposed betWeen the 
polariZing plate and the adhesive layer on the outer surface. 

[0011] The present invention in the above-mentioned Wide 
vieWing angle polariZing plate, the adhesive layer provided 
on the outer surface of the laminate has a larger thickness 
than the adhesive layer disposed inside the laminate. 

[0012] Also, the present invention provides a liquid crystal 
display having the above-mentioned Wide vieWing angle 
polariZing plate on at least one side of a liquid crystal cell. 

[0013] The inventors of the present invention repeatedly 
made eager studies in order to solve the aforementioned 
problem of brightness unevenness, and found out that such 
generation of brightness unevenness is caused by change in 
retardation and the residual of this state oWing to generation 
of stress brought about by contraction or the like of the 
compensating plate or the like When it is heated. By bonding 
via the aforesaid adhesive layer, the stress generated at the 
time of heating can be relaxed, and the generation of 
brightness unevenness can be prevented. With the use of this 
Wide vieWing angle polariZing plate, a high-quality and 
good-durability liquid crystal display having a good visibil 
ity and being excellent in vieWing angle can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a cross-sectional vieW illustrating one 
embodiment of the present invention; and 

[0015] FIG. 2 is a cross-sectional vieW illustrating another 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] AWide vieWing angle polariZing plate according to 
the present invention comprises a polariZing plate in Which 
a transparent protective layer made of an compensating plate 
is provided on at least one surface of a polariZing ?lm; one 
or both of a brightness enhanced plate and a retardation plate 
laminated on the polariZing plate via an adhesive layer 
thereby to form a laminate; and an adhesive layer disposed 
on one surface or on both surfaces of an outer surface of the 

laminate, Wherein the adhesive layers all have a 1000% 
modulus at 90° C. of at most 6 g/mm2. Examples of this 
Wide vieWing angle polariZing plate are shoWn in FIGS. 1 
and 2, Where a polariZing plate 1, its polariZing ?lm 11, 
transparent protective layers 12, 13, adhesive layers 2, 4, 6, 
8, a brightness enhanced plate 3, and a retardation plate 7 are 
shoWn. And the transparent protective layer 13 is a com 
pensating plate, and a separator 5. 

[0017] The aforesaid polariZing ?lm may be made of a 
suitable material, and the type of the polariZing ?lm is not 
speci?cally limited. Examples of the polariZing ?lm include 
those obtained by alloWing a dichroic substance such as 
iodine or a dye to be adsorbed onto a hydrophilic polymer 
?lm such as a polyvinyl alcohol series ?lm, partially for 
maliZed polyvinyl alcohol series ?lm, ethylene/vinyl acetate 
copolymer series partially saponi?ed ?lm, or cellulose series 
?lm and stretching the ?lm; or a polyene oriented ?lm such 
as a dehydrated product of polyvinyl alcohol or a dehydro 
chlorinated product of polyvinyl chloride. The polariZing 
?lm typically has a thickness of from 5 to 80 pm, but the 
thickness is not limited to this range. 
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[0018] The polarizing plate of the present invention is 
constructed in such a manner that a transparent protective 
layer made of a compensating plate is provided on at least 
one surface of the polarizing ?lm. The compensating plate 
may be a suitable one for the purpose of preventing coloring 
due to change in the vieWing angle based on the retardation 
by a liquid crystal cell or enlarging the vieWing angle With 
a good visibility. 

[0019] An example thereof is a retardation ?lm (NRF, 
NRZ, and others manufactured by NITTO DENKO COR 
PORATION) obtained by stretching a ?lm made of a suit 
able polymer such as cellulose triacetate, polycarbonate, 
norbornene series resin, polyester, polysulfone, polystyrene, 
polymethyl methacrylate, polyvinyl alcohol, polyole?n such 
as polypropylene, polyallylate, or polyamide, by a suitable 
method such as monoaxial or biaxial stretching. 

[0020] Also, those in Which an compensating layer is 
supported With a ?lm made of the aforesaid polymer, par 
ticularly those in Which a compensating layer made of an 
oriented layer of liquid crystal polymer or the like, in 
particular an inclined orientation layer of a discotic or 
nematic series liquid crystal polymer, is supported With a 
cellulose triacetate ?lm or the like (WVA02A and others 
manufactured by Fuji Photo Film Co., Ltd.) and the like can 
be mentioned as examples of the aforesaid compensating 
plate. The compensating plate to be used in the present 
invention may be those in Which tWo or more layers of the 
aforesaid retardation ?lm or the ?lm supporter are super 
posed one upon another to control optical characteristics 
such as retardation. 

[0021] The transparent protective layer may be provided 
on one surface or on both surfaces of the polarizing ?lm. 
When the transparent protective layer is provided on both 
surfaces of the polarizing ?lm, both may be made of an 
compensating plate, or alternatively, one may be made of a 
compensating plate and the other may be made of a con 
ventional one. 

[0022] The aforesaid conventional transparent protective 
layer may be made, for example, of plastics such as a 
cellulose series resin such as cellulose triacetate, polyester, 
polycarbonate, polyamide, polyimide, polyethersulfone, 
polysulfone, polystyrene, or acrylic resin, polyole?n, or 
thermosetting or ultraviolet-curing resin such as acryl series, 
urethane series, acrylurethane series, epoxy series, or sili 
cone series, or the like. A preferable transparent protective 
layer is excellent in transparency, mechanical strength, ther 
mal stability, moisture shielding property, isotropic property, 
and others. 

[0023] The transparent protective layer may be formed by 
a suitable method such as coating a polymer or laminating 
a ?lm or the aforesaid compensating plate. The thickness of 
the transparent protective layer may be suitably determined 
in accordance With the retardation, protective strength, and 
the like. Typically, the thickness is at most 5 mm, preferably 
at most 1 mm, more preferably from 1 to 500 pm. 

[0024] The process of bonding the polarizing ?lm and the 
transparent protective ?lm, particularly the compensating 
plate, can be carried out using a suitable method. Typically, 
the bonding process is carried out using an adhesive such as 
a tacky agent. In particular, if the polarizing ?lm is made of 
a polyvinyl alcohol series ?lm, a polyvinyl alcohol series 
adhesive can be preferably used in vieW of stability in the 
bonding process. 
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[0025] In the above, the polarizing plate may be formed as 
a diffusing type, a re?ecting type, or the like. The diffusing 
type polarizing plate is used for enlarging the vieWing angle 
by diffusing the display light or for preventing glaring by 
diffusing the surface-re?ected light of external light. The 
diffusing type polarizing plate can be formed, for example, 
by alloWing ?ne particles to be contained in the aforesaid 
transparent protective layer to impart a ?ne undulating 
structure on the surface. 

[0026] The ?ne particles to be contained in the aforesaid 
transparent protective ?lm may be, for example, suitable 
transparent particles such as inorganic ?ne particles made of 
silica, alumina, titania, zirconia, tin oxide, indium oxide, 
cadmium oxide, antimony oxide, or the like having an 
average particle size of from 0.5 to 50 pm, Which may be 
electrically conductive, or organic ?ne particles made of a 
cross-linked or non-cross-linked polymer or the like. 

[0027] On the other hand, the re?ecting type polarizing 
plate is for forming a liquid crystal display or the like of a 
type such that the incident light from the vieWing side 
(display side) is re?ected for display. This has an advantage 
in that the incorporation of a light source such as a backlight 
can be omitted to facilitate fabrication of a liquid crystal 
display having a reduced thickness. 

[0028] The re?ecting type polarizing plate may be formed 
by a suitable method such as a method of attaching a 
re?ecting layer made of metal or the like onto one surface of 
a polarizing ?lm, optionally via a transparent protective 
layer or the like. A speci?c example of the re?ecting type 
polarizing plate may be one in Which a foil or a vapor 
deposited ?lm made of a re?ecting metal such as aluminum 
is attached onto one surface of a transparent protective layer 
made of an optionally matted ?lm or the like. Also, the 
re?ecting type polarizing plate may be one having a re?ect 
ing layer of a ?ne undulating structure on the aforesaid 
diffusing type transparent protective layer. 

[0029] The aforesaid re?ecting layer having a ?ne undu 
lating structure has advantages such as preventing directivity 
or glittering appearance by diffusing the incident light by 
random re?ection, thereby restraining the unevenness of 
brightness. The re?ecting layer of a ?ne undulating structure 
re?ecting the surface ?ne undulating structure of the trans 
parent protective layer can be formed, for example, by 
attaching metal directly onto the surface of a transparent 
protective layer With the use of a suitable method of vapor 
deposition type such as the vacuum vapor deposition 
method, the ion plating method, or the sputtering method or 
plating type or the like. 

[0030] In the present invention, a brightness enhanced 
plate 3 or a retardation plate 7 are bonded and laminated on 
one side or on both sides of the aforesaid polarizing plate via 
adhesive layers 2, 6, as illustrated in the draWings. The 
brightness enhanced plate is sometimes referred to as polar 
izing separating plate, and shoWs such a property that, When 
natural light is incident, a linearly polarized light of a 
predetermined polarizing axis or a circular polarized light in 
a predetermined direction is re?ected, and the other light is 
transmitted. The brightness enhanced plate is used for the 
purpose of improving brightness in a liquid crystal display. 

[0031] Namely, the brightness enhanced plate is used for 
the purpose of improving brightness by using a method such 
as alloWing light from a light source such as a backlight to 
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be incident into the brightness enhanced plate so as to obtain 
a transmitted light in a predetermined polarized state, and 
allowing the re?ected light to be reversed via a re?ecting 
layer or the like to be incident into the brightness enhanced 
plate again, and alloWing all or part thereof to be transmitted 
as a light in a predetermined polariZed state so as to increase 
the amount of light transmitted through the brightness 
enhanced plate as Well as supplying a polariZed light that is 
hardly absorbed by a polariZing plate so as to increase the 
amount of light that can be used for liquid crystal display or 
the like. 

[0032] Therefore, as the brightness enhanced plate can be 
used a suitable plate, for example, that shoWs a property of 
transmitting a linearly polariZed light of a predetermined 
polariZing axis and re?ecting the other light, such as a 
multi-layer thin ?lm of dielectrics or a multi-layer laminate 
of thin ?lms having different refractive index anisotropies 
(D-BEF and others manufactured by 3M Co., Ltd.), or that 
shoWs a property of re?ecting one of right and left circular 
polariZed lights and transmitting the other light, such as a 
cholesteric liquid crystal layer, particularly an oriented ?lm 
of cholesteric liquid crystal polymer or one in Which the 
oriented liquid crystal layer is supported on a ?lm base 
material (PCF350 manufactured by NITTO DENKO COR 
PORATION, Transmax manufactured by Merck Co., Ltd., 
and others). 

[0033] In the aforesaid brightness enhanced plate of a type 
that transmits a linearly polariZed light of a predetermined 
polariZing axis, the light can be ef?ciently transmitted While 
restraining the absorption loss by the polariZing plate, by 
alloWing the transmitted light to be incident, as it is, into the 
polariZing plate With aligned polariZed axis. 

[0034] On the other hand, in the brightness enhanced plate 
of a type that transmits a circular polariZed light, such as a 
cholesteric liquid crystal layer, it is preferable to alloW the 
light to be incident into the polariZing plate after converting 
the transmitted circular polariZed light into a linearly polar 
iZed light via a retardation plate instead of alloWing the light 
to be incident, as it is, into the polariZing plate to restrain the 
absorption loss. The circular polariZed light can be con 
verted into a linearly polariZed light by using a quarter 
Wavelength plate as the retardation plate and disposing the 
plate betWeen the polariZing plate and the brightness 
enhanced plate. 

[0035] A retardation plate that functions as a quarter 
Wavelength plate in a Wide Wavelength range such as a 
visible light region can be obtained by a method such as 
superposing a retardation layer that functions as a quarter 
Wavelength plate to a monochroic light such as a 550 nm 
Wavelength light, onto a retardation layer that shoWs a 
different retardation characteristics, for example, a retarda 
tion layer that functions as a half Wavelength plate. There 
fore, the retardation plate to be disposed betWeen the polar 
iZing plate and the brightness enhanced plate may be made 
of one or more layers of retardation layers. 

[0036] Also, as to the cholesteric liquid crystal layer, one 
can obtain a layer that re?ects a circular polariZed light in a 
Wide Wavelength range such as a visible light region by 
providing a con?guration structure in Which tWo or more 
layers are superposed using a combination of layers having 
different re?ection Wavelengths. 
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[0037] On the other hand, the retardation plate to be 
bonded and laminated on one side or on both sides of the 
polariZing plate via an adhesive layer is used for the purpose 
of further enhancing the precision of optical compensation 
in addition to the aforesaid compensating plate, or for the 
purpose of controlling a suitable retardation such as con 
verting circular polariZed light into linearly polariZed light 
or converting linearly polariZed light into circular polariZed 
light. Therefore, as the retardation plate, one can use a 
suitable plate similar to the aforesaid compensating plate in 
accordance With an intended retardation and the like. 

[0038] One or more layers of a suitable combination of 
one or both of the brightness enhanced plate or the retarda 
tion plate can be bonded and laminated on one side or on 
both sides of the polariZing plate via an adhesive layer, and 
the disposal position can be suitably determined in accor 
dance With the intended purpose of use. Generally, one or 
more layers of brightness enhanced plate 3 are provided in 
such a manner that the polariZing plate can be disposed 
betWeen the brightness enhanced plate and the liquid crystal 
cell, and one or more layers of retardation plate 7 for optical 
compensation are disposed in such a manner as to be capable 
of being disposed betWeen the polariZing plate 1 and the 
liquid crystal cell, as illustrated in the draWings. Also, one or 
more layers of retardation plate that aims at converting a 
circular polariZed light into a linearly polariZed light are 
disposed betWeen the brightness enhanced plate 3 and the 
polariZing plate 1. 

[0039] As illustrated in the draWings, the adhesive layers 
4, 8 disposed on one surface or on both surfaces of the 
laminate is for bonding and ?xing the Wide vieWing angle 
polariZing plate onto another member such as a liquid crystal 
cell. In the present invention, the adhesive layers 4, 8 as Well 
as the adhesive layers 2, 6 located inside the laminate for 
bonding and laminating the aforesaid polariZing plate and 
brightness enhanced plate and/or retardation plate, are all 
formed from materials having a 1000% modulus at 90° C. 
(tensile speed of 300 mm/min, the same Will apply hereafter) 
of at most 6 g/mm2. 

[0040] If the 1000% modulus at 90° C. of the aforesaid 
adhesive layer exceeds 6 g/mm2, brightness unevenness is 
liable to occur When the Wide vieWing angle polariZing plate 
is bonded and ?xed onto a liquid crystal cell or the like and 
subjected to a heating process. In vieW of preventing the 
occurrence of brightness unevenness by heat history, the 
1000% modulus at 90° C. of the adhesive layer is preferably 
Within a range from 2.0 to 5.5 g/mm2, more preferably 
Within a range from 2.5 to 5.0 g/mm2. 

[0041] For forming the adhesive layer, a suitable adhesive 
exhibiting the aforesaid modulus property can be used. An 
example thereof is an adhesive being excellent in optical 
transparency and exhibiting adhesive characteristics of suit 
able Wettability, cohesiveness, and adhesiveness, for 
example, an adhesive made by using a suitable polymer such 
as an acryl series polymer, a silicone series polymer, poly 
ester, polyurethane, polyether, or synthetic rubber as a base 
polymer. In particular, an adhesive made of an acryl series 
polymer is excellent in transparency, Weather resistance, 
heat resistance, and others, and is preferable for use. 

[0042] An example of the aforesaid acrylic series polymer 
is one that uses one or more kinds of acrylic acid ester or 

methacrylic acid ester having a glass transition temperature 
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of at most —10° C. as a monomer constituting a major 
component that exhibits a suitable Wettability and softness. 
As the ester, one can suitably use an acrylate or methacrylate 
having an organic group made of an alkyl group With a 
carbon number of 4 or more, particularly from 4 to 24, such 
as n-butyl, isobutyl, isoamyl, hexyl, heptyl, cyclohexyl, 
2-ethylhexyl, isooctyl, isononyl, lauryl, dodecyl, isomyri 
styl, or octadecyl, in vieW of adjustability or the like of 
modulus and adhesive strength. 

[0043] The aforesaid acrylic series polymer may contain a 
monomer for reforming the cohesiveness and adhesiveness 
as an adhesive, or for imparting a cross-linking reaction 
property, as a copolymeriZation component. The monomer 
for copolymeriZation is not particularly limited, and may be 
copolymeriZable With the aforesaid monomer constituting 
the major component. The monomer involved in intermo 
lecular cross-linking by having a functional group capable of 
reacting With the aforesaid intermolecular cross-linking 
agent is in most cases subjected to copolymeriZation. 

[0044] Examples of the monomer having a functional 
group and used for copolymeriZation include carboxyl group 
containing monomers such as acrylic acid, methacrylic acid, 
carboxyethyl acrylate, carboxypentyl acrylate, itaconic acid, 
maleic acid, and crotonic acid; hydroxyl group containing 
monomers such as 2-hydroxyethyl (meth)acrylate, 2-hy 
droxypropyl (meth)acrylate, 4-hydroxybutyl (meth)acrylate, 
6-hydroxyhexyl (meth)acrylate, 8-hydroxyoctyl (meth)acry 
late, 10-hydroxydecyl (meth)acrylate, 12-hydroxylauryl 
(meth)acrylate, and (4-hydroxymethylcyclohexyl)-methyl 
acrylate; acid anhydride monomers such as maleic anhy 
dride, and itaconic anhydride; epoxy group containing 
monomers such as glycidyl (meth)acrylate; and alkoxy 
group containing monomers such as trimethoxysilylpropyl 
acrylate. Such a monomer having a functional group is used 
typically in a copolymeriZation ratio of at most about 2 Wt 
%, though it depends on the kind of the aforesaid major 
component monomer. 

[0045] Examples of other monomers for copolymeriZa 
tion, Which are intended for reforming the cohesiveness, 
adhesiveness, modulus, and others include sulfonic group 
containing monomers such as 2-acrylamide-2-methylpro 
panesulfonic acid; phosphoric group containing monomers 
such as 2-hydroxyethylacryloyl phosphate; amide series 
monomers such as (meth)acrylamide, N-acryloylmorpho 
line, and N-substituted (meth)acrylamide; maleimide series 
monomers such as N-cyclohexylmaleimide, N-isopropylma 
leimide, N-laurylmaleimide, and N-phenylmaleimide; ita 
conimide series monomers such as N-methylitaconimide, 
N-ethylitaconimide, N-butylitaconimide, N-octylitaconim 
ide, N-2-ethylhexylitaconimide, N-cyclohexylitaconimide, 
N-laurylitaconimide; and succinimide series monomers such 
as N-(meth)acryloyloxymethylenesuccinimide, N-(meth 
)acryloyl-6-oxyhexamethylenesuccinimide, and N-(meth 
)acryloyl-8-oxyoctamethylenesuccinimide. 

[0046] Further, vinyl series monomers such as vinyl 
acetate, N-vinylpyrrolidone, N-vinylcarboxylic acid amide 
series, and styrene; divinyl series monomers such as divinyl 
benZene; diacrylate series monomers such as 1,4-butyl dia 
crylate and 1,6-hexyl diacrylate; acrylate series monomers 
such as tetrahydrofurfuryl (meth)acrylate, polyethylene gly 
col (meth)acrylate, polypropylene glycol (meth)acrylate, 
?uorinated (meth)acrylate, and silicone (meth)acrylate; 
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(meth)acrylate having a loW ester group such as methyl, 
ethyl, or propyl, Which are different from the aforesaid major 
component monomers; and others can be mentioned as 
monomers for copolymeriZation. 

[0047] On the other hand, multifunctional acrylate series 
monomers and others can also be used as monomers for 

copolymeriZation in accordance With the needs, for example, 
in the case of carrying out a cross-linking process by a 
post-cross-linking operation Without addition of a cross 
linking agent by radiation of radioactive rays such as elec 
tron beams. Examples of such monomers include hexanediol 
di(meth)acrylate, (poly)ethylene glycol di(meth)acrylate, 
(poly)propylene glycol di(meth)acrylate, neopentyl glycol 
di(meth)acrylate, pentaerythritol di(meth)acrylate, trimethy 
lolpropane tri(meth)acrylate, pentaerythritol tri(meth)acry 
late, dipentaerythritol hexa(meth)acrylate, epoxy acrylate, 
polyester acrylate, and urethane acrylate. 

[0048] For the preparation of acryl series polymers, a 
suitable method such as the solution polymeriZation method, 
the emulsion polymeriZation method, the bulk polymeriZa 
tion method, or the suspension polymeriZation method can 
be applied to a mixture of one or more kinds of monomers, 
and also the bulk polymeriZation method of an ultraviolet 
radiation method can be applied. The Weight average 
molecular Weight of the acryl series polymers can be suit 
ably determined; it is typically at least 400,000, preferably 
from 800,000 to 4,000,000, more preferably from 1,000,000 
to 3,000,000. 

[0049] For the intermolecular cross-linking agent that can 
be used in an optional cross-linking treatment of the adhe 
sive layers, a suitable one such as a multifunctional isocy 
anate series cross-linking agent, an epoxy series cross 
linking agent, a melamine resin series cross-linking agent, a 
metal salt series cross-linking agent, a metal chelate series 
cross-linking agent, or an amino resin series cross-linking 
agent can be used in accordance With the functional group 
introduced into the adhesive. The blending amount thereof 
can be suitably determined from the vieWpoint of achiev 
ability of the aforesaid modulus; it is typically from 0.01 to 
20 parts by Weight, preferably from 0.1 to 15 parts by 
Weight, more preferably from 0.2 to 10 parts by Weight With 
respect to 100 parts by Weight of the base polymer. 

[0050] The modulus in the adhesive layer can be con 
trolled by a method similar to the conventional one, such as 
composition of the polymer, molecular Weight, cross-linking 
method, cross-linking degree, or addition of an optional 
component. Therefore, suitable additives such as natural and 
synthetic resins, glass ?bers, glass beads, ?llers and pig 
ments made of metal poWders, other inorganic poWders, and 
the like, coloring agents, and antioxidants, Which may be 
added to the adhesive layers, can be blended in accordance 
With the needs Within a range that satis?es the above 
predetermined modulus. Further, an adhesive layer exhibit 
ing an optical diffusion property can be made by alloWing 
?ne particles to be contained therein. 

[0051] The adhesive strength of the adhesive layer can be 
suitably set, the adhesive strength is typically at most 3 
kg/20 mm, preferably at most 2 kg/20 mm, more preferably 
from 0.1 to 1 kg/20 mm, in terms of 90°-peeling adhesive 
strength (peeling speed: 100 mm/min, 25° C.) to an adher 
end made of glass plate, plastic ?lm, or the like. The 
adhesive strength is preferably at most 600 g/20 mm, more 
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preferably at most 400 g/20 mm, in vieW of peeling Without 
damaging the liquid crystal cell at the time of adhesion 
mistake. 

[0052] The attachment of adhesive layers onto one surface 
or onto both surfaces of the polarizing plate, brightness 
enhanced plate, retardation plate, and laminate thereof can 
be carried out by a suitable method. Example of the method 
include a method of preparing an adhesive solution of from 
10 to 40 Wt % by dissolving or dispersing an adhesive into 
a solvent made of a single or a mixture of suitable solvents 
such as toluene and ethyl acetate, and attaching the adhesive 
solution directly onto the polariZing plate, the laminate, or 
the like by a suitable developing method such as the casting 
method or the application method, and a method of forming 
an adhesive layer on a separator in accordance With the 
above and transferring the adhesive layer onto the polariZing 
plate, the laminate, or the like. 

[0053] The adhesive layer can also be provided on one 
surface or on both surfaces of the polariZing plate, the 
laminate, or the like as superposed layers of those of 
different kinds or those having different compositions. If the 
adhesive layer is to be provided on both surfaces, adhesive 
layers of different kinds or having different compositions 
can be provided on the front side and on the rear side of the 
polariZing plate, the laminate, or the like. The thickness of 
the adhesive layer can be suitably determined in accordance 
With the adherend or the like, and is typically from 1 to 500 
pm. In vieW of restraining the occurrence of brightness 
unevenness, the adhesive layer (4, 8) on the outer surface of 
the laminate preferably has a larger thickness than the 
adhesive layer (2, 6) inside the laminate, more preferably by 
at least 10%, still more preferably by tWo times or more. 

[0054] For preventing decrease in the adhesive strength by 
contamination or the like, a separator 5 or the like is 
provisionally attached onto the adhesive layers 4, 8 exposed 
on the surface for covering in accordance With the needs 
until the adhesive layers are subjected to bonding, as illus 
trated in the draWings. The separator may be a suitable one 
knoWn in the art, Which is obtained by performing a coating 
process on a suitable thin foliate such as polymer ?lm, 
rubber sheet, paper, cloth, nonWoven cloth, net, foamed 
sheet, metal foil, or a laminate body thereof With a suitable 
release agent such as silicone series, long-chain alkyl series, 
or ?uorine series. 

[0055] The polariZing ?lm, the transparent protective 
layer, the compensating plate, the brightness enhanced plate, 
the retardation plate, the adhesive layer or the tacky layer 
constituting the Wide vieWing angle polariZing plate may be 
alloWed to have an ultraviolet absorbing capability by a 
method of treating With a ultraviolet absorber such as a 
salicylic acid ester series compound, a benZophenol series 
compound, a benZotriaZol series compound, a cyanoacrylate 
series compound, or a nickel complex salt series compound. 

[0056] The Wide vieWing angle polariZing plate according 
to the present invention is constructed in such a manner that 
a transparent protective layer such as an compensating plate, 
a brightness enhanced plate and/or a retardation plate is 
bonded in advance onto a polariZing ?lm for the purpose of 
preventing occurrence of variation in quality or improving 
the ef?ciency of assembling the liquid crystal display, or the 
like purpose. In bonding the compensating plate and the like 
onto the polariZing ?lm, a con?guration angle With a suitable 
optical axis can be adopted in accordance With the intended 
retardation characteristics and the like. 

May 9, 2002 

[0057] The Wide vieWing angle polariZing plate of the 
present invention can be used for a suitable purpose such as 

formation of a liquid crystal display. Bonding and ?xing a 
Wide vieWing angle polariZing plate onto one side or on both 
sides of a liquid crystal cell via the adhesive layer of the 
polariZing plate can form a liquid crystal display. The other 
points are similar to those in the prior art. 

[0058] Namely, suitably assembling a liquid crystal cell 
and a Wide vieWing angle polariZing plate together With 
optional construction components such as an illumination 
system and incorporating a driving circuit form a liquid 
crystal display typically. In the present invention, there is no 
particular limitation except that the Wide vieWing angle 
polariZing plate of the present invention is used, so that a 
conventional process can be carried out. 

[0059] Therefore, one can form a suitable liquid crystal 
display such as one in Which a polariZing plate is disposed 
on one side or on both sides of a liquid crystal cell or one in 

Which a backlight or a re?ector is used in an illumination 

system. In this case, the Wide vieWing angle polariZing plate 
of the present invention can be bonded and ?xed onto one 

side or onto both sides of the liquid crystal cell. Also, With 
respect to the liquid crystal cell, those of arbitrary types such 
as TN type, STN type, and at type can be used. 

[0060] In bonding and ?xing the aforesaid Wide vieWing 
angle polarizing plate, the process is carried out so that the 
polariZing plate, the compensating plate, and others may be 
located to form a predetermined con?guration, the con?gu 
ration may be a conventional one. Typically, in vieW of the 
compensation effect, it is preferable to locate the compen 
sating plate betWeen the polariZing ?lm and the liquid 
crystal cell, and to dispose the Wide vieWing angle polariZing 
plate at least on the vieWing side of the liquid crystal cell. A 
Wide vieWing angle polariZing plate using a brightness 
enhanced plate is disposed typically on the light source side 
of the backlight or the like. 

[0061] In forming a liquid crystal display, one or more 
layers of suitable optical layers such as a diffusing plate, an 
antiglare phase, a re?ection preventing ?lm, a protecting 
plate, a re?ector, and a semitransparent re?ector can be 
disposed at suitable locations to form liquid crystal displays 
of various types such as re?ecting type, transmitting type, 
and re?ecting and transmitting type serving for both pur 
poses. 

[0062] The aforesaid optical layers can be used also in a 
state of being bonded and integrated in advance With a Wide 
vieWing angle polariZing plate via an adhesive layer or the 
like. Namely, such an optical layer can be disposed by a 
method of successive or separate lamination in a process of 
producing a liquid crystal display. If the optical layer is used 
by being bonded and integrated in advance With a Wide 
vieWing angle polariZing plate, it Will be excellent in the 
stability of quality and the operability of lamination, thereby 
providing an advantage of improving the efficiency of 
producing the liquid crystal display. In this case, an adhesive 
layer satisfying the aforesaid 1000% modulus can be pref 
erably used in vieW of restraining the brightness unevenness. 
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EXAMPLES 

Example 1 

[0063] A cellulose triacetate ?lm Was bonded, via a poly 
vinyl alcohol series adhesive layer, onto one side of a 
polarizing ?lm obtained by stretching a polyvinyl alcohol 
?lm having a thickness of 80 pm ?vefold in an aqueous 
solution of iodine, and an compensating plate Was bonded 
onto the other side via a polyvinyl alcohol series adhesive 
layer. Subsequently, a brightness enhanced plate (PCF350 
manufactured by NITTO DENKO CORPORATION) Was 
bonded onto the cellulose triacetate ?lm via an acryl series 
adhesive A having a thickness of 25 pm and a 1000% 
modulus at 90° C. of 3.8 g/mm2. Then, an acryl series 
adhesive layer B having a thickness of 25 pm and a 1000% 
modulus at 90° C. of 3.8 g/mm2 provided on a separator Was 
transferred to an exposed surface of the aforesaid compen 
sating plate, thereby giving a Wide vieWing angle polariZing 
plate. 
[0064] The aforesaid compensating plate is one in Which 
an compensating layer formed by inclined orientation of a 
discotic liquid crystal polymer is supported With a cellulose 
triacetate ?lm (WV A02A manufactured by Fuji Photo Film 
Co., Ltd.) 
[0065] Further, the adhesive layers Were formed by apply 
ing an acryl series adhesive, Which is obtained by blending 
0.1 part by Weight of trimethylolpropanetrilene diisocyanate 
and 0.1 part by Weight of y-glycidoxypropylmethoxysilane 
With 100 parts by Weight of an acryl series copolymer having 
a Weight average molecular Weight of 1,940,000 and pro 
duced by using 99.8 parts by Weight of isooctyl acrylate, 0.2 
part by Weight of 6-hydroxyhexyl acrylate, and 0.3 part by 
Weight of 2,2‘-aZobisisobutylnitrile, onto a separator made 
of a polyester ?lm, folloWed by a heating treatment at 150° 
C. for 5 minutes. 

[0066] The modulus of the adhesive layers Was measured 
by laminating the adhesive layers so as to have a thickness 
of 1 mm, cutting the laminate into a siZe of 5 mm><10 mm, 
and applying it to a tensile test apparatus (autograph 
AG2000-A manufactured by ShimadZu Corporation) to 
determine a stress-strain curve at 90° C. under a condition 
With a tensile speed of 300 mm/min and a chucking interval 
of 10 mm, and determining the stress at 1000% strain (the 
same Will apply hereafter). 

Example 2 

[0067] A Wide vieWing angle polariZing plate Was pro 
duced in the same manner as in Example 1 except that the 
thickness of the adhesive layer B provided on the compen 
sating plate Was set to be 28 pm. 

Example 3 

[0068] A Wide vieWing angle polariZing plate Was pro 
duced in the same manner as in Example 1 except that the 
thickness of the adhesive layer Afor bonding the brightness 
enhanced plate Was set to be 15 pm and that the thickness of 
the adhesive layer provided on the compensating plate Was 
set to be 35 pm. 

Example 4 

[0069] A Wide vieWing angle polariZing plate Was pro 
duced in the same manner as in Example 1 except that an 
acryl series adhesive layer having a 1000% modulus at 90° 
C. of 30 g/mm2 Was used as the adhesive layer B provided 
on the compensating plate. 
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Example 5 

[0070] A Wide vieWing angle polariZing plate Was pro 
duced in the same manner as in Example 1 except that an 
acryl series adhesive layer having a 1000% modulus at 90° 
C. of 30 g/mm2 Was used as the adhesive layerAfor bonding 
the brightness enhanced plate. 

Example 6 

[0071] A Wide vieWing angle polariZing plate Was pro 
duced in the same manner as in Example 1 except that an 
acryl series adhesive layer having a 1000% modulus at 90° 
C. of 30 g/mm2 Was used as the adhesive layerAfor bonding 
the brightness enhanced plate and as the adhesive layer B 
provided on the compensating plate. 

[0072] A sample Was cut out in a siZe of 200 mm><150 mm 
from each of the Wide vieWing angle polariZing plates 
obtained in Examples 1 to 6 so that the sample Would form 
an angle of 45° With respect to the absorption axis of the 
polariZing ?lm, and the sample Was bonded and ?xed onto 
a glass plate having a thickness of 1.1 mm (With each side 
larger by 10 mm) via the adhesive layer on the compensating 
plate side in the Wide vieWing angle polariZing plate. Also, 
a polariZing plate similar to the above one but in a state in 
Which the brightness enhanced plate and the bonding layer 
for bonding it are absent, Was bonded and ?xed onto the 
other surface of the glass plate so that the front side and the 
rear side Would form crossed Nicols. After the obtained 
product Was left to stand in an atmosphere of 60° C. for 24 
hours, the optical transmittance thereof Was examined. The 
locations of measurement Were nine points in all, including 
four corners of the sample, four points in the middle thereof, 
and the center. The difference betWeen the maximum trans 
mittance and the minimum transmittance Was determined. 
This represents the variation of retardation. 

[0073] The results of the above are shoWn in the folloWing 
Table. 

TABLE 

optical 
1000% modulus trans 

(g/mm2) thickness (urn) mittance 

adhesive adhesive adhesive adhesive difference 
layer A layer B layer A layer B (‘70) 

Example 1 3.8 3.8 25 25 0.04 
Example 2 3.8 3.8 25 28 0.03 
Example 3 3.8 3.8 15 35 0.01 
Comparative 3.8 30 25 25 0.07 
Example 4 
Comparative 30 3.8 25 25 0.06 
Example 5 
Comparative 30 30 25 25 0.10 
Example 6 

[0074] The above Table shoWs that, by controlling the 
1000% modulus of the adhesive layers, the variation of 
retardation by heat history can be restrained, thereby 
restraining the brightness unevenness, particularly those 
generated in a WindoW frame shape. It is also shoWn that, by 
controlling the thickness of the adhesive layers, the bright 
ness unevenness can be further restrained. 
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What is claimed is: 
1. A Wide viewing angle polarizing plate comprising: 

a polarizing plate in Which a transparent protective layer 
made of a compensating plate is provided on at least 
one surface of a polariZing ?lm; 

one or both of a brightness enhanced plate and a retar 
dation plate laminated on the polariZing plate via an 
adhesive layer thereby to form a laminate; and 

an adhesive layer disposed on one surface or on both 
surfaces of an outer surface of the laminate, 

Wherein said adhesive layers all have a 1000% modulus at 
90° C. of at most 6 g/cm2. 

2. The Wide vieWing angle polariZing plate according to 
claim 1, Wherein the compensating plate is a liquid crystal 
layer supported by a ?lm. 
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3. The Wide vieWing angle polariZing plate according to 
claim 1, Wherein the polariZing plate is provided in such a 
manner as to be disposed betWeen the brightness enhanced 
plate and the adhesive layer on the outer surface. 

4. The Wide vieWing angle polariZing plate according to 
claim 1, Wherein the retardation plate is provided in such a 
manner as to be disposed betWeen the polariZing plate and 
the adhesive layer on the outer surface. 

5. The Wide vieWing angle polariZing plate according to 
claim 1, Wherein the adhesive layer provided on the outer 
surface of the laminate has a larger thickness than the 
adhesive layer disposed inside the laminate. 

6. A liquid crystal display having a Wide vieWing angle 
polariZing plate of claim 1 on at least one side of a liquid 
crystal cell. 


