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7) ABSTRACT

A laminated retardation plate of the present invention com-
prises at least two retardation plates made of stretched films
of a thermoplastic resin, wherein under the same tempera-
ture condition, at least one retardation plate have the rela-
tionship of [X1]>/X2], where X1 represents the dimensional
change rate in the direction of slow axis and X2 represents
the dimensional change rate in the direction of fast axis; at
least one retardation plate have the relationship of [Y1|<|Y2|,
where Y1 represents the dimensional change rate in the
direction of slow axis and Y2 represents the dimensional
change rate in the direction of fast axis; and the each
retardation plate are arranged so as to the direction of slow
axes thereof are in the same directions. The retardation value
variation of the laminated retardation plate is small in the
case where the environmental temperature changes.
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LAMINATED RETARDATION PLATE,
POLARIZING PLATE WITH RETARDATION
PLATE, IMAGE DISPLAY AND LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a laminated retar-
dation plate comprising at least two retardation plates made
of stretched films of a thermoplastic resin. In addition the
invention relates to a polarizing plate with retardation plate
containing the laminated retardation plate. Furthermore, the
present invention relates to an image display such as a liquid
crystal display, an organic electro-luminescent display or a
plasma display panel where the laminated retardation plate
or the polarizing plate with retardation plate as described
above is used.

[0003] In addition, the present invention relates to a liquid
crystal display where optical members containing a retar-
dation plate made of stretched films of a thermoplastic resin
and a polarizing plate are disposed on both sides of a liquid
crystal cell.

[0004] 2. Description of the Related Art

[0005] Liquid crystal displays consume little electricity
and thin and light-weighted, and therefore, are widely used
for display parts of personal computers, television and
cellular phones. In particular, screen sizes of televisions
have increased and the uniformity of displays has been
required for good quality. The uniformity of displays means
a display does not have a blur in brightness or a blur in the
color or a display does not have a shift in color due to a
change in the viewing angle.

[0006] In addition, liquid crystal displays are used in a
variety of environments. Even room temperature can be
assumed to change, for example, ranging from approxi-
mately -10° C. to 30° C. due to a change in the season. In
addition, when a liquid crystal display is placed in a room of
which the temperature is as low as, for example, -10° C., the
outside of the liquid crystal display is exposed to the
environment of =10° C. while the temperature of the back-
light on which the liquid crystal panel makes contact
increases up to approximately 40° C. to 50° C. As a result,
a difference in the temperature occurs even inside the liquid
crystal display. Liquid crystal displays are required to have
no change in the brightness or in the color due to such
change in the temperature of the environment (The specifi-
cation of Japanese Patent No. 2945573).

[0007] A polarizing plate is used because of means of
displaying and in addition a retardation plate is used together
with the polarizing plate for the compensation of the view-
ing angle in a liquid crystal display. In many cases, a
polarizing plate and a retardation plate are made to stick to
each other with an adhesive. A retardation plate is obtained
by stretching, for example, a thermoplastic resin film while
adjusting the retardation to a required value in the condition
where the thermoplastic film is heated to a temperature not
lower than the glass transition temperature.

[0008] However, a stretched film obtained according to the
above described method is made of a thermoplastic resin,
and therefore, the dimensions thereof expand or shrink due

1. Field of the Invention
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to a change in temperature. In addition, the dimensions
expand or shrink in an anisotropic manner and in some
cases, particularly, expand or shrink to different degrees in
the direction of the flow of the stretched film (the direction
of the stretched axis) and in the direction perpendicular
thereto. Expansion or shrinking of a stretched film due to a
change in temperature causes a variation in the retardation
value depending on the direction in which such expansion or
shrinking occurs.

[0009] As described above, a stretched film shrinks or
expands due to a change in temperature in reversible man-
ner, and therefore, a change in the retardation value occurs
within the plane due to a change in the environment as
described above. A variation in the retardation value may
cause a blur in brightness of a liquid crystal display. In
addition, when the temperature of the liquid crystal display
becomes uneven, expansion or shrinking of the stretched
film (retardation plate) occurs in a complex manner causing
a distortion and a blur in the brightness of the liquid crystal
display.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide a
retardation plate of which the retardation value has a small
variation in the case where the environmental temperature
changes. Another object of the invention is to provide a
polarizing plate with retardation plate using such said retar-
dation plate. Still another object of the invention is to
provide an image display such as a liquid crystal display
using such said retardation plate.

[0011] Further another object of the present invention is to
provide a liquid crystal display where retardation plates are
disposed on both sides of a liquid crystal cell and a variation
in the retardation plates can be restrained in the case where
the environment temperature changes.

[0012] The present inventors diligently performed
rescarch in order o solve the problem described above, and
as a result, found that the above described objects can be
achieved using a laminated retardation plate and a liquid
crystal display as described below, and thus, the present
invention has been completed.

[0013] That is, the present invention related to a laminated
retardation plate comprising at least two retardation plates
made of stretched films of a thermoplastic resin, wherein
under the same temperature condition, at least one retarda-
tion plate have the relationship of [X1|>|X2|, where X1
represents the dimensional change rate in the direction of
slow axis and X2 represents the dimensional change rate in
the direction of fast axis;

[0014] at least one retardation plate have the relationship
of [Y1|<[Y2|, where Y1 represents the dimensional change
rate in the direction of slow axis and Y2 represents the
dimensional change rate in the direction of fast axis; and

[0015] the each retardation plate is arranged so as to the
direction of slow axes thereof are in the same directions.

[0016] A change in dimensions due to shrinking or expan-
sion occurs to different degrees in the direction of the flow
of a stretched film (the direction of the stretched axis:
direction of the slow axis) and in the direction perpendicular
thereto (the direction of the fast axis) depending on the types



US 2006/0023147 Al

of a stretched film and the conditions of stretching that is
used as a retardation plate, and therefore, in the above
described laminated retardation plate according to the
present invention, stretched films of which the dimensional
change rate in the direction of the slow axis and the
dimensional change rate in the direction of the fast axis are
different from each other are combined and thereby the
effects of change in the retardation due to expansion or
shrinking of the stretched films are reduced in the entire
retardation plate.

[0017] Itisassumed that shrinking (change in dimensions)
occurs due to a change in temperature, for example, in a
uniaxial stretched film. In the case where the ratios of
shrinking in dimensions become [Y1|<|[Y2|, the same phe-
nomenon occurs when the stretched film has expanded
relatively in the direction of the slow axis from the view-
point of an optical indicatrix. Namely, front retardation And
is considered to increase due to expansion in the direction of
the stretched axis. In contrast, in the case where the ratios of
shrinking in dimensions become |X1|>|X2|, front retardation
And is considered to decrease. According to the present
invention, such a stretched film having the relationship of
the dimensional change rates of [Y1|<|Y2| and a stretched
film (retardation plate) having the opposite relationship of
|X1|>|X2| are laminated for use in a manner where the slow
axes (stretched axes) of these are parallel and therefore, in
the case where a change in temperature occurs, changes in
dimensions are counterbalanced both in the direction of the
slow axis and in the direction of the fast axis so that a change
in the retardation as a whole is restrained.

[0018] A wvariation in the retardation value can be
restrained to a small value in such a laminated retardation
plate according to the present invention in the case where a
change in temperature occurs due to a change in the envi-
ronment and display properties of an image display can be
maintained in such an appropriate manner that a change in
color tone is small at the time of application of a voltage.

[0019] The dimensional change rate has a value that is
measured in accordance with a method that is concretely
described in the Examples. The dimensional change rate of
a retardation plate (stretched film) has a positive value in the
case of expansion and has a negative value in the case of
shrinking. The relationships of the dimensional change rate
in the direction of the slow axis and the dimensional change
rate in the direction of the fast axis that is, |X1|>[X2| and
[Y1|<|Y2], indicate the relationships of the absolute values of
the respective dimensional change rates. Here, in the
Examples, the dimensional change rates are measured rela-
tive to a standard case where the temperature is 25° C.

[0020] And the present invention related to a polarizing
plate with retardation plate, comprising the above mentioned
laminated retardation plate and a polarizing plate.

[0021] And the present invention related to an image
display, comprising the above mentioned laminated retarda-
tion plate or the above mentioned polarizing plate with
retardation plate. The above laminated retardation plate and
polarizing plate with retardation plate can be applied to
image displays such as liquid crystal displays, organic
electro-luminescent displays and plasma display panels, and
the image displays show excellent display quality where the
variation in the retardation due to a change in temperature
can be restrained.
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[0022] As to the image displays, a liquid crystal display is
suitable. And a liquid crystal display comprising a liquid
crystal cell and an optical member containing a polarizing
plate disposed on both sides of the liquid crystal cell,
wherein the optical member at least on one side of the liquid
crystal cell has the above mentioned polarizing plate with
retardation plate, is preferable.

[0023] In the liquid crystal display, the slow axes of the
retardation plates of said polarizing plate with retardation
plate are preferably disposed so as to be parallel to or
perpendicular to the longitudinal direction of the liquid
crystal display. As described above, it is appropriate to
dispose a polarizing plate with retardation plate in order to
restrain the variation in the retardation due to a change in
temperature and to increase the display quality of the liquid
crystal display.

[0024] Further, the present invention related to a liquid
crystal display comprising a liquid crystal cell and an optical
member containing a retardation plate made of stretched
films of a thermoplastic resin and a polarizing plate disposed
on both sides of the liquid crystal cell, wherein

[0025]

[0026] at least one retardation plate in the optical member
disposed on one side have the relationship of [X1|>|X2],
where X1 represents the dimensional change rate in the
direction of slow axis and X2 represents the dimensional
change rate in the direction of fast axis;

[0027] at least one retardation plate in the optical member
disposed on the other side have the relationship of [Y1|<|Y2|,
where Y1 represents the dimensional change rate in the
direction of slow axis and Y2 represents the dimensional
change rate in the direction of fast axis; and

[0028] the optical members disposed on both sides of the
liquid crystal cell are arranged so as to the direction of slow
axes of the each retardation plate in said optical members is
in the same directions.

[0029] At least one retardation plate of which the dimen-
sional change rate has the relationship of |X1|>[X2| and at
least one retardation plate of which the dimensional change
rate has the relationship of [Y1|<[Y2]| are used on both sides
of the liquid crystal cell and thereby variation in the retar-
dation can be restrained in the retardation plate as a whole.

[0030] In the liquid crystal display, the slow axes of the
retardation plates of said retardation plate are preferably
disposed so as to be parallel to or perpendicular to the
longitudinal direction of the liquid crystal display.

under the same temperature conditions,

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a cross sectional diagram showing an
example of a laminated retardation plate according to the
present invention;

[0032] FIG. 2 is a cross sectional diagram showing an
example of a polarizing plate with retardation plate accord-
ing to the present invention;

[0033] FIG. 3 is a cross sectional diagram showing an
example of a liquid crystal display according to the present
invention;
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[0034] FIG. 4 is a cross sectional diagram showing
another example of a liquid crystal display according to the
present invention;

[0035] FIG. 5 is a graph showing the relationship between
the temperature and the change in the front retardation value
And of the laminated retardation plates obtained in Com-
parison Example 1;

[0036] FIG. 6is a graph showing the relationship between
the temperature and the change in the front retardation value
And of the laminated retardation plates obtained in Com-
parison Example 2;

[0037] FIG. 7 is a graph showing the relationship between
the temperature and the change in the front retardation value
And of the laminated retardation plates obtained in Example
1; and

[0038] FIG. 8 is a graph showing the relationship between
the temperature and the change in the front retardation value
And of the laminated retardation plates obtained in Example
2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0039] In the following, the present invention is described
in reference to the drawings. FIG. 1(A) shows an example
of a cross-sectional diagram of a laminated retardation plate
according to the present invention where one retardation
plate (R1) of which the dimensional change rate has the
relationship of |X1|>|X2| and one retardation plate (R2) of
which the dimensional change rate has the relationship of
[Y1|<|Y2| arc laminated. In FIG. 1, though there is one
retardation plate (R1) and one retardation plate (R2), a
number of each type of retardation plate can be laminated.
FIG. 1(B) is a conceptual diagram showing that the slow
axes of retardation plate (R1) and retardation plate (R2) are
in the same direction.

[0040] FIG. 2 is a cross-sectional diagram of an example
of a polarizing plate with retardation plate where a polariz-
ing plate (P) is laminated on the laminated retardation plate
of FIG. 1. In FIG. 2, though polarizing plate (P) is lami-
nated on the retardation plate (R1) side, polarizing plate (P)
may be laminated on either side.

[0041] FIG. 3 is a cross-sectional diagram showing a
liquid crystal display in the case where the polarizing plate
with retardation plate of FIG. 2 is disposed as an optical
member (M1) on one side of a liquid crystal cell LC and a
polarizing plate (P) is disposed as an optical member (M2)
on the other side. Optical members (M1 and M2) may have
other optical layers. In FIG. 3, the retardation plate is on the
liquid crystal cell (LC) side in the polarizing plate with
retardation plate.

[0042] FIG. 4 is a cross-sectional diagram showing a
liquid crystal display in the case where a retardation plate
(R1) and a polarizing plate (P) are disposed as an optical
member (M3) on one side of a liquid crystal cell LC and a
retardation plate (R1) and a polarizing plate (P) are disposed
as an optical member (M4) on the other side. Optical
members (M3 and M4) may have other optical layers. In
FIG. 4, retardation plate (R1 or R2) is on the liquid crystal
cell (LC) side on either side.
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[0043] Still, though FIGS. 3 and 4 do not illustrate which
side is the visual side or the backlight side, either side may
be the visual side or the backlight side.

[0044] Retardation plate (R1) of which the dimensional
change rate has the relationship of | X1|>|X2| and retardation
plate (R2) of which the dimensional change rate has the
relationship of [Y1|<|Y2| are obtained by appropriately con-
trolling the stretching conditions at the time where a
stretched film of a thermoplastic resin is fabricated.

[0045] As to the thermoplastic resin, for example, poly-
styrene, polycarbonate, polyolefins such as polypropylene,
polyesters such as polyethylene terephthalate and polyeth-
ylene naphthalate, polyvinyl alcohol, polyvinyl butyral;
polymethyl vinyl ether, polyhydroxy ethyl acrylate, hydroxy
ethyl cellulose, hydroxy propyl cellulose, methyl cellulose,
polyallylate, polysulfone, polyether sulfone, polyphenylene
sulfide, polyphenylene oxide, polyallyl sulfone, polyvinyl
alcohol, polyamide, polyimide, polyvinyl chloride, cellulose
based polymers, norbornene based resins and a variety of
polymers of two three or more of these, grafted co-polymers
and a mixture of these, can be cited.

[0046] From among these, polycarbonate is appropriate as
a thermoplastic resin that is used for retardation plate (R1)
of which the dimensional change rate has the relationship of
[X1]>X2)|.

[0047] Norbornene based resins are appropriate as a ther-
moplastic resin that is used for retardation plate (R2) of
which the dimensional change rate has the relationship of
[Y1]<[Y2|.

[0048] As the norbornene based resins, for example, a ring
opening polymer or copolymer obtained by polymerizing a
norbornene-based monomer, and these polymers of which
the properties have been modified by adding maleic acid, or
cyclopentadiene, and these to which is hydrogenated; addi-
tion polymers of norbornene based monomers; addition
copolymers of norbornene based monomers and olefin based
monomers such as ethylene or a-olefin, can be cited. Con-
ventional methods can be used for the method for polymer-
ization and the method for hydrogenation.

[0049] As to the norbornene based monomers, for
example, norbornene and alkyl and/or alkylidene substitutes
thereof, such as 5-methyl-2-norbornene, 5-dimethyl-2-nor-
bornene,  S5-ethyl-2-norbornene,  5-butyl-2-norbornene,
5-ethylidene-2-norbornene; monomers substituting a por-
tion thereof with a polar group, such as halogen; dicyclo-
pentadiene, 2,3-dihydro dicyclopentadiene; dimethanooc-
tahydronaphthalene, an alkyl and/or alkylidene substitute
thereof, and a polar group, such as halogen substitutes, such
as

[0050] 6-methyl-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-0c-
tahydronaphthalene,
[0051] 6-ethyl-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-0c-
tahydronaphthalene,
[0052] 6-ethylidene-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-
octahydronaphthalene,
[0053] 6-chloro-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-0c-
tahydronaphthalene,
[0054] 6-cyano-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-0c-
tahydronaphthalene,
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[0055] 6-pyridyl-1,4:5,8-dimethano-1,4,4a,5,6,7,8,8a-0c-
tahydronaphthalene,

[0056] 6-methoxycarbonyl-1,4:5,8-dimethano-1,4,4a,5,6,
7,8,8a-octahydronaphthalene; addition polymers of
cyclopentadiene and

[0057] tetrahydroindene; trimers and tetramers of cyclo-
pentadiene, such as 4,9:5,8-dimethano-3a,4,4a,5,8,8a,9,
9a-octahydro-1H-benzoindene, 4,11:5,10:6,9-trimethano-
3a,4,4a,5,54,6,9,92,10,10a,11,11a-dodecahydro-1H-
cyclopentaanthracene, can be cited.

[0058] In addition, other cycloolefins which have one
reactive double bond and which make open ring polymer-
ization possible such as cyclopentene, cyclooctene, and
5,6-dihydrodicyclopentadiene can be used together with the
norbornene based resins.

[0059] ZEONEX and ZEONOR, manufactured by Nippon
Zeon Co., Ltd., ARTON, manufactured by JSR Corporation,
Topas, manufactured by Ticona Co., and the like, can be
cited as concrete examples of the norbornene based resins.

[0060] Retardation plate (R1) and retardation plate (R2)
can be obtained by stretching the thermoplastic resin film.
As for the stretching method, a method for uniaxially
stretching in the direction of flow (direction of the slow
axis), a method for biaxially stretching in the direction of the
slow axis and in addition in the direction perpendicular to
this (direction of the fast axis) can be cited. If necessary, the
film maybe uniaxially or biaxially stretched in the plane and
in addition, the refractive index in the direction of the
thickness may be controlled in accordance with a method for
stretching in the direction of the thickness. In addition, they
may be obtained by tilt alignment according to a method
where a stretching process and/or a shrinking process is
carried out on a thermoplastic resin film by using the
contractile force of a thermal shrinking film which is made
to adhere to the thermoplastic resin film and to which heat
is applied. The ratio of stretching and the thickness of the
film are not particularly limited and the obtained stretched
film can be appropriately adjusted by front retardation And
that is required. Usually, the ratio of stretching is 1.01 to 3
and it is preferably 1.1 to 2.

[0061] In the case where retardation plate (R1) and retar-
dation plate (R2) are laminated so as to be used as a
laminated retardation plate as shown in FIGS. 1 to 3,
retardation plate (R1) and retardation plate (R2) are lami-
nated in such a manner that the respective slow axes are in
the same direction. The entire retardation value of the
laminated retardation plate is appropriately set to a desired
value (for example, half or quarter wavelength plate). On the
other hand, in the case where retardation plate (R1) and
retardation plate (R2) are disposed on both sides of a liquid
crystal cell, as shown in FIG. 4, retardation plates having
desired retardations are used on the respective sides.

[0062] Namely, the above described retardation plates
may have appropriate retardations in accordance with the
purpose of use such as coloring or compensation for the
viewing angle caused by, for example, birefringence of a
variety of wavelength plates and liquid crystal layers and
may be plates where two or more types of retardation plates
are laminated so as to control the optical properties such as
retardation. Still, alignment films of a liquid crystal polymer,
alignment layers of a liquid crystal polymer that are sup-
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ported by films and the like can be cited as the retardation
plates, and they can be used in the above described combi-
nation retardation plate (R1) and retardation plate (R2).

[0063] A polarizing plate with retardation plate that is
obtained by combining a laminated retardation plate or a
retardation plate as described above with a polarizing plate
is used as an elliptical polarizing plate or a circular polar-
izing plate. An elliptical polarizing plate is effectively used
in the case of white or black viewing which does not have
coloring where such coloring (blue or yellow) that is caused
by the birefringence of the liquid crystal layer of a super
twisted nematic(STN) type liquid crystal display is compen-
sated(prevented). Furthermore, it is preferable to control the
three-dimensional refractive index so that coloring that may
be caused when the screen of the liquid crystal display is
viewed in a diagonal direction can be compensated (pre-
vented). A circular polarizing plate is effectively used in the
case where, for example, a color tone of the image of a
reflection-type liquid crystal display of which the image is
displayed with color is adjusted and has a function of
reflection prevention.

[0064] Though a polarizer itself can be used as the polar-
izing plate, a polarizer which has a transparent protective
film on one or both sides is generally used.

[0065] A polarizer is not limited especially but various
kinds of polarizer may be used. As a polarizer, for example,
a film that is uniaxially stretched after having dichromatic
substances, such as iodine and dichromatic dye, absorbed to
hydrophilic high molecular weight polymer films, such as
polyvinyl alcohol type film, partially formalized polyvinyl
alcohol type film, and ethylene-vinyl acetate copolymer type
partially saponified film; poly-ene type orientation films,
such as dehydrated polyvinyl alcohol and dehydrochlori-
nated polyvinyl chloride, etc. may be mentioned. In these, a
polyvinyl aleohol type film on which dichromatic materials
(lodine, dyes) is absorbed and oriented after stretched is
suitably used. Although thickness of polarizer is not espe-
cially limited, the thickness of about 5 to 80 um is commonly
adopted.

[0066] A polarizer that is uniaxially stretched after a
polyvinyl alcohol type film dyed with iodine is obtained by
stretching a polyvinyl alcohol film by 3 to 7 times the
original length, after dipped and dyed in aqueous solution of
iodine. If needed the film may also be dipped in aqueous
solutions, such as boric acid and potassium iodide, which
may include zine sulfate, zinc chloride. Furthermore, before
dyeing, the polyvinyl alcohol type film may be dipped in
water and rinsed if needed. By rinsing polyvinyl alcohol
type film with water, effect of preventing un-uniformity,
such as unevenness of dyeing, is expected by making
polyvinyl alcohol type film swelled in addition that also soils
and blocking inhibitors on the polyvinyl alcohol type film
surface may be washed off. Stretching may be applied after
dyed with iodine or may be applied concurrently, or con-
versely dyeing with iodine may be applied after stretching.
Stretching is applicable in aqueous solutions, such as boric
acid and potassium iodide, and in water bath.

[0067] The transparent protective film is prepared as a
polymer coating layer or a film laminate layer. As the
transparent polymer or film materials forming the transpar-
ent protective, suitable transparent material is used, among
them excellent in transparency, mechanical strength, heat
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stability, water shielding property, isotropy, etc. may be
preferably used. As materials of the above-mentioned trans-
parent protective film, for example, polyester type polymers,
such as polyethylene terephthalate and polyethylenenaph-
thalate; cellulose type polymers, such as diacetyl cellulose
and triacetyl cellulose; acrylics type polymer, such as poly
methylmethacrylate; styrene type polymers, such as poly-
styrene and acrylonitrile-styrene copolymer (AS resin);
polycarbonate type polymer may be mentioned. Besides, as
examples of the polymer forming the transparent protective
film, polyolefin type polymers, such as polyethylene,
polypropylene, polyolefin that has cyclo-type or norbornene
structure, ethylene-propylene copolymer; vinyl chloride
type polymer; amide type polymers, such as nylon and
aromatic polyamide; imide type polymers; sulfone type
polymers; polyether sulfone type polymers; polyether-ether
ketone type polymers; poly phenylene sulfide type poly-
mers; vinyl alcohol type polymer; vinylidene chloride type
polymers; vinyl butyral type polymers; allylate type poly-
mers; polyoxymethylene type polymers; epoxy type poly-
mers; or blend polymers of the above-mentioned polymers
may be mentioned. The transparent protective film was
made of a cured layer with heat curing type or ultraviolet ray
curing type resins, such as acryl based, urethane based, acryl
urethane based, epoxy based, and silicone based, etc.

[0068] Moreover, as is described in Japanese Patent Laid-
Open Publication No. 2001-343529 (WO 01/37007), poly-
mer films, for example, resin compositions including (A)
thermoplastic resins having substituted and/or non-substi-
tuted imido group is in side chain, and (B) thermoplastic
resins having substituted and/or non-substituted phenyl and
nitrile group in side chain may be mentioned. As an illus-
trative example, a film may be mentioned that is made of a
resin composition including alternating copolymer compris-
ing iso-butylene and N-methyl maleimide, and acrylonitrile-
styrene copolymer. A film comprising mixture extruded
article of resin compositions etc. may be used. These film
has small retardation and small photoelasticity coefficient,
therefore can solve a problem such as polarizing variation
caused by distortion of the polarizing plate, and excellent in
humidication durability because of those small moisuture
permeability.

[0069] In general, a thickness of the protection film, which
can be determined arbitrarily, is 1 to 500 um, preferably 1 to
300 ym, and especially preferably 5 to 200 um in viewpoint
of strength, work handling and thin layer.

[0070] Moreover, it is preferable that the protective film
may have as little coloring as possible. Accordingly, a
protective film having a retardation value in a film thickness
direction represented by Rth=[(nx+ny)/2-nz]xd of —90 nm
to +75 nm (where, nx and ny represent principal indices of
refraction in a film plane, nz represents refractive index in a
film thickness direction, and d represents a film thickness)
may be preferably used. Thus, coloring (optical coloring) of
polarizing plate resulting from a protective film may mostly
be cancelled using a protective film having a retardation
value (Rth) of -90 nm to +75 nm in a thickness direction.
The retardation value (Rth) in a thickness direction is
preferably —80 nm to +60 nm, and especially preferably =70
nm to +45 nm.

[0071] As a protective film, if polarization property and
durability are taken into consideration, cellulose based poly-
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mer, such as triacetyl cellulose, is preferable, and especially
triacetyl cellulose film is suitable. On the other hand, the
protective film of triacetyl cellulose has a large retardation
value Rth in the direction of the thickness, causing a
problem with coloring, and the resin compositions that
contain alternate copolymer made of isobutylene and N-me-
thyl maleimide, and copolymer of acrylonitrile and styrene,
which have a retardation value Rth of 30 nm or less, can be
utilized, almost solving coloring. In addition, when the
protective films are provided on both sides of the polarizer,
the protective films comprising same polymer material may
be used on both of a front side and a back side, and the
protective films comprising different polymer materials etc.
may be used.

[0072] Ahard coat layer may be prepared, or antireflection
processing, processing aiming at sticking prevention, diffu-
sion or anti glare may be performed onto the face on which
the polarizing film of the above described transparent pro-
tective film has not been adhered.

[0073] Ahard coat processing is applied for the purpose of
protecting the surface of the polarizing plate from damage,
and this hard coat film may be formed by a method in which,
for example, a curable coated film with excellent hardness,
slide property etc. is added on the surface of the transparent
protective film using suitable ultraviolet curable type resins,
such as acrylic type and silicone type resins. Antireflection
processing is applied for the purpose of antireflection of
outdoor daylight on the surface of a polarizing plate and it
may be prepared by forming an antireflection film according
to the conventional method etc. Besides, a sticking preven-
tion processing is applied for the purpose of adherence
prevention with adjoining layer used for other members.

[0074] 1In addition, an anti glare processing is applied in
order to prevent a disadvantage that outdoor daylight reflects
on the surface of a polarizing plate to disturb visual recog-
nition of transmitting light through the polarizing plate, and
the processing may be applied, for example, by giving a fine
concavo-convex structure to a surface of the protective film
using, for example, a suitable method, such as rough sur-
facing treatment method by sandblasting or embossing and
a method of combining transparent fine particle. As a fine
particle combined in order to form a fine concavo-convex
structure on the above-mentioned surface, transparent fine
particles whose average particle size is 0.5 to 50 um, for
example, such as inorganic type fine particles that may have
conductivity comprising silica, alumina, titania, zirconia, tin
oxides, indium oxides, cadmium oxides, antimony oxides,
etc., and organic type fine particles comprising cross-linked
of non-cross-linked polymers may be used. When forming
fine concavo-convex structure on the surface, the amount of
fine particle used is usually about 2 to 50 weight part to the
transparent resin 100 weight part that forms the fine con-
cavo-convex structure on the surface, and preferably 5 to 25
weight part. An anti glare layer may serve as a diffusion
layer (viewing angle expanding function etc.) for diffusing
transmitting light through the polarizing plate and expanding
a viewing angle etc.

[0075] In addition, the above-mentioned antireflection
layer, sticking prevention layer, diffusion layer, anti glare
layer, etc. may be built in the protective film itself, and also
they may be prepared as an optical layer different from the
protective layer.
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[0076] Adhesives are used for adhesion processing of the
above described polarizer and the transparent protective
film. As adhesives, isocyanate derived adhesives, polyvinyl
alcohol derived adhesives, gelatin derived adhesives, vinyl
polymers derived latex type, aqueous polyurethane based
adhesives, aqueous polyesters derived adhesives, etc. may
be mentioned. The adhesives are usually aqueous solution.

[0077] A polarizing plate is manufactured by adhering the
above described transparent protective film and the polarizer
using the above described adhesives. The application of
adhesives may be performed to any of the transparent
protective film or the polarizer, and may be performed to
both of them. After adhered, drying process is given and the
adhesion layer comprising applied dry layer is formed.
Adhering process of the polarizing film and the transparent
protective film may be performed using a roll laminator etc.
Although a thickness of the adhesion layer is not especially
limited, it is usually approximately from 0.1 to 5 um.

[0078] An optical member disposed on both sides of the
liquid crystal cell comprises at least the polarizing plate. And
the optical member, described above, comprises the retar-
dation plate or the laminated retardation plate. The polariz-
ing plate may be used laminating with other optical layers in
practice. The optical layers, which may be used for forma-
tion of a liquid crystal display etc., such as a reflector, a
transflective plate, and a viewing angle compensation film,
may be used with especially no limitation. Especially pref-
erable polarizing plates are; a reflection type polarizing plate
or a transflective type polarizing plate in which a reflector or
a transflective reflector is further laminated onto a polarizing
plate of the present invention; an elliptically polarizing plate
or a circular polarizing plate in which a retardation plate is
further laminated onto the polarizing plate; a wide viewing
angle polarizing plate in which a viewing angle compensa-
tion film is further laminated onto the polarizing plate; or a
polarizing plate in which a brightness enhancement film is
further laminated onto the polarizing plate.

[0079] A reflective layer is prepared on a polarizing plate
to give a reflection type polarizing plate, and this type of
plate is used for a liquid crystal display in which an incident
light from a view side (display side) is reflected to give a
display. This type of plate does not require built-in light
sources, such as a backlight, but has an advantage that a
liquid crystal display may easily be made thinner. A reflec-
tion type polarizing plate may be formed using suitable
methods, such as a method in which a reflective layer of
metal etc. is, if required, attached to one side of a polarizing
plate through a transparent protective layer etc.

[0080] As an example of a reflection type polarizing plate,
a plate may be mentioned on which, if required, a reflective
layer is formed using a method of attaching a foil and vapor
deposition film of reflective metals, such as aluminum, to
one side of a matte treated protective film. Moreover, a
different type of plate with a fine concavo-convex structure
on the surface obtained by mixing fine particle into the
above-mentioned protective film, on which a reflective layer
of concavo-convex structure is prepared, may be mentioned.
The reflective layer that has the above-mentioned fine con-
cavo-convex structure diffuses incident light by random
reflection to prevent directivity and glaring appearance, and
has an advantage of controlling unevenness of light and
darkness etc. Moreover, the protective film containing the

Feb. 2, 2006

fine particle has an advantage that unevenness of light and
darkness may be controlled more effectively, as a result that
an incident light and its reflected light that is transmitted
through the film are diffused. A reflective layer with fine
concavo-convex structure on the surface effected by a sur-
face fine concavo-convex structure of a protective film may
be formed by a method of attaching a metal to the surface of
a transparent protective layer directly using, for example,
suitable methods of a vacuum evaporation method, such as
a vacuum deposition method, an ion plating method, and a
sputtering method, and a plating method etc.

[0081] Instead of a method in which a reflection plate is
directly given to the protective film of the above-mentioned
polarizing plate, a reflection plate may also be used as a
reflective sheet constituted by preparing a reflective layer on
the suitable film for the transparent film. In addition, since
areflective layer is usually made of metal, it is desirable that
the reflective side is covered with a protective film or a
polarizing plate etc. when used, from a viewpoint of pre-
venting deterioration in reflectance by oxidation, of main-
taining an initial reflectance for a long period of time and of
avoiding preparation of a protective layer separately etc.

[0082] In addition, a transflective type polarizing plate
may be obtained by preparing the above-mentioned reflec-
tive layer as a transflective type reflective layer, such as a
half-mirror etc. that reflects and transmits light. A transflec-
tive type polarizing plate is usually prepared in the backside
of a liquid crystal cell and it may form a liquid crystal
display unit of a type in which a picture is displayed by an
incident light reflected from a view side (display side) when
used in a comparatively well-lighted atmosphere. And this
unit displays a picture, in a comparatively dark atmosphere,
using embedded type light sources, such as a back light built
in backside of a transflective type polarizing plate. That is,
the transflective type polarizing plate is useful to obtain of
a liquid crystal display of the type that saves energy of light
sources, such as a back light, in a well-lighted atmosphere,
and can be used with a built-in light source if needed in a
comparatively dark atmosphere etc.

[0083] A viewing angle compensation film is a film for
extending viewing angle so that a picture may look com-
paratively clearly, even when it is viewed from an oblique
direction not from vertical direction to a screen. As such a
viewing angle compensation retardation plate, in addition, a
film having birefringence property that is processed by
uniaxial stretching or orthogonal biaxial stretching and a
bi-directional stretched film as inclined orientation film etc.
may be used. As inclined orientation film, for example, a
film obtained using a method in which a heat shrinking film
is adhered to a polymer film, and then the combined film is
heated and stretched or shrunk under a condition of being
influenced by a shrinking force, or a film that is oriented in
oblique direction may be mentioned. The viewing angle
compensation film is suitably combined for the purpose of
prevention of coloring caused by change of visible angle
based on retardation by liquid crystal cell etc. and of
expansion of viewing angle with good visibility.

[0084] Besides, a compensation plate in which an optical
anisotropy layer consisting of an alignment layer of liquid
crystal polymer, especially consisting of an inclined align-
ment layer of discotic liquid crystal polymer is supported
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with triacetyl cellulose film may preferably be used from a
viewpoint of attaining a wide viewing angle with good
visibility.

[0085] The polarizing plate with which a polarizing plate
and a brightness enhancement film are adhered together is
usually used being prepared in a backside of a liquid crystal
cell. A brightness enhancement film shows a characteristic
that reflects linearly polarized light with a predetermined
polarization axis, or circularly polarized light with a prede-
termined direction, and that transmits other light, when
natural light by back lights of a liquid crystal display or by
reflection from a back-side etc., comes in. The polarizing
plate, which is obtained by laminating a brightness enhance-
ment film to a polarizing plate, thus does not transmit light
without the predetermined polarization state and reflects it,
while obtaining transmitted light with the predetermined
polarization state by accepting a light from light sources,
such as a backlight. This polarizing plate makes the light
reflected by the brightness enhancement film further
reversed through the reflective layer prepared in the back-
side and forces the light re-enter into the brightness enhance-
ment film, and increases the quantity of the transmitted light
through the brightness enhancement film by transmitting a
part or all of the light as light with the predetermined
polarization state. The polarizing plate simultaneously sup-
plies polarized light that is difficult to be absorbed in a
polarizer, and increases the quantity of the light usable for a
liquid crystal picture display etc., and as a result luminosity
may be improved. That is, in the case where the light enters
through a polarizer from backside of a liquid crystal cell by
the back light etc. without using a brightness enhancement
film, most of the light, with a polarization direction different
from the polarization axis of a polarizer, is absorbed by the
polarizer, and does not transmit through the polarizer. This
means that although influenced with the characteristics of
the polarizer used, about 50 percent of light is absorbed by
the polarizer, the quantity of the light usable for a liquid
crystal picture display etc. decreases so much, and a result-
ing picture displayed becomes dark. A brightness enhance-
ment film does not enter the light with the polarizing
direction absorbed by the polarizer into the polarizer but
reflects the light once by the brightness enhancement film,
and further makes the light reversed through the reflective
layer etc. prepared in the backside to re-enter the light into
the brightness enhancement film. By this above-mentioned
repeated operation, only when the polarization direction of
the light reflected and reversed between the both becomes to
have the polarization direction which may pass a polarizer,
the brightness enhancement film transmits the light to supply
it to the polarizer. As a result, the light from a backlight may
be efficiently used for the display of the picture of a liquid
crystal display to obtain a bright screen.

[0086] A diffusion plate may also be prepared between
brightness enhancement film and the above described reflec-
tive layer, etc. A polarized light reflected by the brightness
enhancement film goes to the above described reflective
layer etc., and the diffusion plate installed diffuses passing
light uniformly and changes the light state into depolariza-
tion at the same time. That is, the diffusion plate returns
polarized light to natural light state. Steps are repeated
where light, in the unpolarized state, i.e., natural light state,
reflects through reflective layer and the like, and again goes
into brightness enhancement film through diffusion plate
toward reflective layer and the like. Diffusion plate that
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returns polarized light to the natural light state is installed
between brightness enhancement film and the above
described reflective layer, and the like, in this way, and thus
a uniform and bright screen may be provided while main-
taining brightness of display screen, and simultancously
controlling non-uniformity of brightness of the display
screen. By preparing such diffusion plate, it is considered
that number of repetition times of reflection of a first
incident light increases with sufficient degree to provide
uniform and bright display screen conjointly with diffusion
function of the diffusion plate.

[0087] The suitable films are used as the above-mentioned
brightness enhancement film. Namely, multilayer thin film
of a diclectric substance; a laminated film that has the
characteristics of transmitting a linearly polarized light with
apredetermined polarizing axis, and of reflecting other light,
such as the multilayer laminated film of the thin film having
a different refractive-index anisotropy; an aligned film of
cholesteric liquid-crystal polymer; a film that has the char-
acteristics of reflecting a circularly polarized light with
either left-handed or right-handed rotation and transmitting
other light, such as a film on which the aligned cholesteric
liquid crystal layer is supported; etc. may be mentioned.

[0088] Therefore, in the brightness enhancement film of a
type that transmits a linearly polarized light having the
above-mentioned predetermined polarization axis, by
arranging the polarization axis of the transmitted light and
entering the light into a polarizing plate as it is, the absorp-
tion loss by the polarizing plate is controlled and the
polarized light can be transmitted efficiently. On the other
hand, in the brightness enhancement film of a type that
transmits a circularly polarized light as a cholesteric liquid-
crystal layer, the light may be entered into a polarizer as it
is, but it is desirable to enter the light into a polarizer after
changing the circularly polarized light to a linearly polarized
light through a retardation plate, taking control an absorp-
tion loss into consideration. In addition, a circularly polar-
ized light is convertible into a linearly polarized light using
a quarter wavelength plate as the retardation plate.

[0089] A retardation plate that works as a quarter wave-
length plate in a wide wavelength ranges, such as a visible-
light band, is obtained by a method in which a retardation
layer working as a quarter wavelength plate to a pale color
light with a wavelength of 550 nm is laminated with a
retardation layer having other retardation characteristics,
such as a retardation layer working as a half-wavelength
plate. Therefore, the retardation plate located between a
polarizing plate and a brightness enhancement film may
consist of one or more retardation layers.

[0090] In addition, also in a cholesteric liquid-crystal
layer, a layer reflecting a circularly polarized light in a wide
wavelength ranges, such as a visible-light band, may be
obtained by adopting a configuration structure in which two
or more layers with different reflective wavelength are
laminated together. Thus a transmitted circularly polarized
light in a wide wavelength range may be obtained using this
type of cholesteric liquid-crystal layer.

[0091] Moreover, the polarizing plate may consist of
multi-layered film of laminated layers of a polarizing plate
and two of more of optical layers as the above-mentioned
separated type polarizing plate. Therefore, a polarizing plate
may be a reflection type elliptically polarizing plate or a
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semi-transmission type elliptically polarizing plate, etc. in
which the above-mentioned reflection type polarizing plate
or a transflective type polarizing plate is combined with
above described retardation plate respectively.

[0092] Although an optical film with the above described
optical layer laminated to the polarizing plate may be
formed by a method in which laminating is separately
carried out sequentially in manufacturing process of a liquid
crystal display elc., an optical film in a form of being
laminated beforehand has an outstanding advantage that it
has excellent stability in quality and assembly workability,
etc., and thus manufacturing processes ability of a liquid
crystal display etc. may be raised.

[0093] Proper adhesion means, such as an adhesive layer,
may be used for laminating. On the occasion of adhesion of
the above described polarizing plate and other optical films,
the optical axis may be set as a suitable configuration angle
according to the target retardation characteristics etc.

[0094] A pressure sensitive adhesive layer may be formed
on the optical member, which comprises at least one layer of
the above described laminated retardation plate or polariza-
tion plate with retardation plate, to attached on other optical
films, such as liquid crystal cells, etc. As pressure sensitive
adhesive that forms adhesive layer is not especially limited,
and, for example, acrylic type polymers; silicone type poly-
mers; polyesters, polyurethanes, polyamides, polyethers;
fluorine type and rubber type polymers may be suitably
selected as a base polymer. Especially, a pressure sensitive
adhesive such as acrylics type pressure sensitive adhesives
may be preferably used, which is excellent in optical trans-
parency, showing adhesion characteristics with moderate
wettability, cohesiveness and adhesive property and has
outstanding weather resistance, heat resistance, etc.

[0095] Moreover, an adhesive layer with low moisture
absorption and excellent heat resistance is desirable. This is
because those characteristics are required in order to prevent
foaming and peeling-off phenomena by moisture absorption,
in order to prevent decrease in optical characteristics and
curvature of a liquid crystal cell caused by thermal expan-
sion difference etc. and in order to manufacture a liquid
crystal display excellent in durability with high quality.

[0096] The adhesive layer may contain additives, for
example, such as natural or synthetic resins, adhesive resins,
glass fibers, glass beads, metal powder, fillers comprising
other inorganic powder etc., pigments, colorants and anti-
oxidants. Moreover, it may be an adhesive layer that con-
tains fine particle and shows optical diffusion nature.

[0097] Adhesive layers can be provided to one side or both
sides of the optical member which comprises at least one
layer of a laminated retardation plate or a polarizing plate
with retardation plate, as described above, in accordance
with an appropriate method. As examples, a method where
an adhesive solution of approximately 10% to 40% by
weight, where a base polymer or compositions thereof are
solved or dispersed in a solvent made of an appropriate
single solvent, such as toluene or ether acetate, or a mixture
of these, is prepared, and this is directly provided onto a
polarizing plate or an optical member in accordance with an
appropriate developing method, such as a flowing and
expanding method or an application method, or a method
where an adhesive layer is formed on a separator in a similar
manner as in the above, and this is transferred onto an optical
member, can be cited.
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[0098] Adhesive layers can be provided to one side or both
sides of the optical member, in the form of multiple layers
of different compositions or different types. In addition, in
the case where they are provided on both sides, adhesive
layers of different compositions, different types or different
thicknesses can be provided on the front and rear surfaces of
the polarizing plate or the optical member. The thicknesses
of the adhesive layers can be appropriately determined on
the basis of the purpose of utilization or adhesiveness, and
are, in general, in a range of from 1 ym to 500 um, preferably
in a range of from 5 ym to 200 um, and more preferably, in
a range of from 10 um to 100 um.

[0099] A separator is temporarily made to adhere to the
exposed surface of an adhesive layer, so that the exposed
surface is covered for the purpose of preventing staining and
the like, until it is used. As a result of this, the adhesive layer
can be prevented from being touched when it is generally
handled. Appropriate thin sheets, such as plastic films,
rubber sheets, paper, cloth, unwoven cloth, nets, foaming
sheets, metal foils and laminated bodies of these, can be used
as a separator, without having the thickness conditions as
described above, after being treated in a conventional man-
ner, for example, coating processed with an appropriate
peeling agent, such as a silicone based, long-chain alkyl
based or fluorine based substance, or molybdenum sulfide, if
necessary.

[0100] In addition, in the present invention, ultraviolet
absorbing property may be given to the above-mentioned
each layer, such as the optical member, an adhesive layer,
using a method of adding UV absorbents, such as salicylic
acid ester type compounds, benzophenol type compounds,
benzotriazol type compounds, cyano acrylate type com-
pounds, and nickel complex salt type compounds.

[0101] The liquid crystal display is applicable to a various
kind of devices that have conventionally been known. The
form of the liquid crystal display can be determined in
accordance with the prior art. The liquid crystal display
generally comprises a liquid crystal cell, optical members as
described above disposed on both sides of the liquid crystal
cell, and a backlight. The liquid crystal display is formed by
assembling the above described components in an appropri-
ate manner with a driving circuit incorporated therein. An
arbitrary type of liquid crystal cell, such as a twisted nematic
type, super twisted nematic type or n type, may be used in
the liquid crystal display according to the present invention.
Here, the optical members that include a polarizing plate,
and which are disposed on both sides of the liquid crystal
cell may be of the same type or of different types.

[0102] A behind-the-screen type backlight, a side light
type backlight, or a light source in plain form can be used as
the backlight. In addition, a reflection plate can be used for
the backlight. Furthermore, one or more layers of appropri-
ate parts, such as a diffusion plate, an anti-glare layer, an
anti-reflection film, a protective plate, a prism array, a lens
array sheath and a light diffusing plate, can be appropriately
disposed in appropriate positions at the time of the formation
of the liquid crystal display.

[0103] Subsequently, organic electro luminescence equip-
ment (organic EL display) will be explained. Generally, in
organic EL display, a transparent electrode, an organic
emitting layer, and a metal electrode are laminated on a
transparent substrate in an order configuring an illuminant
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(organic electro luminescence illuminant). Here, an organic
emitting layer is a laminated material of various organic thin
films, and much compositions with various combination are
known, for example, a laminated material of hole injection
layer comprising triphenylamine derivatives etc., an emit-
ting layer comprising fluorescent organic solids, such as
anthracene; a laminated material of electronic injection layer
comprising such an emitting layer and perylene derivatives,
etc.; laminated material of these hole injection layers, emit-
ting layer, and electronic injection layer etc.

[0104] An organic EL display emits light based on a
principle that positive hole and electron are injected into an
organic emitting layer by impressing voltage between a
transparent electrode and a metal electrode, the energy
produced by recombination of these positive holes and
electrons excites fluorescent substance, and subsequently
light is emitted when excited fluorescent substance returns to
ground state. A mechanism called recombination which
takes place in a intermediate process is the same as a
mechanism in common diodes, and, as is expected, there is
a strong non-linear relationship between electric current and
luminescence strength accompanied by rectification nature
to applied voltage.

[0105] In an organic EL display, in order to take out
luminescence in an organic emitting layer, at least one
electrode must be transparent. The transparent electrode
usually formed with transparent electric conductor, such as
indium tin oxide (ITO), is used as an anode. On the other
hand, in order to make electronic injection easier and to
increase luminescence efficiency, it is important that a
substance with small work function is used for cathode, and
metal electrodes, such as Mg—Ag and Al—L., are usually
used.

[0106] In organic EL display of such a configuration, a
very thin film about 10 nm forms an organic emitting layer
in thickness. For this reason, light is transmitted nearly
completely through organic emitting layer as through trans-
parent electrode. Consequently, since the light that enters,
when light is not emitted, as incident light from a surface of
a transparent substrate and is transmitted through a trans-
parent electrode and an organic emitting layer and then is
reflected by a metal electrode, appears in front surface side
of the transparent substrate again, a display side of the
organic EL display looks like mirror if viewed from outside.

[0107] In an organic EL display containing an organic
electro luminescence illuminant equipped with a transparent
electrode on a surface side of an organic emitting layer that
emits light by impression of voltage, and at the same time
equipped with a metal electrode on a back side of organic
emitting layer, a retardation plate may be installed between
these transparent electrodes and a polarizing plate, while
preparing the polarizing plate on the surface side of the
transparent electrode.

[0108] Since the retardation plate and the polarizing plate
have function polarizing the light that has entered as incident
light from outside and has been reflected by the metal
electrode, they have an effect of making the mirror surface
of metal electrode not visible from outside by the polariza-
tion action. If a retardation plate is configured with a quarter
wavelength plate and the angle between the two polarization
directions of the polarizing plate and the retardation plate is
adjusted to m/4, the mirror surface of the metal electrode
may be completely covered.
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[0109] This means that only linearly polarized light com-
ponent of the external light that enters as incident light into
this organic EL display is transmitted with the work of
polarizing plate. This linearly polarized light generally gives
an elliptically polarized light by the retardation plate, and
especially the retardation plate is a quarter wavelength plate,
and moreover when the angle between the two polarization
directions of the polarizing plate and the retardation plate is
adjusted to /4, it gives a circularly polarized light.

[0110] This circularly polarized light is transmitted
through the transparent substrate, the transparent electrode
and the organic thin film, and is reflected by the metal
electrode, and then is transmitted through the organic thin
film, the transparent electrode and the transparent substrate
again, and is turned into a linearly polarized light again with
the retardation plate. And since this linearly polarized light
lies at right angles to the polarization direction of the
polarizing plate, it cannot be transmitted through the polar-
izing plate. As the result, mirror surface of the metal
electrode may be completely covered.

EXAMPLES

[0111] In the following, the present invention is described
by citing Examples and the like, but the present invention is
not limited to these Examples.

[0112]

[0113] The shrinking and expansion of the stretched films
was measured using a thermo mechanical analyzer (TMA)
manufactured by Rigaku Corporation. The pieces of samples
in cylinder form having the dimensions: width 15
mmxlength 10 mm were measured. The measurement was
carried out relative to a reference of length (Lo) in the length
of the slow axis and in the length of the fast axis of a
stretched film at 25° C., and the dimensional change rate was
calculated at each degree as the temperature was changed by
1° C. per minute or —-1° C. per minute. The difference
between the measured length and the reference length (Lo)
is the amount of change (AL), and the dimensional change
rate is AL/Lo.

[0114] Table 1 shows the dimensional change rate of the
measured samples (retardation plates). In the case where the
temperature exceeded 25° C., the samples expanded to have
positive values, and in the case where temperature was lower
than 25° C., the samples shrunk to have negative values. The
relationship between the dimensional change rates in the
direction of the slow axis and in the direction of the fast axis,
which is expressed |X1|>|X2|, and [Y1|<]Y2|, indicates the
relationship of the absolute values between the respective
dimensional change rates.

[0115] A retardation plate of which the dimensional
change rates have the relationship [X1|>|X2], that is to say,
a PF film (made of polycarbonate), manufactured by Kaneka
Corporation, was stretched (front retardation And=85 nm) to
be used. This is Sample 11. Table 1 shows the dimensional
change rates in the direction of the slow axis and in the
direction of the fast axis at each degree.

[0116] Retardation plates of which the dimensional
change rates have the relationship [Y1|<|Y2], that is to say,
an ARTON film, manufactured by JSR Corporation, was
stretched (front retardation And=80 nm), and a ZEONOR
film, manufactured by Nippon Zeon Co., Ltd., was stretched

(Dimensional Change Rate)
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(front retardation And=85 nm) to be used. These are Samples
21 and 22, in this order. Table 1 shows the dimensional
change rates in the direction of the slow axis and in the
direction of the fast axis at each degree.

TABLE 1
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Co., Ltd., after the laminated retardation plates adhering to
a glass plate were cooled by being soaked in liquid nitrogen,
taken out to an atmosphere at room temperature, and then,
the frost adhering to the glass wiped away with ethanol.

Sample 11: [X1| > [X2]
(PF film)

Sample 21: [Y1] < [Y2]
(ARTON film)

Sample 22: [Y1] < [Y2]
(ZEONOR film)

Dimensional change rate Dimensional change rate Dimensional change rate

Temperature (AL/Lo/10™) (AL/1.0/107 (A/Lo/107™)
) X1 X2 Y1 Y2 Y1 Y2
50 16.8 15.5 14.7 18.5 14.0 17.7
40 9.4 9.0 8.6 11.0 8.1 10.6
30 2.9 2.8 2.6 4.3 24 4.0
25 0.0 0.0 0.0 0.0 0.0 0.0
20 =32 -2.8 -2.9 =31 -2.8 -2.9
10 -9.2 -8.4 -85 -9.4 -85 -9.0
0 -15.2 -14.0 -14.5 -15.9 -14.1 -15.0
-10 -21.5 -19.9 -20.4 -22.0 -199 =211
-20 -26.9 -25.2 -25.9 -28.2 -25.0 -27.0
Comparison Example 1 [0122] FIG. 5 shows the relationship between the tem-
) erature and the change in the front retardation value And in
[0117] Two retardation plates (Sample 11) were made to P &

adhere to a glass plate (manufactured by Matsunami Glass
Ind., Ltd., product number: 5, size: 1.3 mmx65 mmx165
mm) using an adhesive. At the time of the adhesion, the glass
plate and the retardation plates were arranged in a manner
where the slow axes of the retardation plates become parallel
to each other, and the longitudinal direction of the glass plate
and the slow axes of the retardation plates become parallel
to each other, and thus, a laminated retardation plate was
fabricated.

Comparison Example 2

[0118] A laminated retardation plate was fabricated in the
same manner as in Comparison Example 1, except that two
retardation plates (Sample 21) were used instead of the two
retardation plates (Sample 11) used in Comparison Example
1.

Example 1

[0119] A laminated retardation plate was fabricated in the
same manner as in Comparison Example 1, except that two
retardation plates (Sample 11 and Sample 21) were used, in
this order, instead of the two retardation plates (Sample 11)
used in Comparison Example 1.

Example 1

[0120] A laminated retardation plate was fabricated in the
same manner as in Comparison Example 1, except that two
retardation plates (Sample 11 and Sample 22) were used, in
this order, instead of the two retardation plates (Sample 11)
used in Comparison Example 1.

[0121] The change in the front retardation value And in a
range from -20° C. to 30° C. of laminated retardation plates
adhering to a glass plate which were obtained in the Com-
parison Examples and in the Examples was measured using
a RETS-1100, manufactured by Otsuka Electronics Co., Ltd.
The change in the front retardation value And was read out
from the RETS-1100, manufactured by Otsuka Electronics

Comparison Example 1, FIG. 6 shows the relationship
between the temperature and the change in the front retar-
dation value And in Comparison Example 2, FIG. 7 shows
the relationship between the temperature and the change in
the front retardation value And in Example 1, and FIG. 8
shows the relationship between the temperature and the
change in the front retardation value And in Example 2. It is
recognized that the change in the retardation value as the
temperature changes is small in the Examples, in compari-
son with the comparison examples. Here, in FIGS. 5 to §¢
and M shows measured values, and . . . shows approximation
lines tracing the measured values.

1. A laminated retardation plate comprising at least two
retardation plates made of stretched films of a thermoplastic
resin, wherein

under the same temperature condition,

at least one retardation plate have the relationship of
[X1|>[X2|, where X1 represents the dimensional change
rate in the direction of slow axis and X2 represents the
dimensional change rate in the direction of fast axis;

at least one retardation plate have the relationship of
[Y1|<[Y2|, where Y1 represents the dimensional change
rate in the direction of slow axis and Y2 represents the
dimensional change rate in the direction of fast axis;
and

the each retardation plate is arranged so as to the direction

of slow axes thereof are in the same directions.

2. Apolarizing plate with retardation plate, comprising the
laminated retardation plate according to claim 1 and a
polarizing plate.

3. An image display, comprising the laminated retardation
plate according to claim 1.

4. A liquid crystal display comprising a liquid crystal cell
and an optical member containing a polarizing plate dis-
posed on both sides of the liquid crystal cell, wherein



US 2006/0023147 Al

the optical member at least on one side of the liquid
crystal cell has the polarizing plate with retardation
plate according to claim 2.

5. The liquid crystal display according to claim 4, wherein
the slow axes of the retardation plates of said polarizing
plate with retardation plate are disposed so as to be parallel
to or perpendicular to the longitudinal direction of the liquid
crystal display.

6. A liquid crystal display comprising a liquid crystal cell
and an optical member containing a retardation plate made
of stretched films of a thermoplastic resin and a polarizing
plate disposed on both sides of the liquid crystal cell,
wherein

under the same temperature conditions,

at least one retardation plate in the optical member
disposed on one side have the relationship of [X1|>|X2],
where X1 represents the dimensional change rate in the
direction of slow axis and X2 represents the dimen-
sional change rate in the direction of fast axis,
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at least one retardation plate in the optical member
disposed on the other side have the relationship of
[Y1]<|[Y2|, where Y1 represents the dimensional change
rate in the direction of slow axis and Y2 represents the
dimensional change rate in the direction of fast axis;
and

the optical members disposed on both sides of the liquid
crystal cell are arranged so as to the direction of slow
axes of the each retardation plate in said optical mem-
bers is in the same directions.

7. The liquid crystal display according to claim 6, wherein
the slow axes of the retardation plates of said retardation
plate are disposed so as to be parallel to or perpendicular to
the longitudinal direction of the liquid crystal display.

8. An image display, comprising the polarizing plate with
retardation plate according to claim 2.



PRI E (R FIR)A(F)
RF(EFR)AGE)

HAT R E (TR AGE)

[FRI& B A

KRN

HAEREELE

BEX)

ARANEEERRTIEE DA B REMEDRE AL ERR B KA ER
R, EPEMRERERGT , EL—NERREAR| X1 > | X2 XK,
HbX1RARBHMBAHRITRAR  X2RRIRAFEAHRIT TR, =
D—NERRER| Y1 | <| Y2 |HIXFR , ERYIRFEMAEAHR L
R, Y2RFRH T E R R ECER; F BB MNEERMEKE ST EE
MEAXE L, ERFERETHNERT , BRIERRNWIEEEEL),

FEIERR , FERRHOFEAAR , BEERNRSRERER

US20060023147A1 AT () B
US11/188094 s E
BREBEIH)RI o4
ARBEIMRASH

BREIHKRA L4

WASAI KANAKO
TOUJOU YASUHISA
YANO SHUUJI

WASAI, KANAKO
TOUJOU, YASUHISA
YANO, SHUUJI

GO02F1/1335
G02B5/3083 G02F1/13363 G02F2203/60
2004218898 2004-07-27 JP

Espacenet USPTO

2006-02-02

2005-07-25

LI

snap



https://share-analytics.zhihuiya.com/view/4b346407-261e-4250-8c0d-488b72dd9e24
https://worldwide.espacenet.com/patent/search/family/035731717/publication/US2006023147A1?q=US2006023147A1
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=%2220060023147%22.PGNR.&OS=DN/20060023147&RS=DN/20060023147

