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Viewing side

An optical film in which a polarizing plate and a retardation
film are laminated so that an absorbing axis of the polarizing
plate and a slow axis of the retardation film may be perpen-
dicular or may be parallel to each other, wherein a value Nz
represented by Nz=(nx,-nz,)/(nx,-ny,) satisfies a range of
0.4 through 0.6, and an in-plane retardation Re =(nx,-ny,)x
d, is 200 through 350 nm, where, a direction of the retar-
dation film in which an in-plane refractive index within the
film surface concerned gives a maximum is defined as
X-axis, a direction perpendicular to X axis is defined as
Y-axis, a thickness direction of the film is defined as Z-axis,
refractive indexes in axial direction are defined as nx,, ny,
nz,, respectively, and a thickness of the film is defined as d,
(nm), may realize an easily viewable display with high
contrast ratio in a wide range when applied to a display
system, preferably used for a liquid crystal display operating
in IPS mode.
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OPTICAL FILM AND DISPLAY SYSTEM

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an optical film in
which a polarizing plate and a retardation film are laminated.
Specifically, the present invention relates to a display sys-
tem, such as a liquid crystal display, a PDP, and a CRT, using
the above-mentioned optical film. Especially an optical film
of the present invention is preferably used for a liquid crystal
display operating in IPS mode.

[0003]

[0004] Conventionally, as a liquid crystal display, there
has been used a liquid crystal display in so-called TN mode
in which a liquid crystal having a positive dielectric anisot-
ropy is twisted and homogeneous aligned between substrates
mutually facing to each other. However, in TN mode, even
if black display is performed, optical leakage resulting from
birefringence caused by liquid crystal molecule near a
substrate made it difficult to obtain perfect display of black
color owing to driving characteristics thereof. On the other
hand, in a liquid crystal display in IPS mode, since liquid
crystal molecule has almost parallel and homogenecous
alignment to a substrate surface in non-driven state, light
passes through the liquid crystal layer, without giving almost
any change to a polarization plane, and as a result, arrange-
ment of polarizing plates on upper and lower sides of the
substrate enables almost perfect black display in non-driven
state,

[0005] However, although almost perfect black display
may be realized in normal direction 1o a panel in IPS mode,
when a panel is observed in a direction shifted from normal
direction, inevitable optical leakage occurs caused by char-
acteristics of a polarizing plate in a direction shifted from an
optical axis of the polarizing plates placed on upper and
lower sides of the liquid crystal cell, as a result, leading to
a problem of narrowing of a viewing angle.

[0006] In order to solve this problem, a polarizing plate is
used in which the shift of a geometric axis of a polarizing
plate given when observed from oblique direction is com-
pensated by a retardation film. Polarizing plates providing
such effect are disclosed in Japanese Patent Laid-Open
Publication No. H4-305602, and Japanese Patent Laid-Open
Publication No. H4-371903 official gazette. However, retar-
dation films conventionally known have not been able to
easily realize sufficient wide viewing angles.

[0007] In a polarizing plate described in the above-men-
tioned Japanese Patent Laid-Open Publication No.H4-
305602, a retardation film is used as a protective film for a
polarizer. However, although in the polarizing plate con-
cerned viewing angle characteristics satisfactory in usual
operating environment are obtained, protective film to which
a polarizer is laminated is also deforms by dimensional
variation of the polarizer under conditions of high tempera-
ture and high humidity. Thus, a retardation value of a
retardation film used as a protective film would be shifted
from a desired value, and a problem occurred that a stable
effect could not be maintained.

[0008] On the other hand, in Japanese Patent Laid-Open
Publication No. H4-371903,a retardation film is laminated to
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a polarizing plate in which a triacetyl cellulose film (TAC
film) generally used as a protective film is applied. In this
case, since a direct stress does not affect to a retardation film,
a stable retardation value of the retardation film is obtained.
However, a non-negligible retardation value of a TAC film
makes design of a retardation film difficult that can com-
pensate an axial shift. Moreover, a dimensional variation of
a polarizer caused under conditions of high temperature or
high humidity varies a retardation value of a TAC film as
mentioned above, thus a desired purpose cannot be attained.

SUMMARY OF THE INVENTION

[0009] The present invention aims at providing an optical
film with a retardation film and a polarizing plate laminated
together that may realize an easily viewable display with
high contrast ratio in a wide range when applied to a display
system.

[0010] Furthermore, the present invention aims at provid-
ing an optical film that may provide a retardation value
stabilized under conditions of high temperature or high
humidity.

[0011] Moreover, the present invention aims at providing
a display system, especially a liquid crystal display operat-
ing in IPS mode, which can realize an easily viewable
display and has a high contrast ratio in a wide range using
the above-mentioned optical film.

[0012] As a result of wholehearted examination to solve
the above-mentioned problems conducted by the present
inventors, an optical film described later was found out, and
the present invention was completed.

[0013] That is, the present invention relates to an optical
film in which a polarizing plate and a retardation film are
laminated so that an absorbing axis of the polarizing plate
and a slow axis of the retardation film may be perpendicular
or may be parallel to each other,

[0014] wherein a value Nz represented by Nz=(nx,-
nz,)/(nx,-ny,) satisfies a range of 0.4 through 0.6,
and an in-plane retardation Re,=(nx,-ny,)xd, is 200
through 350 nm,

[0015] where a direction of the retardation film in
which an in-plane refractive index within the film
surface concerned gives a maximum is defined as
X-axis, a direction perpendicular to X axis is defined
as Y-axis, a thickness direction of the film is defined
as Z-axis, refractive indexes in axial direction are
defined as nx,, ny,, nz,, respectively, and a thickness
of the film is defined as d; (nm).

[0016] In the above-mentioned optical film of the present
invention, when a polarizing plate is arranged in cross-Nicol
state, the above-mentioned specific retardation film can
solve optical leakage in a direction shifted from an optical
axis. Especially, in a liquid crystal display in IPS mode, a
function to compensate decrease in contrast in an oblique
direction to a liquid crystal layer may be demonstrated. The
retardation film has the above-mentioned value Nz of 0.4
through 0.6, and has an in-plane retardation Re, of 200
through 350 nm. In view of enhancing compensation func-
tion, a value Nz is preferably 0.45 or more, and more
preferably 0.48 or more. On the other hand, a value Nz is
preferably 0.55 or less, and more preferably 0.52 or less. In
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view of enhancing compensation function, an in-plane retar-
dation Re, is preferably 230 nm or more, and more prefer-
ably 250 nm or more. On the other hand, an in-plane
retardation Re, is preferably 300 nm or less, and more
preferably 280 nm or less. A thickness d; of a retardation
film is not especially limited, and usually it is approximately
40 through 100 ym, and preferably 50 through 70 um.

[0017] As the above-mentioned optical film, a film is
preferable in which a retardation film is laminated on one
side of a polarizing plate, in which a transparent protective
film is laminated on both sides of a polarizer, so that an
absorbing axis of the polarizing plate and a slow axis of the
retardation film may be perpendicular or may be parallel to
each other.

[0018] In the above-mentioned optical film, the transpar-
ent protective films preferably comprise a thermoplastic
resin (A) having a substituted and/or non-substituted imide
group in a side chain and a thermoplastic resin (B) having a
substituted and/or non-substituted phenyl group, and a
nitrile group in a side chain.

[0019] A transparent film comprising a mixture of the
above-mentioned thermoplastic resins (A) and (B) as prin-
cipal components can provide a stable retardation value,
even when a polarizer has some dimensional variation and,
as a result, receives a stress caused by high temperature and
high humidity under conditions of high temperature and
high humidity. That is, an optical film that hardly gives
retardation under high temperature and high humidity envi-
ronment and gives little characteristic variation may be
obtained.

[0020] In the above-mentioned optical film, an in-plane
retardation Re,=(nx,-ny,)xd, is preferably 20 nm or less,
and a thickness direction retardation Rth={(nx +ny.,)/2-
nz, }xd, is preferably 30 nm or less, where a direction of a
transparent protective film where an in-plane refractive
index within the film surface concerned gives a maximum is
defined as X-axis, a direction perpendicular to X-axis is
defined as Y-axis, a thickness direction of the film is defined
as Z-axis, refractive indexes in axial direction are defined as
0X,, Ny, and nz,, respectively, and a thickness of the film is
defined as d, (nm).

[0021] An in-plane retardation of a transparent protective
film is preferably 20 nm or less, and more preferably 10 nm
or less, and a thickness direction retardation is preferably 30
nm or less, and more preferably 20 nm or less. In this way,
a remaining retardation adjusted small in a transparent
protective film of a polarizer makes designing of a retarda-
tion film to be laminated easier, and as a result, an optical
film is obtained that may demonstrate a high compensation
effect by a retardation film. A thickness d, of the transparent
protective film is not especially limited, and generally it is
500 um or less, preferably 1 through 300 um, and especially
preferably 5 through 200 um.

[0022] Moreover, in the above-mentioned optical film, a
transparent protective film is preferably a film that is treated
by stretching processing. Generally, strength of a film mate-
rial may improve, and tougher mechanical characteristic can
be realized if the film is stretched. In many materials, since
stretching processing causes retardation, it cannot be used as
a protective film for a polarizer. Even when stretching
processing is given, a transparent film including a mixture of
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the thermoplastic resins (A) and (B) as principal components
may provide a satisfactory in-plane retardation and a satis-
factory thickness direction retardation described above.
Stretching processing may be given by any of uniaxial
stretching and biaxial stretching. Especially a film treated by
biaxial stretching is preferable.

[0023] Furthermore, the present invention relates to a
display system characterized by using the above-mentioned
optical film.

[0024] Moreover, the present invention relates to a liquid
crystal display in IPS mode,

[0025] wherein the above-mentioned optical film is
arranged on a liquid crystal substrate in a viewing
side,

[0026] polarizing plate having a transparent film
laminated on both sides of a polarizer is arranged on
the liquid crystal substrate opposite to the viewing
side,

[0027] and an extraordinary refractive index direc-
tion of a liquid crystalline substance in a liquid
crystal cell, and an absorbing axis of the polarizing
plate concerned are parallel, in a state that voltage is
not applied.

[0028] And, the present invention relates to a liquid crystal
display in IPS mode,

[0029] wherein a polarizing plate having a transpar-
ent protective film laminated on both sides of a
polarizer is arranged on a liquid crystal substrate in
a viewing side,

[0030] the above-mentioned optical film is arranged
on a liquid crystal substrate opposite to the viewing
side,

[0031] and an extraordinary refractive index direc-
tion of a liquid crystalline substance in a liquid
crystal cell, and an absorbing axis of the optical film
concerned are perpendicular, in a state where voltage
is not applied.

[0032] In the above-mentioned liquid crystal display in
IPS mode, the transparent protective film of the polarizing
plate preferably comprise a thermoplastic resin (A) having a
substituted and/or non-substituted imide group in a side
chain, and a thermoplastic resin (B) having a substituted
and/or non-substituted phenyl group, and a nitrile group in
a side chain.

[0033] In the above-mentioned liquid crystal display in
IPS mode, an in-plane retardation Re,=(nx,-ny,)xd, is 20
nm or less, and a thickness direction retardation Rth={(nx +
ny,)/2-nz, }xd, is 30 nm or less,

[0034] where a direction of a transparent protective
film in which an in-plane refractive index within the
film surface concerned gives a maximum is defined
as X-axis, a direction perpendicular to X-axis is
defined as Y-axis, a thickness direction of the film is
defined as Z-axis, refractive indexes in axial direc-
tion are defined as nx,, ny,, and nz,, respectively,
and a thickness of the film is defined as d, (nm).

[0035] In the above-mentioned liquid crystal display in
IPS mode, a transparent protective film is a film that is
treated by biaxial stretching.
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[0036] As a display system of the present invention, a
liquid crystal display in IPS mode is suitable. When an
optical film in which the above-mentioned polarizing plate
and a retardation film having a specific retardation value are
laminated is arranged on at least one surface of a liquid
crystal cells in IPS mode, optical leakage at the time of black
display conventionally occurred in a liquid crystal display in
IPS mode may be reduced. This type of liquid crystal display
in IPS mode has a high contrast ratio over all directions, and
may realize easily viewable display with a wide viewing
angle.

[0037] Especially, when a transparent protective film com-
prising the above-mentioned mixture of thermoplastic resins
(A) and (B) as principal components is used as the above-
mentioned transparent protective film of a polarizing plate
arranged on a liquid crystal cell surface, a liquid crystal
display that has a wide viewing angle and may secure a
stable retardation may suitably be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is an example of a sectional view of an
optical film of the present invention;

[0039] FIG. 2 is a conceptual diagram of a liquid crystal
display of the present invention; and

[0040] FIG. 3 is a conceptual diagram of a liquid crystal
display of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Hereinafter, an optical film of the present invention
and a display system will be described with reference to
drawings. As is shown in FIG. 1, a retardation film 2 is
laminated to a polarizing plate 1 in an optical film of the
present invention. A polarizer may be used, as it is, for a
polarizing plate, and a transparent protective film laminated
further may be used. FIG. 1 shows an example of a case
where a retardation film 2 is laminated to one side of a
polarizing plate 1 in which transparent protective films 15
are laminated to both sides of a polarizer 1a. The polarizing
plate 1 and the retardation film 2 are laminated so that an
absorbing axis of the polarizing plate 1, and a slow axis of
the retardation film 2 may be perpendicular or may be
parallel to each other. In view of continuous lamination at
the time of laminating process, the polarizing plate 1 and the
retardation film 2 may be laminated so that an absorbing axis
of the polarizing plate 1 and a slow axis of the retardation
film 2 may be parallel.

[0042] As a retardation film, a film satisfying the above-
mentioned value Nz and in-plane retardation Re, may be
used without any limitation. For example, a high polymer
film showing birefringence, and an oriented liquid crystal
polymer film etc. may be mentioned.

[0043] Among high polymers are, for example: polycar-
bonate; polyolefins, such as and polypropylene; polyesters,
such as polyethylene terephthalate and polyethylenenaph-
thalate; cycloaliphatic polyolefins, such as poly norbornene
etc.; polyvinyl alcohols; polyvinyl butyrals; polymethyl
vinyl ethers; poly hydroxyethyl acrylates; hydroxyethyl cel-
luloses; hydroxypropyl celluloses; methylcelluloses; poly-
allylates; polysulfones; polyether sulfones; polyphenylene
sulfides; polyphenylene oxides; poly allyl sulfones; polyvi-
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nyl alcohols; polyamides; polyimides; polyvinyl chlorides;
cellulose based polymers; or various kinds of binary copoly-
mers; ternary copolymers; and graft copolymers of the
above-mentioned polymers; or their blended materials. A
retardation film may be obtained by adjusting a refractive
index in a thickness direction using a method in which a high
polymer film is biaxially stretched in a planar direction, or
a method in which a high polymer film is uniaxially or
biaxially stretched in a planar direction, and also stretched in
a thickness direction etc. And a retardation film may be
obtained using, for example, a method in which a heat
shrinking film is adhered to a polymer film, and then the
combined film is stretched and/or shrunken under a condi-
tion of being influenced by a shrinking force to obtain tilted
orientation.

[0044] As liquid crystalline polymers, for example, vari-
ous kinds of principal chain type or side chain type polymers
may be mentioned in which conjugated linear atomic groups
(mesogen) demonstrating liquid crystal alignment property
are introduced into a principal chain and a side chain of the
polymer. As illustrative examples of principal chain type
liquid crystalline polymers, for example, nematic orientated
polyester based liquid crystalline polymers having a struc-
ture where mesogenic group is bonded by a spacer section
giving flexibility, discotic polymers, and cholesteric poly-
mers, etc. may be mentioned. As illustrative examples of
side chain type liquid crystalline polymers, there may be
mentioned a polymer having polysiloxanes, polyacrylates,
polymethacrylates, or poly malonates as a principal chain
skeleton, and having a mesogen section including a para-
substituted cyclic compound unit giving nematic orientation
through a spacer section comprising conjugated atomic
group as side chain. As preferable examples of oriented films
obtained from these liquid crystalline polymers, there may
be mentioned a film whose surface of a thin film made of
polyimide or polyvinyl alcohol etc. formed on a glass plate
is treated by rubbing, and a film obtained in a method that
a solution of a liquid crystalline polymer is applied on an
oriented surface of a film having silicon oxide layer vapor-
deposited by an oblique vapor deposition method and sub-
sequently the film is heat-treated to give orientation of the
liquid crystal polymer, and among them, a film given tilted
orientation is especially preferable.

[0045] 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 alcohol type film on which dichromatic materials
(iodine, 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 ym is commonly
adopted.

[0046] 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
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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.

[0047] Materials forming a transparent protective film
provided in the above-mentioned polarizer are not especially
limited, and materials comprising a thermoplastic resin (A)
having a substituted and/or non-substituted imide group in a
side chain, and a thermoplastic resin (B) having substituted
and/or non-substituted phenyl group, and nitrile group in a
side chain may be preferably used. A transparent protective
film comprising the thermoplastic resins (A) and (B) hardly
gives retardation, when the film is affected by a stress caused
by dimensional variation of the polarizer, and consequently,
when stretching processing is given, an in-plane retardation
Re, and a thickness direction retardation Rth can be con-
trolled small. Transparent protective films comprising the
thermoplastic resins (A) and (B) are described in, for
example, WO 01/37007. In addition, the transparent protec-
tive film may also comprise other resins, when it comprises
thermoplastic resins (A) and (B) as principal components.

[0048] The thermoplastic resin (A) may have substituted
and/or non-substituted imide group in a side chain, and a
principal chain may be of arbitrary thermoplastic resins. The
principal chain may be, for example, of a principal chain
consisting only of carbon atoms, or otherwise atoms other
than carbon atoms may also be inserted between carbon
atoms. And it may also comprise atoms other than carbon
atoms. The principal chain is preferably of hydrocarbons or
of substitution products thereof. The principal chain may be,
for example, obtained by an addition polymerization.
Among concrete examples are polyolefins and polyvinyls.
And the principal chain may also be obtained by a conden-
sation polymerization. It may be obtained by, for example,
ester bonds, amide bonds, etc. The principal chain is pref-
erably of polyvinyl skeletons obtained by polymerization of
substituted vinyl monomers.

[0049] As methods for introducing substituted and/or non-
substituted imide group into the thermoplastic resin (A),
well-known conventional and arbitrary methods may be
employed. As examples for those methods, there may be
mentioned a method in which monomers having the above-
mentioned imide group are polymerized, a method in which
the above-mentioned imide group is introduced after a
principal chain is formed by polymerization of various
monomers, and a method in which compounds having the
above-mentioned imide group is grafted to a side chain. As
substituents for imide group, well-known conventional sub-
stituents that can substitute a hydrogen atom of the imide
group may be used. For example, alkyl groups, etc. may be
mentioned as examples.

[0050] The thermoplastic resin (A) is preferably of two or
more component copolymers including a repeating unit
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induced from at least one kind of olefin, and a repeating unit
having at least one kind of substituted and/or non-substituted
maleimide structure. The above-mentioned olefin-maleim-
ide copolymers may be synthesized from olefins and male-
imide compounds using well-known methods. The synthetic
process is described in, for example, Japanese Patent Laid-
Open Publication No.H5-59193, Japanese Patent Laid-Open
Publication No.H5-195801, Japanese Patent Laid-Open
Publication No.H6-136058, and Japanese Patent Laid-Open
Publication No.H9-328523 official gazettes.

[0051] As olefins, for example, there may be mentioned,
isobutene, 2-methyl-1-butene, 2-methyl-1-pentene, 2-me-
thyl-1-hexene, 2-methyl-1-heptene, 1-iso octene, 2-methyl-
1-octene, 2-ethyl-1-pentene, 2-ethyl-2-butene, 2-methyl-2-
pentene, and 2-methyl-2-hexene etc. Among them,
isobutene is preferable. These olefins may be used indepen-
dently and two or more kinds may be used in combination.

[0052] As maleimide compounds, there may be men-
tioned, maleimide, N-methyl maleimide, N-ethylmaleimide,
N-n-propyl maleimide, N-i-propyl maleimide, N-n-butyl
maleimide, N-s-butyl maleimide, N-t-butyl maleimide, N-n-
pentyl maleimide, N-n-hexyl maleimide, N-n-heptyl male-
imide, N-n-octyl maleimide, N-lauryl maleimide, N-stearyl
maleimide, N-cyclo propyl maleimide, N-cyclobutyl male-
imide, N-cyclopentyl maleimide, N-cyclohexyl maleimide,
N-cycloheptyl maleimide, and N-cyclooctyl maleimide, etc.
Among them N-methyl maleimide is preferable. These
maleimide compounds may be used independently and two
or more kinds may be used in combination.

[0053] A content of repeating units of olefin in the olefin-
maleimide copolymer is not especially limited, and it is
approximately 20 through 70 mole % in all of repeating units
in the thermoplastic resin (A), preferably 40 through 60
mole %, and more preferably 45 through 55 mole %. A
content of repeating units of maleimide structure is approxi-
mately 30 through 80 mole %, preferably 40 through 60
mole %, and more preferably 45 through 55 mole %.

[0054] The thermoplastic resin (A) may comprise repeat-
ing units of the above-mentioned olefin, and repeating units
of maleimide structure, and it may be formed only of these
units. And in addition to the above constitution, other vinyl
based monomeric repeating units may be included at a
percentage of 50 mole % or less. As other vinyl based
monomers, there may be mentioned, acrylic acid based
monomers, such as methyl acrylate and butyl acrylate;
methacrylic acid based monomers, such as methyl meth-
acrylate and cyclo hexyl methacrylate; vinyl ester mono-
mers, such as vinyl acetate; vinyl ether monomers, such as
methyl vinyl ether; acid anhydrides, such as maleic anhy-
dride; styrene based monomers, such as styrene, a-methyl
styrene, and p-methoxy styrene etc.

[0055] A weight average molecular weight of the thermo-
plastic resin (A) is not especially limited, and it is approxi-
mately 1x10° through 5x10°. The above-mentioned weight
average molecular weight is preferably 1x10* or more and
5%10 or more. A glass transition temperature of the thermo-
plastic resin (A) is 80° C. or more, preferably 100° C. or
more, and more preferably 130° C. or more.

[0056] And glutar imide based thermoplastic resins may
be used as the thermoplastic resin (A). Glutar imide based
resins are described in Japanese Patent Laid-Open Publica-
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tion No.H2-153904 etc. Glutar imide based resins have
glutar imide structural units and methyl acrylate or methyl
methacrylate structural units. The above-mentioned other
vinyl based monomers may be introduced also into the
glutar imide based resins.

[0057] The thermoplastic resin (B) is a thermoplastic resin
having substituted and/or non-substituted phenyl group, and
nitrile group in a side chain. As a principal chain of the
thermoplastic resin (B), similar principal chains as of the
thermoplastic resin (A) may be illustrated.

[0058] As a method of introducing the above-mentioned
phenyl group into the thermoplastic resin (B), for example,
there may be mentioned a method in which monomers
having the above-mentioned phenyl group is polymerized, a
method in which phenyl group is introduced after various
monomers are polymerized to form a principal chain, and a
method in which compounds having phenyl group are
grafted into a side chain, etc. As substituents for phenyl
group, well-known conventional substituents that can sub-
stitute a hydrogen atom of the phenyl group may be used.
For example, alkyl groups, etc. may be mentioned as
examples. As method for introducing nitrile groups into the
thermoplastic resin (B), similar methods for introducing
phenyl groups may be adopted.

[0059] The thermoplastic resin (B) is preferably of two or
more components copolymers comprising repeating unit
(nitrile unit) induced from unsaturated nitrile compounds,
and repeating unit (styrene based unit) induced from styrene
based compounds. For example, acrylonitrile styrene based
copolymers may preferably be used.

[0060] As unsaturated nitrile compounds, arbitrary com-
pounds having cyano groups and reactive double bonds may
be mentioned. For example, acrylonitrile, o-substituted
unsaturated nitrites, such as methacrylonitrile, nitrile com-
pounds having has o- and p-disubstituted olefin based
unsaturated bond, such as fumaronitrile may be mentioned.

[0061] As styrene based compound, arbitrary compounds
having a phenyl group and a reactive double bond may be
mentioned. For example, there may be mentioned, non-
substituted or substituted styrene based compounds, such as
styrene, vinyltoluene, methoxy styrene, and chloro styrene;
a-substituted styrene based compounds, such as o-methyl
styrene.

[0062] A content of a nitrile unit in the thermoplastic resin
(B) is not especially limited, and it is approximately 10
through 70% by weight on the basis of all repeating units,
preferably 20 through 60% by weight, and more preferably
20 through 50% by weight. It is further preferably 20
through 40% by weight, and still further preferably 20
through 30% by weight. A content of a styrene based unit is
approximately 30 through 80% by weight, preferably 40
through 80% by weight, and more preferably 50 through
80% by weight. It is especially 60 through 80% by weight,
and further preferably 70 through 80% by weight.

[0063] The thermoplastic resin (B) may comprise repeat-
ing units of the above-mentioned nitriles, and styrene based
repeating units, and it may be formed only of these units.
And in addition to the above constitution, other vinyl based
monomeric repeating units may be included at a percentage
of 50 mole % or less. As other vinyl based monomers,
compounds, repeating units of olefins, repeating units of
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maleimide and substituted maleimides, etc. may be men-
tioned, which were illustrated in the case of thermoplastic
resin (A). As the thermoplastic resins (B), AS resins, ABS
resins, ASA resins, etc. may be mentioned.

[0064] A weight average molecular weight of the thermo-
plastic resin (B) is not especially limited, and it is approxi-
mately 1x10? through 5x10°. Tt is preferably 1x10* or more,
and 5x107 or less.

[0065] A compounding ratio of the thermoplastic resin (A)
and the thermoplastic resin (B) is adjusted depending on a
retardation required for a transparent protective film. In the
above-mentioned compounding ratio, in general, a content
of the thermoplastic resin (A) is preferably 50 through 95%
by weight in total amount of a resin in a film, more
preferably 60 through 95% by weight, and still more pref-
erably 65 through 90% by weight. A content of the thermo-
plastic resin (B) is preferably 5 through 50% by weight in
total amount of the resin in the film, more preferably 5
through 40% by weight, and still more preferably 10 through
35% by weight. The thermoplastic resin (A) and the ther-
moplastic resin (B) are mixed using a method in which these
are kneaded in thermally molten state.

[0066] As a material other than forming the above pro-
tective film, with outstanding transparency, mechanical
strength, heat stability, moisture cover property, isotropy,
etc. may be preferable. For example, polyester type poly-
mers, such as polyethylene terephthalate and polyethyl-
enenaphthalate; cellulose type polymers, such as diacetyl
cellulose and triacetyl cellulose; acrylics type polymer, such
as poly methylmethacrylate; styrene type polymers, such as
polystyrene and acrylonitrile-styrene copolymer (AS resin);
polycarbonate type polymer may be mentioned. Besides, as
examples of the polymer forming a protective film, poly-
olefin type polymers, such as polyethylene, polypropylene,
polyolefin that has cyclo-type or norbornene structure, eth-
ylene-propylene copolymer; vinyl chloride type polymer;
amide type polymers, such as nylon and aromatic polya-
mide; imide type polymers; sulfone type polymers; poly-
ether sulfone type polymers; polyether-ether ketone type
polymers; poly phenylene sulfide type polymers; vinyl alco-
hol type polymer; vinylidene chloride type polymers; vinyl
butyral type polymers; allylate type polymers; polyoxym-
ethylene type polymers; epoxy type polymers; or blend
polymers of the above-mentioned polymers may be men-
tioned. In addition, a film comprising resins of heat curing
type or ultraviolet curing type, such as acrylics type, ure-
thane type, acrylics urethane type and epoxy type and
silicone type may be mentioned.

[0067] As the opposite side of the polarizing-adhering
surface above-mentioned protective film, a film with a hard
coat layer and various processing aiming for antireflection,
sticking prevention and diffusion or anti glare may be used.

[0068] A hard 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 protective
film using suitable ultraviolet curable type resins, such as
acrylic type and silicone type resins. Antireflection process-
ing 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
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conventional method etc. Besides, a sticking prevention
processing is applied for the purpose of adherence preven-
tion with adjoining layer.

[0069] In 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.

[0070] 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.

[0071] Isocyanate based adhesives, polyvinyl alcohol
based adhesives, gelatin based adhesives, vinyl based latex
based, aqueous polyester based adhesives, and etc. may be
used for adhesion processing for the above-mentioned polar-
izers and transparent protective films.

[0072] A laminating method for the above-mentioned
retardation films and polarizing plates is not especially
limited, and lamination may be carried out using pressure
sensitive adhesive layers etc. As pressure sensitive adhesive
that forms adhesive layer is not especially limited, and, for
example, acrylic type polymers; silicone type polymers;
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 transparency,
showing adhesion characteristics with moderate wettability,
cohesiveness and adhesive property and has outstanding
weather resistance, heat resistance, etc.

[0073] In addition, in the present invention, ultraviolet
absorbing property may be given to the above-mentioned
each layer, such as an optical film etc. and 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.

[0074] An optical film of the present invention is suitably
used for a liquid crystal display in IPS mode. Aliquid crystal
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display in IPS mode has a liquid crystal cell comprising: a
pair of substrates sandwiching a liquid crystal layer; a group
of electrodes formed on one of the above-mentioned pair of
substrates; a liquid crystal composition material layer having
dielectric anisotropy sandwiched between the above-men-
tioned substrates; an orientation controlling layer that is
formed on each of surfaces, facing each other, of the
above-mentioned pair of substrates in order to orient mol-
ecules of the above-mentioned liquid crystal composition
material in a predetermined direction, and driving means for
applying driver voltage to the above-mentioned group of
electrodes. The above-mentioned group of electrodes has
alignment structure arranged so that parallel electric field
may mainly be applied to an interface to the above-men-
tioned orientation controlling layer and the above-men-
tioned liquid crystal composition material layer.

[0075] As is shown in FIG. 2 and FIG. 3, an optical film
3 of the present invention is arranged on a viewing side or
on a light incident side of a liquid crystal cell. For the optical
film 3, it is preferable that a retardation film 2 side is
arranged to face to a liquid crystal cell 4 side. A polarizing
plate 1 is arranged on an opposite side of the liquid crystal
cell 4 to which the optical film 3 has been arranged. An
absorbing axis of the polarizing plate 1 arranged on both
sides of the liquid crystal substrate 4 and an absorbing axis
of the optical film 3 (polarizing plate 1) are arranged so that
they may be perpendicular to each other. In the polarizing
plate 1, a constitution is used that a transparent protective
film 2b is laminated on both sides of a similar polarizer 1a
as a polarizer used for the optical film 3.

[0076] As is shown in FIG. 2, when the optical film 3 is
arranged on a viewing side of the liquid crystal cell 4 in IPS
mode, on the liquid crystal substrate 4 opposite to the
viewing side (a light incident side), the polarizing plate 1 is
preferably arranged so that an extraordinary refractive index
direction of liquid crystalline substance in the liquid crystal
cell 4 and an absorbing axis of the polarizing plate 1 may be
parallel in a state where voltage is not applied.

[0077] Moreover as is shown in FIG. 3, when an optical
film 3 is arranged on a light incident side of a liquid crystal
cell 4 in IPS mode, a polarizing plate 1 is preferably
arranged on a liquid crystal substrate 4 in a viewing side so
that an extraordinary refractive index direction of liquid
crystalline substance in the liquid crystal cell 4 and an
absorbing axis of the optical film 3 may be perpendicular to
each other in a state where voltage is not applied.

[0078] The above-mentioned optical film and polarizing
plate may be used in a state where other optical films are
laminated thereto on the occasion of practical use. The
optical films used here are not especially limited, and, for
example, one layer or two or more layers of optical films that
may be used for formation of liquid crystal displays, such as
reflectors, semitransparent plates, and retardation plates
(including half wavelength plates and quarter wavelength
plates etc.) may be used. Especially, a reflection type polar-
izing plate or a semitransparent type polarizing plate in
which a reflector or a semitransparent reflector is further
laminated to a polarizing plate, and a polarizing plate in
which a brightness enhancement film is further laminated to
a polarizing plate are preferable.

[0079] A reflective layer is prepared on a polarizing plate
to give a reflection type polarizing plate, and this type of
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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 casily 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 protective layer etc.

[0080] As anexample 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
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 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 transreflective type polarizing plate
may be obtained by preparing the above-mentioned reflec-
tive layer as a transreflective type reflective layer, such as a
half-mirror etc. that reflects and transmits light. A transre-
flective 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 atmo-
sphere, using embedded type light sources, such as a back
light built in backside of a transreflective type polarizing
plate. That is, the transreflective 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
ete.
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[0083] The polarizing plate on which the retardation plate
is laminated may be used as elliptically polarizing plate or
circularly polarizing plate. These polarizing plates change
linearly polarized light into elliptically polarized light or
circularly polarized light, elliptically polarized light or cir-
cularly polarized light into linearly polarized light or change
the polarization direction of linearly polarization by a func-
tion of the retardation plate. As a retardation plate that
changes circularly polarized light into linearly polarized
light or linearly polarized light into circularly polarized
light, what is called a quarter wavelength plate (also called
3/4 plate) is used. Usually, half-wavelength plate (also
called 3/2 plate) is used, when changing the polarization
direction of linearly polarized light.

[0084] Elliptically polarizing plate is effectively used to
give a monochrome display without above-mentioned col-
oring by compensating (preventing) coloring (blue or yellow
color) produced by birefringence of a liquid crystal layer of
a liquid crystal display. Furthermore, a polarizing plate in
which three-dimensional refractive index is controlled may
also preferably compensate (prevent) coloring produced
when a screen of a liquid crystal display is viewed from an
oblique direction. Circularly polarizing plate is effectively
used, for example, when adjusting a color tone of a picture
of a reflection type liquid crystal display that provides a
colored picture, and it also has function of antireflection.

[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



US 2004/0032547 Al

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
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 simultaneously
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 dielectric substance; a laminated film that has the
characteristics of transmitting a linearly polarized light with
a predetermined polarizing axis, and of reflecting other light,
such as the multilayer laminated film of the thin film having
a different refractive-index anisotropy (D-BEF and others
manufactured by 3M Co., Ltd.); an oriented film of choles-
teric liquid-crystal polymer; a film that has the characteris-
tics 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 oriented cholesteric liquid
crystal layer is supported(PCF350 manufactured by NITTO
DENKO CORPORATION, Transmax manufactured by
Merck Co., Ltd., and others); 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-
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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 region, 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 region, 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
semi-transmission type elliptically polarizing plate, etc. in
which the above-mentioned reflection type polarizing plate
or a transreflective type polarizing plate is combined with
above described retardation plate respectively.

[0092] Although optical films and polarizing plates having
the above-mentioned optical films laminated thereto may be
formed using methods in which they are laminated sequen-
tially and separately in a manufacturing process of liquid
crystal displays, films that are beforehand laminated and
constituted as an optical film are superior in stability of
quality, assembly work, etc., thus leading to advantages of
improved manufacturing processes for liquid crystal dis-
plays. Suitable adhering means, such as adhesive layer, may
be used for lamination for layers. In adhesion of the above-
mentioned polarizing plate and other optical films, the
optical axes may be arranged so that they have proper
arrangement angles based on desired retardation character-
istics etc.

[0093] Formation of a liquid crystal display may be car-
ried out according to conventional methods. A liquid crystal
display is generally formed using methods in which com-
ponent parts, such as lighting systems, are suitably
assembled, and driving circuits are subsequently incorpo-
rated, if necessary, and the present invention is not especially
limited except that the above-mentioned optical film is used,
and any methods according to conventional methods may be
adopted. Also in liquid crystal cells, for example, liquid
crystal cells of arbitrary type, such as VA type and & type,
other than IPS mode type illustrated above may be used.

[0094] As liquid crystal displays, suitable liquid crystal
displays, such as types using lighting systems or reflectors,
may be formed. Furthermore, on the occasion of formation
of liquid crystal displays, one layer of two or more layers of
suitable parts, such as diffusion plates, anti-glare layer
coatings, protective plates, prism arrays, lens array sheets,
optical diffusion plates, and backlights, may be arranged in
suitable position.
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EXAMPLE

[0095] Although the present invention will hereinafter be
described in detail with reference to Examples, the present
invention is not limited by the Examples.

[0096] Refractive indexes nx, ny, and nz of a retardation
film were measured by an automatic birefringence measur-
ing apparatus (manufactured by Oji Scientific Instruments
KOBRA21ADH) to calculate an Nz and an in-plane retar-
dation Re,. And, similar measurement was carried out also
for a transparent protective film, and an in-plane retardation
Re, and a thickness direction retardation Rth were calcu-
lated.

Example 1
[0097] (Transparent Protective Film)
[0098] An alternating copolymer consisting of isobutene

and N-methyl maleimide (N-methyl maleimide contents 50
mole %) 75 parts by weight, and an acrylonitrile-styrene
copolymer having content of 28% by weight of acryloniirile
25 parts by weight were dissolved in methylene chloride to
obtain a solution having 15% by weight of solid content
concentration. After this solution was poured on a polyeth-
ylene terephthalate film lay to cover a glass plate and was
left at room temperature for 60 minutes, dried film was
removed from the film concerned. The film obtained was
dried for 10 minutes at 100° C., for 10 minutes at 140° C.,
and further for 30 minutes at 160° C. to obtain a transparent
protective film having a thickness of 100 um. The transpar-
ent protective film thus obtained showed 4 nm of in-plane
retardation Re, and 4 nm of thickness direction retardation
Rth.

[0099]

[0100] The above-mentioned transparent protective film
was laminated to both sides of a film (polarizer: 20 ym), in
which iodine was absorbed to a poly vinylalcohol based film
and was subsequently stretched, using an adhesive to pro-
duce a polarizing plate.

[0101] (Optical Film)

[0102] A polycarbonate film was stretched and a retarda-
tion film having a thickness of 65 um, an in-plane retardation
Re, of 260 nm, and Nz=0.5 was obtained. This retardation
film and the above-mentioned polarizing plate were lami-
nated using a pressure sensitive adhesive so that a slow axis
of the retardation film and an absorbing axis of the polar-
izing plate might be parallel to produce an optical film.

[0103]

[0104] As is shown in FIG. 2, a pressure sensitive adhe-
sive laminated the optical film so that a retardation film side
of the optical film might be arranged on a face of a viewing
side of a liquid crystal cell in IPS mode. On the other hand,
the polarizing plate was laminated to a side opposite to the
liquid crystal cell using a pressure sensitive adhesive to
produce a liquid crystal display. The polarizing plate on a
viewing side was laminated so that an extraordinary refrac-
tive index direction of a liquid crystalline composition in the
liquid crystal cell and an absorbing axis of the polarizing
plate might be perpendicular to each other when voltage was
not applied. And the absorbing axis of the polarizing plate

(Polarizing Plate)

(Liquid Crystal Display)
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and an absorbing axis of the optical film were arranged so
that they may be perpendicular to each other.

[0105]

[0106] In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 50. Measurement of the contrast
ratio was carried out using EZ Contrast (product manufac-
tured by ELDIM). And, after this liquid crystal display was
maintained under condition of 60° C. and 95% RH for 200
hours, irregularity within a surface of black display was
confirmed by visual viewing, and irregularity was hardly
observed.

(Evaluation)

Example 2

[0107] A transparent protective film produced by a similar
method as in Example 1 was stretched 1.5 times at 160° C.
in an MD direction, and, subsequently stretched 1.5 times at
160° C. in a TD direction. This stretched film showed a
thickness of 45 um, an in-plane retardation Re, of 4 nm, and
a thickness direction retardation Rth of 12 nm.

[0108] Except that this transparent protective film was
having been used, similar method as in Example 1 was
repeated, and a polarizing plate and an optical film were
produced. And, similar method as in Example was repeated
to produce a liquid crystal display. In this liquid crystal
display, a contrast ratio in a direction of gradient to make 70
degree from normal was measured in a direction to make an
angle of 45 degrees to optical axes perpendicular to each
other of polarizing plates to obtain a contrast ratio of 40.
And, after this liquid crystal display was maintained under
condition of 60° C. and 95% RH for 200 hours, irregularity
within a surface of black display was confirmed by visual
viewing, and irregularity was hardly observed.

Example 3

[0109] The retardation film made of polycarbonate in
Example 1 was directly laminated to a polarizer so that the
slow axis might be parallel to the absorbing axis of the
polarizer to produce a polarization optical film. Thus
obtained polarization optical film was laminated using a
pressure sensitive adhesive so that a retardation film side
might be arranged on a face of a viewing side of a liquid
crystal cell in IPS mode. On the other hand, a polarizing
plate used in Example 1 was laminated to an opposite side
using a pressure sensitive adhesive to produce a liquid
crystal display.

[0110] In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 50. And, after this liquid crystal
display was maintained under condition of 60° C. and 95%
RH for 200 hours, irregularity within a surface of black
display was confirmed by visual viewing, and irregularity by
variation of a retardation value of the retardation film caused
by shrinkage of the polarizing plate was observed.
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Example 4
[0111] (Transparent Protective Film)

[0112] A glutar imide copolymer consisting of N-methyl
glutar imide and metyl methacrylate (N-methyl glutar imide
contents 75% by weight and acid contents 0.01 milli equiva-
lent/g or less, glass transition temperature 147° C.) 65 parts
by weight, and an acrylonitrile-styrene copolymer having
content of 28% by weight of acrylonitrile and 72% by
weight of styrene 35 parts by weight were melt and mixed
together to obtain a resin composition. The resin composi-
tion was fed to T dice type extruder to obtain a transparent
protective film having a thickness of 135 um. The film was
stretched 1.7 times at 160° C. in an MD direction, and,
subsequently stretched 1.8 times at 160° C. in a TD direc-
tion. This biaxially stretched film showed a thickness of 55
um, an in-plane retardation Re, of 1 nm, and a thickness
direction retardation Rth of 3 nm.

[0113] Except that this transparent protective film was
having been used, similar method as in Example 1 was
repeated, and a polarizing plate and an optical film were
produced. And, similar method as in Example was repeated
to produce a liquid crystal display. In this liquid crystal
display, a contrast ratio in a direction of gradient to make 70
degree from normal was measured in a direction to make an
angle of 45 degrees to optical axes perpendicular to each
other of polarizing plates to obtain a contrast ratio of 55.
And, after this liquid erystal display was maintained under
condition of 60° C. and 95% RH for 200 hours, irregularity
within a surface of black display was confirmed by visual
viewing, and irregularity was hardly observed.

Comparative Example 1

[0114] A triacetyl cellulose film, as a transparent protec-
tive film, was laminated to both sides of a film (polarizer: 20
4m) in which iodine was absorbed to a poly vinylalcohol
based film and subsequently stretched using an adhesive and
a polarizing plate was produced. The triacetyl cellulose film
showed a thickness of 80 um, an in-plane retardation Re, of
4 nm, and thickness direction retardation Rth of 45 nm.

[0115] The polarizing plate was laminated to both sides of
a liquid crystal cell in IPS mode as in Example 1 using a
pressure sensitive adhesive to produce a liquid crystal dis-
play. And polarizing plates arranged on both sides of the
liquid crystal cell were arranged so that polarization axes
might be perpendicular to each other.

[0116] In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 9.

Comparative Example 2

[0117] A similar polarizing plate used in Example 1 was
laminated to both sides of a similar liquid crystal cell in IPS
mode as in Example 1 using a pressure sensitive adhesive to
produce a liquid crystal display. And polarizing plates
arranged on both sides of the liquid crystal cell were
arranged so that polarization axes might be perpendicular to
each other.

[0118] In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
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measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 20.

Comparative Example 3

[0119] Aretardation film having an in-plane retardation of
100 nm and Nz=0.5, obtained by stretching a polycarbonate
film, was laminated to a polarizing plate obtained in
Example 1 using a pressure sensitive adhesive so that a slow
axis of the retardation film and an absorbing axis of the
polarizing plate might be parallel to produce a polarization
optical film. The polarization optical film thus produced was
laminated using a pressure sensitive adhesive so that a
retardation film side might be arranged on a face of a
viewing side of the liquid crystal cell in IPS mode, as in
Example 1. On the other hand, a polarizing plate used in
Example 1 was laminated to an opposite side using a
pressure sensitive adhesive to produce a liquid crystal dis-

play.

[0120] In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 15.

Comparative Example 4

[0121] A retardation film having an in-plane retardation of
260 nm and Nz=1.0, obtained by stretching a polycarbonate
film, was laminated to a polarizing plate obtained in
Example 1 using a pressure sensitive adhesive so that a slow
axis of the retardation film and an absorbing axis of the
polarizing plate might be parallel to produce a polarization
optical film. The polarization optical film thus produced was
laminated using a pressure sensitive adhesive so that a
retardation film side might be arranged on a face of a
viewing side of the liquid crystal cell in IPS mode, as in
Example 1. On the other hand, a polarizing plate used in
Example 1 was laminated to an opposite side using a
pressure sensitive adhesive to produce a liquid crystal dis-
play.

[0122] 1In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 8.

Comparative Example 5

[0123] A retardation film having an in-plane retardation of
120 nm and Nz=1.0, obtained by stretching a polycarbonate
film, was laminated to a polarizing plate made in Example
1 using a pressure sensitive adhesive so that a slow axis of
the retardation film and an absorbing axis of the polarizing
plate might be parallel to produce a polarization optical film.
The polarization optical film thus produced was laminated
using a pressure sensitive adhesive so that a retardation film
side might be arranged on a face of a viewing side of the
liquid crystal cell in IPS mode, as in Example 1. On the other
hand, a polarizing plate used in Example 1 was laminated to
an opposite side using a pressure sensitive adhesive to
produce a liquid crystal display.

[0124] 1In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
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measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 8.

Referential Example 1

[0125] A triacetyl cellulose film, as a transparent protec-
tive film, was laminated to both sides of a film (polarizer: 20
4m) in which iodine was absorbed to a poly vinylalcohol
based film and subsequently stretched, using an adhesive,
and a polarizing plate was produced. The retardation film
made of polycarbonate obtained in Example 1 was lami-
nated to the polarizing plate concerned, using a pressure
sensitive adhesive, so that a slow axis of the retardation film
and an absorbing axis of the polarizing plate might be
parallel to produce a polarization optical film. The polariza-
tion optical film thus produced was laminated, using a
pressure sensitive adhesive, so that a retardation film side
might be arranged on a face of a viewing side of the liquid
crystal cell in IPS mode, as in Example 1. On the other hand,
a polarizing plate used in Example 1 was laminated to an
opposite side using a pressure sensitive adhesive to produce
a liquid crystal display.

[0126] In this liquid crystal display, a contrast ratio in a
direction of gradient to make 70 degree from normal was
measured in a direction to make an angle of 45 degrees to
optical axes perpendicular to each other of polarizing plates
to obtain a contrast ratio of 4. And, after this liquid crystal
display was maintained under condition of 60° C. and 95%
RH for 200 hours, irregularity within a surface of black
display was confirmed by visual viewing, and irregularity by
variation of a retardation value of the retardation film caused
by shrink of the polarizing plate was observed.

What is claimed is:

1. An optical film in which a polarizing plate and a
retardation film are laminated so that an absorbing axis of
the polarizing plate and a slow axis of the retardation film
may be perpendicular or may be parallel to each other,

wherein a value Nz represented by Nz=(nx,-nz,)/(nx,-
ny,) satisfies a range of 0.4 through 0.6, and an in-plane
retardation Re,=(nx,-ny,)xd; is 200 through 350 nm,

where, a direction of the retardation film in which an
in-plane refractive index within the film surface con-
cerned gives a maximum is defined as X-axis, a direc-
tion perpendicular to X axis is defined as Y-axis, a
thickness direction of the film is defined as Z-axis,
refractive indexes in axial direction are defined as nx;,
ny,, nz,, respectively, and a thickness of the film is
defined as d, (nm).

2. The optical film according to claim 1, wherein a
retardation film is laminated on one side of a polarizing
plate, in which a transparent protective film is laminated on
both sides of a polarizer, so that an absorbing axis of the
polarizing plate and a slow axis of the retardation film may
be perpendicular or may be parallel to each other.

3. The optical film according to claim 2, wherein the
transparent protective film comprise a thermoplastic resin
(A) having a substituted and/or non-substituted imide group
in a side chain

and a thermoplastic resin (B) having substituted and/or
non-substituted phenyl group, and nitrile group in a
side chain.
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4. The optical film according to claim 2,

wherein an in-plane retardation Re,=(nx,-ny,)xd, is 20
nm or less, and a thickness direction retardation Rth=
{(nx +ny,)/2-n7,}xd, is 30 nm or less,

where a direction of a transparent protective film in which
an in-plane refractive index within the film surface
concerned gives a maximum is defined as X-axis, a
direction perpendicular to X-axis is defined as Y-axis,
a thickness direction of the film is defined as Z-axis,
refractive indexes in axial direction are defined as nx,,
ny,, and nz,, respectively, and a thickness of the film is
defined as d, (nm).

5. The optical film according to claim 3,

wherein the transparent protective film is a film that is
treated by stretching process.
6. A display system, wherein the optical film according to
claim 1 is used.
7. A liquid crystal display in IPS mode,

wherein the optical film according to claim 1 is arranged
on a liquid crystal substrate on a viewing side,

a polarizing plate having a transparent protective film
laminated on both sides of the polarizer is arranged on
a liquid crystal substrate opposite to the viewing side,
and

an extraordinary refractive index direction of a liquid
crystalline substance in a liquid crystal cell, and an
absorbing axis of the polarizing plate concerned are
parallel, in a state where voltage is not applied.
8. The liquid crystal display in IPS mode according to
claim 7,

wherein the transparent protective film of the polarizing
plate comprise a thermoplastic resin (A) having a
substituted and/or non-substituted imide group in a side
chain

and a thermoplastic resin (B) having a substituted and/or
non-substituted phenyl group, and a nitrile group in a
side chain.
9. The liquid crystal display in IPS mode according to
claim 7,

wherein an in-plane retardation Re,=(nx,-ny,)xd, is 20
nm or less, and a thickness direction retardation Rth=
{(nx +ny,)/2-nz,}xd, is 30 nm or less,

where a direction of the transparent protective film where
an in-plane refractive index within the film surface
concerned gives a maximum is defined as X-axis, a
direction perpendicular to X-axis is defined as Y-axis,
in a thickness direction of the film is defined as Z-axis,

refractive indexes in axial direction are defined as nx,,
ny,, and nz,, respectively, and a thickness of the film is
defined as d, (nm).
10. The liquid crystal display in IPS mode according to
claim 8,

wherein the transparent protective film is a film that is
treated by stretching process.
11. A liquid crystal display in IPS mode,

wherein a polarizing plate having a transparent protective
film laminated on both sides of the polarizer is arranged
on a liquid crystal substrate on a viewing side,
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the optical film according to claim 1 is arranged on a
liquid crystal substrate opposite to the viewing side,
and

an extraordinary refractive index direction of a liquid
crystalline substance in the liquid crystal cell, and an
absorbing axis of the optical film concerned are per-
pendicular, in a state where voltage is not applied.
12. The liquid crystal display in IPS mode according to
claim 11,

wherein the transparent protective film of the polarizing
plate comprise a thermoplastic resin (A) having a
substituted and/or non-substituted imide group in a side
chain

and a thermoplastic resin (B) having a substituted and/or
non-substituted phenyl group, and a nitrile group in a
side chain.
13. The liquid crystal display in IPS mode according to
claim 11,
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wherein an in-plane retardation Re,=(nx,-ny,)xd, is 20
nm or less, and a thickness direction retardation Rth=
{(nx +ny,)/2-nz,}xd, is 30 nm or less,

where a direction of the transparent protective film where
an in-plane refractive index within the film surface
concerned gives a maximum is defined as X-axis, a
direction perpendicular to X-axis is defined as Y-axis,
in a thickness direction of the film is defined as Z-axis,

refractive indexes in axial direction are defined as nx,,
ny,, and nz,, respectively, and a thickness of the film is
defined as d, (nm).
14. The liquid crystal display in IPS mode according to
claim 12,

wherein the transparent protective film is a film that is
treated by stretching process.



patsnap

TREMOF) KFEFREME RRE
[F(RE)F US20040032547A1 RF(REH) A 2004-02-19
RS US10/400398 % A 2003-03-28
FRIBBE(FFROACF) BAREBEIHKASH
BRiF(E R AR BREIH|RN o4
LR REERAAGE) BREIRASH
#RIZH A YANO SHUUJI
NISHIDA AKIHIRO
MAEDA HIROE
EBAA YANO, SHUUJI
NISHIDA, AKIHIRO
MAEDA, HIROE
IPCH %5 GO02F1/13363 GO2F1/1343 GO2F1/1335
CPCH¥E GO02F1/134363 G02F1/133634
1k 5e4X 2002098859 2002-04-01 JP
H A FF 3R US7042540
ShEBEEEE Espacenet  USPTO
BEF) Viewing side

—HpREE | HPRERES MIERME | 8RIEA H R AERE @ 1
B 5 AT A B E S T DAL 4T, R ENzRRENZ = ( nx1-nz1) / : /
(nx1-ny1) HR0.4Z0.6K38E , F EEMNZEEReT = ( nx1-ny1 ) xd1 Viewing side /

‘/Absorbingaxis s

H200FE350nm , A | EEREM A B A EXEERERN N E AT RS ﬁ
//Slowaxis

HEXREENAXH , EETXMNABELAYH , SENEEREE
2
3 Extraordinary refractive 4
A = index direction

XAz, mETEEAIESENL AT, nyl , nz1 , HABENEE
1
——>  Absorbing axis
» 1

EXAdT (nm) , SRATERREH , TUEREENXRANEGTEN
HENSTRENER , REATHUIPSEX THENREERER.

RSN



https://share-analytics.zhihuiya.com/view/6327c039-f031-4238-b25d-ce5df396d4d2
https://worldwide.espacenet.com/patent/search/family/028786220/publication/US2004032547A1?q=US2004032547A1
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=%2220040032547%22.PGNR.&OS=DN/20040032547&RS=DN/20040032547

